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1.0 INTRODUCTION

Wood Environment & Infrastructure Solutions Canada Limited ("Wood"), was retained by City of Brampton
("the City") to conduct an Environmental Assessment Study (EA Study) for Arterial Road Network within
Highway 427 Industrial Secondary Plan Area (Area 47) in the City. As part of the EA Study, a geotechnical
investigation was required for the approximately 16 km of new and/or widened arterial roadways in northeast
Brampton. This report presents the findings of the geotechnical investigation. A hydrogeological investigation
was also carried out for the project, the associated findings of which are presented in a separate cover. The
project site location is shown in Figure Site Plan.

The purpose of the geotechnical investigation was to assess the existing pavement condition and obtain
subsurface and groundwater information by means of a limited number of boreholes within the investigated
areas. This information was used to provide recommendations for pavement design alternatives for the new
roads/road widening, foundation design for culverts, slope stability analysis for embankments (where
required), roadway cut and fill operations, dewatering requirements, and chemical analyses and disposal
requirements of surplus materials in conformance to the MOE Clean-up guidelines for this project.

The work request and authorization to proceed with this investigation was received via email after approval
of the boreholes plan from Mr. Mario Goolsarran, P. Eng, Senior Project Engineer, City of Brampton. The
investigation was carried out in accordance with Wood's proposal TP02200, dated May 5, 2015, and the
requirements set out the City’s RFP2015-16.

This report contains the factual results of the geotechnical / pavement investigation. The number of boreholes
may not be sufficient to determine all the factors that may affect construction methods and costs. Sub-surface
soil and groundwater conditions between and beyond the boreholes may differ from those encountered at
the borehole locations, and conditions may become apparent during construction, which could not be
detected or anticipated at the time of the site investigation.

The anticipated construction conditions are also discussed, but only to the extent that they will likely influence
design decisions. Construction methods discussed, however, express Wood's opinion only and are not
intended to direct Contractors on how to carry out the construction. Contractors should be aware that the
data and their interpretation presented in this report may not be sufficient to assess all the factors that may
have an effect upon the construction.

The report is prepared with the conditions that the design and construction will be in accordance with all
applicable standards, codes, regulations of authorities having jurisdiction, and carried out using good
engineering practices. Further, the recommendations and opinions in this report are applicable only to the
proposed project as described herein.

Once the details of the proposed works are finalized, on-going liaison with Wood is recommended during
both the design and construction phases of the project to confirm that the recommendations in this report

Wood Reference: TP115086 | 8/15/2022 Page 11 of 201
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are applicable and/or correctly interpreted and implemented. Also, any queries concerning the geotechnical
aspects of the proposed project should be directed to Wood for further elaboration and/or clarification.

The enclosed Limitations to Geotechnical Reports are an integral part of this report.

2.0. REPORT FORMAT

Section ID ‘ Content
General Overall General Project Information
(This Section) )
Section A Investigation results and recommendations for project components along Coleraine
Drive, from proposed East-West Arterial to Mayfield Road (~ 3.0 km)
Section B Investigation results and recommendations for project components along proposed
Arterial A2, from Mayfield Road to Major Mackenzie Drive / Highway 50 (~3.4 km)
Section C Investigation results and recommendations for project components along
Countryside Drive, from St. Johns Road to Highway 50 (~ 2.7 km)
Section D Investigation results and recommendations for project components along Clarkway
Drive, from Castlemore Road to Mayfield Road (~ 3.0 km)
Section E Investigation results and recommendations for project components along proposed
East-West Arterial, from The Gore Road to Colerain Drive (~2.4 km)

3.0 SCOPE OF WORK

The scope of work for the geotechnical pavement investigation included: (i) pavement investigation for new
construction / rehabilitation / widening / reconstruction; (ii) foundation investigation for structure (culverts -
new and widening) and installation of underground utility; (i) limited soil chemical analysis for soil disposal;
and (iv) hydrogeological investigation (submitted in a separate report). The proposed arterial road network
included five road corridors, two of which are new road alignments, as summarized in Table 3.1 based on the
information provided in the RFP and as per Wood's review of site. As per the information provided, the road
corridors are divided into two parts (Part A and Part B) based on the planned design and construction work.

Table 3.1: Summarized Data of the Arterial Road Network Under the EA Study

Planned
Work

Arterial A2 New Road Major Mayfield |Major Mackenzie
(Section A) Arterial Rd Drive / RR 50
Coleraine

Drive Widening

(Section B)

Current | Planned Appx.

Road Type | From ’ Lanes Lanes |Length (km)

Part ‘ Corridor

Minor E-W

Arterial Arterial Mayfield Drive

Sub-Total for Part A 6.4

Wood Reference: TP115086 | 8/15/2022 Page 12 of 201
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. Planned Current | Planned Appx.
Part ‘ Corridor Work Road Type From ‘ Lanes Lanes |Length (km)
Countryside .
Be | widedig| | CEeEy RR 50 2 4 2.7
. Arterial Drive
(Section C)
Clarkway . Castlemore E-W Arterial 4 1.3
. — Minor Rd
B Drive Widening Arterial E-W 2
(Section D) . Mayfield Drive 2to3 3.0
Arterial
East — West .
(E-W) Arterial [New Road Mlno.r The Gore Coleraine drive |none 4 24
. Arterial Rd
(Section E)
Sub-Total for Part B 9.4
TOTAL (Part A & Part B) 15.8
3.1 Pavement Investigation

Pavement investigation included, but not limited to, the following:

*  Visual pavement condition survey of existing road;

+  Boreholes along the existing and new road alignments;

+  Provision of pavement recommendations for new alignments and widening / rehabilitation / resurfacing
of existing roads; and

*  Pavement analysis and design, including reuse /recycling / removal options, will be conducted based
on a 20-year service life.

3.2 Foundation Investigation
Foundation investigation included, but not limited to, the following:

«  Boreholes for underground utility services (boreholes for pavement investigation were deepened as
necessary);

*  Boreholes for ten (10) structures (culverts - new or widening). A monitoring well was to be installed at
each structure location to monitor groundwater and for hydrogeological investigation (see Section 3.4);

»  Slope stability analyses, where required. One analysis per structure (i.e. total up to ten) will be carried,
if and where required;

«  Provision of foundation recommendation for installation of underground utilities and structure
foundations, including discussions on construction considerations, dewatering, etc.;

+ Laboratory tests for soil classification.

3.3 Limited Soil Chemical Analysis

A limited soil chemical analyses was carried out for potential contaminants and assessment of the
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environmental quality of soils to be excavated. Discussion with regard to contamination and disposal
requirements of surplus materials are provided in conformance to the MECP clean-up guidelines.

3.4 Hydrogeological Investigation

A hydrogeological investigation was carried out along each road alignment to assess the existing groundwater
conditions, determine impacts to water bearing formation / water well, provision of mitigation measures (if
applicable), evaluation of construction methods, determination of possible requirement for dewatering /
depressurization and / or sumping for construction etc. The report is to address applicable TRCA requirements.
The findings of the hydrogeological study are presented in a separate report prepared by Wood.

3.5 Report

This Geotechnical Report includes factual conditions (field and laboratory test results), recommendations for
pavement design and foundation design, and soil chemical analysis results, including corrosivity tests results,
and discussion with regard to disposal options.

A separate Hydrogeological Investigation Report for the project has been prepared by Wood.

4.0 SITE PHYSIOGRAPHY

The project study area at the Highway 427 Industrial Secondary Plan Area (Area 47), located within the City of
Brampton, Ontario, is within the physiographic region identified as the Peel Plain. The Peel Plain covers an
area of about 300 square miles and extends towards the northeast from the Niagara Escarpment through the
central portions of the York, Peel, and Halton municipalities. The Peel Plain consists of a till, containing shale
and limestone fragments, that was originally deposited within a glacial lake basin (Lake Peel). The study area
is the northern part of the Peel Plain that contains a bevelled till plain, that consists of fine-medium sand, and
laminated silt and clay.

Based on Quaternary Geology, Bolton, Southern Ontario (Ministry of Natural Resources, Map 2275), the
project area consists of Lacustrine-Wildfield Till Complex of stratified or non-stratified silt loam, silty clay loam
or clay deposits, which may contain grits, silt balls or pebbles or may be interbedded with layers of till-like
material.

The Peel Plain is underlain by Middle to Upper Ordovician sediments of the Georgian Bay Formation, Blue
Mountain Formation, Billings Formation, Collingwood Member, and Eastview Member. The Georgian Bay
Formation is characterized by interbedded grey-green to dark grey shale and fossiliferous calcareous siltstone
to limestone. The Blue Mountain and Billings formations consist of dark blue-grey to brown to black shales
with thin interbeds of limestone or calcareous siltstone. The Collingwood and Eastview members are
characterized by black, organic-rich, fissile, very fine-grained limestones.
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Based on Ontario Department of Mines, Preliminary Map No. P.470, Bolton Sheet, Southern, Bedrock
Topography Series, bedrock in the project area could be about 8 m to 40 m below existing ground level.

References:

Armstrong, D.K., and Dodge, J.E.P. 2007. Paleozoic Geology of Southern Ontario, Ontario Geological Survey, pp. 5-5.
Armstrong, D.K. and Dodge, J.E.P. 2007. Paleozoic Geology of Southern Ontario; Ontario Geological Survey,
Miscellaneous Release — Data 219.

Chapman L.J., and Putnam D.F. 1984. The Physiography of Southern Ontario, Third Edition. Ontario Geological Survey,
Special Volume 2.

Chapman, L.J. and Putnam, D.F. 2007. Physiography of Southern Ontario; Ontario Geological Survey, Miscellaneous
Release — Data 228.

Ontario Geological Survey, 2010, Surficial Geology of Southern Ontario; Ontario Geological Survey, Miscellaneous
Release — Data 128 — Revised.

5.0 PROJECT METHODOLOGY

5.1 Overall Investigation Approach

Prior to start of fieldwork, proposed borehole location plans were submitted to the City for review and
approval. Upon approval of the plan, the borehole locations were staked out on site by Wood. The final
locations of the boreholes were adjusted, where necessary, based on existing underground utilities and site
conditions.

Prior to drilling, permits for field work and utility locate clearances for existing underground utilities were
obtained. The fieldwork was carried out between 20 January and 1 April 2020. At the time of this report, a
total of 156 boreholes had been completed along Coleraine Drive, Arterial A2, Countryside Drive, and
Clarkway Drive. The borehole details are provided in Table 5.1 to 5.5, and as-drilled borehole locations are
shown in Figure Nos. 1A and 1B, 2A and 2B, 3A and 3B, 4A to 4C, 5A and 5B. The following boreholes have
not been drilled and have been deferred to detail design stage, if required:

*  Four (4) boreholes along Clarkway Drive (i.e. BH D14, BH D24, BH D30 and BH D42) were in conflict with
existing underground utilities.

« Two (2) boreholes for Countryside Drive (i.e. BH C36 and C38).

*  Five (5) boreholes along Arterial A2 located north of Countryside Drive (i.e. BH B29 to B33).

«  Seventeen (17) boreholes for East-West Arterial (i.e. BH E8 to E22, S19 and S20).

Thirty-three (33) boreholes were drilled along Coleraine Drive as listed in Table 5.1.

Wood Reference: TP115086 | 8/15/2022 Page 15 of 201
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Table 5.1: Borehole Details — Coleraine Drive

Approximate GPS Depth Ground
Location / . Below Bottom
Borehole ) Coordinates Ground Surface Elevation
No. Purpose of Borehole| Approximate (UTM/NAD 83) Elevation
Station* Surface
Pavement & Coleraine Dr., NBL,
BH A1 Underground utilities Sta. 04000 605646 | 4853212 5.0 215.5 210.5 1A
Pavement & Coleraine Dr., NBL,
BH A2 Underground utilities Sta. 04000 605648 | 4853213 1.8 2154 213.5 1A
BH A3 Pavement& | Coleraine Dr, SBL, | chor1q | 4853330 30 2163 | 2133 | 1A
Underground utilities Sta. 0+150
BH A4 Pavement (topsoil Coleraine Dr., SBL, 605511 | 485326 | 250 mm 1A
measurement) Sta. 0+150
Pavement & Coleraine Dr., NBL,
BH A5 Underground utilities Sta. 04300 605408 | 4853441 1.5 216.5 215.0 1A
BH A6 Pavement (topsoil Coleraine Dr., NBL, 605412 | 4853445 | 230 mm 1A
measurement) Sta. 0+300
Pavement & Coleraine Dr., SBL,
BH A7 Underground utilities Sta. 04450 605353 | 4853491 1.5 218.2 216.6 1A
Pavement & Coleraine Dr., SBL,
BH A8 Underground utilities Sta. 04450 605353 | 4853490 1.8 217.9 216.1 1A
Pavement & Coleraine Dr., NBL,
BH A9 Underground utilities Sta. 04600 605252 | 4853597 5.0 219.1 214.1 1A
Pavement & Coleraine Dr., NBL,
BH A10 Underground utilities Sta. 04600 605253 | 4853600 1.8 219.0 217.2 1A
Pavement & Coleraine Dr., SBL,
BH A11 Underground utilities Sta. 0+750 605117 | 4853720 3.0 219.9 216.8 1A
BH A12 Pavement (topsoil Coleraine Dr., SBL, 605116 | 2853716 | 216 mm
measurement) Sta. 0+750
Pavement & Coleraine Dr., NBL,
BH A13 Underground utilities Sta. 04900 605006 | 4853836 29 220.2 217.3 1A
BH A14 Pavement (topsoil Coleraine Dr., NBL, 605008 | 4853841 | 200 mm
measurement) Sta. 0+900
BH A15 Pavement& | Coleraine Dr, SBL, | o/ 000 | 4g53034 | 15 2215 | 2200 | 1A
Underground utilities Sta. 1+050
BH A16 Pavement (topsoil Coleraine Dr., SBL, 604900 | 4853931 | 150 mm 1A
measurement) Sta. 1+050
Pavement & Coleraine Dr., NBL,
BH A17 Underground utlities Sta. 14200 604785 | 4854053 5.0 2225 2175 1A
Pavement & Coleraine Dr., NBL,
BH A18 Underground utilities Sta. 14200 604785 | 4854054 1.8 2229 2211 1A
Pavement & Coleraine Dr., SBL,
BH A19 Underground utilities Sta 14350 604701 | 4854134 3.0 222.6 219.6 1A
Pavement & Coleraine Dr., SBL,
BH A20 Underground utilities Sta. 14350 604693 | 4854133 1.2 2224 221.2 1A
e
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Approximate GPS Depth Ground
Location / . Below Bottom
Borehole ) Coordinates Ground Surface Elevation
No. Purpose of Borehole| Approximate (UTM/NAD 83) Elevation
Station*
Pavement & Coleraine Dr., NBL,
BH A2T Underground utilities Sta. 1+500 604576 | 4854257 15
BH A22 Pavement (topsoil | Coleraine Dr., NBL, 604578 | 4854261 | 216 mm
measurement) Sta. 1+500
BH A23 / | Culvert, Pavement & | Coleraine Dr., SBL,
BH S1 | Underground utilities Sta. 1+650 604481 | 4854343 94
BH A24 Pavement (topsoil Coleraine Dr., SBL, 604473 | 4854351 | 250 mm
measurement) Sta. 1+650
Pavement & Coleraine Dr., NBL,
BH A25 Underground utilities Sta. 1+800 604381 | 4854447 >0
Pavement & Coleraine Dr., NBL,
BH A26 Underground utilities Sta. 1+800 604384 | 4854450 1.8 2244 222.6 1A
Pavement & Coleraine Dr., SBL,
BH A27 Underground utilities Sta. 1+950 604250 | 4854566 3.0 226.8 223.8 1A
Pavement & Coleraine Dr., SBL,
BH A28 Underground utilities Sta. 14950 604250 | 4854566 1.2 226.8 225.6 1A
BH A29 Pavement& | Coleraine Dr, NBL, | o107 | ygoag7s | 15 2286 | 2271 | 1B
Underground utilities Sta. 2+100
BH A30 Pavement & | Coleraine Dr. NBL, | 1150 | 4g54679 | 18 2287 | 2269 | 1B
Underground utilities Sta. 2+100
Pavement & Coleraine Dr., SBL,
BH A31 Underground utilities Sta. 24250 604075 | 4854743 5.0 230.7 2257 1B
BH A32 Pavement (topsoil Coleraine Dr., SBL, 604046 | 2854755 | 240 mm
measurement) Sta. 2+250
CULVERT BOREHOLES
BH S1/ | Culvert, Pavement & [Same as BH A23 /
BH A23 ** | Underground utilities |52 604481 | 4854343 94 222.8 2134 1A
Culvert, Pavement & | Coleraine Dr., NBL,
BH S2 Underground utlities Sta. 14650 604486 | 4854343 94 2225 213.1 1A
* Assuming Sta. 0+000 at BH A1 (in the vicinity of proposed intersection of Coleraine Drive and proposed E-W Arterial)
** Monitoring well installed
Thirty-one (31) boreholes were drilled along the alignment of new Arterial A2 as listed in Table 5.2.

wood.



X2 BRAMPTON

bampionco FlOWer City

Geotechnical Investigation Report
Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

City of Brampton

GENERAL

Borehole
No.

Table 5.2: Borehole Details - Proposed Arterial A2

Purpose of Borehole

Location /
Approximate
Station*

Approximate GPS
Coordinates
(UTM/NAD 83)

Easting

Ground
Below | Surface
Ground |Elevation

Bottom
Elevation

Pavement & Arterial A2, Sta.
BH B1 Underground utilities 0+000 606238 | 4852654 1.5 2115 210.0 2A
Pavement & Arterial A2, Sta.
BH B2 Underground utilities 04100 606151 | 4852615 5.0 210.2 205.2 2A
Pavement & Arterial A2, Sta.
BH B3 Underground utilities 0+200 606056 | 4852586 3.0 211.8 208.8 2A
BHps4 | Favement(topsoil | Arterial A2 5ta. | chooce | agsoses| 1.8 | 2117 | 2099 | 2A
measurement) 0+300
Pavement & Arterial A2, Sta.
BH B5 Underground utilities 0+400 605861 | 4852545 5.0 2113 206.2 2A
Pavement & Arterial A2, Sta.
BH B6 Underground utilities 0+500 605759 | 4852529 2.1 2109 208.8 2A
BH B7 / Culvert, Pavement & Arterial A2, Sta.
BH S5 Underground utilities 0+600 605633 | 4852520 2.8 209.3 1996 2A
Pavement & Arterial A2, Sta.
BH B8 Underground utilities 04700 605564 | 4852529 1.7 211.1 2094 2A
Pavement & Arterial A2, Sta.
BH B9 Underground utilities 0+800 605461 | 4852548 5.0 212.5 2074 2A
Pavement & Arterial A2, Sta.
BH B10 Underground utilities 04900 605365 | 4852580 1.7 212.7 2111 2A
Pavement & Arterial A2, Sta.
BH B11 Underground utilities 1+000 605279 | 4852627 3.0 212.3 209.3 2A
Pavement & Arterial A2, Sta.
BH B12 Underground utilities 14100 605192 | 4852676 1.7 214.3 212.6 2A
BH B13 Pavement & Arterial A2, Sta. | h0111 | 4gs2740 | 5.0 2157 | 2107 2A
Underground utilities 1+200
BH B14 Pavement & Arterial A2, Sta. | choh38 | 4850807 | 1.8 217.1 | 2152 2B
Underground utilities 1+300
BH B15 Pavement & Arterial A2, Sta. | 1066 | 4852877 | 3.0 2173 | 2143 2B
Underground utilities 1+400
Pavement & Arterial A2, Sta.
BH B16 Underground utilities 14500 604893 | 4852946 1.8 2179 216.1 2B
Pavement & Arterial A2, Sta.
BH B17 Underground utilities 1+600 604822 | 4853017 5.0 218.5 213.5 2B
Pavement & Arterial A2, Sta.
BH B18 Underground utilities 14700 604752 | 4853086 1.8 219.2 2174 2B
BH B19 Pavement & Arterial A2, Sta. | /080 | 4853157 | 3.0 2195 | 2165 2B
Underground utilities 1+800
BH B20 Pavement & Arterial A2, Sta. | 1000 | 4853227 | 1.8 2199 | 218.1 2B
Underground utilities 1+900
e
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Borehole
No.

Purpose of Borehole

Location /
Approximate
Station*

Depth | Ground

Below | Surface

Ground |Elevation|Elevation
Surface

Approximate GPS
Coordinates
(UTM/NAD 83)

Pavement & Arterial A2, Sta.
BH B21 Underground utilities 5+000 604537 | 4853296 5.0 220.8 215.8 2B
Pavement & Arterial A2, Sta.
BH B22 e 2+100 (Countryside| 604484 | 4853360 15 220.5 219.0 2B
Underground utilities Dr)
Pavement & Arterial A2, Sta.
BH B23 - 2+200 (Countryside| 604392 | 4853436 3.0 221.1 218.1 2B
Underground utilities Dr)
Pavement & Arterial A2, Sta.
BH B24 e 2+300 (Countryside| 604321 | 4853507 2.1 2219 219.7 2B
Underground utilities Dr)
Pavement & Arterial A2, Sta.
BH B25 el 2+400 (Countryside| 604250 | 4853574 5.2 222.5 217.3 2B
Underground utilities Dr)
Pavement & Arterial A2, Sta.
BH B26 - 2+500 (Countryside| 604179 | 4853643 2.1 2229 220.8 2B
Underground utilities Dr)
Pavement & Arterial A2, Sta.
BH B27 e 2+600 (Countryside| 604107 | 4853714 3.0 2234 2204 2B
Underground utilities Dr)
Pavement & Arterial A2, Sta.
BH B28 e 2+700 (Countryside| 604034 | 4853786 2.1 2234 221.3 2B
Underground utilities Dr)
BH B29 to Pavement & . . q q
B33 Underground utilities Boreholes deferred to detail design phase, if required.
CULVERT BOREHOLES
pHs3 | Culvert Pavement& | Arterial A2atHwy | cooo7g | 4gs0633 | 94 | 2107 | 2012 | 2A
Underground utilities 50
BH 54+« | Culvert Pavement & f Arterial AZatHwy | o004 | 4850631 | 9.8 | 2106 | 2008 | 2
Underground utilities 50
BH S5/ | Culvert, Pavement & Arterial A2, Sta.
BH B7 ** | Underground utilities 0+650 605633 | 4852520 98 209.3 1996 oA
BHse | Culvert Pavement& | Arterial A2 Sta. | goo0 | 4esasog | 9.8 | 2090 | 1993 | 2
Underground utilities 0+650
* Assuming Sta. 0+000 at BH B1 (at the intersection of Coleraine Drive and Highway 50)
** Monitoring well installed
Forty (40) boreholes were drilled along Countryside Drive as listed in Table 5.3.
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Table 5.3: Borehole Details - Countryside Drive

Ground

Approximate GPS Surface

Bottom

Borehole
No.

Purpose of Borehole

Location /
Approximate
Station*

Coordinates
(UTM/NAD 83)

Easting |Northing

Ground |Elevation|Elevation

(U]

BHCT |, d:;";:ﬁgtﬁ“ e Egt”;;f’gfozg' 603645 | 4852294 | 3.0 2158 | 2128 | 3A
BHC2 |, d:;";:ﬁgtﬁ“ e Egt”;;f’gfozg' 603646 | 4852295 | 1.8 2151 | 2132 | 3A
BHC3 |- d:rzvrzrsgtui‘“ﬁes \SVOB“L’,“S?’:?S '13; ;| 603738 | 4852420 15 | 2165 | 2150 | 3A
shca | Pavementtopsal | Countside dr | sy | apsaaro | 1s0mm [N sa
BHCS |, d;zvr‘;r:sgtui‘“ﬁes Egt”;:f'gfgzg 603831 | 4852531 | 49 | 2146 | 2097 | 3A
BHCE |- dg;"rzr:sgtui‘“ e Egt”;f"gf;g 603832 | 4852529 | 17 | 2146 | 2130 | 3A
BHCT |, d:rzvr‘;rsgtui‘“ e &/%“L?gf;'gifsr ;| 603917 | 4852640 | 30 2165 | 2135 3A
BHCS |, d:rzvr‘;rsgtui‘“ e &/%“L?gf;'gifsr ;| 603915 | 4852650 | 18 2166 | 2148 | 3A
BHCO |, d:rzvrz:rfgtui‘“ e E‘;E”;:f'gf 6%8 604016 |4852761| 15 2183 | 2168 | 3A
T e | EN
BHCIT | | d:;";?:gtui‘”ties @%“Sgi’:gi?sr o | 604113 | 4852893 | 52 2152 | 2100 3A
BHC12 | d:;";?jgtui‘“ties &f’;;‘;?:g‘i?sr 5| 604113 | 4852900 | 12 2136 | 2124 3A
BHCI3 | d:r‘;"rzr:s;‘tﬁi‘“ties Egt{”;:f’gfg%g' 604197 | 4852992 | 3.0 2190 | 2159 3A
Rl e | EN
BHCIS | d:r‘;"rzr:s;‘tﬁi‘“ties SVOB“L?Q’;'?‘“: (I)Dsr ;| 604285 | 4853111 15 2197 | 2182 3A
BH C16 Pan‘:ee:sir;teﬁzii;’" \(/:VOBUL?tSrty:?i(I)DSré 604286 | 4853116 | 200 mm -Z
BHC17 |, d:rZ"rzT:;‘tui‘“ties Egtn;:flffz?)g 604386 | 4853230 | 5.0 2199 | 2149 | 3A
BHC18 |, d:rZ"rzT:;'tui‘“ties Egtn;:flffz?)g 604388 | 4853229 | 18 2199 | 2181 3A
B;HCB%/ o d;zvrirssgtﬁi‘“ties \?v%qu,]tsrtyas.I?igsré 604484 | 4853360 | 15 2205 | 219.0 3A
(same as BH B22)
BHC20 | d;zvrirssgtﬁi‘“ties @%“Sg:"ﬁg o | 604492 | 4853362 | 12 2202 | 2190 | 3A

Wood Reference: TP115086 | 8/15/2022
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Borehole
No.

Purpose of Borehole

Location /
Approximate
Station*

Approximate GPS
Coordinates
(UTM/NAD 83)

Depth
Below
Ground
Surface

Ground
Surface
Elevation|Elevation

1 | ot | D | i [s05s0| 1

BH C22 Pan‘:zr:si':terg:c;f‘i;’" Egt”;:f’ff;g 504575 | 4853454 | 150 mm

BHC23 |, d:errZTr?gtu?nties &/%“L?tsri’;'?iga 604645 | 4853563 | 52 2213 | 216.1 3A

BHC24 |, d:rzvrzrsgtui‘“ties @%“Sgi’;’?igga 604647 | 4853568 | 1.8 2209 | 219.1 3A

BHC2S | - d:;"r‘:::;‘tui‘”ﬁes Egt{”;:f‘ffg%g' 604747 | 4853682 | 30 | 2209 | 2178 | 3A

shcos | Pevementtopsal | CountsdeDe | gz | agsacen |aoomm [N 54

T | e e | oot 0. oo | sosors| o0 | o | awo |

BH C28 Pavement (topsoil Countryside Dr., 604854 | 4853830 270mm_z

measurement) WBL, Sta. 1+950

BHC29 |, d:rzvrzrsgtui‘“ties E‘;Eﬁ;gf’;;%g 604945 | 4853935 | 4.9 2214 | 2165 3B

BHC30 |- d:r‘;"rzr:s;‘tui‘“ties Egt”g:f’;;%g 604944 |4853931| 1.8 2211 | 2192 3B

BHC3T |, d:r‘;"rzr:rfgtui‘”ties @%“Sts?’:‘;igsra 605023 | 4854046 | 3.0 2217 | 2187 3B

BHC32 |- d:;"rzr:sgtui‘“ties @%“Sgi’:‘;igé 605023 | 4854047 | 18 | 2217 | 2198 | 38

BHC33 |- d:;"rzr:sgtui‘“ties Egt”;f';f 4%8' 605131 | 4854170 | 15 | 2218 | 2202 | 38

oo | Prmmtomol | condetr | s |1 s

BHC3S | d:r‘;"rzr:s;‘tui‘“ties &/%“L?gﬁ";igga 605211 | 4854296 | 15 2206 | 219.1 3B

BH C36 g :rz;vrzr:rfgtﬁ”ties CF:)rL?:ter;Zd': 8‘;/ Boreholes deferre::le (t;:l ::::“ design phase, if 3B
Sta. 2+550

T | ngemasnd it | v st 21709 "

BH C38 Und:rzvrzr::gtu?“ties Cporl?r?ti)r/ts); d'\(ja. gi . Boreholes deferri: qt:i :ie:t.ail design phase, if 3B
Sta. 2+700

CULVERT BOREHOLES

oH1 Cor | Unciorgrennel utitos WL Sa 1,060 | 64850 | 4853816 | 08 | 2178 | 2080 | 3

Wood Reference: TP115086 | 8/15/2022
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Depth | Ground

Below | Surface

Ground |Elevation|Elevation
Surface

Approximate GPS
Coordinates
(UTM/NAD 83)

Location /
Approximate
Station*

Borehole
No.

Purpose of Borehole

BH S8 Sr‘:ll":gr zjﬁZTfl'ﬂis‘s Egt”;f’ffgzg’ 604854 | 4853824 | 97 | 2195 | 2099 | 3A
BH S9 S:('j":r:'r ESﬁZTf.'ﬂi.i Sf;ftg:.'%i%é 604080 | 4852848 | 9.4 2144 | 2197 3A
BH $10 ** S:('j":rg'r SS\I’:ZTJETIEISLS Egt”;:f’g;%g' 604082 | 4852848 | 9.4 2138 | 2044 | 3A
BH S11 S:('j":rg’r SSZZTEELZ S;;SZ{;’%?{?;'(’) 603849 | 4852560 | 9.2 2132 | 216.1 3A
BH S12 ** S:L":rg'r gj‘égﬂf:lilj‘s Egt{”;:f‘gf;g 603857 | 4852567 | 58 | 2135 | 2077 | 3A

* Assuming Sta. 0+000 at BH C1 (about 200 m east of St. Johns Road)
** Monitoring well installed

Fifty-eight (58) boreholes were drilled along Clarkway Drive as listed in Table 5.4.

Table 5.4: Borehole Details — Clarkway Drive

Ground
Surface

Ground |Elevation| Elevation
m

Approximate GPS
Coordinates
(UTM/NAD 83)

Location /
Approximate
Station*

Borehole
No.

Purpose of Borehole

Easting

Pavement & Clarkway Dr., NBL,

BH D1 Underground utilities Sta. 0+000 606251 | 4850676 3.0 205.6 202.6 4A
Pavement & Clarkway Dr., NBL,

BH D2 Underground utilities Sta. 0+000 606254 | 4850680 1.8 206.0 204.2 4A
Pavement & Clarkway Dr., SBL,

BH D3 Underground utilities Sta. 0+150 606138 | 4850776 1.5 206.0 204.4 4A

BH D4 Pavement (topsoil Clarkway Dr., SBL, 606134 | 4850770 | 190 mm _I

measurement) Sta. 0+150

Pavement & Clarkway Dr., NBL,

BH D5 Underground utilities Sta. 04300 606039 | 4850884 5.0 205.7 200.7 4A
Pavement & Clarkway Dr., NBL,

BH D6 Underground utilities Sta. 04300 606040 | 4850886 1.8 206.1 204.3 4A
Pavement & Clarkway Dr., SBL,

BH D7 Underground utilities Sta. 0+450 605935 | 4850986 3.0 206.0 202.9 4A
Pavement & Clarkway Dr., SBL,

BH D8 Underground utilities Sta. 0+450 605935 | 4850984 0.9 205.6 204.7 4A
Pavement & Clarkway Dr., NBL,

BH D9 Underground utilities Sta. 0+600 605832 | 4851092 1.5 207.1 205.5 4A

BH D10 Pavement (topsoil Clarkway Dr., NBL, 605831 | 4851102 | 230 mm _I

measurement) Sta. 0+600
e
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Ground
Surface

Depth

Approximate GPS Below

Location / Coordinates

Borehole .
Approximate

Ground |Elevation| Elevation

Purpose of Borehole

No.

Station*

(UTM/NAD 83)

Surface

Pavement & Clarkway Dr., SBL,
BH D11 Underground utilities Sta. 0+750 605720 | 4851194 >-0
BH D12 Pavement (topsoil Clarkway Dr., SBL, 605712 | 4851196 | 200 mm
measurement) Sta. 0+750
Pavement & Clarkway Dr., NBL,
BH D13 Underground utilities Sta. 0+900 605607 | 4851398 3.0
BH D14 Pavement & . Not drilled due to conflic
Underground utilities
Pavement & Clarkway Dr., SBL,
BH D15 Underground utilities Sta. 1+050 605513 | 4851403 1.5
BH D16 Pavement (topsoil Clarkway Dr., SBL, 605497 | 4851406 | 240 mm
measurement) Sta. 1+050
Pavement & Clarkway Dr., NBL,
BH D17 Underground utilities Sta. 14200 605385 | 4851532 5.2
Pavement & Clarkway Dr., NBL,
BH D18 Underground utilities Sta. 14200 605387 | 4851534 1.8 210.1 208.2 4A
Pavement & Clarkway Dr., SBL,
BH D19 Underground utilities Sta. 1+350 605297 | 4851614 3.0 210.6 207.6 4A
BH D20 pavement (topsoil | Clarkway Dr. SBL, | cocoex | 4acie1s | 190 mm _I
measurement) Sta. 1+350
Pavement & Clarkway Dr., NBL,
BH D21 Underground utilities Sta. 14500 605194 | 4851719 1.5 209.1 207.5 4A
BH D22 Pavement (topsoil Clarkway Dr., NBL, 605189 | 4851734 | 180 mm _I
measurement) Sta. 1+500
Pavement & Clarkway Dr., SBL,
BH D23 Underground utilities Sta. 1+650 605071 | 4851839 5.0 209.2 204.2 4A
Pavement &
BH D24 Underground utilities A
Pavement & Clarkway Dr., NBL,
BH D25 Underground utilities Sta. 1+800 604975 | 4851935 3.0 209.1 206.0 4A
BH D26 pavement (topsoil | Clarkway Dr, NBL [ yoo | ocouc 500 mm _I
measurement) Sta. 1+800
Pavement & Clarkway Dr., SBL,
BH D27 Underground utilities Sta. 1+950 604867 | 4852040 1.5 208.6 207.1 4A
BH D28 Pavement (topsoil Clarkway Dr., SBL, 604859 | 4852040 | 200 mm _I
measurement) Sta. 1+950
Pavement & Clarkway Dr., NBL,
BH D29 Underground utilities Sta. 2+100 604765 | 4852155 1.8 211.7 209.9 4B
BH D30 U Pavement & . Not drilled due to conflict with existing underground utilities. 4B
nderground utilities
Pavement & Clarkway Dr., SBL,
BH D31 Underground utilities Sta. 24250 604668 | 4852236 3.5 210.0 206.5 4B
[ X ]
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Ground
Surface

Depth

Approximate GPS Below

Coordinates
(UTM/NAD 83)

Location /
Approximate
Station*

Borehole
No.

Ground |Elevation| Elevation

Purpose of Borehole
Surface

Pavement & Clarkway Dr., SBL,
BH D32 Underground utilities Sta. 24250 604666 | 4852234 1.8 208.3 206.4 4B
Pavement & Clarkway Dr., NBL,
BH D33 Underground utilities Sta. 2+400 604548 | 4852361 2.0
BH D34 Pavement (topsoil Clarkway Dr., NBL, 604548 | 4852368 | 190 mm
measurement) Sta. 2+400
Pavement & Clarkway Dr., SBL,
BH D35 Underground utilities Sta. 2+550 604458 | 4852462 5.0 2129 207.9 4B
Pavement & Clarkway Dr., SBL,
BH D36 Underground utilities Sta. 24550 604437 | 4852462 1.8 211.9 210.1 4B
Pavement & Clarkway Dr., NBL,
BH D37 Underground utilities Sta. 24700 604335 | 4852470 3.5 214.5 211.0 4B
Pavement & Clarkway Dr., NBL,
BH D38 Underground utilities Sta. 24700 604336 | 4852567 1.8 2153 2134 4B
Pavement & Clarkway Dr., SBL,
BH D39 Underground utilities Sta. 24850 604234 | 4852659 2.0 213.0 211.0 4B
Pavement & Clarkway Dr., SBL,
BH D40 Underground utilities Sta. 2+850 604138 | 4852764 5.0 2129 207.9 4B
Pavement & Clarkway Dr., NBL,
BH D41 Underground utilities Sta. 3+000 604141 | 4852766 2.1 213.9 211.7 4B
BH D42 Pavement (topsoi Not drilled due to conflict with existing underground utilities. 4B
measurement)
Pavement & Clarkway Dr., SBL,
BH D43 Underground utilities Sta. 3+150 604009 | 4852887 3.5 217.5 214.0 4B
Pavement & Clarkway Dr., SBL,
BH D44 Underground utilities Sta. 3+150 604007 | 4852886 1.8 216.8 215.0 4B
Pavement & Clarkway Dr., NBL,
BH D45 Underground utilities Sta. 3+300 603917 | 4852984 1.8 218.8 217.0 4B
BH D46 Pavement (topsoil Clarkway Dr., NBL, 603909 | 4853000 | 230 mm _Z
measurement) Sta. 3+300
Pavement & Clarkway Dr., SBL,
BH D47 Underground utilities Sta. 3+450 603816 | 4853079 5.0 219.9 214.9 4B
Pavement & Clarkway Dr., SBL,
BH D48 Underground utilities Sta. 3+450 603814 | 4853078 1.8 219.9 218.0 4B
Pavement & Clarkway Dr., NBL,
BH D49 Underground utilities Sta. 3+600 603698 | 4853200 3.5 220.8 217.3 4B
Pavement & Clarkway Dr., NBL,
BH D50 Underground utilities Sta. 3+600 603700 | 4853201 1.8 220.8 219.0 4B
Pavement & Clarkway Dr., SBL,
BH D51 Underground utilities Sta. 3+750 603599 | 4853290 2.0 2215 219.5 4B
BH D52 Pavement (topsoil Clarkway Dr., SBL, 603578 | 4853305 | 200 mm _I
measurement) Sta. 3+750
e
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Depth | Ground

Below | Surface | Bottom
Ground |Elevation| Elevation
Surface

Approximate GPS
Coordinates
(UTM/NAD 83)

Location /

Borehole .
Approximate

No.

Purpose of Borehole

Station*

Pavement & Clarkway Dr., NBL,
BH D53 Underground utilities Sta. 34900 603497 | 4853398 5.0 222.0 217.0 4B
Pavement & Clarkway Dr., NBL,
BH D54 Underground utilities Sta. 34900 603499 | 4853399 1.8 221.7 219.9 4B
Pavement & Clarkway Dr., SBL,
BH D55 Underground utilities Sta. 44050 603388 | 4853502 3.5 222.5 219.0 4B
Pavement & Clarkway Dr., SBL,
BH D56 Underground utilities Sta. 44050 603380 | 4853532 1.8 222.0 220.2 4B
Pavement & Clarkway Dr., NBL,
BH D57 Underground utilities Sta. 4+200 603286 | 4853614 2.0 223.6 2216 4C
BH D58 Pavement (topsoil Clarkway Dr., NBL, 603271 | 4853634 | 200 mm _Z
measurement) Sta. 4+200
CULVERT BOREHOLES
Culvert, Pavement & Clarkway Dr., SBL,
*% !
BH S13 Underground utilities Sta 24275 604621 | 4852286 9.3 210.2 207.5 4B
BH 14 | Culvert Pavement& | Clarkway Dr, NBL, | c0)01g | 4asoo03| 93 2100 | 2007 4B
Underground utilities Sta. 2+275
Culvert, Pavement & Clarkway Dr., SBL,
BH S15 Underground utilities Sta 34325 604169 | 4852729 9.4 212.7 204.2 4B
Culvert, Pavement & | Clarkway Dr., NBL,
*% !
BH S16 Underground utilities Sta 34325 604158 | 4852745 9.8 213.1 203.3 4B

* Assuming Sta. 0+000 at BH D1 (about 50 m north of Castlemore Drive)

** Monitoring well installed

Eighteen (18) boreholes were drilled along proposed East-West Arterial Road as listed in Table 5.5.

Table 5.5: Borehole Details — East — West Arterial Road

Depth | Ground

Below | Surface | Bottom
Ground |Elevation| Elevation
Surface m

Approximate GPS
Coordinates
(UTM/NAD 83)

Location /
Approximate
Station*

Borehole
No.

Purpose of Borehole

Easting

Pavement & East — West Arterial

BH E1 Underground utilities Rd, Sta. 0+000 604583 | 4850435 2.1 203.0 200.9 5A
Pavement & East — West Arterial

BH E2 Underground utilities Rd., Sta. 0+100 604641 | 4850507 52 204.6 1994 5A
Pavement & East — West Arterial

BH E3 Underground utilities Rd., Sta. 0+200 604703 | 4850585 2.1 205.9 203.7 SA
Pavement & East — West Arterial

BH E4 Underground utilities Rd., Sta. 0+300 604766 | 4850663 3.0 205.1 202.0 SA

e
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Ground
Surface

Depth

Approximate GPS Below

Coordinates
(UTM/NAD 83)

Location /
Approximate
Station*

Borehole
No.

Ground |Elevation| Elevation

Purpose of Borehole
Surface

* Monitoring well installed

BHES | d:rag"rzrsgtui‘“ﬁes Ea;td_", \S'\t/:‘s;f;tg(;'a' 604828 | 4850742 | 2.1 2032 | 201.1 5A
BHE6/S18 | d:rag"rzrsgtﬁi‘“ e Ea;tdj \S'\tlzsgf;tgg'a' 604885 | 4850810 | 9.3 2048 | 1954 5A
BHE? |, d:rag"rirsgtu?“ﬂes Ea;tdj \S’\::.nggtgga' 604955 | 4850896 | 2.1 2049 | 2028 5A
BH E8 to Pavement &
BH E22 Underground utilities
BHE2S [ d:rZ"rZ’::;‘tﬁlmes Ea;tdj \S’\t’:ftzfggg'a' 605606 | 4852284 | 2.1 2107 | 2085 | 5B
BHEA [ d:rzvrir:ﬁgtui‘“ﬂes Ea;tdj \S"::'Stzf;tgg'a' 605614 |4852383| 30 | 2107 | 2077 | sB
BHE2S [ d:rzvrir:ﬁgtui‘“ﬂes Ea;tdj \S"::'Stzf;tgg'a' 605628 | 4852476 | 2.1 2093 | 2072 | 5B
BHE26 [ d:rag"rirgrfgtui‘“ﬂes Ea;td: \S'Z:.Stzf?gga' 605650 | 4852571| 52 | 2100 | 2048 | 5B
BHE2 | d:;"ri’ssgtu?“ﬂes Ea;tdj \S’\::.Stzfgtgga' 605680 | 4852668 | 2.1 2111 | 2089 5B
BHE2S | d:;"rit‘sgtu?“ﬂes Ea;tdj \S’\::.Stzf;tgg'a' 605714 | 4852764 | 3.0 2124 | 2094 5B
BHE29 | d:;"rit‘sgtu?“ e Ea;tdj \S’\::.Stzf;tgg'a' 605743 | 4852863 | 2.1 2135 | 2113 5B
BHESO | d:rzvrir:ﬁ;‘tui‘“ties Ea;tdj \S'\::.Stzf;tg(;'a' 605749 | 4852965 | 52 2143 | 2092 5B
BHEST | d:rzvrir:rfgtui‘“ties Ea;td: \S/\tlssgfgfgal 605728 | 4853064 | 2.1 2149 | 2127 58
BHE3R | d:;i?ﬁgtﬁi‘“ﬁes Ea;td: \S'\tlzsgf:tgga' 605683 | 4853156 | 3.0 2150 | 2119 5B
CULVERT BOREHOLES
BH S17* S;‘g’:}rgt'r gj‘r’lszlrl‘;li Ea;tdj \S'\tlsséf;tgeg'a' 604874 | 4850797 | 7.0 2026 | 1956 5A
BH E6 /518 Sr‘:('j":rrgt'r gjzznafml‘:‘s Ea;tdj \S'\tljsgf?g(;'a' 604885 | 4850810 | 9.3 2048 | 1954 5A
i e

The as-drilled borehole locations were obtained as northing and easting co-ordinates (UTM Coordinates, NAD

83) using a hand-held GPS unit with accuracy of £3 m. Ground elevations at the borehole locations were

estimated from the topographic survey drawing prepared by Wood for the project.
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Traffic control during the investigation was provided by TCl Field Services (Brooklyn, Ontario) in accordance
with the Ontario Traffic Manual — Temporary Conditions (Book 7).

All boreholes were drilled using truck- or track-mounted drill rigs, fitted with an automatic hammer, supplied
and operated by Drilltech Drilling Ltd. of Newmarket, Ontario. The drilling activities were conducted under
full-time oversight of Wood personnel, who also logged the soil types encountered during borehole
advancement and collected soil samples.

Soil samples were generally obtained via the Standard Penetration Test (SPT) method, as per ASTM D1586,
using an automatic hammer. The SPT tests consisted of freely dropping a 63.5 kg (140 Ibs.) hammer a vertical
distance of 0.76 m (30 inches) to drive a 51 mm (2 inch) diameter O.D. split-barrel (split spoon) sampler into
the ground. The number of blows of the hammer required to drive the sampler into the relatively undisturbed
ground by a vertical distance of 0.30 m (12 inches) was recorded as SPT ‘N’ values of the soil, which indicated
the compactness of non-cohesive soils and / or implied (indirectly determined) the consistency of cohesive
soils. The results of SPT are shown in the Record of Boreholes.

A monitoring well was installed in nine (9) of the borehole locations (Boreholes BH S1, BH S4, BH S5, BH S7,
BH S10, BH S12, BH S13, BH S16, and BH S17) for groundwater monitoring hydrogeological investigation.

Groundwater depths in the boreholes, where encountered, were measured during drilling and upon
completion of drilling, and subsequently in the monitoring well (where installed). The measured groundwater
depths, where applicable, are shown on the Record of Boreholes.

Upon completion of drilling, all boreholes not installed with a monitoring well were backfilled in accordance
with the general requirements of Ministry of Environment (MOE) Ontario Regulation 903. The surficial
asphaltic concrete at the borehole locations were reinstated by cold patch asphalt.

A visual pavement condition survey of the existing road surface was carried out to evaluate the existing
condition. Selected photographs showing the existing road condition are included in Appendix A of each
Section.

Soil samples were transported to Wood's Laboratory for further review and laboratory testing (i.e., water
content determination, grain size distribution analysis and Atterberg Limit test, where applicable). The soil
conditions, groundwater levels, and the results of the in-situ and laboratory tests are presented on the
corresponding Record of Boreholes. The laboratory test results are attached in Appendix B of each section.

Selected soil samples from each road section were analyzed for corrosive potential of soil with respect to
concrete and steel.

Upon recovery, all soil samples were screened to assess for evidence of potential contamination, which
included visual inspection as well as vapour screening for combustible organic vapours, using a portable
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hand-held hydrocarbon surveyor (RKI Eagle 2). The results are presented on the Record of Boreholes.

Soil chemical analyses were carried out on selected soil samples from the boreholes for assessment of
potential contamination and soil disposal options. The soil chemical analyses and corrosive tests were
performed by AGAT Laboratories, an accredited CAEL laboratory located in Mississauga, Ontario. Results of
the analysis are summarized in Appendix C of each section. The Certificates of Analyses for the soil chemical
analyses and corrosivity analysis are included in Appendix D.

5.2 Pavement Investigation
5.2.1 Visual Condition Survey

Wood carried out a visual pavement condition survey of the existing road surface within the project area in
August 2020 to identify any distresses. The identification and classification of the pavement distresses were
carried out in accordance with MTO’s “Flexible Pavement Condition Rating Manual — Guidelines for
Municipalities”, SP-022.

5.2.2 Borehole Investigation for Pavement Investigation

A total of 166 boreholes (as listed in Tables 5.1 to 5.5) have been drilled within the project limits at the existing
pavement structure at the driving lanes / shoulders / boulevard for pavement investigation. The remaining 14
boreholes drilled at structure locations can also be used for pavement investigation. Topsoil thickness at the
existing ditches were also obtained at selected locations during the field investigation. The details of the
boreholes drilled at the project site are presented in Tables 5.1 to 5.5 and shown on Figure Nos. 1 to 5.

5.3 Geotechnical Investigation
5.3.1 Underground Utilities

All of the 166 boreholes drilled for the pavement investigation and 14 boreholes drilled for structures (Section
2.3.2) will be used for underground utility installations. Along all road alignments, alternating pavement
investigation boreholes were drilled deeper (3 m to 5 m) to obtain sub-surface information for installation of
underground utilities.

5.3.2 Structures

A total of 20 structures (culverts) are planned to be rehabilitated and / or extended and / or newly constructed
along the five road alignments under the planned Area 47 road network, out of which 3 new structures are
located in the two new road alignments and 7 structures are existing structures as listed in Tables 5.1 to 5.5.
At the time of this report, boreholes for 2 structures located along the new East-West Arterial road alignment
have not been drilled. Two boreholes were drilled at each of the remaining 8 structure locations. One
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monitoring well was installed at each of the structure locations for groundwater monitoring and
hydrogeological investigation.

5.4 Laboratory Tests

Laboratory testing was performed on selected samples from boreholes where tested for soil characterization,
soil contamination and disposal options and soil corrosivity tests as follows:

*  Water content determinations;
*  Grain size distribution analyses;
*  Atterberg Limit tests;

*  Soil corrosivity analyses; and

*  Soil chemical analyses.

5.5 Groundwater Measurements

Groundwater depths were measured in the boreholes (where groundwater was encountered) at the time of
drilling or upon completion of drilling. Groundwater was also measured subsequently in the monitoring wells.

Wood Reference: TP115086 | 8/15/2022 Page 29 of 201
e

wood.



Geotechnical Investigation Report - DRAFT
h\"’é BRAMPTON Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION A: COLERAINE DRIVE (FROM EAST-WEST ARTERIAL TO
MAYFIELD DRIVE, ~ 3.0 KM)

A1.0 OVERALL SUBSURFACE CONDITION

A total of thirty-one (31) boreholes (BH A1 to BH A22 and BH A24 to BH A32) were drilled to depths varying
from 0.2 m to 5.0 m, for the proposed road reconstruction/widening and underground service installation
within project limits of Coleraine Drive (as shown in Figure Nos. 1A and 1B), which included boreholes in the
driving lanes, shoulders and auger holes in the ditches. Two (2) boreholes (BH A23/S1 and S2) were drilled
to a depth of about 9.4 m, for the proposed culvert rehabilitation / extension. Due to their proximity, BH A23
and BH S1 were combined into one borehole (BH A23 / S1). The boreholes in the driving lanes and pavement
shoulders were sampled via Standard Penetration Test (SPT), while recording ‘N’ Values. Eight (8) auger holes
(without SPT) were carried out in the ditches to measure the topsoil thicknesses.

The stratigraphic units and groundwater conditions are discussed in the following sections. Additional
information is provided in the Record of Boreholes. The following summary is to assist the designers of the
project with an understanding of the possible soil conditions at the investigated road section. The soil and
groundwater conditions might vary between and beyond the borehole locations.

A1.1 Topsoil

Topsoil thicknesses were measured in the ditches beside the road at eight (8) locations, which varied from
about 150 mm to 250 mm, with an average thickness of about 219 mm, as listed in Table A1.1.

Table A1.1: Topsoil Thickness Measurements (Coleraine Drive)
Coordinates (UTM, Zone 17T)

Topsoil Thickness

Borehole No.

Easting Northing (mm)
BH A4 605511 4853326 250
BH A6 605412 4853445 230
BH A12 605116 4853716 216
BH A14 605008 4853841 200
BH A16 604900 4853931 150
BH A22 604578 4854261 216
BH A24 604473 4854351 250
BH A32 604046 4854755 240
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A1.2 Asphaltic Concrete and Concrete

At the location of Boreholes BH A1, A3, A5, A7, A9, A11, A13, A15, A17, A19, A21, A23/S1, A25, A27, A29, A31
and S2, approximately 180 mm to 250 mm of asphaltic concrete was encountered at the pavement surface.
An approximately 110 mm thick of concrete layer was encountered below the asphalt at BH A15.

A1.3 Granular Fill

Granular fill (sand and gravel and gravelly sand fill) was encountered at the surface in Boreholes BH A2, A8,
A10, A18, A20, A26, A28, A30 and A31. Underlying the asphalt or concrete surfacing were layers of granular
fill, which likely comprises the road base materials. The granular fill in these boreholes ranged in thickness
from approximately 50 to 700 mm. The granular fills extended to depths varying from about 0.2 m to 0.9 m
(Elevations 218.8 m to 229.8 m) below the existing ground surface.

Two (2) gradation tests were carried out on the selected samples of granular fill, the results of which are
presented in Table A1.2 and are also shown in the Record of Boreholes.

Table A1.2: Results of Grain Size Distribution Analysis (Granular Fill)

Grain Size Distribution (%)

Borehole |[Sample| Depth Elevation

Soil Classification

No. No. (D) (m)
BHA10 | SS1A | 0-02 | 219.0 - 218.8 27 60 13 GRAVELLY SAND, some fines. Sample
does not meet OPSS1010 Granular A or
BH A30 SS1A 0-05 228.7 - 228.2 30 57 13 B due to excessive fines content

The grain size distribution curves are presented in Figures B-A1 in Appendix B-A.
A1.4 Silty Clay / Clayey Silt Fill

Silty clay / clayey silt fill was encountered beneath the concrete in Borehole A15 and below the granular fill
soils, where present. The silty clay / clayey silt fill was generally brown to dark grey in colour and contained
traces of gravel and organics. Cobbles were noted in the cohesive fill in Boreholes BH A11, A20, A25 to A27
and A29. Where fully penetrated, the silty clay / clayey silt fill thickness ranged from 0.6 to 2.0 m, and extended
to depths varying from about 0.9 m to of 2.3 m (Elevations 214.0 m to 229.2 m) below the existing ground
surface. The silty clay / clayey silt fill was present up to the termination depths of Boreholes BH A28 and A29
at about 1.2 m and 1.5 m below ground surface, respectively.

The SPT ‘N’ values measured in the silty clay / clayey silt fill ranged from 5 blows to 29 blows per 0.3 m of
penetration, indicating firm to very stiff consistency. The measured water contents in the silty clay / clayey
silt fill samples varied from about 13 % to 32 %.
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A1.5 Silty Clay / Clayey Silt Till

Native silty clay / clayey silt till was encountered below the fill soils at depths of about 0.9 m to 2.3 m
(Elevations 214.0 m to 229.2 m) and extended to the termination depths of all boreholes except Boreholes
BH A28 and A29, which terminated within silty clay / clayey silt fill). The silty clay / clayey silt till was confirmed
to a depth of a maximum depth of 9.4 m (Elevations 214.1 to 214.4 m) below existing ground surface at
Boreholes BH S2 and A23/S1, respectively.

The clayey silt / silty clay till was brown to grey in color, and contained trace to some sand, or was sandy, and
had trace gravel. Cobbles/boulders were encountered in Boreholes BH A1, A9, A11, A13, A17, A23/S1, A25,
A27, A30, A31 and S2. Due to the depositional history of glacial tills, the presence of cobbles and boulders
should be anticipated throughout the till deposit. Generally, the SPT ‘N’ values of the silty clay / clayey silt till
ranged from 8 blows to greater than 50 blows per 0.3 m but were generally above 17 blows implying a firm
to hard consistency overall.

The measured water contents of the silty clay / clayey silt till samples ranged from about 10 % to 26 %.

Gradation and Atterberg Limits tests were carried out on three (3) samples of the silty clay / clayey silt till, the
results of which are presented in Table A1.3, and shown in the Records of Boreholes.

Table A1.3: Results of Grain Size Distribution Analysis and Atterberg Limit Tests
(Silty Clay / Clayey Silt Till)

Grain Size Distribution (%) Atterbera Limit USCS
Borehole |Sample |Depth|Elevation 9 Modified
No. No. (1) (m) Gravel Plastic |Plasticity| Group
Symbol
BH A1 SS6 3.8 211.7 3 30 45 22 21 12 9 CL
BH A3 SS 4 2.4 2139 3 18 52 27 28 15 13 CL
BH A23/S1| SS5 3.1 219.7 1 18 48 33 30 14 16 cL/cl

The grain size distribution curves and plasticity chart are presented Figure Nos. B-A2 and B-A3 in Appendix B-
A.

A1.6 Groundwater

Upon completion, groundwater was encountered in Boreholes BH A3, A13, and A23/S1 at depths of 2.7 m
(Elevation 213.6 m), 2.4 m (Elevation 217.8 m), and 8.2 m (Elevation 214.6 m) below the existing ground surface,
respectively. Groundwater was not encountered in the remaining boreholes.

One monitoring well was installed in BH A23/S1 at the location of the culvert crossing. The groundwater
depth measured in the boreholes (where groundwater was encountered) at the time of drilling or upon
completion of drilling, and in subsequent measurements in the monitoring well are summarized in Table A1.4
and shown on the Record of Boreholes.
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Table A1.4: Results of Groundwater Depth Measurements

Groundwater Measurements

Borehole No.| During or Upon Completion of Drilling In Monitoring Well (m)
|__Date | Depth | Elevation (m) | _ Date | Depth | Elevation

BH A3 21 Jan 2020 2.7 213.6 Not installed
BH A13 21 Jan 2020 2.4 217.8 Not installed
24 Apr 2020 1.8 221.0
BH A23/S1 | 20 Jan 2020 8.2 214.6 4 May 2020 0.9 221.9
12 May 2020 0.9 221.9

It should be noted that the groundwater at the site would fluctuate seasonally and can be expected to be
somewhat higher during the spring months, and in response to major weather events.

A1.7 Soil Corrosivity
Two (2) soil samples were submitted for corrosion analysis to determine the corrosive potential of the soils
with respect to buried metallic structures. The results of the analyses are presented Table A1.5, and the

laboratory test certificate is included in Appendix D.

Table A1.5: Soil Corrosivity Test Results

BH S1/BH A23-

Parameter BH A3 - SS2 sS4
Chloride ug/g or (ppm) 127 276
Sulphate ug/g or (ppm) 21 46
pH pH Units 8.20 7.74
Electrical Conductivity mS/cm 0.334 0.682
Resistivity Ohm-cm 2990 1470

As per ASTM STP 1013 (Effects of Soil Characteristics on Corrosion — “chloride appears to be the main factor
in increased soil corrosivity with levels in excess of 0.01 % (100 (ug/g) considered indicative of accelerated
corrosion”. The chloride content measured in both samples were more than 100 pg/g. In accordance with
Table 1 of CSA A23.1-14 and based on “structurally reinforced concrete exposed to chloride, with or without
freezing and thawing” and based on project location, exposure class “C-1" can be used. Class should be based
on structure location and/or durability requirement.

In accordance with Table 3 of CSA A23.1-14, no additional requirement is specified for sulphate content
below 0.10 % (i.e. 1,000 ppm or pg/g) below the “moderate degree of exposure” with respect to concrete.
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Therefore, in accordance with Table 6 of the Canadian Standards Association (CSA) Series A23.1-14, Type GU
Portland cement can be used based on the water-soluble sulphate contents measured in soils.

As noted in ASTM -STP 1013 (Effects of Soil Characteristics on Corrosion), pH values between 4.0 and 8.5 have
very little effect on corrosion (American Water Works Association (AWWA) Standard C 105-72 (Table 1 - Soil-
Test Evaluation AWWA Rating).

The measured soil resistivity values can be considered as “high” between 1000 ohm-cm and 2000 ohm-cm,
and “moderate” between 2000 ohm-cm to 5000 ohm-cm for exposed metallic structures, based on ASTM STP
1000, Corrosion Testing and Evaluation - Table 3 (Corrosivity for Uncoated Steel).

Protection against steel corrosion, where required, could include one or a combination of: adequate concrete
cover, low-permeability concrete, corrosion inhibitors; coated reinforcing steel; clad reinforcing steel; and
corrosion-resistant alloy reinforcement.

A corrosion specialist should be retained, if necessary, to review the analysis results and provide relevant
recommendation.

A2.0 PAVEMENT INVESTIGATIONS AND DESIGN

The purpose of the pavement investigation was to obtain subsurface information and to provide geotechnical
recommendations for widening of Coleraine Drive which is north / south oriented, and as per the City's road
classification, it is designated as a minor arterial road. The total length of the investigated road section is
about 3.0 km.

At the time of the investigation, the investigated road section was a 2-lanes rural road that would be widened
to 4-lanes, from Arterial A2 to Mayfield Road, including realignment at Arterial A2 west of RR50. The
discussions and recommendations in the following sections are general in nature, as the details of the
widening were not available at the time of this report.

The subsurface soil profile at the site consisted of surficial asphaltic concrete underlain by non-cohesive soll
sand and gravel fill overlying silty clay fill, silty clay /clayey silt till which extended to the termination depths
of the boreholes that ranged from 1.2 to 9.4 m.

All boreholes were open and dry upon completion to their respective vertical limits of investigation except 3
boreholes: (A3, A13, A23/S1), where groundwater was encountered at depths of 2.7 m, 2.4 m, 8.2 m below
ground surface, respectively.

The discussions and recommendations in the following sections are based on the subsurface information
obtained from the boreholes and are intended for use by Design Engineers.
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A2.1 Visual Pavement Condition Survey

On 10 August 2020, Wood carried out a visual pavement condition survey of the existing road surface within
the project area to identify any distresses. A summary of the pavement condition survey, including
predominant surface defects, surface deformation and cracking, is tabulated in Table A2.1 and copies of the
Pavement Condition Survey Forms are included in Appendix A-A. Based on the pavement condition survey,
the existing asphaltic concrete surface condition was rated from Poor to Very Poor Condition.

Table A2.1: Existing Pavement Condition

Predominant Distress e
Condition RaOting

Coleraine Drive from Major MacKenzie Drive to Countryside Drive ~1.8 km (2 lanes)

280 m South of Mayfield and was rated Good Condition.
« Ravelling & coarse aggregate loss — Moderate / Frequent.
¢ Wheel Track Rutting/Distortion — Severe / Frequent.
«  Longitudinal Cracking (single, multiple and alligator) — Very Severe/ Extensive. Poor to Very Poor
+  Centreline Cracking (single, multiple and alligator) — Moderate to Severe/Extensive. Condition
»  Pavement Edge Cracking - Moderate to Severe/Extensive.
»  Transverse Cracking (single, multiple and alligator) — Moderate to Very Severe /

Frequent to Extensive.

Coleraine Dr-Countryside Dr to Mayfield Rd ~1.3 km (2 lanes)

+ Ravelling & coarse aggregate loss — Severe / Intermittent.

*  Wheel Track Rutting/Distortion — Moderate to Severe / Intermittent.

+ Longitudinal Cracking (single, multiple and alligator) — Moderate / Frequent.

« Centreline Cracking (single, multiple and alligator) — Moderate / Frequent.

« Pavement Edge Cracking - Moderate to Severe/Frequent.

« Transverse Cracking (single, multiple and alligator) — Moderate to Severe /
Extensive.

Poor to Very Poor
Condition

A2.2 Subsurface Conditions

A total of 33 boreholes were drilled along Coleraine Drive from its intersection with the proposed E-W Arterial
A2 Mayfield Drive (approximately 2.3 km). The subsurface soil profile at the site consisted of surficial asphaltic
concrete underlain by sand and gravel fill overlying silty clay fill, silty clay /clayey silt till which extended to
the termination depths of the boreholes that different in depths that ranged from 1.2 to 9.4 m as detailed in
the Record of Boreholes.

The driving lanes boreholes revealed that the asphaltic concrete thickness ranged from 180 mm to 250 mm
with an average of 199 mm. Non-cohesive soil (sand and gravel fill) was encountered in all the boreholes
underlying the existing asphaltic concrete that ranged in thickness from 50 mm to 700 mm, with an average
of 138 mm. The shoulder boreholes revealed sand and gravel fill was encountered in all the boreholes that
ranged in thickness from 100 mm to 600 mm, with an average of 389 mm.
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Additional subsurface information is provided in Section A1.0 and in the Record of Boreholes.
A2.3 Groundwater Conditions

Groundwater was encountered only in three boreholes during and on completion of drilling in the open
boreholes at depth varying from 2.7 m to 8.2 below ground, as listed in Table A1.4. It should be pointed out
that the groundwater at the site would fluctuate seasonally and can be expected to be somewhat higher
during the spring months and in response to major weather events.

A2.4 Pavement Design

The purpose of the geotechnical investigation was to obtain subsurface information and to provide
geotechnical recommendations for road rehabilitation/re-surfacing and widening along Coleraine Drive.

The discussions and recommendations in the following sections are based on the available information and
the subsurface information obtained from the boreholes and is intended for use by Design Engineers.

A2.4.1 Pavement Structure Adequacy

A total of 24 boreholes were drilled through the pavement along Coleraine Drive, between proposed Arterial
A2 and Mayfield Drive (approximately 2.3 km).

Two methods were used to assess the existing pavement structure. In-situ structure number (“SN”) and in-
situ Granular Base Equivalency ("GBE") were estimated from the borehole data using the equivalency factors

for various material types, as shown in Table A2.2.

Table A2.2: Summary of Typical Structural Layer Coefficient

Typical AASHTO-Ontario Structural
Layer Coefficient (SLC), ai (mm)

Material Type Granular base

Equivalency

Rehabilitation Drainage Structural Factors
Ex!st!ng HL Acceptable 1.0 0.14 to 0.28 1.25
Existing Gran Base . 0.75

- Questionable 0.9 0.10to 0.14

Existing Gran Sub-base Inadequate 0.8 to 0.5 0.05 to 0.09 0-50
Existing Gran Base/Sub-base 4 ) ) ) ) 0.625
Pulverization 1.0 0.10to 0.14 1.0
CIR 1.0 0.28 to 0.38 16-18
RAP/Gran A blended stabilized with EAM 1.0 0.20 to 0.25 1.0

Notes:
M MTO Report MI-183 -. MTO Report MI-183 "Adaptation and Verification of AASHTO Pavement Design
Parameters for Ontario Conditions" - Table 4-5.
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Table A2.3 summarises the total average pavement structural thickness of the existing asphaltic concrete
pavement, granular base and sub-base, as well as the average existing Structure Number ‘SN’ and 'GBE’ before
rehabilitation.

Table A2.3: Summary of Existing Pavement Structure

Predominant
Subgrade

Average Thickness (mm)

Boreholes

Base/Subbase

No. of BHs @ MDL/EP=16
Range
Range Range Range (300-688)
(A1, A3, A5, A7, A9, A11, A13, | (180-250) mm | (50-700) mm (38-104) mm mm
A15, A17, A19, A21, A23/51, Av. 199 mm Av.138 mm Av. 43 mm . .
Av. 336 mm | Si(y) CI Fill
A25, A27, A29, A31) . .
Si(y) Cl/Cl(y) Si
No. of BHs @ SHR/TOR=9 Till
Range
(A2, A8, A10, A18, A20 - (100-600) mm - -
A26, A28, A30, A32/S1) Av. 389 mm
Notes:

MDL= Mid driving Lane  EP = Edge of Pavement SHR = Shoulder Rounding  TOS = Toe of Slope.
1. Existing SN calculation s the following parameters were used:

. Existing HMA coefficient, = 0.14;
«  Existing granular base/subbase coefficient, and concrete = 0.12/0.9

A2.4.2 Existing and Forecasted Traffic Data

The traffic data represented as Average Annual Daily Traffic (AADT2020) in both directions was estimated by
Wood Traffic Group as presented in Table A2.4. This traffic data was used to projected traffic data for 20
years design life. Equivalent single axle loads (ESALs) were calculated cumulatively over 20 years as described
in the Ministry of Transportation Report "Procedures for Estimating Traffic Loads for Pavement Design, 1995".

Table A2.4: Traffic Data - Minor Arterial (Rural)

AAPT "! Both Growth Rate Comm. Vehicles Design ESALs @ .
Directions % % 20 Y Traffic Category
2020 (%) (%) ears
2,994,018 Category
[o) [o)
7,400 2.0% 6.0% 2’30 % 106 c

(M 2020 is the anticipated construction year.
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A2.4.3 Flexible Structural Pavement Design for Widening

After reviewing the field data and laboratory test results, the minimum pavement structural design for the
widening of Coleraine Drive is presented in Table A2.5, which was determined in accordance with the 1993
American Association of State Highway and Transportation Officials (AASHTO") Guide for the Design of
Pavement Structures using the Darwin Software Program.

The AASHTO Pavement Design is considered to be a function of estimated future traffic in both directions
(ESALs), reliability (R), which is a function of road classification, overall standard deviation (So), resilient
modulus (M), as well as initial and terminal serviceability (Po, Py). From these parameters, the structure number
(SN) is calculated. The SN is defined in the AASHTO Guide as a number, which provides a measure of the
pavement strength and thickness needed to avoid overstressing the subgrade.

The following design parameters were chosen to calculate the required structure number for the design of
flexible pavement using the AASHTO method, as described in the Ministry of Transportation Materials
Information Report MI-183 "Adaptation and Verification of AASHTO Pavement Design Parameters for Ontario
Conditions".

- Initial serviceability, Pi=45;

- Terminal serviceability, Py =25

- Reliability level, R =90 percent;
- Overall standard of deviation, So = 0.49;

- Subgrade Resilient Modulus, M, (kPa) M, = 30,000

Table A2.5: Recommended Minimum Structural Pavement Design

AASHTO Design for 20 Years Recommended HMA & PGAC

Marshall

EE HI3 (HS) /HL 1 | HL8 (HS) / HDBC

Surface Course Binder Course

Required
Design SN
Selected
Pavement
Thickness
Traffic Category

Thickness (mm)

Gran A = 450 mm or
SP 50 mm 50+50 mm
6 -
3.0X 10 150 | Gran A = 150 mm 123 126 600 PGAC 64-28 PGAC 58-28 C
Gran B Type Il = 300 mm

The Regional Minimum Pavement Structure Design for Arterial Roads

Gran A = 150 mm 100-110
30X106| 160 |Gran Type Il = 450 min - | 1512 | 760 |40-50 HL1 conmm C

HL8 (HS)/ HDBC
(subgrade base slopes at
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AASHTO Design for 20 Years Recommended HMA & PGAC >
(=]
= = + C
Granular 3o |3 S 5| HI3(HS)/HL1 | HL8 (HS) / HDBC | ©
& |0 &€ F | Surface Course Binder Course 352
LY
~
Thickness (mm)
3% and top of subgrade No rap. No engine oils, min PGAC
at 2, so depth varies). of 64-28)

Notes:
Pavement shall be placed over approved subgrade.
Granular A and Granular B Type Il: Compaction as per OPSS Form 1010 (100% SPMDD).

The Regional minimum design was selected for the road widening since it is intended to be Regional
road.

A2.4.4 Widening Coleraine Drive from E-W Arterial to Mayfield Drive

Pavement recommendations for widening of Coleraine Drive are presented in Table A2.6, including hot mix
type, lift thickness, and PGAC type making up the recommended asphalt thickness, as well as the traffic
category, in accordance with OPSS.MUNI 1151. The granular thicknesses of the widening given in the table is
a minimum thickness and should match the adjacent existing pavement granular thickness to promote
positive lateral drainage. Also, the thicknesses can be increased depending on grading requirements.

Table A2.6: Widening of Coleraine Drive

Traffic
Thickness (mm) Category
HL 1 / DFC — Surface Course 50 mm 64-28
- C
HL 8 (HS) / HDBC - Binder Course 50 mm 64-28
60 mm
Granular Base ‘A’ 150 mm - -
Granular Subbase ‘B’ Type |l 450 mm - -
Total Pavement Structure 760 mm - -
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Full depth excavation, as required and commencing from the existing edge of pavement, will be required to
accommodate the proposed design thickness.

The excavated granular materials from the shoulder can be re-used as fill material for subgrade for the
widening/embankment, provided it is not contaminated. New Granular B subbase should be added and
compacted, followed by new Granular A base material. Both base and subbase can vary in thickness to match
the adjacent existing pavement granular in order to promote positive lateral drainage. The Granular A base
course should be compacted and overlain with 2 lifts of HL 8 (HS) or HDBC binder course, and 1 lift of HL 1
or DFC surface course, as per Table A2.6. Installation of subdrain is recommended, if lateral drainage of the
existing subgrade is not possible.

A2.5 Rehabilitation Strategies

The selected rehabilitation strategy was based on Wood's geotechnical / pavement investigation and analysis,
including a visual pavement condition assessment, subgrade condition, and calculated ESALs. Consideration
was also given to user delay, cost and/or disruption of traffic and an anticipated construction year of 2020.
Two (2) proposed rehabilitation strategies for Coleraine Drive are as follows:

Option 1: In-Place Pulverization, Remixing & Resurfacing with 200 mm HMA

Prior to pulverization, mill the entire road section to a depth of 50 mm. Then pulverize the existing asphalt
concrete thickness into an equivalent depth of granular base material to a total depth of 300 mm. The resulting
mixture of asphalt concrete and granular is then graded to cross fall, compacted and used as a base. The
advantages of this option include the elimination of surface defects and reflection cracking and the reuse of
the existing material efficiently. Typically, the GBE for bituminous crushed recovered material is in the order
of 1.0. In-place pulverization should be graded and compacted and resurfaced with 200 mm of HMA. This
option will raise the vertical profile by 200 mm and will provide 15 to 17 years of service life and average SN
of 126 mm after resurfacing.

Option 2: Full Depth Reconstruction and Resurface

This option involves excavation to a depth of 760 mm to accommodate the design in Table A2.5. Proof-roll,
re-grade and compact, add 600 mm of new granular A and compact, and resurfacing with 160 mm of hot mix.
This option will improve drainage and the structural capacity of the pavement and will have lower
maintenance cost over the pavement service life than the existing pavement. This option will not raise the
vertical profile and will provide 20 years of service life and SN of 151.2 mm after reconstruction.
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A2.6 Recommendations and Construction Features for Pavement

A2.6.1 Rehabilitation Strategies

Option 1 - In-Place Pulverization, Remixing & Resurfacing with 200 mm HMA. Prior to pulverization mill
50 mm and pulverize is cost cost-effective option. This option will raise the existing vertical profiles by 200
mm and will provide service life of 15 to 17 years.

A2.6.2 Widening of Coleraine Drive

Pavement recommendations for widening of Coleraine Drive are presented in Table A2.6 for new pavement
structure, including hot mix type, lift thickness, and PGAC type making up the recommended asphalt thickness,
as well as the traffic category, in accordance with OPSS 1151. The granular thicknesses of the widening given
in the table is a minimum thickness and should match the adjacent existing pavement granular thickness to
promote positive lateral drainage. Also, the thicknesses can be increased depending on grading
requirements.

Full depth excavation, as necessary, and commencing from the existing edge of pavement, will be required to
accommodate the proposed design thickness. The excavated granular materials from the shoulder can be re-
used as fill material for subgrade for the widening/embankment, provided it is not contaminated. New
Granular B Type Il subbase should be added and compacted, followed by new Granular A base material. Both
base and subbase can vary in thickness to match the adjacent existing pavement granular in order to promote
positive lateral drainage. The Granular A base course should be compacted and overlaid with 2 lifts of HL 8
(HS) /HDBC Binder course, and 1 lift of HL 1 or DFC surface course, as per Table A2.6. Installation of subdrain
is recommended if lateral drainage of the existing subgrade is not possible.

A2.6.3 Subgrade / Road Base Preparation and Compaction

The pavement structural design recommended for roads is applicable, provided the subgrade is prepared
under dry weather conditions, proof-rolled with a heavy rubber-tired vehicle (such as a grader or loaded
dump truck) in the presence of the geotechnical consultant. Any loose, soft or unstable areas, if detected
during proof-rolling, must be sub-excavated, replaced with approved granular materials and compacted. Any
additional engineered fill, if required, should be placed in thin layers not exceeding 200 mm and compacted
to a minimum of 98 % of Standard Proctor Maximum Dry Density (SPMDD). Granular materials should be
placed in thin layers not exceeding approximately 200 mm, within + 2 % of its optimum moisture content,
and thoroughly compacted to a minimum of 100 % of SPMDD.

The subgrade should be provided with adequate drainage. If wet weather conditions prevail at the time of
construction, adjustments to this design may be required, i.e. if the subgrade becomes excessively wet or
rutted during construction activities, additional sub-base material may be required. The need for additional
sub-base material is best determined during construction.
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All granular base and sub-base materials must be compacted to at least 100% of SPMDD.

No additional sub-excavation, other than removal of organics and topsoil are anticipated within the widening
limits, as presented in Table A1.1 that ranged from 150 mm to 250 mm. However, any unsuitable soft or
saturated material should be removed. Deeper stripping depths may be required, depending on the actual
site conditions between borehole locations.

Prior to completing the rehabilitation, it is recommended that adequate drainage be provided both laterally
and longitudinally along the length of the project.

To meet the design requirements for the pavement life, the road subgrade and granular courses should be
well drained at all times. This can be accomplished by ensuring proper grading of the subgrade and positive
lateral drainage of the granular base daylighting at the ditch. Alternatively, full-length perforated subdrain
pipes of 150 mm diameter should be installed along both sides of the road, below the roadbed level, to ensure
effective drainage, in accordance with OPSD 216.021. The sub-drainpipes should be wrapped in suitable non-
woven geotextile surrounded by a minimum drainage zone of 19 mm size clear stone of minimum 150 mm
thickness. A minimum slope of 2 % should be maintained across the paved sections (finished road surface)
to ensure proper surface drainage. New pavement should slope towards the gutter/ditch.

The following Marshall hot mixes should be used on Coleraine Drive:

e DFC/HL 1 surface course mix and HL 8 (HS) /HDBC binder course should be used to provide the
roadway with high durability.

Material Specification should be as per OPSS.MUNI 1150 Material Specification for Hot Mix Asphalt. For
aggregates, the material specification should be as per OPSS.MUNI 1003.

Performance Graded Asphalt Cement (“PGAC") 64-28 should be used for both surface course and binder
course. This PGAC should satisfy the requirements of MP1 of SHRP Specifications for Superpave.

Recycled Materials: The use of reclaimed asphalt pavement (RAP) is not permitted as per the Regional
minimum requirements for Marshall mixes for the Regional Arterial Roads.

Steel slag aggregates should not be allowed.
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Transition Treatments at Limits of Paving: At the limits of the project, a butt joint with the existing pavement
is recommended. The butt joint between successive lifts of hot mix should be staggered at a distance of not
less than 5 m, in accordance with OPSS.PROV 313. It should be ensured that no joint location corresponds
with a joint location in any other layer.

The transition treatment from earth cut to earth fill should be in accordance with OPSD 205.010.

Tack Coat: It is recommended that all milled surfaces, and binder course surfaces will be tack coated prior to
top course asphalt, if exposed to extended traffic. Construction Specification should be as per OPSS.PROV
308, April 2012.

In all areas, asphaltic concrete should be compacted as per OPSS.MUNI 310, Table 10 (April 2011). It should
be noted that the granular base and sub-base materials should be compacted to the City’s standards or to
minimum 100 % SPMDD.

Field Quality Assurance: Plate samples of loose hot mix should be obtained for each paving day, and
extraction/gradation and full Marshall compliance testing should be carried out on these samples. The
finished surface shall be true to required profile and cross-section within 6 mm from required elevations and
thickness. The surface shall show no depressions or bumps exceeding 3 mm under a 3.0 m long straight edge,
placed parallel to the road centreline.

A minimum depth of 1.4 m should be used for frost protection as per OPSD 3090.101.

No long-term detouring is planned. Therefore, no special treatment will be required.

A3.0 UNDERGROUND UTILITIES

The geotechnical investigation scope of work included obtaining subsurface conditions and providing
recommendations for installation of proposed underground utility services. Accordingly, selected boreholes
(i.e. alternating pavement boreholes) were deepened to a depth of 3 m to 5 m, as listed in Table 5.1.
Information obtained from all relevant boreholes drilled along Coleraine Drive have been considered in this
section, as applicable.
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A3.1 Subsurface Conditions

A total of twenty-five (25) boreholes (not including the eight augered boreholes for topsoil measurements)
were drilled in driving lanes and shoulder areas of Coleraine Drive to depths varying from about 1.2 m to
9.4 m, for pavement investigation, underground utility installation and one structure.

Overall, the project site along Coleraine Drive consisted of surficial cover (topsoil, asphaltic concrete, concrete
and / or exposed granular fill) underlain by fill soils (granular and / or silty clay / clayey silt) overlying native
silty clay / clayey silt till. The fill soils extended to depths varying from about 0.9 m to 2.3 m (Elevations 214.0
m to 229.2 m) below the existing ground surface. The silty clay / clayey silt till was confirmed to a depth of
about 9.4 m (up to Elevation 213.1 m) below existing ground surface in the deeper boreholes at the structure
location.

Groundwater depths measured in the boreholes and monitoring wells varied from 0.9 m to 8.2 m (Elevations
221.9 m to 213.6 m) below ground surface.

Detailed subsurface and groundwater conditions are provided in Section A1.0.

A3.2 Discussions and Recommendations for Underground Utilities

As per information available, the planned Coleraine Drive rehabilitation / widening within the project limits
will include installation of underground utilities and associated manholes and catch basins. Details of the
installation were not available at the time of this report. Existing utilities, if any, should be protected and taken
into consideration for design and construction of the proposed underground utilities and road widening.

The ground (road) elevations within the project limits (based on borehole location) varied from about 215.5 m
(at BH A1) to 230.7 m (at BH A31), with the overall the ground surface was sloping up from south (RR 50) to
north (Mayfield Road, RR14).

The recommendations and discussions for excavation and installation of underground utility services, and
associated manholes / catch basins, are provided in the following sections.

A3.2.1 Founding Subgrade Conditions

From the investigation result, fill soils (granular, silty clay) were present to depths varying from 0.9 m to 2.3 m
below existing ground / road level, which included granular fill to depths varying from 0.2 m to 0.9 m in some
of the boreholes. The SPT values in the silty clay / clayey silt fill below the granular fill indicated a firm to hard
but generally stiff consistency.

The native silty clay / clayey silt till below the fill soils were of firm to hard consistency overall, with the majority
indicating very stiff to hard consistency, and should be generally competent to support underground utility
services.

Wood Reference: TP115086 | 8/15/2022 Page 44 of 201
e

wood.



Geotechnical Investigation Report
&"A BRAMPTON Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION A

It is recommended that the inverts of underground utilities be founded on native soils, or competent fill soil
subgrade. Existing fills or soft soil encountered at the founding level should be compacted, if possible, or
otherwise, should be sub-excavated and backfilled with compacted soil as recommended in Section A5.3
(Engineered Fill).

For manholes and catch basins founded on competent subgrade (i.e, approved existing fill, imported
engineered fill, silty clay / clayey till), a Geotechnical Reaction at Serviceability Limit State (SLS) of 100 to
150 kPa and a factored Geotechnical Resistance at Ultimate Limit State (factored ULS) of 150 to 225 kPa,
depending on the subgrade conditions, may be used, which should be verified by a geotechnical engineer
during construction. Under the SLS bearing values, settlements of up to 25 mm may take place.

The frost penetration depth for the project area should be considered as 1.4 m.

The highest groundwater elevation measured during the investigation within the project limits of Coleraine
Drive was 0.9 m (Elevation 221.9 m) below ground surface in the monitoring well installed at the culvert
location. As such, groundwater may be present within the excavation depths for the underground utilities.
Also, perched water in sandy / silty pockets and / or water from surface runoff will require dewatering during
excavation. As the excavation will generally be in clayey soils, groundwater seepage, if any, into the excavation
is likely to be slow and a properly filtered sump and pump system, or gravity drainage, may be used for
dewatering excavation.

General discussions regarding excavation and dewatering are provided in Section A5.4. Detailed dewatering
consideration for the project is included Wood's hydrogeological investigation report, which is submitted
under a separate cover.

Trench excavation, pipe bedding and anti-seepage collar considerations are discussed in following sections.

General discussions provided in Section A5.0 should also be considered for design and construction.

Trench excavation should be carried out as per the latest Ontario’s Occupational Health and Safety Act (OHSA)
and Regulations for Construction Projects. The soils classifications are shown in Section A5.4. Based on the
soils encountered in the boreholes, the sides of excavations are expected to be temporarily stable at 1H:1V
for Type 2 and Type 3 soils, provided excavations are properly dewatered and underground utilities are
installed and backfilled within a reasonable short period of time. Provisions should be made for dewatering,
as noted in Section A5.4. Trenching should be in accordance with OPSS.MUNI 401 (Construction Specification
for Trenching, Backfilling and Compacting).

It is important for frost heave compatibility that the trench backfill within the frost zone of 1.4 m depth matches
the soil exposed on the trench walls.
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Bedding for underground pipes should be placed in accordance with the design requirements and current
Ontario Provincial Standards (OPS) specifications (Ontario Provincial Standard Drawing (OPSD) 802.10 for
flexible pipes and OPSD 802.30, 802.31 and 802.32 for rigid pipes). It is recommended that a minimum of 150
mm thick bedding material (Class ‘B’ Type or better) be placed below the pipe invert. The thickness of the
bedding may, however, need to be increased depending on the pipe diameter, or if wet or weak subgrade
conditions are encountered. If the subgrade is weak, it should be sub-excavated and replaced with engineered
fill to support the pipes and allow the use of Class 'B' Type bedding. If weak subgrade is encountered and
cannot totally be removed, Class ‘A’ Type bedding (e.g. minimum 100 mm thick lean concrete) should be used
to provide a workable surface and support the proposed pipes.

For the areas to be filled, the fill soils should first be placed approximately to final grade and subsequently
excavated to install the underground pipes in order to prevent pipe settlement due to overburden loads.

Should the pipes be installed in soft clay soils, the joints should be restrained from movements and the backfill
around the pipes should be properly compacted in order to prevent long-term movements. A layer of
geotextile (Terrafix 270R or equivalent) should be placed between the soft clayey soils and the granular
bedding/backfill in order to prevent soil migration.

The possibility of pipe movements in soft clayey soils, after installation, should be considered in the design
and construction of the underground pipes.

Construction of underground pipes should be carried out in accordance with the relevant OPSS.MUNI 410
(Construction Specification for Pipe Sewer Installation in Open Cut), or other relevant applicable municipal /
regional standards.

Based on the visual and tactile examination of the soil samples, the on-site excavated granular / silty clay fill
and silty clay / clayey silt till may be re-used as backfill in sewer trenches provided their moisture contents at
the time of construction are at or near the optimum. Moisture conditioning of the sub-excavation soils may
be required prior to reuse. It should be noted that samples of silty clay / clayey silt that contained organics
typically had water contents that were higher than the range optimum for compaction. The excavated
cohesive fill should be carefully examined for organic content and moisture condition by qualified
geotechnical personnel in order to confirm the need for moisture conditioning or its acceptability for use as
backfill.

The backfill should be placed in maximum 200 mm thick layers at or near (+ 2 %) optimum moisture content,
and each layer should be compacted to at least 95 % Standard Proctor Maximum Dry Density (SPMDD).
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Backfill around the manhole / catch basins should be brought up simultaneously on all sides and operation
of heavy equipment near the walls should be restricted to minimize potential movement and/or damage.

Unsuitable material such as organic soils, boulders, cobbles, frozen soils, etc., should not be used for
backfilling.

From the borehole information, the underground utilities will be installed in clayey soil (silty clay fill, silty clay
/ clayey silt till). As such, anti-seepage collars should not be required.

A4.0 CULVERT NO. 1 (STATION 1+650)

One existing culvert (approximate Station 1+650), located within the project limits on Coleraine Drive, is
planned to be rehabilitated / extended to accommodate the proposed road widening. Based on available
information, the existing culvert is a concrete structure with a span of about 2.4 m, and is about 10 m long
and 0.6 m high. Other information of the existing culvert and details of the proposed rehabilitation / extension
were not available at the time of preparation of this report.

The geotechnical investigation consisted of drilling two (2) boreholes (BH A23/S1 and S2) at the existing
culvert location to obtain subsurface and groundwater condition at the culvert location. Both boreholes were
drilled to a depth of about 9.4 m (Elevations 213.4 m and 213.1 m) below the existing ground surface. The
culvert and borehole locations are shown on Figure Nos. 1A and 1B.

A4.1 Subsurface Conditions

Based on the soil conditions observed in the boreholes drilled for culvert, the subsurface profile at the culvert
location generally consisted of fill soils (sand and gravel, and silty clay / clayey silt fill), which were underlying
the asphaltic concrete. Native silty clay / clayey silt till was encountered underlying the fill soils in both
boreholes to the termination depth.

The stratigraphic units and groundwater conditions for each culvert are discussed in the following sections
and presented in the Record of Boreholes. The following summary is to assist the designers of the project
with an understanding of the soil conditions encountered at the proposed culvert location. The soil and
groundwater conditions might vary between and beyond the borehole locations.

At both borehole locations, 200 mm thick asphaltic concrete was encountered at the ground surface.
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A4.1.2 Fill Soils

Fill soils encountered below the asphaltic concrete consisted of sand and gravel fill overlying silty clay / clayey
silt fill, which extended to a depth of 2.2 m (Elevations 220.2 m and 220.6 m) below the existing ground
surface. The granular fill was approximately 100 mm thick and is likely granular road base material.

The sand and gravel fill was brown and contained trace to some silt. The silty clay fill, which was encountered
below the sand and gravel fill, was dark grey to brown in colour and contained traces of gravel and organics.
SPT ‘N’ values measured within the silty clay / clayey silt fill ranged from 5 to 8 blows per 0.3 m. Water
contents measured in the fill samples ranged from 23 % to 31 %.

A4.1.3 Silty Clay / Clayey Silt Till

Native silty clay / clayey silt till was encountered underlying the fill soils and extended to the termination
depth of 9.4 m (Elevations 213.4 m and 213.1 m) below the existing ground surface) in both boreholes.

The silty clay / clayey silt till was brown to grey in colour, and contained some sand and traces of gravel.
Cobbles/boulders were encountered in both boreholes. SPT ‘N’ values measured within the silty clay / clayey
silt till ranged between 19 blows and more than 50 blows per 0.3 m, implying very stiff to hard consistency.
Water contents measured in the silty clay / clayey silt till varied from 10 % to 22 %.

Gradation and Atterberg Limits tests were carried out in one (1) sample from BH A23/S1 (SS5), the results of
which are presented in Table A1.3, and are also shown in the Records of Boreholes.

A4.1.4 Groundwater Conditions

Upon completion, groundwater was encountered in Borehole BH A23/S1 at a depth of 8.2 m (Elevation
214.6 m) below the existing ground surface. Groundwater was not encountered in Borehole BH S2.

Groundwater measured subsequently in the monitoring well installed in BH A23/S1 ranged between 0.9 m
and 1.8 m below the existing ground surface (Elevations 221.9 m to 221.0 m). Measured groundwater depths

are listed in Table A1.4 and shown on the Record of Boreholes.

It should be noted that the groundwater at the site would fluctuate seasonally and can be expected to be
somewhat higher during the spring months, and in response to major weather events.

A4.2 DISCUSSIONS AND RECOMMENDATIONS FOR CULVERT

The purpose of the geotechnical investigation was to obtain subsurface information and to provide
geotechnical recommendations with respect to proposed culvert rehabilitation / extension.
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Within the depths of the two boreholes drilled adjacent to the existing culvert location, fill soils (sand and
gravel, silty clay / clayey silt) were encountered to a depth of about 2.2 m (Elevations 220.2 m and 220.6 m)
below ground surface, overlying very stiff to hard silty clay / clayey silt till

The foundation type of existing culvert and details of the proposed rehabilitation / extension were not
available at the time of preparation of this report. Accordingly, general considerations for the culverts are
presented the following sections.

A4.2.1 Foundation

Based on the boreholes drilled at or in the vicinity of the culvert locations, values of geotechnical reaction at
Serviceability Limit State (SLS) and the factored geotechnical resistance at Ultimate Limit State (ULS) are
provided in Table A4.1 which may be used for design.

Table A4.1: Recommended ULS / SLS Bearing Values for Culvert Foundations

Depth Below . Factored
. .. . Geotechnical .
Borehole . Existing Elevation . Geotechnical
Founding Stratum Reaction at SLS . :
No. Grade (m) (kPa) Resistance at ULS("
(GD)) (kPa)
Fill above 2.2 (+) | above 220.6 (+) |not recommended | not recommended
BH A23 / S1 . . .
Very stiff to hard silty clay till | below 2.2 (+) | below 220.6 () 200 300
BH Fill above 2.2 (+) | above 220.2 () |not recommended | not recommended
Very stiff to hard silty clay till | below 2.2 (+) | below 220.2 (%) 200 300
Engineered fill per OPSS.MUNI 1010 (if used), as per Section A5.3 150 225

Notes: " A resistance factor of ® = 0.5 has been applied to the ULS values provided.

The geotechnical bearing values provided in Table A4.1 are intended to assess the feasibility and sizes of
footings and are for vertical loads (no inclination) without load eccentricity. Under the SLS pressures,
foundation settlements could be up to 25 mm (total) and 20 mm (differential). Detail foundation analysis
should be carried out, if necessary, to confirm SLS/ULS and corresponding settlements.

The design frost depth penetration is 1.4 m. All foundations should be covered by at least 1.4 m deep soil or
equivalent synthetic thermal insulation.

Highest groundwater level measured during geotechnical investigation period was at about Elevation
221.9 m. As such, a minimum groundwater level at Elevation 222 m or the creek water level, whichever is
higher, should be considered for design. If required, the regional high flood level of the creek may be used.
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During construction, groundwater control and / or creek diversion (e.g., cofferdam, sheetpiles) to control the
ingress of creek water may be required. General recommendations related to excavation and groundwater
control are presented in Section A5.4.

A4.2.2 Soil Parameters for Design

The unfactored soil parameters listed in Table A4.2A may be used for design of earth structures. It should be
noted that these parameters are based on published information and/or semi-empirical/theoretical
relationships, and are conservative and should be verified by field/laboratory testing, if more representative
parameters are required.

Table A4.2: Unfactored Static Soil Parameters for Design

Total Stress Effective Earth Pressure Coefficient
Analysis Stress Analysis Coefficients'" Bulk Unit| of Friction

Material . Weight | between
C (0] c (0} At-Rest| Passive

(kPa) | (deq) | (kPa) | (deg) " - (kN/m3) | Concrete

a €9 a €9 ° P and Soil

Very stiff to hard silty
clay / clayey silt till

100 0 0 30@ 0.33 0.50 3.0 19 0.35

Engineered Fill ©

Granular A
0 35 0 35 0.27 043 3.7 24@
(OPSS.MUNI 1010)
Granular B Type | or 04
Type ll 0 32 0 32 0.31 047 33 234

(OPSS.MUNI 1010)

Notes: " Values based on semi-empirical relationships. For SLS, Kp values should be reduced to 1/3 of indicated value to limit lateral
movement.
@ Normally-consolidated range.
@ All engineered fill should be compacted to at least 100 % SPMDD for supporting foundations.
® Unit weight values for engineered fill compacted to 100 % SPMDD. For backfill of retaining walls, unit weights for Granular A
and Granular B compacted to 95 % SPMDD may be taken as 22 kN/m3 and 21 kN/m3, respectively.

A4.2.3 Earthquake Considerations

Based on the soil conditions observed in the boreholes (maximum drill depth of 9.4 m below ground) and the
possible bedrock depth at the culvert location (~30 m), and in conformance with the criteria in Table 4.1
(Section 4.4.3.2 — Seismic Properties) of the Canadian Highway Bridge Design Code CSA S6-19 ("CHBDC"), the
project site may be classified as Site Class D (“stiff soil”).
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The design values of site coefficients F(T), F(PGA) and F(PGV) can be obtained from Geological Survey of
Canada on Natural resources Canada website: ‘www.earthquakecanada.ca” or Tables 4.2 to 4.9 (Section 4.4.3.3
— Site Coefficients) of CHBDC, and the design spectral acceleration, S (T), should be determined as per Section
4.4.3.4 (Design Spectral Acceleration and Displacement Values) and Tables 4.2 to 4.9 in Section 4.4.3.3 of
CHBDC.

Culvert and headwall footings should be protected against scour and erosion in the form of cut-off walls, rip-
rap or equivalent. Scour protection should be designed based on the hydrology requirement by an
experienced engineer. Alternatively, the foundations could be placed below the depth of scour and frost
penetration. If rip-rap protection is used, it should be separated from the native soils with a geotextile filter
fabric (e.g. Terrafix 600R or equivalent) or a filter zone of granular material. The embankment slope surface
should be covered with topsoil and seeded/sodded as soon as possible after completion of construction.

Backfill materials around culvert should consist of non-frost susceptible, free-draining granular materials in
accordance with OPSS.MUNI 1010 (i.e, Granular ‘A" or Granular ‘B’). Such granular backfill should be
compacted to at least 95 % SPMDD (Standard Proctor Maximum Dry Density). Free-draining backfill materials
and the drain pipes and weep holes, etc., should be used provided to prevent hydrostatic pressure build-up.

Backfill, backfill transition and cover for the culvert should conform to Ontario Provincial Standard Drawing
(OPSD) 3101.150 (Walls, Abutment, Backfill, Minimum Granular Requirement) or applicable City Standard.

Engineered fill is discussed in Section A5.3, and excavation and dewatering during construction are discussed
in Section A5.4.

To increase sliding resistance, a shear key may be used, if required. The shear key can be designed using the
unfactored K values for the soils provided in Table A4.2. The movement of the retaining structure to mobilize
the passive resistance should be considered in the design.

If retaining walls are constructed at the ends of the culvert (inlet and outlet), they may be founded on the very
stiff to hard native silty clay till. If required, the wall may also be founded on the engineered fill per OPSS.MUNI
1010. The frost and scour protection recommendations provided in Sections A4.2.1 and A4.2.4, respectively
should also be adhered to in designing retaining wall foundations.

Soft fill areas should be recompacted (if possible) or replaced with the engineered fill described in
Section A5.3. The founding subgrade should be verified by a geotechnical engineer. The SLS/ULS values and
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soil parameters provided in Tables A4.1 and A4.2 may be used for design of wall foundations, as required.
Slope stability analyses should be carried for the retaining wall, once the detailed design is completed.

A slope of 2H:1V (2 Horizontal : 1 Vertical) or flatter should be constructed for the permanent fill embankment.
The embankment should be constructed using engineered fill (Section A5.3). The global slope stability should
be analyzed during detailed design, if the new embankment height is higher than 2 m high, once the detailed
design is finalized. All permanent slope surfaces should be protected against erosion by surface water and
creek water.

Construction of the embankment should follow the requirements of OPSS.MUNI 206 (Construction
Specification for Grading), or applicable City Standard.

A5.0 General Considerations for Design and Construction

A5.1 Site Preparation

Site preparation will likely generally include stripping of topsoil / asphalt / concrete, excavation to subgrade,
proof-rolling, sub-excavating soft spots, if encountered, and backfilling, if necessary, with engineered fill.

All topsoil and loose soil or soil mixed with organic matter should be stripped from pavement areas, manhole
/ catch basin founding areas, and base of underground utility services. Subgrade preparation of pavement is
discussed in Section A2.6.3. Any loose, soft or unstable areas in the exposed subgrade should be sub-
excavated and replaced with approved fill and compacted (Section A5.3). Lean concrete may be used to
backfill sub-excavated areas.

Excavation should be carried out with a temporary slope of 1H:1V or flatter above the groundwater level
(Section A5.4). Roadway shoring protection systems may be required during construction of the culverts.
Temporary shoring is discussed in Section A5.5.

A5.2 Embankment Widening

Based on site condition, the proposed road widening will generally involve fill sections along the investigation
limits. The embankment required for road widening should be constructed with compacted engineered fill
at 2H:1V (or flatter) side slopes. If a side slope steeper than 2H:1V slope is required or if the height of the
embankment / cut slope is greater than 2 m, slope stability analysis should be carried out to assess stability
of the planned slope, depending on the subsurface conditions. Where existing embankments are to be
widened, the side slopes should be benched in accordance with OPSD 208.010 prior to placement of the
widening fills. Final (permanent) embankment side slopes in granular fills should be established to match the
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existing slopes or as per OPSD 200.010. Final slopes should be treated with a seed and mulch to prevent
ravelling.

Widening of the road will require, as a minimum, stripping the existing ground surface cover (topsoil, asphaltic
concrete, vegetation cover, surficial fill soils, etc.) from the area required for road widening. The planned
widening will generally be constructed to the same elevation as the existing road surface. Grading, backfilling
and compacting should follow OPSS.MUNI 206 (Construction Specification for Grading), OPSS.MUNI 401
(Construction Specification for Trenching, Backfilling and Compacting), OPSS 501.MUNI (Construction
Specification for Compacting), and / or the City's requirements.

Backfilling, if required, for site grading (e.g., for subgrade raise, replacement of soft soil) should be placed as
engineered fill. Engineered fill per OPSS.MUNI 1010 should be used to replace soft / incompetent soils and/or
raising grade. Engineered fill should be prepared according to the City's standards / contract specifications.
Engineered fill is discussed in Section A5.3.

The fill soils used for embankment widening should consist of approved clean fill (e.g., Select Subgrade
Materials - OPSS 1010).

A5.3 Engineered Fill

Engineered fill per OPSS.MUNI 1010, where required, may be used to backfill excavated areas, backfill around
manholes, replace soft/incompetent soils, and / or raise grades. Engineered fill for backfill of excavated areas
should be placed after stripping existing fill soils, any soils containing excessive organic matters and otherwise
unsuitable soils.

Engineered fill can be prepared by placing fill soil and compacted as per OPSS.MUNI 501 (Construction
Specification for Compacting) and/or applicable City Standard. Alternatively, engineered fill should be placed
in loose layers not exceeding 200 mm. The water content of the fill should be within + 2 % of its optimum
moisture content (OMC) at the time of its placement, and it should be thoroughly compacted to a minimum
of 98 % of Standard Proctor Maximum Dry Density (SPMDD) in general.

The fill soils should consist of inorganic soils and should not be frozen during backfilling and compaction.
Full-time geotechnical inspection and quality control (by means of frequent field density and laboratory
testing) are necessary for the construction of a certifiable engineered fill. The compaction procedures and
quality control should be overseen by a geotechnical engineer.

A5.4 Excavation and Dewatering

All excavations should be carried out in accordance with the latest Ontario’s Occupational Health and Safety
Act (OHSA) and Regulations for Construction Projects (O. Reg. 213/91). The soils to be excavated can be
classified as follows:
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Existing fill soils Type 3
Firm to hard silty clay / clayey silt till Type 1 to 3 (varies by consistency)

Very dense silty sand (above groundwater level / fully dewatered) Type 1

Very dense silty sand (below groundwater level) Type 3

In accordance with the OHSA, a maximum short-term slope of TH:1V is required to within 1.2 m of the trench
bottom for temporary excavations in Type 1 and 2 cohesive till and native silty sand that is above the
groundwater level, or properly dewatered. For Type 1 and 2 soils, a maximum depth of 1.2 m high vertical cut
at the bottom of excavation may generally be constructed. However, under the groundwater table a 1.2 m
high vertical cut may not be stable and flatter slopes may be required. Type 3 soils above the groundwater
level may be inclined at 1H:1V or flatter from the bottom. In the case of saturated Type 3 fills or native granular
deposits below the prevailing groundwater, if adequate dewatering is not implemented, slopes of open
excavations will have to be reduced to 2H: 1V or flatter. In the absence of proper dewatering or groundwater
control of Type 3 soils, slope flattening may be insufficient to prevent particularly saturated granular soils from
becoming unstable and devolving to Type 4 materials. Near the ground surface, occasional 3H:1V or flatter
slopes may be required due to loose/soft surficial soils. If open cut cannot be carried out, a temporary shoring
system may be used to limit the extent of excavation. General consideration for temporary shoring is provided
in Section A5.5.

Trenching should be carried out in accordance with OPSS.MUNI 401 (Construction Specification for Trenching,
Backfilling and Compacting).

Stockpiles, materials or any heavy equipment should be kept at least the same horizontal distance as the
depth of the excavation from the upper edge of the excavation to prevent slope instability. All surface
drainage should be directed away from any open excavations and trenches.

Based on observations at the borehole locations and planned excavation depth, normal excavation equipment
should be suitable for excavation. Hard till soils may require additional effort for excavation (e.g., heavy
excavator, rippers, impact hammer, etc.). The terms describing the compactness (very loose, loose, compact,
dense, very dense) or consistency (very soft, soft, firm, stiff, very stiff, hard) of soil strata give an indication of
the effort needed for excavation. It should be noted that cobbles / boulders can be encountered in the till
and in fill soils. Therefore, removal of the cobbles / boulders should be considered and planned for.

During the construction, temporary runoff controls such as sediment trap, interceptor drain, dyke and / or silt
fence should be installed to prevent uncontrolled water / sediment flow into existing water courses. The
effluent from dewatering operations should also be filtered or passed through sediment traps to prevent
turbidity.

Based on the soil and groundwater conditions at the borehole locations, groundwater control within the
excavated area should not be significant. In the clayey soils, groundwater seepage into the excavation, if
encountered, is likely to be slow and a properly filtered sump and pump system or gravity drainage may be
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used for dewatering the excavation. High water flow rates (e.g. from perched water in fills or granular layers
with the cohesive tills) may be encountered during construction and the dewatering effort could require an
increased number of sumps and pumps.

Use of lean concrete mud mat or granular layer may be warranted where founding surfaces are to be exposed
for extended period, especially if the work is carried out during wet weather. Care should also be exercised
to minimize disturbance to the final subgrade during excavation.

It is recommended that qualified geotechnical personnel be present during the foundation excavation to
review the conditions of the foundation subgrade.

A5.5 Temporary shoring

Temporary shoring may be required for vertical excavation during construction of culverts, installation of
underground utilities or roadway protection. This can be accomplished using soldier piles with lagging (or
similar) in order to support the sides of the excavation. Temporary shoring design and construction should
comply with OPSS.MUNI 539 (Construction Specification for Temporary Protection Systems), or applicable City
Standard. The temporary shoring system should be designed to resist the lateral earth, surcharge and
hydrostatic pressures which could occur during construction. Bracings should be installed within the shoring
system to minimize movements of the soils. The temporary shoring system should be designed in accordance
with the latest editions of Canadian Foundation Engineering Manual's (CFEM) and Canadian Highway Bridge
Design Code (CHBDC), together with the requirements of the Ontario Health and Safety Regulations, as
applicable.

The shoring system should be designed and approved by a professional engineer. Geotechnical parameters
provided in Section A4.2.2 may be considered for design of shoring.

A5.6 Suitability of Existing Soils for Backfilling

Most of the excavated soils (i.e. granular fills, clayey fill and silty clay till) can be suitable for being reused for
backfill, provided they can be separately stored, properly compacted and are environmentally acceptable. Fill
soils containing construction debris (or similar) and organic matter should not be reused. Soils that are too
wet to compact will require additional processing (e.g., drying). Cobbles and boulders (larger than 100 mm
in size), if any, should be discarded by mechanical means (e.g., sieving) or manual removal.

A6.0 PRELIMINARY SOIL CHEMICAL ANALYSES

Environmental soil chemical analyses were carried out to provide preliminary discussions for soil disposal
options as part of the Geotechnical Investigation Preliminary Design for the Site, the results of which are
discussed in the following section.
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No Phase | or Phase Il Environmental Site Assessment (ESA) reports have been conducted or provided to
Wood for review.

It is assumed that a Record of Site Condition, (RSC) as per Ontario Regulation 153/04 Records of Site
Condition, Part XV.1 of the Environmental Protection Act (EPA), as amended (“O.Reg.153/04, as amended”) is
not required at this time.

A6.1 Methodology

The environmental soil screening and laboratory analyses program was carried out in general accordance with
the current Ontario Regulation 153/04 Records of Site Condition, Part XV.1 of the Environmental Protection Act
(EPA), as amended (O. Reg. 153/04) in order to characterize the soil at the Site and to provide an initial
discussion on disposal options for surplus material during future construction. It should be noted that the
scope of work does not meet the analytical or administrative requirements of Ontario Regulation 406/19 On
Site and Excess Soil Management (O. Reg. 406/19) in the event that the soil is to be considered for beneficial
offsite reuse.

A Record of Site Condition (RSC) was not part of the scope of work. Due to the limited scope of work, further
environmental assessment would be required in the event that an RSC is required.

A6.2 Sample Selection for Analyses
The environmental component of the subsurface investigation included the following activities:

e Conducting the soil sampling activities in accordance with the Ministry of the Environment (MOE)
document entitled “Guide for Completing Phase Two Environmental Site Assessments under Ontario
Regulation 153/04"” dated June 2011, the Ministry of the Environment and Energy (MOEE) document
entitled “Guidance on Sampling and Analytical Methods for Use at Contaminated Sites in Ontario”,
dated December 1996; and MOE document entitled “Protocol for Analytical Methods Used in the
Assessment of Properties under Part XV.1 of the Environmental Protection Act” issued by the Laboratory
Services Branch of the MOE and dated March 9, 2004, amended as of July 1, 2011 (Analytical Protocol);

e Based on City of Brampton instruction, submission of seven (7) soil samples for laboratory analysis of
metals & inorganics to assist in determining appropriate soil disposal options, if required, during
construction;

e Submission of one (1) soil sample for Ontario Regulation 347 (O. Reg. 347) as amended by Ontario
Regulation 558/00 (O. Reg. 558/00) Toxicity Characteristic Leaching Procedure (TCLP) for volatile
organic compounds (VOCs), Organochlorine (OC) pesticides, polychlorinated biphenyls (PCBs) and
metals and inorganics to determine landfill acceptability of soil/granular fill originating from the Site;
and

e Comparison of the laboratory analytical results to soil standards presented in the Ministry of the
Environment, Conservation and Parks (MECP) document entitled “Soil, Ground Water and Sediment
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Standards for Use Under Part XV.1 of the Environmental Protection Act,” (the "MECP SCS") dated April
15, 2011 and O. Reg. 347, as amended by O. Reg. 558/00, Schedule 4 Leachate Quality Criteria
provided in the MECP document entitled "Registration Guidance Manual For Generators of Liquid
Industrial and Hazardous Waste,” October 2000 (the “Schedule 4 Criteria”).

Analytical soil results were compared to the MECP Table 1 (background) SCS for all types of Property Use
(except Agricultural) (Table 1 SCS) and MECP Table 3 (generic) SCS for Industrial/Commercial/Community
Property Use for Medium/Fine Textured Soils (Table 3 SCS).

The chemical analyses results were also evaluated against the following tables of Appendix 1 (Generic Excess
Soil Quality Standards) of the new MECP O.Reg.406/19 “On-Site and Excess Soil Management,” additional
elements which are expected to come into force in January 2023:

e Table 1 Full Depth Background Site Condition Standards for all types of property use (except
agricultural) (Table 1 Excess Soil Quality Standards); and

e Table 3.1 Full Depth Excess Soil Quality Standards in a Non-Potable Ground Water Condition, Volume
Independent, for industrial/commercial/community property use (Table 3.1 Excess Soil Quality
Standards).

Furthermore, TCLP analyses results were also compared with Table 3.1 Leachate Screening Levels for Full
Depth Excess Soil in a Non-Potable Ground Water condition, Volume Independent, Industrial / Commercial /
Community Property Use, Appendix 2 - Generic Leachate Screening Levels for Excess Soil Reuse — of
0O.Reg.406/19.

Soil samples were obtained for laboratory analysis and field screening, where applicable, using a drill rig
equipped with split spoon sampling capabilities. The drillers cleaned the split spoon by removing loose dirt
from the split spoon using a wire brush, washing the split spoon using a brush in a dilute mix of potable water
and Alconox soap, rinsing the split spoon with distilled water and rinsing the split spoon with methanol and
allowing the split spoon to air dry.

The drillers obtained the split spoon sample by auguring to the specified depth, hammering the spoon about
0.6 m into the soil and removing the spoon. The split spoon sample was inspected for visual and/or olfactory
evidence of environmental impacts. Disposable nitrile gloves were used and replaced between the handling
of successive samples.

The soil samples retrieved from the borehole investigations were examined, classified and logged according
to soil type, moisture content, colour, consistency, and presence of visible indicators of environmental impact.
Soil samples requiring vapour analysis were split into duplicate fractions upon recovery at the surface. The

Wood Reference: TP115086 | 8/15/2022 Page 57 of 201

wood.



BRAMPTON Geotechnical Investigation Report
ﬁ\"’é Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION A

primary sample fractions were placed in 120 and/or 250 millilitre (mL) sample jars with Teflon-lined lids and
methanol preserved (cored) samples were placed in 40 mL vials and subsequently stored in coolers on ice for
potential future laboratory analysis. The volatile sample fractions were placed in resealable plastic sample
bags and stored at ambient temperature for subsequent field vapour screening. The samples were selected
on the basis of visual/olfactory evidence of impacts, field screening results, or from the vicinity of the apparent
water table.

Representative soil samples collected during the investigation were submitted to AGAT Laboratories (AGAT)
of Mississauga, Ontario, for metals & inorganics. AGAT is accredited by the Standards Council of Canada
(SCC) and the Canadian Association for Laboratory Accreditation (CALA) in accordance with ISO/IEC
17025:2005 - “General Requirements for the Competence of Testing and Calibration Laboratories” for the tested
parameters set out in the Soil, Ground Water and Sediment Standards.

A6.3 Environmental Test Results and Considerations

Wood completed a preliminary Environmental Soil Quality Testing Program (the Investigation) as part of the
Geotechnical Investigation. The details of the drilling program, including borehole locations and drilling
methodology are presented in the geotechnical investigation sections of this report. Soil samples submitted
for chemical analysis were collected from depths between 0.3 m and 3.0 m below ground surface (mbgs)
based on presence of fill material and depth of construction works, as detailed in Table A6.1.

Table A6.1: Environmental Tests

Sample ID D(en':;h Parameters Tested
A3 SS4 24-30 | Metals and Inorganics
A9 SS1 0.3-0.9 | Metals and Inorganics
A13 SS1 0.3-0.9 | Metals and Inorganics

BH A17 SS3 1.5 -2.1 Metals and Inorganics

BH A20 SS2 0.6 - 1.3 | Metals and Inorganics

BH A28 SS2 0.6-1.2 | Metals and Inorganics

BH A31SS2 0.9-1.5 | Metals and Inorganics

Wood observed fill material in all of the boreholes.

Headspace combustible organic vapour (COV) concentration measurements recorded in the soil samples were
all non-detectable. Total organic vapour (TOV) concentration measurements recorded in the soil samples
were all non-detectable. No other evidence (i.e., visual/olfactory) of potential environmental impacts were
observed in any of the soil samples collected from this project area.
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The soil samples collected as part of this preliminary assessment that had Table 1 SCS exceedances are as
follows:

e A9 SS1 and its field duplicate (DUP1) for electrical conductivity (EC) and sodium adsorption ratio
(SAR);

e A13SS1 for EC;

e BH A20 SS2 for EC and SAR;

e BH A28 SS2 for EC and SAR; and

e BH A31SS2 for EC and SAR.

The other analyzed soil samples had concentrations that met the Table 1 SCS for metals and inorganics.
The soil samples collected as part of this assessment that exceeded the Table 3 SCS are as follows:

e DUP1 of soil sample A9 SS1 for EC;
e A13SS1 for EG;

e BH A20 SS2 for EC;

e BH A28 SS2 for EC and SAR; and

e BH A31 SS2 for EC.

The other analyzed soil samples had concentrations that met the Table 3 SCS for metals and inorganics.

When compared to the O. Reg. 406/19 Excess Soil Quality Standards Exceedances, the soil samples collected
as part of this assessment that had Table 1 Excess Soil Quality Standards exceedances are as follows:

e A9 SS1 and its field duplicate (DUP1) for electrical conductivity (EC) and sodium adsorption ratio (SAR);
e A13SS1 for EC;

e BH A20 SS2 for EC and SAR;

e BH A28 SS2 for EC and SAR; and

e BH A31SS2 for EC and SAR.

The other analyzed soil samples had concentrations that met the Table 1 Excess Soil Quality Standards for
metals and inorganics.

The soil samples collected as part of this assessment that had Table 3.1 Excess Soil Quality Standards
exceedances are as follows:

e DUP1 of soil sample A9 SS1 for EC;
e A13SS1 for EC;

e BH A20 SS2 for EC;

e BH A28 SS2 for EC and SAR; and

e BH A31SS2 for EC.
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The other analyzed soil samples had concentrations that met the Table 3.1 Excess Soil Quality Standards for
metals and inorganics, the contaminant of concern indicated by the City of Brampton.

The TCLP analyses for the parameters tested indicated that dry soils (soils that would pass a slump test) would
meet the Schedule 4 Leachate Quality Criteria.

Soil analytical results are shown in Tables 1A to 4A in Appendix C-A. The laboratory certificates of analysis
for the bulk analysis and the certificates of analysis for the O. Reg. 347 TCLP analysis are included Appendix D.

A6.4 Quality Assurance / Quality Control

Field Quality Control: Field quality control was not performed for this segment and is discussed in separate
reports being written as part of the Geotechnical Investigation.

Laboratory Quality Control: The 2011 Analytical Protocol provides requirements for sample handling and
storage requirements, reporting requirements, analytical methods and QA/QC procedures for analytical
parameters.

As per the 2011 Analytical Protocol, all samples/sample extracts were analyzed within their applicable hold
times using approved analytical methods. The report limits were met for all samples and tested parameters.
No tested parameter was present in a detectable concentration in any laboratory Method Blank and all
laboratory surrogates, reference materials and replicate samples are considered acceptable.

Wood Reference: TP115086 | 8/15/2022 Page 60 of 201

wood.



Geotechnical Investigation Report
&"A BRAMPTON Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION B

SECTION B: ARTERIAL A2 (FROM MAYFIELD ROAD TO REGIONAL
ROAD 50, ~3.4 KM)

B1.0 OVERALL SUBSURFACE CONDITION

The new road (Arterial A2) is proposed between Highway 50 and Mayfield Road, as shown Figure Nos. 2A and
2B. A total of 33 boreholes (BH B1 to B33) along the road alignment and 4 boreholes (BH S3 to S6) at two
culvert locations were planned to be drilled. Seven (7) boreholes (i.e. BH B29 to B33) located north of
Countryside have been deferred to the detail design stage, if needed, as discussed with and approved by the
City.

A total of twenty-seven (27) boreholes (BH B1 to B28, not including B7) were drilled to depths varying from
1.5 m to 5.2 m, along the alignment proposed new road (Arterial A2). Additionally, four (4) boreholes (BH S3,
S4, B7/S5 and S6) were drilled to depths ranging between 9.4 m and 9.8 m, for the one proposed new culvert
and one culverts rehabilitations / extensions. Due to their proximity, BH B7 and BH S5 were combined into
one borehole (BH B7 / S5). The boreholes were drilled along the proposed alignment. Boreholes BH S3 and
BH S4 were located at the two sides of an existing culvert on Highway 50, at its proposed intersection with
the new Arterial A2. Boreholes BH S5 and BH B7/S5 were located at the two sides of a proposed culvert at the
intersection of the proposed Arterial A2 with the proposed E-W Arterial.

The stratigraphic units and groundwater conditions are discussed in the following sections. Additional
information is provided in the Record of Boreholes. The following summary is to assist the designers of the
project with an understanding of the possible soil conditions at the investigated road section. The soil and
groundwater conditions might vary between and beyond the borehole locations.

B1.1 Topsoil

Topsoil was encountered at the surface of all boreholes except Boreholes BH B1, BH B22, BH B23 to BH28,
inclusive, BH S3 and BH S4. The thickness of the topsoil varied between 100 and 300 mm.

B1.2 Asphaltic Concrete
In Boreholes BH B1 and BH B22, approximately 140 and 200 mm of asphalt was encountered, respectively.
B1.3 Granular Fill

Granular fill (gravelly sand and sand and gravel fill), likely comprising granular road base in whole or part, was
encountered underlying the asphalt layer in Boreholes BH B1 and BH B22 or was exposed at the surface at
Boreholes BH B24, BH S3 and BH S4. Borehole BH B24 was drilled next to a vegetated area and Boreholes BH
S3 and BH S4 were drilled on the driving lane / shoulder of existing roads. The thickness was 700 mm in BH B1
and BH S3, 400 mm in BH B22, 600 mm in BH B24, and 900 mm in BH S4. The SPT ‘N’ values of the granular
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fill ranged from 9 to more than 50 blows per 0.3 m. Water contents measured in granular fill samples varied
from about 6 % to 7 %.

Two (2) sieve analyses were carried out on the selected samples of granular fill zone from Boreholes BH B1
and BH B22. The test results are presented in Table B1.1 and are also shown in the Record of Boreholes.

Table B1.1: Results of Grain Size Distribution Analysis (Granular Fill)

Grain Size Distribution (%)

Borehole Sample Depth Elevation

Soil Classification
No. No. (m) (m) Gravel

GRAVELLY SAND, some fines.
211.2 - Sample does not meet
BH B1 SS1A 03-08 210.7 32 > 12 OPSS1010 Granular A or B due

to excessive fines content

220.2 - GRAVELLY SAND, trace fines.
BH B22 SS1A 03-0.6 . 33 58 9 Sample meets OPSS1010
219.9
Granular B Type |

The grain size distribution curves are presented in Figure B-B1 in Appendix B-B.
B1.4 Silty Clay Fill

Silty clay fill was encountered at the ground surface or below the topsoil / granular fill soils at all borehole
locations. The silty clay fill was generally brown, dark grey, or black in colour and contained some sand and
trace to some gravel, with trace of organics noted in several boreholes. The silty clay fill extended to a
minimum depth of about 0.6 m below the existing ground surface to a maximum depth of 3.7 m (Elevations
206.8 m to 222.7 m). In Boreholes BH B1, BH B22, and BH B24, the silty clay fill was encountered to the
termination depths of the boreholes at 1.5 m to 2.1 m below ground surface. The SPT ‘N’ values of the silty
clay fill ranged from 4 to 36 blows per 0.3 m. The measured water contents of the silty clay fill samples ranged
from about 13 % to 47 %.

B1.5 Silty Clay / Clayey Silt Till

Natural silty clay / clayey silt till was generally encountered below the fill soils in all boreholes except Boreholes
BH B1, BH B22, and BH B24, which were terminated within the silty clay fill. Where encountered, the silty clay
/ clayey silt till extended to the termination depths of all boreholes except in Borehole BH S4. The silty clay /
clayey silt till was brown, grey, or black in color, and contained trace to some gravel, cobbles/boulders, and
oxidation. Layers of silty sand and sand and silt were encountered at Elevation 207.2 m in Borehole BH B2
and Elevation 205.6 m in Borehole BH B7/S5, respectively. The SPT ‘N’ values of the silty clay / clayey silt till
ranged from 5 blows to greater than 50 blows per 0.3 m, implying a firm to hard consistency, but were
generally over 15 blows per 0.3 m, i.e. generally very stiff to hard. The measured water contents of the silty
clay / clayey silt till samples ranged from about 9 % to 28 %.
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Gradation and Atterberg Limits tests were carried out on five (5) samples from the till deposit, the results of
which are presented in Table B1.2, and shown in the Records of Boreholes.

Table B1.2: Results of Grain Size Distribution Analysis and Atterberg Limit Tests
(Clayey Silt / Silty Clay Till)

Grain Size Distribution (%) Atterberg Limit USCS

Borehole |Sample |Depth|Elevation Modified
No. No. (m) (m) Gravel Plasticity| Group
Symbol
BH B11 SS3 1.6 210.7 2 24 49 25 26 16 10 CL
BH B17 SS3 1.6 216.9 5 21 47 27 28 17 11 CL
BH B25 SS 6 4.1 2184 1 10 49 40 35 19 16 cl
BH B27 SS3 1.8 221.6 1 18 53 28 31 18 13 cl
BH S3 SS6 38 206.9 3 33 46 18 22 12 10 CL

The grain size distribution curves and plasticity chart are presented in Figure Nos. B-B2 and B-B3 in Appendix
B-B.

B1.6 Silty Sand / Sand and Silt Till

A layer of silty sand to sand and silt till was encountered within the silty clay / clayey silt till in Boreholes BH B2
and BH B7/S5 and extended to about 3.7 m to 4.5 m depth below the existing ground surface (Elevation 206.5
m to 204.8 m). The silty sand to sand and silt till was brown to grey in color and contained trace to some
gravel and traces of clay. The SPT 'N’ values of the till were 65 and 58 blows per 0.3 m of penetration,
indicating a very dense state of compactness. Two water contents measured in the silty sand to sand and silt
till were 11 % and 12 %.

Two (2) gradation tests were carried out on samples of the silty sand to sand and silt till, the results of which
are presented in Table B1.3, and shown in the Records of Boreholes.

Table B1.3: Results of Grain Size Distribution Analysis
(Silty Sand / Sand and Silt)

Grain Size Distribution (%)

Borehole | Sample Depth| Elevation

Soil Classification

No. No. (m) (m)
BH B2 SS5 3.1 207.1 14 49 33 4 SILTY SAND, some gravel, trace clay
BH B7/S5 SS6 3.8 205.5 4 43 50 3 SAND AND SILT, trace gravel, trace clay

The grain size distribution curves are presented in Figure B-B4 in Appendix B-B.
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B1.7 Silty Sand / Sandy Silt Till

Natural silty sand / sandy silt till were encountered in Boreholes BH S3 and BH S4 below the silty clay / clayey
silt till, and extended to the termination depth of the boreholes at 9.4 to 9.8 m (Elevation 201.2 to 200.8 m),
respectively. The silty sand / sandy silt till was grey in colour and contained traces clay and gravel. SPT ‘N’
values measured in the silty sand / sandy silt till ranged between 35 blows to more than 50 blows per 0.3 m
indicating dense to very dense compactness. Cobbles and boulders were encountered in the silty sand / sandy
silt till.

Water contents measured in silty sand / sandy silt till samples varied from 15 % to 17 %.

One (1) gradation test was carried out on one sample of the till, the results of which are presented in Table
B1.4, and also shown in the Record of Borehole.

Table B1.4: Results of Grain Size Distribution Analysis Tests
(Silty Sand / Sandy Silt Till)

Grain Size Distribution (%)

Borehole | Sample [Depth| Elevation

No. No. | (m) (m) Gravel Soil Classification

BH S3 SS9 7.7 203.0 1 35 56 8 SANDY SILT TILL, trace clay, trace gravel

The grain size distribution curve is presented in Figure B-B5 in Appendix B-B.

B1.8 Groundwater

Upon completion, groundwater was encountered in Boreholes BH B2, B7/S5, BH B9, BH B20, BH B21, BH S6,
BH S3, BH S4 and BH S6 at depths of 1.2 to 7.6 m below the existing ground surface. Groundwater was not
encountered in the remaining boreholes.

Two (2) monitoring wells were installed, one each in Boreholes BH B7/S5 and BH S4, at the location of the
culverts crossing. The groundwater depths measured in the boreholes at the time of drilling or upon
completion of drilling, where encountered, and in subsequent measurements in the monitoring wells are
summarized in Table B1.5 and shown on the Record of Boreholes.

Table B1.5: Results of Groundwater Level Measurements

Groundwater Measurements

In Monitoring Well (m)

Elevation
BH S3 10-Jan-20 7.0 203.7 Not installed
BH S4 10-Jan-20 7.6 203.0 Well damaged by others (road construction)
BH B2 23 Jan 2020 3.7 206.5 Not installed
L)
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Groundwater Measurements

Borehole No.| During or Upon Completion of Drilling (m) In Monitoring Well (m)

pth __|_Elevation | Elevation

4 May 2020 -0.7 210.0
BH B7/S5 |26 Feb 2020 5.8 203.5
12 May 2020 -0.5 209.8
BH S6 26 Feb 2020 5.5 203.5 Not installed
BH B9 20 Feb 2020 43 208.2 Not installed
BH B20 24 Jan 2020 1.2 218.7 Not installed
BH B21 24 Jan 2020 2.7 218.1 Not installed

Note: Negative (-ve) values indicate that the groundwater level is above the ground surface (artesian).

It should be noted that the groundwater at the site would fluctuate seasonally and can be expected to be
somewhat higher during the spring months, and in response to major weather events.

B1.9 Soil Corrosivity
Two (2) soil samples were submitted for corrosion analysis to determine the corrosive potential of the soils
with respect to buried metallic structures. The results of the analyses are presented Table B1.6, and the

laboratory test certificate is included in Appendix D.

Table B1.6: Soil Corrosivity Test Results

Parameter ‘ Units BH S6-SS5 ‘ BH 24- SS1
Chloride ug/g or (ppm) 13 54
Sulphate ug/g or (ppm) 24 68
pH pH Units 8.20 8.15
Electrical Conductivity mS/cm 0.145 0.335
Resistivity Ohm-cm 6900 2990

As per ASTM STP 1013 (Effects of Soil Characteristics on Corrosion — “chloride appears to be the main factor
in increased soil corrosivity with levels in excess of 0.01 % (100 ug/g) considered indicative of accelerated
corrosion”. The chloride content measured in the sample was less than 100 pg/g. In accordance with Table 1
of CSA A23.1-14 and based on “structurally reinforced concrete exposed to chloride, with or without freezing
and thawing” and based on project location, exposure class "C-1" can be used. Class should be based on
structure location and/or durability requirement.

In accordance with Table 3 of CSA A23.1-14, no additional requirement is specified for sulphate content below
0.10 % (i.e. 1,000 ppm or pg/qg) below the “moderate degree of exposure” with respect to concrete. Therefore,
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in accordance with Table 6 of the Canadian Standards Association (CSA) Series A23.1-14, Type GU Portland
cement can be used based on the water-soluble sulphate content measured in soil.

As noted in ASTM -STP 1013 (Effects of Soil Characteristics on Corrosion), pH values between 4.0 and 8.5 have
very little effect on corrosion (American Water Works Association (AWWA) Standard C 105-72 (Table 1 - Soil-
Test Evaluation AWWA Rating).

The measured soil resistivity value of 6900 ohm-cm from Borehole BH S6-SS5 and 2990 ohm-cm for Borehole
BH 24-SS1 can be considered as “low” and “moderate”, respectively, for exposed metallic structures, based
on ASTM STP 1000, Corrosion Testing and Evaluation - Table 3 (Corrosivity for Uncoated Steel).

Protection against steel corrosion, where required, could include one or a combination of: adequate concrete
cover, low-permeability concrete, corrosion inhibitors; coated reinforcing steel; clad reinforcing steel; and
corrosion-resistant alloy reinforcement.

A corrosion specialist should be retained, if necessary, to review the analysis results and provide relevant
recommendation.

B2.0 PAVEMENT INVESTIGATIONS AND DESIGN

The purpose of the pavement investigation was to obtain subsurface information and to provide geotechnical
recommendations for new construction of Arterial A2 which will be north / south oriented, and as the City’s
road classification, it is a Major Arterial road. The length of the investigation of the new road is about 3.3 km.

The proposed Arterial A2 is a new alignment designated as rural road with 6-lanes from Mayfield Road to
Major MacKenzie Drive / RR 50. The discussions and recommendations in the following sections are general
in nature as the details of the new alignment were not available at the time of this report. At the time of this
report, seven (7) boreholes (BH B29 to BH B33), located in the private lands north of Countryside Drive, could
not be drilled and have been deferred to detailed design stage, if required. Therefore, the subsurface profile
and the discussions and recommendations in the following sections are applicable only to the planned road
section up to Borehole BH B28 (Sta. 2+700). Additional investigation should be carried out for the section
from Borehole BH B28 (Sta.2+700) to Mayfield Road (Sta. 3+300) during detailed design.

The subsurface soil profile at the site consisted of granular and cohesive silty clay fills, and native soils (silty
clay /clayey silt till, silty sand / sandy and silt, silty sand / sandy silt till) which extended to the termination
depths of the boreholes that ranged from 1.5 m to 9.8 m below ground surface.

All boreholes were open and dry upon completion to their respective vertical limits of investigation except
eight (8) boreholes (BH B2, BH B7/S5, BH B9, BH B20, BH B21, BH S3, BH S4, BH S6). The termination depths
of the open and dry boreholes ranged from 1.5 m to 5.2 m below ground surface.
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The discussions and recommendations in the following sections are based on the subsurface information
obtained from the boreholes and are intended for use by Design Engineers.

B2.1 Visual Pavement Condition Survey
Not applicable, as this is a new construction.

B2.2 Subsurface Conditions

At the time of this report, a total of thirty-one (31) boreholes had been drilled along the proposed central line
of the Arterial A2 and at two culvert locations, between Mayfield Road and Major Mackenzie Drive / RR 50
(approximately 3.3 km). As noted above, five (5) boreholes have not been drilled and are to be drilled at a
later date.

The subsurface soil profile at the site consisted of surface covering materials (topsoil, asphalt, and/or fill)
overlying native soils. The thickness of topsoil ranged from 100 mm to 300 mm, asphaltic concrete ranged
from 140 mm to 200 mm were encountered at Boreholes BH B2 (at intersection of Highway 50 and Coleraine
Drive) and BH B22 (drilled at Countryside Drive), granular fill material (gravelly sand and sand and gravel)
ranged from 400 mm to 660 mm, and silty clay fill material was encountered to the maximum depth of to
3.7 m. The native soils (silty clay /clayey silt till, silty sand / sand and silt, silty sand / sandy silt till) extended
to the termination depths of the boreholes which ranged from 1.7 m to 9.8 m as detailed in the Record of
Boreholes.

Additional subsurface information is provided in Section B1.0 and in the Record of Boreholes.

B2.3 Groundwater Conditions

Groundwater was encountered in a number of boreholes during and on completion of drilling in the open
boreholes at depths varying from 7.6 m below ground to 0.7 m above ground (artesian condition), as listed
in Table B1.5. It should be pointed out that the groundwater at the site would fluctuate seasonally and can
be expected to be somewhat higher during the spring months and in response to major weather events.

B2.4 Pavement Design

The purpose of the geotechnical investigation was to obtain subsurface information and to provide
geotechnical recommendations for new construction of new 6-lane north-south major arterial road
(Arterial A2).

The discussions and recommendations in the following sections are based on the available information and
the subsurface information obtained from the boreholes and is intended for use by Design Engineers.
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B2.4.1 Forecasted Traffic Data

The traffic data represented as Average Annual Daily Traffic (AADT.o016) in both directions was estimated by
Wood Traffic Group as presented in Table B2.1. This traffic data was used to projected traffic data for 20 years
design life. Equivalent single axle loads (ESALs) were calculated cumulatively over 20 years as described in
the Ministry of Transportation Report "Procedures for Estimating Traffic Loads for Pavement Design, 1995".

Table B2.1: Traffic Data along Coleraine Drive from Arterial A2 to Mayfield Dr, Ontario

AADT in Both
Directions Growth Rate Comm. Vehicles Design ESALs @ Traffic Category

B (%) (%) 20 Years
o o 5,058,663 Category
9,780 2.0% 6.0% ~ 51y 105 C

(™M 2020 is the anticipated construction year.

B2.4.2 Flexible Structural Pavement Design

After reviewing the field data and laboratory test results, the minimum pavement structural design for the
new construction of the Arterial A2 is presented in Table B2.2 and was determined in accordance with the
1993 American Association of State Highway and Transportation Officials (AASHTO') Guide for the Design of
Pavement Structures using the Darwin Software Program.

The AASHTO Pavement Design is considered to be a function of estimated future traffic in both directions
(ESALs), reliability (R), which is a function of road classification, overall standard deviation (So), resilient
modulus (M,), as well as initial and terminal serviceability (Po, Py). From these parameters, the structure number
(SN) is calculated. The SN is defined in the AASHTO Guide as a number, which provides a measure of the
pavement strength and thickness needed to avoid overstressing the subgrade.

The following design parameters were chosen to calculate the required structure number for the design of
flexible pavement using the AASHTO method, as described in the Ministry of Transportation Materials
Information Report MI-183 "Adaptation and Verification of AASHTO Pavement Design Parameters for Ontario
Conditions".

- Initial serviceability, P = 4.5;

- Terminal serviceability, P, = 2.5;

- Reliability level, R = 90 percent;
- Overall standard of deviation, So = 0.49;

- Subgrade Resilient Modulus, M, (kPa) M; = 30,000
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Table B2.2: Recommended Minimum Structural Pavement Design

AASHTO Design for 20 Years Recommended HMA & PGAC

HL 3 (HS) /HL
1 Surface
Course

HLS
Binder Course

Pavement
Thickness

4
T
5 &
T ‘G
Y o
X A

Selected SN
Traffic Category

Thickness (mm)

Gran A = 450 mm or

Gran A = 150 mm SP 50 mm 60+60 mm

5.1 X109 170 133 134 620 C
Gran B Type Il = 300 PGAC 64-28 PGAC 58-28
mm

The Regional Minimum Pavement Structure Design for Arterial Roads

Gran A = 150 mm
100-110 mm
_ i 40-50 HL1
Gran Type Il = 450 min 0-50 HL8 (HS)/HDBC |
30X 106 | 160 |(subgrade base slopes at - 151.2 760

No rap. No engine oils, min PGAC

3% and top of subgrade
of 64-28)

at 2, so depth varies).

Notes:
Pavement shall be placed over approved subgrade.
Granular A and Granular B Type Il: Compaction as per OPSS Form 1010 (100% SPMDD).

The Regional minimum design was selected for the road widening since it is intended to be Regional
road.

B2.5 Recommendations and Construction Features for Pavement

B2.5.1 New Construction

Pavement recommendations for new alignment is presented in Table B2.3, including hot mix type, lift
thickness, and PGAC type making up the recommended asphalt thickness, as well as the traffic category, in
accordance with OPSS.MUNI 1151. The granular thicknesses of the widening given in the table is a minimum
thickness and should match the adjacent existing pavement granular thickness to promote positive lateral
drainage. Also, the thicknesses can be increased depending on grading requirements.
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Table B2.3: New Construction of Arterial Widening of Arterial A2

HMA Traffic
PGAC
Type Thickness (mm) ‘ Category
HL 1 / DFC - Surface Course 50 mm 64-28 c
HL 8 (HS) / HDBC - Binder Course 50 mm 64-28
60 mm
Granular Base ‘A’ 150 mm - -
Granular Subbase ‘B’ Type Il 450 mm - -
Total Pavement Structure 760 mm

B2.5.2 Subgrade / Road Base Preparation and Compaction

The pavement structural design recommended for roads is applicable, provided the subgrade is prepared
under dry weather conditions, proof-rolled with a heavy rubber-tired vehicle (such as a grader or loaded
dump truck) in the presence of the geotechnical consultant. Any loose, soft or unstable areas, if detected
during proof-rolling, must be sub-excavated, replaced with approved granular materials and compacted. Any
additional engineered fill, if required, should be placed in thin layers not exceeding 200 mm and compacted
to a minimum of 98 % of Standard Proctor Maximum Dry Density (SPMDD). Granular materials should be
placed in thin layers not exceeding approximately 200 mm, within + 2 % of its optimum moisture content,
and thoroughly compacted to a minimum of 100 % of SPMDD.

The subgrade should be provided with adequate drainage. If wet weather conditions prevail at the time of
construction, adjustments to this design may be required, i.e. if the subgrade becomes excessively wet or
rutted during construction activities, additional sub-base material may be required. The need for additional
sub-base material is best determined during construction.

All granular base and sub-base materials must be compacted to at least 100% of SPMDD.

B2.5.3 Stripping and Sub-Excavation

No additional sub-excavation, other than removal of organics and topsoil (ranging in thickness from 100 mm
to 300 mm), are anticipated within the widening limits. However, any unsuitable soft or saturated material

should be removed. Deeper stripping depths may be required, depending on the actual site conditions
between borehole locations.

B2.5.4 Drainage

Prior to completing the rehabilitation, it is recommended that adequate drainage be provided both laterally
and longitudinally along the length of the project.
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To meet the design requirements for the pavement life, the road subgrade and granular courses should be
well drained at all times. This can be accomplished by ensuring proper grading of the subgrade and positive
lateral drainage of the granular base daylighting at the ditch. Alternatively, full-length perforated subdrain
pipes of 150 mm diameter should be installed along both sides of the road, below the roadbed level, to ensure
effective drainage, in accordance with OPSD 216.021. The sub-drain pipes should be wrapped in suitable
non-woven geotextile surrounded by a minimum drainage zone of 19 mm size clear stone of minimum 150
mm thickness. A minimum slope of 2 % should be maintained across the paved sections (finished road
surface) to ensure proper surface drainage. New pavement should slope towards the gutter/ditch.

The following Marshall hot mixes should be used on Arterial A2:

e DFC/HL 1 surface course mix and HL 8 (HS) /HDBC binder course should be used to provide the
roadway with high durability.

Material Specification should be as per OPSS 1150 Material Specification for Hot Mix Asphalt. For aggregates,
the material specification should be as per OPSS.MUNI 1003.

Performance Graded Asphalt Cement ("PGAC") 64-28 should be used only for surface course and PGAC 58-
28 for binder course. This PGAC should satisfy the requirements of MP1 of SHRP Specifications for Superpave.

Recycled Materials: The use of reclaimed asphalt pavement (RAP) is not permitted as per the Regional
minimum requirements for Marshall mixes for the Regional Arterial Roads.

Steel slag aggregates should not be allowed.

Transition Treatments at Limits of Paving: At the limits of the project, a butt joint with the existing pavement
is recommended. The butt joint between successive lifts of hot mix should be staggered at a distance of not
less than 5 m, in accordance with OPSS.PROV 313. It should be ensured that no joint location corresponds
with a joint location in any other layer.

The transition treatment from earth cut to earth fill should be in accordance with OPSD 205.010.

Tack Coat: It is recommended that all milled surfaces, and binder course surfaces will be tack coated prior to
top course asphalt, if exposed to extended traffic. Construction Specification should be as per OPSS Prov.
308, April 2007.
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In all areas, asphaltic concrete should be compacted as per OPSS.MUNI 310, Table 10 (April 2011). It should
be noted that the granular base and sub-base materials should be compacted to the City’'s standards or to
minimum 100 % SPMDD.

Field Quality Assurance: Plate samples of loose hot mix should be obtained for each paving day, and
extraction/gradation and full Marshall compliance testing should be carried out on these samples. The
finished surface shall be true to required profile and cross-section within 6 mm from required elevations and
thickness. The surface shall show no depressions or bumps exceeding 3 mm under a 3.0 m long straight edge,
placed parallel to the road centreline.

A minimum depth of 1.4 m should be used for frost protection as per OPSD 3090.101.

No long-term detouring is planned. Therefore, no special treatment will be required.

B3.0 UNDERGROUND UTILITIES

The geotechnical investigation scope of work included obtaining subsurface conditions and providing
recommendations for installation of proposed underground utility services. Accordingly, selected boreholes
(i.e. alternating pavement boreholes) were deepened to a depth of 3 m to 5 m, as listed in Table 5.2.
Information obtained from all relevant boreholes drilled along proposed alignment of Arterial A2 have been
considered in this section, as applicable.

B3.1 Subsurface Conditions

At the time of this report, a total of thirty-one (31) boreholes had been drilled in along the alignment of the
proposed road (at and south of Countryside Drive) and at culvert locations (one existing and one proposed)
to depths varying from about 1.5 m to 9.8 m, for pavement investigation, underground utility installation and
two culverts. Five (5) boreholes (i.e. BH B29 to B33), located north of Countryside Drive, have been deferred
to detail design stage, if required.

Overall, the project site along Arterial A2 (from Sta. 0+000 to Sta. 2+700) consisted of surficial cover (topsoil,
asphaltic concrete, and / or exposed fills) underlain by fill soils (granular and / or silty clay) overlying native
soils (silty clay / clayey silt till, silty sand to sand and silt and / or silty sand / sandy silt till). Within the drilled
depth, the fill soils extended to depths varying from about 0.6 m to 3.7 m (Elevations 206.8 m to 222.7 m)
below the existing ground surface. Generally, till soils (silty clay / clayey silt and / or silty sand / sandy silt)

Wood Reference: TP115086 | 8/15/2022 Page 72 of 201
[ ]

wood.



BRAMPTON Geotechnical Investigation Report
ﬁ\"’é Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION B

were confirmed to a depth of about 9.8 m (up to Elevation 199.3 m) below existing ground surface in the
deeper boreholes at the structure locations.

Groundwater levels measured in the boreholes (upon completion of drilling) and subsequently monitoring
wells varied from 0.7 m above ground to 7.6 m (Elevations 210.0 m to 203.0 m) below ground surface.

Detailed subsurface and groundwater conditions are provided in Section B1.0.
B3.2 Discussions and Recommendations for Underground Utilities

As per information available, the proposed Arterial A2 will include installation of underground utilities and
associated manholes and catch basins. Details of the installation were not available at the time of this report.
Existing utilities, if any, should be protected and taken into consideration for design and construction of the
proposed underground utilities and road.

The ground (road) elevations along the alignment (based on borehole locations up to the investigated limits)
varied from about 209.0 m (at BH S6) to 223.4 m (at BH 28), with the overall the ground surface was sloping
up from south (Highway 50) to north (towards Mayfield Road).

The recommendations and discussions for excavation and installation of underground utility services, and
associated manholes / catch basins, are provided in the following sections.

B3.2.1 Founding Subgrade Conditions

From the investigation result, fill soils (granular, silty clay) were present to depths varying from 0.6 m to 3.7 m
below existing ground / road level. The granular fill was encountered to depths varying from 0.4 m to 1.2 m
in four boreholes that were drilled on the road / shoulder and one borehole (BH B24) drilled next to a
vegetated area. The SPT values in the silty clay fill implied a firm to hard consistency. The granular fill, where
encountered, was loose to very dense.

The native soils below the fill soils were of generally very stiff to hard consistency (with occasional firm to stiff
areas) and / or of dense to very dense compactness overall, and should be generally competent to support
underground utility services.

It is recommended that the inverts of underground utilities be founded on native soils, or competent fill soil
subgrade. Soft / loose soils encountered at the founding level should be compacted, if possible, or otherwise,
should be sub-excavated and backfilled with compacted soil as recommended in Section B5.3 (Engineered
Fill).

For manholes and catch basins founded on competent subgrade (i.e, approved existing fill, imported
engineered fill, native soils), a Geotechnical Reaction at Serviceability Limit State (SLS) of 100 to 150 kPa and
a factored Geotechnical Resistance at Ultimate Limit State (factored ULS) of 150 to 225 kPa, depending on the
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subgrade conditions, may be used, which should be verified by a geotechnical engineer during construction.
Under the SLS bearing values, settlements of up to 25 mm may take place.

The frost penetration depth for the project area should be considered as 1.4 m.

The highest groundwater elevation measured during the investigation within the investigated project limits
of the proposed Arterial A2 was at Elevation 218.1 m (2.7 m below ground surface). It should be noted that
groundwater level measured in the monitoring well installed at Borehole BH B7/S5 location (drilled for
proposed culvert) was up to 0.7 m above existing ground surface (up to Elevation 210.0 m). As such,
groundwater may be present within the excavation depths for the underground utilities. Also, perched water
in sandy / silty pockets and / or water from surface runoff will require dewatering during excavation. As the
excavation will generally be in clayey soils, groundwater seepage, if any, into the excavation is likely to be
slow and a properly filtered sump and pump system, or gravity drainage, may be used for dewatering
excavation.

General discussions regarding excavation and dewatering are provided in Section B5.4. Detailed dewatering
consideration for the project is included Wood's hydrogeological investigation report, which is submitted
under a separate cover.

Trench excavation, pipe bedding, backfill, and anti-seepage collar considerations are discussed in following
sections.

General discussions provided in Section B5.0 should also be considered for design and construction.

B3.2.2 Trench Excavation

Trench excavation should be carried out as per the latest Ontario’s Occupational Health and Safety Act (OHSA)
and Regulations for Construction Projects. The soils classifications are shown in Section B5.4. Based on the
soils encountered in the boreholes, the sides of excavations are expected to be temporarily stable at 1H:1V
for Type 2 and Type 3 soils, provided excavations are properly dewatered and underground utilities are
installed and backfilled within a reasonable short period of time. Provisions should be made for dewatering,
as noted in Section B5.4. Trenching should be in accordance with OPSS.MUNI 401 (Construction Specification
for Trenching, Backfilling and Compacting).

It is important for frost heave compatibility that the trench backfill within the frost zone of 1.4 m depth matches
the soil exposed on the trench walls.

B3.2.3 Bedding

Bedding for underground pipes should be placed in accordance with the design requirements and current
Ontario Provincial Standards (OPS) specifications (Ontario Provincial Standard Drawing (OPSD) 802.10 for
flexible pipes and OPSD 802.30, 802.31 and 802.32 for rigid pipes). It is recommended that a minimum of
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150 mm thick bedding material (Class ‘B’ Type or better) be placed below the pipe invert. The thickness of
the bedding may, however, need to be increased depending on the pipe diameter, or if wet or weak subgrade
conditions (soft or loose) are encountered. If the subgrade is weak and cannot be completed, it should be
sub-excavated and replaced with engineered fill to support the pipes and allow the use of Class 'B' Type
bedding. If weak subgrade is encountered and cannot totally be removed, Class ‘A" Type bedding (e.g.
minimum 100 mm thick lean concrete) should be used to provide a workable surface and support the
proposed pipes.

For the areas to be filled, the fill soils should first be placed approximately to final grade and subsequently
excavated to install the underground pipes in order to prevent pipe settlement due to overburden loads.

Should the pipes be installed in soft clay soils, the joints should be restrained from movements and the backfill
around the pipes should be properly compacted in order to prevent long-term movements. A layer of
geotextile (Terrafix 270R or equivalent) should be placed between the soft clayey soils and the granular
bedding/backfill in order to prevent soil migration.

The possibility of pipe movements in soft clayey soils, after installation, should be considered in the design
and construction of the underground pipes.

Construction of underground pipes should be carried out in accordance with the relevant OPSS.MUNI 410
(Construction Specification for Pipe Sewer Installation in Open Cut), or other relevant applicable municipal /
regional standards.

B3.2.4 Backfill

Based on the visual and tactile examination of the soil samples, the on-site excavated granular / silty clay fill
and native soils may be re-used as backfill in sewer trenches provided their moisture contents at the time of
construction are at or near the optimum. Moisture conditioning of the sub-excavation soils may be required
prior to reuse. The excavated cohesive fill should be carefully examined for organic content and moisture
condition by qualified geotechnical personnel in order to confirm the need for moisture conditioning or its
acceptability for use as backfill.

The backfill should be placed in maximum 200 mm thick layers at or near (+ 2 %) optimum moisture content,
and each layer should be compacted to at least 95 % Standard Proctor Maximum Dry Density (SPMDD).

Backfill around the manhole / catch basins should be brought up simultaneously on all sides and operation
of heavy equipment near the walls should be restricted to minimize potential movement and/or damage.

Unsuitable material such as organic soils, boulders, cobbles, frozen soils, etc., should not be used for
backfilling.
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B3.2.5 Anti-Seepage Collars

From the borehole information, the underground utilities will most likely be installed in clayey soil (silty clay
fill, silty clay / clayey silt till). As such, anti-seepage collars should not be required.

B4.0 CULVERTS ON ARTERIAL A2 (STATIONS 0+000 and 0+650)

Two (2) culverts (one existing and one proposed) are located within the project limits of the proposed Arterial
A2, as listed in Table 5.2.

The existing culvert is located under Highway 50 just south of its intersection with Coleraine Drive, where the
proposed Arterial A2 will connect to Highway 50 (approximate at assumed Sta. 0+000 for Arterial A2). The
geotechnical investigation program consisted of drilling two (2) boreholes (BH S3 and BH S4) at the existing
culvert location to obtain subsurface condition at the culvert locations and to provide geotechnical
recommendations.

A new culvert is proposed at the planned intersection of Arterial A2 and E-W Arterial, at approximate Sta.
0+650 of Arterial A2. The geotechnical investigation program consisted of drilling two (2) boreholes (BH B7/S5
and BH S6) at the proposed culvert location to obtain subsurface conditions at the culvert location and to
provide geotechnical recommendations.

Details of the existing culvert, rehabilitation / extension and proposed culvert were not available at the time
of preparation of this report.

The stratigraphic units and groundwater conditions for each culvert are discussed in the following sections
and presented in the Record of Boreholes. The following summary is to assist the designers of the project
with an understanding of the soil conditions encountered at the proposed culvert location. The soil and
groundwater conditions might vary between and beyond the borehole locations.

B4.1 Subsurface Conditions - Culvert on Arterial A2 (Station 0+000)

Two (2) boreholes (BH S3 and BH S4) were drilled at the vicinity of two ends of the existing culvert on Highway
50 (approximate Sta. 0+000), just south of Colerain Drive. The boreholes were drilled to depths of 9.4 m and
9.8 m below the existing ground surface, respectively. The existing culvert is a concrete culvert. Other detail
of the existing culvert was not available at the time of this report. The culvert and borehole locations are
shown on Figure No. 2A.

Based on the soil conditions observed in the boreholes drilled for culvert, the subsurface profile at the culvert
location generally consisted of fill soils (sand and gravel and silty clay / clayey silt fill), which were exposed at
the ground surface. Native silty clay / clayey silt till and silty sand / sandy silt till were encountered underlying
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the fill soils in both boreholes. Groundwater was encountered in the drilled Boreholes BH S3 and BH S4 at
depths of 7.0 m (Elevation 203.7 m) and 7.6 m (Elevation 203.0 m) below the existing ground surface,
respectively.

Fill soils were encountered at the surface of both boreholes and consisted of sand and gravel fill and silty clay
fill, which extended to a depth of 3.0 m and 3.7 m below the existing ground surface in Boreholes BH S3 and
S4, respectively.

The sand and gravel fill was dark grey to brown and contained trace to some silt. The silty clay fill, which was
encountered below the sand and gravel fill, was dark grey to black in colour and contained trace to some
sand, some gravel and traces of organics. SPT ‘N’ values measured within the fill soils ranged from 9 to 45
blows per 0.3 m. Water contents measured in the fill samples ranged from 5 % to 29 %.

Native silty clay / clayey silt till was encountered underlying the fill soils and extended to depths of 7.2 m at
Borehole BH S3 and 9.4 m at Borehole BH S4.

The silty clay / clayey silt till was brown to grey in colour, with some sand to sandy and traces of gravel. SPT
‘N’ values measured within the silty clay / clayey silt till ranged from 15 blows to more than 50 blows per
0.3 m, implying stiff to hard consistency. Water contents measured in the silty clay /clayey silt till ranged
between 9 % and 15 %.

Gradation and Atterberg Limits tests were carried out in one (1) sample (SS 6) from Borehole BH S3, the results
of which are presented in Table B1.2 above and shown on the Record of Borehole.

Native silty sand / sandy silt till were encountered in Boreholes BH S3 and BH S4 below the clayey silt / silty
clay till, and confirmed to the termination depth of the boreholes at 9.4 and 9.8 m (Elevation 201.2 and 200.8
m), respectively. The silty sand / sandy silt till was grey in colour and contained traces of clay and gravel. SPT
‘N’ values measured in the silty sand / sandy silt till ranged between 35 blows to more than 50 blows per 0.3
m indicating dense to very dense compactness. Water contents measured in silty sand / sandy silt till samples
varied from 15 % to 17 %.

One (1) gradation test was carried out in one sample (SS 9) from Borehole BH S3, the results of which are
presented in Table B2.4 above, and also shown on the Record of Borehole.
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B4.1.4 Groundwater Conditions

Upon completion, groundwater was encountered in Boreholes BH S3 and BH S4 at depths of 7.0 m (Elevation
203.7 m) and 7.6 m (Elevation 203.0 m) below the existing ground surface, respectively.

One (1) monitoring well was installed in Borehole BH S4. Groundwater depth measured in the boreholes
during drilling, and subsequent measurements in the monitoring well are summarized in Table B1.5 above and
shown on the Record of Boreholes.

It should be noted that the groundwater could fluctuate seasonally and can be expected to be somewhat
higher during the spring months and in response to major weather events.

B4.2 Subsurface Conditions - Culvert on Arterial A2 (Station 0+650)

Two (2) boreholes (BH B7/S5 and BH S6) were drilled at the vicinity of the proposed culvert at Sta. 0+650.
Both boreholes were drilled to depths of about 9.8 m below the existing ground surface. Details of the
proposed culvert was not available at the time of this report. The culvert and borehole locations are shown
on Figure No. 2A.

Based on the soil conditions observed in the boreholes drilled for culvert, the subsurface profile at the culvert
location generally consisted of fill soils (silty clay / clayey silt fill), which were below the surficial cover of
topsoil. Native silty clay / clayey silt till was encountered underlying the fill soils in both boreholes.
Groundwater level measured upon completion of drilling in both boreholes (BH B7/S5 and BH S6) was at
Elevation 203.5 m, corresponding to depths of 5.8 m and 5.5 m below the existing ground surface, respectively.
Groundwater level above ground surface was measured subsequently in the monitoring well installed in
Borehole BH B7/S5.

B4.2.1 Topsoil

In Boreholes BH B7/S5 and BH S6, 150 mm and 100 mm of topsoil was encountered at the ground surface,
respectively.

B4.2.2 Fill Soils

Fill soils were encountered below the surficial cover of topsoil in both boreholes and consisted of silty clay fill,
which extended to a depth of 0.7 m below the existing ground surface in Boreholes BH S3 and BH S4.

The silty clay fill was dark brown in colour and contained trace to some gravel and traces of organics. SPT ‘N’
values measured within the fill soils were 4 and6 blows per 0.3 m. Two water contents measured in the fill
samples were 40 % and 47 %.
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B4.2.3 Sand and Silt

A layer of natural sand and silt was encountered within the silty clay/clayey silt till in Borehole BH B7/S5. The
0.8 m thick sand and silt extended to about 4.5 m depth below the existing ground surface (Elevation 204.8
m). The sand and silt was grey in color and contained trace gravel and clay. One (1) SPT ‘N’ value measured
in the layer was 58 blows per 0.3 m of penetration, indicating a very dense state of compactness. Measured
water content in the silty sand to sandy silt was 12 %.

One (1) gradation test was carried out in sample (SS6) from Borehole BH B7/S5, the results of which are
presented in Table B1.3, and shown in the Records of Boreholes.

B4.2.4 Silty Clay / Clayey Silt Till

Native silty clay / clayey silt till was encountered underlying the fill soils and extended to the termination
depth of both boreholes.

The silty clay / clayey silt till was brown to grey in colour, with some sand to sandy and traces of gravel. SPT
‘N’ values measured within the silty clay / clayey silt till ranged from 5 to more than 50 blows per 0.3 m,
implying a firm to hard consistency. The cohesive till is generally hard except for within 2 m of the ground
surface at both boreholes, where the cohesive till is firm to very stiff with the SPT ‘N’ values of 5 to 27 blows
per 0.3 m of. Water contents measured in the silty clay /clayey silt till ranged between 9 % and 28 %.

B4.2.5 Groundwater Conditions

Upon completion, groundwater was encountered in Boreholes BH B7/S5 and S6 at elevation 203.5 m or depths
of 5.8 m and 5.5 m below the existing ground surface, respectively.

One (1) monitoring well was installed in Borehole BH B7/S5. Groundwater level measured subsequently in the
well was above ground level (artesian, up to 0.7 m above existing ground). The groundwater depths measured
in subsequent measurements in the monitoring well are summarized in Table B1.5 above and shown on the
Record of Boreholes.

It should be noted that the groundwater could fluctuate seasonally and can be expected to be somewhat
higher during the spring months and in response to major weather events.

B4.3 DISCUSSIONS AND RECOMMENDATIONS FOR CULVERT

The purpose of the geotechnical investigation was to obtain subsurface information and to provide
geotechnical recommendations with respect to proposed culvert construction and existing culvert
rehabilitation / extension.
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Within the depths of the four boreholes drilled adjacent to the existing culvert location, fill soils (sand and
gravel and silty clay) were encountered to a depth of about 0.7 m to 3.7 m (Elevations 208.3 m and 205.6 m)
below ground surface, overlying firm to hard and / or dense to very dense native soil deposits and/or till. The
firm native soils were encountered immediately below the fill soils.

The foundation type of existing culvert and details of the proposed rehabilitation / extension were not
available at the time of preparation of this report. Accordingly, general considerations for the culverts are
presented the following sections.

B4.3.1 Foundation

Based on the boreholes drilled at or in the vicinity of the culvert locations, values of geotechnical reaction at
Serviceability Limit State (SLS) and the factored geotechnical resistance at Ultimate Limit State (ULS) are
provided in Table B4.1 which may be used for design.

Table B4.1: Recommended ULS / SLS Bearing Values for Culvert Foundations

Depth Below . Factored
. . . Geotechnical .
Borehole . Existing Elevation . Geotechnical
Founding Stratum Reaction at SLS : 1
No. Grade (m) (kPa) Resistance at ULS("
(m) (kPa)
Fill above 3.0 (+) | above 207.7 (+) |not recommended| not recommended
BH S3 Stiff to hard silty clay till / very
dense silty sand / sandy silt till | below 2.2 (+) | below 207.7 (+) 200 300
Fill above 3.7 (+) | above 206.8 (+) |not recommended| not recommended
BH 54 Stiff to hard silty clay till / very
dense silty sand / sandy silt till | below 2.2 (+) | below 206.8 (+) 200 300
BH B7/S5 Fill / firm silty clay / clayey silt till | above 0.7 () | above 207.9 () |not recommended | not recommended
Very stiff to hard silty clay till below 2.2 (+) | below 207.9 (%) 200 300
BH S6 Fill / firm silty clay / clayey silt till | above 1.4 () | above 207.6 () |not recommended | not recommended
Stiff to hard silty clay till below 2.2 () | below 207.6 (+) 200 300
Engineered fill per OPSS.MUNI 1010 (if used), as per Section B5.3 150 225

Notes: @ A resistance factor of ® = 0.5 has been applied to the ULS values provided.

The geotechnical bearing values provided in Table B4.1 are intended to assess the feasibility and sizes of
footings and are for vertical loads (no inclination) without load eccentricity. Under the SLS pressures,
foundation settlements could be up to 25 mm (total) and 20 mm (differential). Detail foundation analysis
should be carried out, if necessary, to confirm SLS/ULS and corresponding settlements.
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The design frost depth penetration is 1.4 m. All foundations should be covered by at least 1.4 m deep soil or
equivalent synthetic thermal insulation.

Highest groundwater level measured during geotechnical investigation in the boreholes / monitoring well at
the culvert location (Sta. 0+000) was at about Elevation 203.7 m. As such, a minimum groundwater level at
Elevation 204 m or the creek water level, whichever is higher, should be considered for design.

At the culvert location (Sta. 0+650), groundwater was measured up to 0.7 m above ground (up to Elevation
210.0 m). Therefore, a minimum groundwater level at Elevation 209 m, i.e. the ground surface elevation at
the location, should be considered for design. Additional investigation may be necessary to assess the artesian
water, especially if a large excavation in anticipated at this location.

If required, the regional high flood level of the creek may be used.
During construction, considerable dewatering efforts and / or creek diversion (e.g., cofferdam, sheetpiles) to

control the ingress of creek water may be required. General recommendations related to excavation and
dewatering are presented in Section B5.4.

B4.3.2 Soil Parameters for Design

The unfactored soil parameters listed in Table B4.2 may be used for design of earth structures. It should be
noted that these parameters are based on published information and/or semi-empirical/theoretical
relationships, and are conservative and should be verified by field/laboratory testing, if more representative
parameters are required.

Table B4.2: Unfactored Static Soil Parameters for Design

Effective
Total Stress A Earth Pressure Bullc Coefficient
Analysis Coefficients" —r
y Analysis . of Friction

Material X between
Active Passive Weight Concrete
(kN/m?3)

Kp and Soil

Stiff to hard silty
clay / clayey silt 100 0 0 30 0.33 0.50 3.0 19 0.35
till

Very dense silty

sand / sandy silt 0 35 0 35 0.27 043 3.7 20 04
till
oo
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Effective
Total Stress Earth Pressure T
Stress Bulk Coefficient

Analysis Coefficients” of Friction

Analysis Unit
Material between

. . Weight
Active Passive Concrete
(kN/m?3) .
Ko and Soil

Engineered Fill ©

Granular A
(OPSS.MUNI 1010) 0 35 0 35 0.27 043 37 24 o
Granular B Type |

or Type Il 0 32 0 32 0.31 0.47 33 234
(OPSS.MUNI 1010)

Notes: @ Values based on semi-empirical relationships. For SLS, Kp values should be reduced to 1/3 of indicated value to limit lateral

movement.

@ Normally-consolidated range.

@ All engineered fill should be compacted to at least 100 % SPMDD for supporting foundations.

® Unit weight values for engineered fill compacted to 100 % SPMDD. For backfill of retaining walls, unit weights for Granular A
and Granular B compacted to 95 % SPMDD may be taken as 22 kN/m3 and 21 kN/m3, respectively.

B4.3.3 Earthquake Considerations

Based on the soil conditions observed in the boreholes (maximum drill depth of 9.4 m below ground) and the
possible bedrock depth at the culvert location (~30 m), and in conformance with the criteria in Table 4.1
(Section 4.4.3.2 — Seismic Properties) of the Canadian Highway Bridge Design Code CSA S6-19 ("CHBDC"), the
project site may be classified as Site Class D (“stiff soil”).

The design values of site coefficients F(T), F(PGA) and F(PGV) can be obtained from Geological Survey of
Canada on Natural resources Canada website: ‘'www.earthquakecanada.ca” or Tables 4.2 to 4.9 (Section 4.4.3.3
— Site Coefficients) of CHBDC, and the design spectral acceleration, S (T), should be determined as per Section
4.4.3.4 (Design Spectral Acceleration and Displacement Values) and Tables 4.2 to 4.9 in Section 4.4.3.3 of

CHBDC.

B4.3.4 Scour Protection

Culvert and headwall footings should be protected against scour and erosion in the form of cut-off walls, rip-
rap or equivalent. Scour protection should be designed based on the hydrology requirement by an
experienced engineer. Alternatively, the foundations could be placed below the depth of scour and frost
penetration. If rip-rap protection is used, it should be separated from the native soils with a geotextile filter
fabric (e.g. Terrafix 600R or equivalent) or a filter zone of granular material. The embankment slope surface
should be covered with topsoil and seeded/sodded as soon as possible after completion of construction.
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Backfill materials around culvert should consist of non-frost susceptible, free-draining granular materials in
accordance with OPSS.MUNI 1010 (i.e, Granular ‘A" or Granular ‘B’). Such granular backfill should be
compacted to at least 95 % SPMDD (Standard Proctor Maximum Dry Density). Free-draining backfill materials
and the drain pipes and weep holes, etc., should be used provided to prevent hydrostatic pressure build-up.

Backfill, backfill transition and cover for the culvert should conform to Ontario Provincial Standard Drawing
(OPSD) 3101.150 (Walls, Abutment, Backfill, Minimum Granular Requirement) or applicable City Standard.

Engineered fill is discussed in Section B5.3, and excavation and dewatering during construction are discussed
in Section B5.4.

To increase sliding resistance, a shear key may be used, if required. The shear key can be designed using the
unfactored Kj values for the soils provided in Table B4.2. The movement of the retaining structure to mobilize
the passive resistance should be considered in the design.

If retaining walls are constructed at the ends of the culvert (inlet and outlet), they may be founded on the stiff
to hard native silty clay till. If required, the wall may also be founded on the engineered fill per OPSS.MUNI
1010. The frost and scour protection recommendations provided in Sections B4.3.1 and B4.3.4, respectively
should also be adhered to in designing retaining wall foundations.

Soft fill areas should be recompacted (if possible) or replaced with the engineered fill described in Section
B5.3. The founding subgrade should be verified by a geotechnical engineer. The SLS/ULS values and soil
parameters provided in Tables B4.1 and B4.2 may be used for design of wall foundations, as required. Slope
stability analyses should be carried for the retaining wall, once the detailed design is completed.

A slope of 2H:1V (2 Horizontal : 1 Vertical) or flatter should be constructed for permanent fill embankment.
The embankment should be constructed using engineered fill (Section B5.3). Global slope stability should be
analyzed during detailed design, if the new embankment height is higher than 2 m high, once the detailed
design is finalized. All permanent slope surfaces should be protected against erosion by surface water and
creek water.

Construction of the embankment should follow the requirements of OPSS.MUNI 206 (Construction
Specification for Grading), or applicable City Standard.
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B5.0 General Considerations for Design and Construction

B5.1 Site Preparation

Site preparation will likely generally include stripping of topsoil / asphalt / concrete, excavation to subgrade,
proof-rolling, sub-excavating soft spots, if encountered, and backfilling, if necessary, with engineered fill.

All topsoil and loose soil or soil mixed with organic matter should be stripped from pavement areas, manhole
/ catch basin founding areas, and base of underground utility services. Subgrade preparation of pavement is
discussed in Section B2.6.3. Any loose, soft or unstable areas in the exposed subgrade should be sub-
excavated and replaced with approved fill and compacted (Section B5.3). Lean concrete may be used to
backfill sub-excavated areas.

Excavation should be carried out with a temporary slope of 1H:1V or flatter above the groundwater level
(Section B5.4). Roadway shoring protection systems may be required during construction of the culverts.
Temporary shoring is discussed in Section B5.5.

B5.2 Embankment Widening

Based on site condition, the proposed road widening will generally involve fill sections along the investigation
limits. The embankment required for road widening should be constructed with compacted engineered fill
at 2H:1V (or flatter) side slopes. If a side slope steeper than 2H:1V slope is required or if the height of the
embankment / cut slope is greater than 2 m, slope stability analysis should be carried out to assess stability
of the planned slope, depending on the subsurface conditions. Where existing embankments are to be
widened, the side slopes should be benched in accordance with OPSD 208.010 prior to placement of the
widening fills. Final (permanent) embankment side slopes in granular fills should be established to match the
existing slopes or as per OPSD 200.010. Final slopes should be treated with a seed and mulch to prevent
ravelling.

Widening of the road will require, as a minimum, stripping the existing ground surface cover (topsoil, asphaltic
concrete, vegetation cover, surficial fill soils, etc.) from the area required for road widening. The planned
widening will generally be constructed to the same elevation as the existing road surface. Grading, backfilling
and compacting should follow OPSS.MUNI 206 (Construction Specification for Grading), OPSS.MUNI 401
(Construction Specification for Trenching, Backfilling and Compacting), OPSS 501.MUNI (Construction
Specification for Compacting), and / or the City's requirements.

Backfilling, if required, for site grading (e.g., for subgrade raise, replacement of soft soil) should be placed as
engineered fill. Engineered fill per OPSS.MUNI 1010 should be used to replace soft / incompetent soils and/or
raising grade. Engineered fill should be prepared according to the City's standards / contract specifications.
Engineered fill is discussed in Section B5.3.

The fill soils used for embankment widening should consist of approved clean fill (e.g., Select Subgrade
Materials - OPSS 1010).
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B5.3 Engineered Fill

Engineered fill per OPSS.MUNI 1010, where required, may be used to backfill excavated areas, backfill around
manholes, replace soft / incompetent soils, and / or raise grades. Engineered fill for backfill of excavated areas
should be placed after stripping existing fill soils, any soils containing excessive organic matters and otherwise
unsuitable soils.

Engineered fill can be prepared by placing fill soil and compacted as per OPSS.MUNI 501 (Construction
Specification for Compacting) and/or applicable City Standard. Alternatively, engineered fill should be placed
in loose layers not exceeding 200 mm. The water content of the fill should be within + 2 % of its optimum
moisture content (OMC) at the time of its placement, and it should be thoroughly compacted to a minimum
of 98 % of Standard Proctor Maximum Dry Density (SPMDD) in general.

The fill soils should consist of inorganic soils and should not be frozen during backfilling and compaction.
Full-time geotechnical inspection and quality control (by means of frequent field density and laboratory
testing) are necessary for the construction of a certifiable engineered fill. The compaction procedures and
quality control should be overseen by a geotechnical engineer.

B5.4 Excavation and Dewatering

All excavations should be carried out in accordance with the latest Ontario’s Occupational Health and Safety
Act (OHSA) and Regulations for Construction Projects (O. Reg. 213/91). The soils to be excavated can be
classified as follows:

Existing fill soils Type 3
Firm to hard silty clay / clayey silt till Type 1to 3
(varies by consistency)
Very dense silty sand / sandy silt till (above groundwater level / fully dewatered) Type 1
Very dense silty sand / sandy silt till (below groundwater level) Type 3

In accordance with the OHSA, a maximum short-term slope of 1H:1V is required to within 1.2 m of the trench
bottom for temporary excavations in Type 1 and 2 cohesive till and native silty sand that is above the
groundwater level, or properly dewatered. For Type 1 and 2 soils, a maximum depth of 1.2 m high vertical cut
at the bottom of excavation may generally be constructed. However, under the groundwater table a 1.2 m
high vertical cut may not be stable and flatter slopes may be required. Type 3 soils above the groundwater
level may be inclined at 1H:1V or flatter from the bottom. In the case of saturated Type 3 fills or native granular
deposits below the prevailing groundwater, if adequate dewatering is not implemented, slopes of open
excavations will have to be reduced to 2H: 1V or flatter. In the absence of proper dewatering or groundwater
control of Type 3 soils, slope flattening may be insufficient to prevent particularly saturated granular soils from
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becoming unstable and devolving to Type 4 materials. Near the ground surface, occasional 3H:1V or flatter
slopes may be required due to loose/soft surficial soils. If open cut cannot be carried out, a temporary shoring
system may be used to limit the extent of excavation. General consideration for temporary shoring is provided
in Section B5.5.

Trenching should be carried out in accordance with OPSS.MUNI 401 (Construction Specification for Trenching,
Backfilling and Compacting).

Stockpiles, materials or any heavy equipment should be kept at least the same horizontal distance as the
depth of the excavation from the upper edge of the excavation to prevent slope instability. All surface
drainage should be directed away from any open excavations and trenches.

Based on observations at the borehole locations and planned excavation depth, normal excavation equipment
should be suitable for excavation. Hard till soils may require additional effort for excavation (e.g., heavy
excavator, rippers, impact hammer, etc.). The terms describing the compactness (very loose, loose, compact,
dense, very dense) or consistency (very soft, soft, firm, stiff, very stiff, hard) of soil strata give an indication of
the effort needed for excavation. It should be noted that cobbles / boulders can be encountered in the till
and in fill soils. Therefore, removal of the cobbles / boulders should be considered and planned for.

During the construction, temporary runoff controls such as sediment trap, interceptor drain, dyke and / or silt
fence should be installed to prevent uncontrolled water / sediment flow into existing water courses. The
effluent from dewatering operations should also be filtered or passed through sediment traps to prevent
turbidity.

Based on the soil and groundwater conditions at the borehole locations, groundwater control within the
excavated area should not be significant. It should be noted at the location of culvert (Station 0+650), artesian
condition (i.e., groundwater higher than ground level was measured. Additional investigation (such as test
pitting) may be required at this location to confirm the artesian condition and / or to plan for groundwater
control / dewatering. In the clayey soils, groundwater seepage into the excavation, if encountered, is likely to
be slow and a properly filtered sump and pump system or gravity drainage may be used for dewatering the
excavation. High water flow rates (e.g. from perched water in fills or granular layers with the cohesive tills)
may be encountered during construction and the dewatering effort could require an increased number of
sumps and pumps.

Use of a lean concrete mud mat or granular layer may be warranted where founding surfaces are to be
exposed for extended period, especially if the work is carried out during wet weather. Care should also be
exercised to minimize disturbance to the final subgrade during excavation.

It is recommended that qualified geotechnical personnel be present during the foundation excavation to
review the conditions of the foundation subgrade.
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B5.5 Temporary shoring

Temporary shoring may be required for vertical excavation during construction of culvert, installation of
underground utilities or roadway protection. This can be accomplished using soldier piles with lagging (or
similar) in order to support the sides of the excavation. Temporary shoring design and construction should
comply with OPSS.MUNI 539 (Construction Specification for Temporary Protection Systems), or applicable City
Standard. The temporary shoring system should be designed to resist the lateral earth, surcharge and
hydrostatic pressures which could occur during construction. Bracings should be installed within the shoring
system to minimize movements of the soils. The temporary shoring system should be designed in accordance
with the latest editions of Canadian Foundation Engineering Manual's (CFEM) and Canadian Highway Bridge
Design Code (CHBDC), together with the requirements of the Ontario Health and Safety Regulations, as
applicable.

The shoring system should be designed and approved by a professional engineer. Geotechnical parameters
provided in Section B4.3.2 may be considered for design of shoring.

B5.6 Suitability of Existing Soils for Backfilling

Most of the excavated soils (i.e. granular fills, clayey fill and till soils) can be suitable for being reused for
backfill, provided they can be separately stored, properly compacted and are environmentally acceptable. Fill
soils containing construction debris (or similar) and organic matter should not be reused. Soils that are too
wet to compact will require additional processing (e.g., drying). Cobbles and boulders (larger than 100 mm
in size), if any, should be discarded by mechanical means (e.g., sieving) or manual removal.

B6.0 PRELIMINARY SOIL CHEMICAL ANALYSES

Environmental soil chemical analyses were carried out to provide preliminary discussions for soil disposal
options as part of the Geotechnical Investigation Preliminary Design for the Site, the results of which are
discussed in the following section.

No Phase | or Phase Il Environmental Site Assessment (ESA) reports have been conducted or provided to
Wood for review.

It is assumed that a Record of Site Condition, (RSC) as per Ontario Regulation 153/04 Records of Site
Condition, Part XV.1 of the Environmental Protection Act (EPA), as amended (“O.Reg.153/04, as amended”) is
not required at this time.
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B6.1 Methodology

The environmental soil screening and laboratory analyses program was carried out in general accordance with
the current Ontario Regulation 153/04 Records of Site Condition, Part XV.1 of the Environmental Protection Act
(EPA), as amended (O. Reg. 153/04) in order to characterize the soil at the Site and to provide an initial
discussion on disposal options for surplus material during future construction. It should be noted that the
scope of work does not meet the analytical or administrative requirements of Ontario Regulation 406/19 On
Site and Excess Soil Management (O. Reg. 406/19) in the event that the soil is to be considered for beneficial
reuse.

A Record of Site Condition (RSC) was not part of the scope of work. Due to the limited scope of work, further
environmental assessment would be required in the event that an RSC is required.

B6.2 Sample Selection for Analyses
The environmental component of the preliminary subsurface investigation included the following activities:

e Conducting the soil sampling activities in accordance with the Ministry of the Environment (MOE)
document entitled “Guide for Completing Phase Two Environmental Site Assessments under Ontario
Regulation 153/04" dated June 2011, the Ministry of the Environment and Energy (MOEE) document
entitled “Guidance on Sampling and Analytical Methods for Use at Contaminated Sites in Ontario”, dated
December 1996; and MOE document entitled “Protocol for Analytical Methods Used in the Assessment of
Properties under Part XV.1 of the Environmental Protection Act” issued by the Laboratory Services Branch
of the MOE and dated March 9, 2004, amended as of July 1, 2011 (Analytical Protocol);

e Based on City of Brampton instruction, submission of eight (8) soil samples for laboratory analysis of
metals & inorganics and organochlorine (OC) pesticides, and two (2) soil samples for analysis of volatile
organic compounds (VOCs) and petroleum hydrocarbons (PHC) F1 to F4 to assist in determining
appropriate soil disposal options, if required, during construction;

e Based on City of Brampton instruction, submission of two (2) soil samples for Ontario Regulation 347 (O.
Reg. 347) as amended by Ontario Regulation 558/00 (O. Reg. 558/00) Toxicity Characteristic Leaching
Procedure (TCLP) for four (4) or more of volatile organic compounds (VOCs), Organochlorine (OC)
pesticides, polychlorinated biphenyls (PCBs), benzo(a)pyrene and metals and inorganics to determine
landfill acceptability of soil/granular fill originating from the Site; and

e Comparison of the laboratory analytical results to soil standards presented in the Ministry of the
Environment, Conservation and Parks (MECP) document entitled “Soil, Ground Water and Sediment
Standards for Use Under Part XV.1 of the Environmental Protection Act,” (the "MECP SCS") dated April 15,
2011 and O. Reg. 347, as amended by O. Reg. 558/00, Schedule 4 Leachate Quality Criteria provided in
the MECP document entitled "Registration Guidance Manual For Generators of Liquid Industrial and
Hazardous Waste,” October 2000 (the “Schedule 4 Criteria”).

Wood Reference: TP115086 | 8/15/2022 Page 88 of 201
[ ]

wood.



Geotechnical Investigation Report
&"A BRAMPTON Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION B

The analytical soil results were compared to the MECP Table 1 (background) SCS for all types of Property Use
(except Agricultural) (Table 1 SCS) and MECP Table 3 (generic) SCS for Industrial/Commercial/Community
Property Use for Medium/Fine Textured Soils (Table 3 SCS).

The chemical analyses results were also evaluated against the following tables of Appendix 1 (Generic Excess
Soil Quality Standards) of the new MECP O.Reg.406/19 “"On-Site and Excess Soil Management,” additional
elements which are expected to come into force in January 2023:

e Table 1 Full Depth Background ESQS for all types of property use (except agricultural) (Table 1 ESQS);
and

e Table 3.1 Full Depth ESQS in a Non-Potable Ground Water Condition, Volume Independent, for
industrial/commercial/community property use (Table 3.1 ESQS).

Furthermore, TCLP analyses results were also compared with Table 3.1 Leachate Screening Levels for Full
Depth Excess Soil in a Non-Potable Ground Water condition, Volume Independent, Industrial / Commercial /
Community Property Use, Appendix 2 — Generic Leachate Screening Levels for Excess Soil Reuse — of
0O.Reg.406/19.

Soil samples were obtained for laboratory analysis and field screening, where applicable, using a drill rig
equipped with split spoon sampling capabilities. The drillers cleaned the split spoon by removing loose dirt
from the split spoon using a wire brush, washing the split spoon using a brush in a dilute mix of potable water
and Alconox soap, rinsing the split spoon with distilled water and rinsing the split spoon with methanol and
allowing the split spoon to air dry.

The drillers obtained the split spoon sample by auguring to the specified depth, hammering the spoon about
0.6 m into the soil and removing the spoon. The split spoon sample was inspected for visual and/or olfactory
evidence of environmental impacts. Disposable nitrile gloves were used and replaced between the handling
of successive samples.

The soil samples retrieved from the borehole investigations were examined, classified and logged according
to soil type, moisture content, colour, consistency, and presence of visible indicators of environmental impact.
Soil samples requiring vapour analysis were split into duplicate fractions upon recovery at the surface. The
primary sample fractions were placed in 120 and/or 250 millilitre (mL) sample jars with Teflon-lined lids and
methanol preserved (cored) samples were placed in 40 mL vials and subsequently stored in coolers on ice for
potential future laboratory analysis. The volatile sample fractions were placed in resealable plastic sample
bags and stored at ambient temperature for subsequent field vapour screening. The samples were selected
on the basis of visual/olfactory evidence of impacts, field screening results, or from the vicinity of the apparent
water table.
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Representative soil samples collected during the investigation were submitted to AGAT Laboratories (AGAT)
of Mississauga, Ontario, for metals & inorganics, VOCs and PHCs. AGAT is accredited by the Standards Council
of Canada (SCC) and the Canadian Association for Laboratory Accreditation (CALA) in accordance with ISO/IEC
17025:2005 - “General Requirements for the Competence of Testing and Calibration Laboratories” for the tested
parameters set out in the Soil, Ground Water and Sediment Standards.

B6.3 Environmental Test Results & Considerations

Wood conducted a preliminary Environmental Soil Quality Testing Program (the Investigation) as part of the
Geotechnical Investigation. The details of the drilling program, including borehole locations and drilling
methodology are presented in the geotechnical investigation sections of this report. Soil samples submitted
for chemical analysis were collected from depths between surface and 5.0 m below ground surface (mbgs)
based on presence of fill material and depth of construction works, as detailed Table B6.1.

Table B6.1: Environmental Tests

Sample ID Depth (m) Parameters Tested
BH B2 SS1 03-06 PHCs, VOCs, OC pesticides
BH B2 SS5 3.05-3.6 Metals and Inorganics
BH B5 SS1 03-0.6 OC pesticides
BH B5 SS4 23-29 Metals and Inorganics
BH B8 SS1 Surface - 0.6 OC pesticides
BH B9 SS5 46-50 Metals and Inorganics
BH BH11 SS2 08-14 Metals and Inorganics
BH B12 SS1 Surface — 0.6 OC pesticides
BH B15 SS1 Surface - 0.6 OC pesticides
BH B17 SS1 Surface — 0.6 OC pesticides
BH B17 SS3 1.5-2.1 Metals and Inorganics
BH B21 SS1 Surface - 0.6 OC pesticides
BH B22 SS1 03-09 Metals and Inorganics
BH B23 SS1 Surface — 0.6 Metals and Inorganics
BH B25 SS1 Surface - 0.6 OC pesticides
BH B28 SS2 0.7-14 PHCs and VOCs
BH S3 SS3 1.5-2.1 Metals and Inorganics

PHC = Petroleum Hydrocarbons
VOC = Volatile Organic Compounds
OC = Organochlorine

Wood observed fill material in all the boreholes. Headspace combustible organic vapour (COV) concentration
measurements recorded in the soil samples were ranging from non-detectable to 20 parts per million (ppm).
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Total organic vapour (TOV) concentration measurements recorded in the soil samples were ranging from non-
detectable to 1 ppm.

No other evidence (i.e., visual/olfactory) of potential environmental impacts were observed in any of the soil
samples collected from this project area.

The soil samples collected as part of this assessment that had Table 1 SCS exceedances are as follows:

e BHB22 SS1 for EC and SAR; and
e BHS3 SS3 for EC and SAR.

The other analyzed soils samples met the Table 1 SCS for metals and inorganics, PHCs, VOCs, and OC
pesticides.

The soil sample collected as part of this assessment that exceeded the Table 3 SCS is as follows:
e BHS3 SS3 for EC and SAR.

The other analyzed soil samples had concentrations that met the Table 3 SCS for metals and inorganics, PHCs,
VOCs, and OC pesticides.

When compared to the O. Reg. 406/19 ESQS, the soil samples collected as part of this assessment that had
Table 1 ESQS exceedances are as follows:

e BHB22 SS1 for EC and SAR; and
e BHS3 SS3 for EC and SAR.

The other analyzed soil samples had concentrations that met the Table 1 ESQS for metals and inorganics,
PHCs, VOCs, and OC pesticides.

The soil sample collected as part of this assessment that had Table 3.1 ESQSexceedances is as follows:
e BHS3 SS3 for EC and SAR.

The other analyzed soil samples had concentrations that met the Table 3.1 ESQS for metals and inorganics,
PHCs, VOCs, and OC pesticides.

The TCLP analyses for the parameters tested indicated that dry soils (soils that would pass a slump test) would
meet the Schedule 4 Leachate Quality Criteria.
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Soil analytical results are shown in Tables 1B to 10B in Appendix C-B. The laboratory certificates of analysis
for the bulk analysis and the certificates of analysis for the O. Reg. 347 TCLP analysis are included in
Appendix D.

B6.4 Quality Assurance / Quality Control

Field Quality Control: Field quality control was not performed for this segment and is discussed in separate
reports being written as part of the Geotechnical Investigation.

Laboratory Quality Control: The 2011 Analytical Protocol provides requirements for sample handling and
storage requirements, reporting requirements, analytical methods and QA/QC procedures for analytical
parameters.

As per the 2011 Analytical Protocol, all samples/sample extracts were analyzed within their applicable hold
times using approved analytical methods. The report limits were met for all samples and tested parameters.
No tested parameter was present in a detectable concentration in any laboratory Method Blank and all
laboratory surrogates, reference materials and replicate samples are considered acceptable.
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SECTION C: COUNTRYSIDE DRIVE (FROM ST. JOHNS ROAD TO
HIGHWAY 50, ~ 2.7 KM)

C1.0 OVERALL SUBSURFACE CONDITION

A total of forty (40) boreholes (BH C1 to BH C35, BH C37 and Borehole BH S7 to BH S12) were drilled to depths
varying from 0.2 m to 9.8 m, for the proposed road reconstruction/widening, underground service installation
and culvert rehabilitation / extension, which included boreholes in the driving lanes, shoulders and auger
holes in the ditches. Due to their proximity, BH C19 was combined with BH B22 (drilled for Arterial A2) as “"BH
C19/B22". Similarly, BH C27 was combined with BH S7 as "BH C27/S7". Boreholes BH C36 and C38 have been
deferred to the detail design stage, if needed, as discussed with and approved by the City.

The boreholes in the driving lanes and pavement shoulders were sampled via Standard Penetration Test (SPT),
while recording ‘N’ Values. SPT was not carried out in the auger holes in the ditches, where only the topsoil
thicknesses were measured.

The stratigraphic units and groundwater conditions are discussed in the following sections. Additional
information is provided in the Record of Boreholes. The following summary is to assist the designers of the
project with an understanding of the possible soil conditions at the investigated road section. The soil and
groundwater conditions might vary between and beyond the borehole locations.

C1.1  Topsoil

In Borehole BH C12, approximately 100 mm of topsoil was encountered at the surface. Topsoil thicknesses
were also measured in the ditches beside the road at eight (8) locations, which varied from about 150 mm to
300 mm, with an average thickness of about 215 mm, as listed in Table C1.1.

Table C1.1: Topsoil Thickness Measurements

Coordinates (UTM, Zone 17T)

Topsoil Thickness

Borehole No.

Easting Northing (mm)
BH C4 603731 4852419 150
BH C10 604017 4852760 200
BH C14 604201 4852990 250
BH C16 604286 4853116 200
BH C22 604575 4853454 150
BH C26 604751 4853681 200
BH C28 604854 4853830 270
BH C34 605125 4854169 300

wood.



BRAMPTON Geotechnical Investigation Report
ﬁ\"’é Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION C

C1.2 Asphaltic Concrete

In the boreholes drilled through the asphalt pavement (BH C1, C3, C5, C7, C9, C11, C13, C15, C17, C19/B22,
C21, €23, C25, C27/S7, C29, C31, C33, C35 and C37), approximately 90 mm to 200 mm of asphaltic concrete
was encountered.

C1.3 Granular Fill

Granular fill soils underlying the asphalt and surficial topsoil ranged from 150 mm to 800 mm in thickness.

Granular fill soils (sand and gravel fill) were also encountered at the surface in Boreholes BH C2, C6, C8, C18,
C20, C24, C30 and C32. The granular fill in these boreholes extended to a minimum depth of 0.3 m to a
maximum depth of 0.6 m below the existing ground surface (Elevations 214.0 m to 221.1). The SPT ‘N’ values
of the granular fil ranged from 5 to 30 blows per 0.3 m. Water contents measured in granular fill samples
varied from about 3 % to 5 %.

A gradation test was carried out in one sample (SS 1A) from Borehole BH C19/B22, the results of which are
presented in Table C1.2, and shown in the Records of Boreholes.

Table C1.2: Results of Grain Size Distribution Analysis (Granular Fill)
Grain Size Distribution (%)

Sample | Depth | Elevation

Borehole No. Soil Classification

No. (m) (m)

GRAVELLY SAND, trace

0.2 - 220.3 - fines. Sample meets
BH C19/BH B22* 1A
19/ 55 0.6 219.9 33 >8 9 OPSS1010 Granular B
Type |

* Due to proximity, Boreholes C19 and BH B22 (Arterial A2) were combined.

The grain size distribution curves are presented in Figure B-C1 in Appendix B-C.

C1.4 Silty Clay / Clayey Silt Fill

Silty clay / clayey silt fill was encountered below the granular fill soils in all borehole locations except Boreholes
BH C8 and C18. The silty clay / clayey silt fill was generally brown/dark brown to grey/dark grey in colour and
contained some sand, trace to some gravel and traces of organics. The silty clay silty clay / clayey silt fill
extended to depths varying from 0.9 m to 2.2 m (Elevations 211.0 m to 220.9 m) below the existing ground
surface. Boreholes BH C2, C12, C19/B22 and C20 were terminated in the silty clay/clayey silt fill at depths
ranging from 1.2 to 1.8 m the existing ground surface. The SPT ‘N’ values of the silty clay / clayey silt fill ranged
from 5 to 38 blows per 0.3 m. The measured water contents of the silty clay fill samples ranged from about
9 % to 37 %.

The measured water contents in the silty clay silty clay / clayey silt fill varied from about 9 % to 28 %.
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Gradation and Atterberg Limits tests were carried out in one sample (SS 3) from Borehole BH C1, the results
of which are presented in Table C1.3, and shown on the Records of Boreholes.

Table C1.3: Results of Grain Size Distribution Analysis and Atterberg Limit Tests
(Silty Clay / Clayey Silt Fill)

Grain Size Distribution (%) Atterberg Limit USsCsS
Borehole | Sample |Depth| Elevation m 9 Modified
No. b quuld Plasticity| Group
Index Symbol
BH C1 SS3 1.5 214.3 0 14 48 38 49 cl

The grain size distribution curve and plasticity chart are presented in Figure Nos. B-C2 and B-C3 in Appendix
B-C.

C1.5 Silty Sand / Sandy Silt / Sand and Silt Till

Native silty sand / sandy silt / sand and silt till was encountered below the fill soils in Boreholes BH C5, C6,
C31, C32, S8, S11 and S12. A seam of gravelly silty sand till was encountered within the silty clay/clayey silt
till near Elevation 210 in Borehole S10. The silty sand / sandy silt / sand and silt till was encountered at depths
ranging from about 1.2 m to 2.2 m (Elevations 211.0 m to 220.5 m) below the existing ground surface. With
the exception of Boreholes BH S8 and S11, the remaining boreholes were terminated within the silty sand /
sandy silt / sand silt till. Auger refusal was encountered in BH S12. Where fully penetrated, the granular till
in Boreholes BH S8 and S11 was 0.8 and 5.6 m thick, respectively.

The silty sand / sandy silt / sand silt till was brown to grey in color and contained trace to some clay, trace
gravel. Cobbles and boulders were observed in several boreholes. The SPT ‘N’ values measured in the silty
sand / sandy silt / sand silt till ranged between 20 blows and greater than 50 blows per 0.3 m but generally
above 33 blows, indicating compact to very dense condition overall and dense to very dense typically. The
measured water contents in the till ranged between 9 % and 21 %.

Gradation and Atterberg Limits tests were carried out in four (4) selected samples of silty sand / sandy silt /
sand silt till, the results of which are presented in Table C1.4, and shown on the Records of Boreholes.
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Table C1.4: Results of Grain Size Distribution Analysis and Atterberg Limit Tests
(Silty Sand / Sandy Silt / Sand and Silt Till)

Grain Size Distribution (%) Atterberg Limit USCS

Borehole |Sample |Depth|Elevation Modified
No. No. (m) (m) Plastic Group
Limit Symbol
BH C27/S7| SS4 | 23 215.5 1 40 52 7 17 14 3 ML
BH C31 SS3 1.5 220.2 0 67 31 2 - - - -
BH S10 SS6 | 38 210.0 31 29 33 7 - - - -
BH S11 SS6 | 38 209.4 1 42 55 2 - - - -

The grain size distribution curve and plasticity chart are presented in Figure Nos. B-C4 and B-C5 in Appendix
B-C.

C1.6 Silty Clay / Clayey Silt Till

In all boreholes that was extended beyond the fill soils, except Boreholes BH C2, C5, C6, C19/B22, C20, C27/57,
C31, C32 and S12, native silty clay / clayey silt till was encountered below the fill soils or the silty sand / sandy
silt / silt and sand till, and extended to the termination depths of the boreholes at depths varying from about
1.5 m to 9.8 m (Elevations 220.2 m to 204.0 m). Cobbles and/or boulders were reported in the cohesive till in
Boreholes BH C1, C23, C24, and S8 to S11 and their presence should be expected throughout this material
based on the depositional history of glacial tills.

The silty clay / clayey silt till was brown to grey in colour, and contained trace to some sand and trace gravel
and cobbles/boulders. The SPT ‘N’ values of the clayey silt / silty clay till generally ranged from 7 blows to
more than 50 blows per 0.3 m implying firm to hard consistency. The lower values were generally immediately
below the fill soils. In majority of the boreholes, the ‘N’ value was more than 12 blows (stiff). The measured
water contents of the silty clay / clayey silt till samples ranged from about 8 % to 28 %.

Gradation and Atterberg Limits tests were carried out in two samples of the silty clay / clayey silt till, the results
of which are presented in Table C1.5, and shown on the Records of Boreholes.
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Table C1.5: Results of Grain Size Distribution Analysis and Atterberg Limit Tests
(Silty Clay / Clayey Silt Till)

Grain Size Distribution (%) Atterberg Limit USCS
Borehole | Sample |Depth| Elevation 9 Modified
No. No. (m) (m) Gravel Plastic Group
Limit Symbol
BH S9 SS7 | 46 209.8 12 32 47 9 17 12 5 CL-ML
BH C17 SS7 | 46 215.3 1 11 50 38 31 16 15 cl

The grain size distribution curve and plasticity chart are presented in Figure Nos. B-C6 and B-C7 in Appendix
B-C.

C1.7 Groundwater

Upon completion, groundwater was encountered in Boreholes BH C5, C11, C27/S7, C31, S8, S10 and S11 at
depths varying from about 1.5 m to 8.2 m (Elevations 220.2 m to 205.6 m) below the existing ground surface.
Groundwater was not encountered in the remaining boreholes during or upon completion of boreholes.

A monitoring well was installed in each of Boreholes BH C27/S7, S10 and S12 at the locations of the culvert
crossings. Groundwater depths measured in the boreholes (where encountered) at the time of drilling or
upon completion of drilling, and in subsequent measurements in the monitoring well are summarized in Table
C1.6 and shown on the Record of Boreholes.

Table C1.6: Results of Groundwater Depth Measurements

Groundwater Measurements

Borehole No.| During or Upon Completion of Drilling (m) In Monitoring Well (m)

Elevation Elevation

BH C5 25 Mar 2020 3.0 211.6 Not installed
BH C11 27 Mar 2020 4.9 210.3 Not installed

24 Apr 2020 17 216.1

BH C27/S7 |26 Mar 2020 2.7 215.1 4 May 2020 17 216.1

12 May 2020 19 215.9
BH C31 19 Mar 2020 1.5 220.2 Not installed
BH S8 26 Mar 2020 24 2171 Not installed

4 May 2020 0.9 212.9
BH S10 18 Mar 2020 8.2 205.6

12 May 2020 1.0 212.8
BH S11 24 Mar 2020 2.1 211.1 Not installed

4 May 2020 14 2121
BH S12 24 Mar 2020 Dry -

12 May 2020 1.5 212.0
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It should be noted that the groundwater at the site would fluctuate seasonally and can be expected to be
somewhat higher during the spring months, and in response to major weather events.

C1.8 Soil Corrosivity

One (1) soil sample was submitted for corrosion analysis to determine the corrosive potential of the soils with
respect to buried metallic structures. The results of the analyses are presented Table C1.7, and the laboratory
test certificate is included in Appendix D.

Table C1.7: Summary of Analytical Testing
BH C17-SS3 BH C31-SS3 | BH S10-SS5 | BH S12-SS5

Soil Characteristic

Chloride (2:1) ug/g or (ppm) 141 69 363 546
Sulphate (2:1) ug/g or (ppm) 21 18 65 35

pH pH 8.17 8.54 8.12 8.09
Electrical Conductivity | mS/cm 0.392 0.224 0.798 1.08
Resistivity Ohm-cm 2550 4460 1250 926

As per ASTM STP 1013 (Effects of Soil Characteristics on Corrosion — “chloride appears to be the main factor
in increased soil corrosivity with levels in excess of 0.01 % (100 (ug/g) considered indicative of accelerated
corrosion”. The chloride content measured in the samples varied from 69 to 546 pg/g. In accordance with
Table 1 of CSA A23.1-14 and based on “structurally reinforced concrete exposed to chloride, with or without
freezing and thawing” and based on project location, exposure class “C-1" can be used. Class should be based
on structure location and/or durability requirement.

In accordance with Table 3 of CSA A23.1-14, no additional requirement is specified for sulphate content below
0.10 % (i.e. 1,000 ppm or pg/g) below the “moderate degree of exposure” with respect to concrete. Therefore,
in accordance with Table 6 of the Canadian Standards Association (CSA) Series A23.1-14, Type GU Portland
cement can be used based on the water-soluble sulphate content measured in soil.

As noted in ASTM -STP 1013 (Effects of Soil Characteristics on Corrosion), pH values between 4.0 and 8.5 have
very little effect on corrosion (American Water Works Association (AWWA) Standard C 105-72 (Table 1 - Soil-
Test Evaluation AWWA Rating).

The measured soil resistivity values can be considered as “very high” for values below 1000 ohm-cm, "high”
between 1000 ohm-cm and 2000 ohm-cm and “"moderate” between 2000 ohm-cm to 5000 ohm-cm for
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exposed metallic structures, based on ASTM STP 1000, Corrosion Testing and Evaluation - Table 3 (Corrosivity
for Uncoated Steel).

Protection against steel corrosion, where required, could include one or a combination of: adequate concrete
cover, low-permeability concrete, corrosion inhibitors; coated reinforcing steel; clad reinforcing steel; and
corrosion-resistant alloy reinforcement.

A corrosion specialist should be retained, if necessary, to review the analysis results and provide relevant
recommendation.

C2.0 PAVEMENT INVESTIGATIONS AND DESIGN

The purpose of the pavement investigation was to obtain subsurface information and to provide geotechnical
recommendations for widening along Countryside Drive which is east / west oriented, and as per the City's
road classification, it is designated as a minor arterial road. The total length of the investigated road section
is about 2.7 km.

At the time of the investigation, the investigated road section was a 2-lanes rural road that would be widened
to 4-lanes, from Clarkway Drive to RR 50 including realignment at RR50, Ontario. The discussions and
recommendations in the following sections are general in nature as the details of the widening were not
available at the time of this report. At the time of this report, two (2) boreholes (BH C36 and C38), located in
the private lands north of Countryside Drive, have been deferred to detailed design stage, if required.

The subsurface soil profile at the site consisted of surficial asphaltic concrete underlain by non-cohesive soil
sand and gravel fill overlying silty clay fill, silty clay /clayey silt till which extended to the termination depths
of the boreholes that ranged from 1.2 to 9.8 m.

All boreholes were open and dry upon completion to their respective vertical limits of investigation except in
seven boreholes (BHs C5, C11, C27/S7, C31, S8, S10 and S11), where groundwater was encountered at depths
ranging from 2.1 m to 8.2 m below ground surface.

The discussions and recommendations in the following sections are based on the subsurface information
obtained from the boreholes and are intended for use by Design Engineers.

C2.1 Visual Pavement Condition Survey

On 10 August 2020, Wood carried out a visual pavement condition survey of the existing road surface within
the project area to identify any distresses. A summary of the pavement condition survey, including
predominant surface defects, surface deformation and cracking, is tabulated in Table C2.1 and copies of the
Pavement Condition Survey Forms are included in Appendix A-C. Based on the pavement condition survey,
the existing asphaltic concrete surface condition ranged from Good to Fairly Good to Fair for with some
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locations in Fairly Poor to Poor from Clarkway Drive to Coleraine Drive. The existing asphaltic concrete surface
condition ranged from Good to Fairly Good with some locations in Fair and Poor Condition from Coleraine
Dr to Hwy 50.

Table C2.1: Existing Pavement Condition

2020
Condition RaOting

Predominant Distress

Clarkway Dr to Coleraine Dr ~ 1.4 km (2 lanes)

Ranged from Good to

« Ravelling & coarse aggregate loss — Slight / Intermittent. Fairly Good to Fair

*  Wheel Track Rutting/Distortion — Very Severe /Few.
« Longitudinal Cracking (single, multiple and alligator) — Slight to Moderate /

Intermittent. with some locations in
+ Centreline Cracking (single, multiple and alligator) — Moderate / Intermittent. Fairly Poor to Poor
+ Transverse Cracking (single, multiple and alligator) — Moderate /Frequent. Condition.

Coleraine Dr to Hwy 50 ~ 0.8 km (2 lanes)
« Ravelling & coarse aggregate loss — Severe /Extensive. Ranged from Good to
*  Wheel Track Rutting/Distortion — Slight /Few. Fairly Good
+ Longitudinal Cracking (single, multiple and alligator) — Moderate / Intermittent.
+ Centreline Cracking (single, multiple and alligator) — Slight / Intermittent.
+ Transverse Cracking (single, multiple and alligator) — Moderate /Few.

with some locations in
Fair and Poor Condition.

C2.2 Subsurface Conditions

A total of 42 boreholes have been drilled along Countryside Drive from St. Johns Road to Highway 50
including realignment at RR50, Ontario (approx. 2.7 km), including boreholes at three culvert locations. Due
to proximity to BH B22, Borehole C19 was not drilled and combined as BH C19/B22. Similarly, BH C27 and S7
were combined as BH C27/S7. As noted above, two (2) boreholes have not been drilled and are to be drilled

at a later date.

The subsurface soil profile at the site consisted of surficial asphaltic concrete underlain by sand and gravel fill
overlying silty clay fill, silty clay /clayey silt till which extended to the termination depths of the boreholes that
different in depths that ranged from 1.2 to 9.8 m as detailed in the Record of Boreholes.

The driving lanes boreholes revealed that the asphaltic concrete thickness ranged from 90 mm to 200 mm
with an average of 123 mm. Non-cohesive soil (sand and gravel fill) was encountered in all the boreholes
underlying the existing asphaltic concrete that ranged in thickness from 150 mm to 800 mm, with an average
of 442 mm. The shoulder boreholes revealed sand and gravel fill was encountered in all the boreholes that
ranged in thickness from 300 mm to 600 mm, with an average of 535 mm. Two boreholes C12 and C22
encountered 100 mm of topsoil and the other 150 mm of asphaltic concrete overlying fill material.
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Additional subsurface information is provided in Section C1.0 and in the Record of Boreholes.

C2.3 Groundwater Conditions
Groundwater was encountered in a number of boreholes during and on completion of drilling in the open
boreholes at depths varying from 1.5 m to 8.2 m below ground, as listed in Table C1.6. It should be pointed

out that the groundwater at the site would fluctuate seasonally and can be expected to be somewhat higher
during the spring months and in response to major weather events.

C2.4 Pavement Design

The purpose of the geotechnical investigation was to obtain subsurface information and to provide
geotechnical recommendations for road rehabilitation/re-surfacing and widening along Countryside Drive.

The discussions and recommendations in the following sections are based on the available information and
the subsurface information obtained from the boreholes and is intended for use by Design Engineers.

C24.1 Pavement Structure Adequacy
Two methods were used to assess the existing pavement structure. In-situ structure number (“SN”) and in-
situ Granular Base Equivalency (“GBE") were estimated from the borehole data using the equivalency factors

for various material types, as shown in Table C2.2.

Table C2.2: Summary of Typical Structural Layer Coefficient

Typical AASHTO-Ontario Structural
Layer Coefficient (SLC), ai (mm)

Material Type Granular base

Equivalency

Rehabilitation Drainage Structural Factors
Ex!st!ng HL Acceptable 1.0 0.14 t0 0.28 1.25
Existing Gran Base . 0.75

L Questionable 0.9 0.10to0 0.14

Existing Gran Sub-base Inadequate 0.8 to 0.5 0.05 to 0.09 0-50
Existing Gran Base/Sub-base 4 ) ) ) ) 0.625
Pulverization 1.0 0.10t0 0.14 1.0
CIR 1.0 0.28 t0 0.38 1.6-18
RAP/Gran A blended stabilized with EAM 1.0 0.20 to 0.25 1.0

M MTO Report MI-183 -. MTO Report MI-183 "Adaptation and Verification of AASHTO Pavement Design Parameters
for Ontario Conditions" - Table 4-5.

Table C2.3 summarises the total average pavement structural thickness of the existing asphaltic concrete
pavement, granular base and sub-base, as well as the average existing Structure Number 'SN" and ‘GBE’ before
rehabilitation.
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Table C2.3: Summary of Existing Pavement Structure

# of BHs @ MDL /EP=17
Range Range Range Range
(C1, C3, C5, C7, C9, C11, C13, (90-200) mm (150-800) mm | (48-120) mm | (244-644) mm
C15, C17, C21, C25, C27 / ST, Av. 123 mm Av.442 mm Av. 82 mm Av. 430 mm
C29, C31, €33, €35, C37) Si(y) CI Fill
# of BHs @ SHR/TOR=10 100 mm Tps Si(y) CI/Cly) Si Till
@ BH C12 Range
(C2, C6, C8, C12, C18, C20, (300-600) mm - -
C22, C24, C30, C32) 150 mm HMA Av. 535 mm
@BHC22

Notes:
MDL= Mid driving Lane EP = Edge of Pavement SHR = Shoulder Rounding  TOS = Toe of Slope.
™ Existing SN calculations the following parameters were used:
*  Existing HMA coefficient, = 0.28
«  Existing granular base/subbase coefficient, and concrete = 0.12/0.9

C2.4.2 Existing and Forecasted Traffic Data

The traffic data represented as Average Annual Daily Traffic (AADT2020) in both directions was estimated by
Wood Traffic Group as presented in Table C2.4. This traffic data was used to projected traffic data for 20
years design life. Equivalent single axle loads (ESALs) were calculated cumulatively over 20 years as described
in the Ministry of Transportation Report "Procedures for Estimating Traffic Loads for Pavement Design, 1995".

Table C2.4: Traffic Data - Minor Arterial (Rural)

AADT in Both
Directions Growth Rate Comm. Vehicles Design ESALs @ .
%) ) 20 Years Traffic Category
2020
2,379,031 Category
o) o)
5,888 2.0% 6.0% ~ 24 %105 B
(M 2020 is the anticipated construction year.
C2.4.3 Flexible Structural Pavement Design for Widening

After reviewing the field data and laboratory test results, the minimum pavement structural design for
widening of Countryside Drive is presented in Table C2.5 and was determined in accordance with the 1993
American Association of State Highway and Transportation Officials (AASHTO") Guide for the Design of
Pavement Structures using the Darwin Software Program.
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The AASHTO Pavement Design is considered to be a function of estimated future traffic in both directions
(ESALs), reliability (R), which is a function of road classification, overall standard deviation (So), resilient
modulus (M), as well as initial and terminal serviceability (Po, P:). From these parameters, the structure number
(SN) is calculated. The SN is defined in the AASHTO Guide as a number, which provides a measure of the
pavement strength and thickness needed to avoid overstressing the subgrade.

The following design parameters were chosen to calculate the required structure number for the design of
flexible pavement using the AASHTO method, as described in the Ministry of Transportation Materials
Information Report MI-183 "Adaptation and Verification of AASHTO Pavement Design Parameters for Ontario
Conditions".

- Initial serviceability, Pi = 4.5;

- Terminal serviceability, P, = 2.5;

- Reliability level, R =90 percent;
- Overall standard of deviation, So = 0.49;

- Subgrade Resilient Modulus, M, (kPa) M, = 30,000

Table C2.5: Recommended Minimum Structural Pavement Design

AASHTO Design for 20 Years Recommended HMA & PGAC

HL 3 (HS) /HL
1 Surface
Course

HL8

Binder Course

Pavement
Thickness

Z
T a
’::,:
3.9
9 o
X A

Selected SN
Traffic Category

Thickness (mm)

Gran A = 400 mm or
2.4 X 108 Gran A = 150 mm 119 119 550
Gran B Type Il = 250 mm SP 50 mm 50+50 mm

150 PGAC 64-28 PGAC 58-28 B
Gran A = 480 mm or

Gran A = 130 mm 119 130.2 630
Gran B Type Il = 350 mm

Notes:
- Pavement shall be placed over approved subgrade.
- Granular A and Granular B Type Il: Compaction as per OPSS Form 1010 (100% SPMDD).

The City of Brampton minimum Pavement Structure is as follows (Arterial Road STD#208 - 2019):

- 50 mm HL3 Asphalt (High Stability or HL1)
- 85 mm HL8 Asphalt (100 mm for All New Subdivision Roads)
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- 150 mm Granular "A"  or 130 mm of 20 mm Crusher Run Limestone

- 450 mm Granular "B" or 350 mm of 50 mm Crusher Run Limestone

The structure number (SN) of the City of Brampton design is 118.2 mm or by using Crusher Run Limestone
SN = 123.9 mm.

The AASHTO pavement design was selected for the road widening since it is tailored on soil field
investigation, traffic data and traffic loading of 20 years period, with the granular thickness increased
to match the City’'s minimum requirements. However, the granular B Type Il thickness shall be
increased to 450 mm to match the City’s Standards (Table C2.6).

C2.4.4 Widening Countryside Drive from St. Johns Road to Highway 50

Pavement recommendations for widening of Countryside Drive are presented in Table C2.6, including hot mix
type, lift thickness, and PGAC type making up the recommended asphalt thickness, as well as the traffic
category, in accordance with OPSS.MUNI 1151. The granular thicknesses of the widening given in the table is
a minimum thickness and should match the adjacent existing pavement granular thickness to promote
positive lateral drainage. Also, the thicknesses can be increased depending on grading requirements.

Table C2.6: Widening of Countryside Drive

HMA : PGAC Traffic
Type Thickness (mm) Category
HL 3 (HS) / HL 1 50 mm 64-28 B
HL 8 (HS) /HDBC 50 mm 58-28
50 mm 58-28
Granular Base ‘A’ 20m Crusher Run 130 mm - -
Granular Subbase ‘B’ Modified or 50m
. 450 mm - -
Crusher Run or Limestone
Total Pavement Structure 730 mm - -

The granular thicknesses of the widening given in the table is a minimum thickness and should be
increased, as required, to match the adjacent existing pavement granular thickness to promote positive
lateral drainage (refer to the Borehole Log Data). Also, the thicknesses can be increased depending on
grading requirements.

Full depth excavation, as required and commencing from the existing edge of pavement, will be required to
accommodate the proposed design thickness.
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The excavated granular materials from the shoulder can be re-used as fill material for subgrade for the
widening/embankment, provided it is not contaminated. New Granular B subbase should be added and
compacted, followed by new Granular A base material. Both base and subbase can vary in thickness to match
the adjacent existing pavement granular in order to promote positive lateral drainage. The Granular A base
course should be compacted and overlain with 2 lifts of HL 8 (HS) / HDBC binder course, and 1 lift of HL 3
(HS) or HL 1 surface course, as per Table C2.6. Installation of subdrain is recommended, if lateral drainage of
the existing subgrade is not possible.

C2.5 Rehabilitation Strategies

The selected rehabilitation strategy was based on Wood's geotechnical/pavement investigation and analysis,
including a visual pavement condition assessment, subgrade condition, and calculated ESALs. Consideration
was also given to user delay, cost and/or disruption of traffic and an anticipated construction year of 2020.
The proposed rehabilitation strategy is as follows:

In-Place Pulverization, Remixing & Resurfacing with 120 mm of HMA: This strategy involves pulverizing
the existing asphalt concrete thickness into an equivalent depth of granular base material to a total depth of
240 mm. The resulting mixture of asphalt concrete and granular is then graded to cross fall, compacted and
used as a base. The advantages of this option include the elimination of surface defects and reflection cracking
and the reuse of the existing material efficiently. Typically, the GBE for bituminous crushed recovered material
is in the order of 1.0. In-place pulverization should be graded and compacted and resurfaced with 120 mm
of HMA. This option will raise the vertical profile by 120 mm and will provide 16 to 18 years of service life and
average SN of 115 mm after resurfacing.

C2.6 Recommendations and Construction Features for Pavement
C2.6.1 Rehabilitation Strategies

In-Place Pulverization, Remixing & Resurfacing with 120 mm of HMA. This option will raise the existing vertical
profile by 120 mm and will provide service life of 16-18 years.

C2.6.2 Widening of Countryside Drive

Pavement recommendations for widening of Countryside Drive are presented in Table C2.6 for new pavement
structure, including hot mix type, lift thickness, and PGAC type making up the recommended asphalt thickness,
as well as the traffic category, in accordance with OPSS 1151. The granular thicknesses of the widening given
in the table is a minimum thickness and should match the adjacent existing pavement granular thickness to
promote positive lateral drainage. Also, the thicknesses can be increased depending on grading
requirements.
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Full depth excavation, as necessary, and commencing from the existing edge of pavement, will be required to
accommodate the proposed design thickness. The excavated granular materials from the shoulder can be re-
used as fill material for subgrade for the widening/embankment, provided it is not contaminated. New
Granular B Type Il subbase should be added and compacted, followed by new Granular A base material. Both
base and subbase can vary in thickness to match the adjacent existing pavement granular in order to promote
positive lateral drainage. The Granular A base course should be compacted and overlaid with 2 lifts of HL 8
(HS) /HDBC binder course, and 1 lift of HL 3 (HS) / HL 1 surface course, as per Table C2.6. Installation of
subdrain is recommended, if lateral drainage of the existing subgrade is not possible.

The pavement structural design recommended for roads is applicable, provided the subgrade is prepared
under dry weather conditions, proof-rolled with a heavy rubber-tired vehicle (such as a grader or loaded
dump truck) in the presence of the geotechnical consultant. Any loose, soft or unstable areas, if detected
during proof-rolling, must be sub-excavated, replaced with approved granular materials and compacted. Any
additional engineered fill, if required, should be placed in thin layers not exceeding 200 mm and compacted
to a minimum of 98 % of Standard Proctor Maximum Dry Density (SPMDD). Granular materials should be
placed in thin layers not exceeding approximately 200 mm, within + 2 % of its optimum moisture content,
and thoroughly compacted to a minimum of 100 % of SPMDD.

The subgrade should be provided with adequate drainage. If wet weather conditions prevail at the time of
construction, adjustments to this design may be required, i.e. if the subgrade becomes excessively wet or
rutted during construction activities, additional sub-base material may be required. The need for additional
sub-base material is best determined during construction.

All granular base and sub-base materials must be compacted to at least 100% of SPMDD.

No additional sub-excavation, other than removal of organics and topsoil are anticipated within the widening
limits, as presented in Table C1.1 that ranged from 150 mm to 300 mm. However, any unsuitable soft or
saturated material should be removed. Deeper stripping depths may be required, depending on the actual
site conditions between borehole locations.

Prior to completing the rehabilitation, it is recommended that adequate drainage be provided both laterally
and longitudinally along the length of the project.

To meet the design requirements for the pavement life, the road subgrade and granular courses should be
well drained at all times. This can be accomplished by ensuring proper grading of the subgrade and positive
lateral drainage of the granular base daylighting at the ditch. Alternatively, full-length perforated subdrain
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pipes of 150 mm diameter should be installed along both sides of the road, below the roadbed level, to ensure
effective drainage, in accordance with OPSD 216.021. The sub-drainpipes should be wrapped in suitable non-
woven geotextile surrounded by a minimum drainage zone of 19 mm size clear stone of minimum 150 mm
thickness. A minimum slope of 2 % should be maintained across the paved sections (finished road surface)
to ensure proper surface drainage. New pavement should slope towards the gutter/ditch.

The following Marshall hot mixes should be used on Countryside Drive:

e HL 3 (HS)/HL 1 surface course mix and HL 8 (HS) /HDBC binder course should be used to provide
the roadway with high durability.

Material Specification should be as per OPSS.MUNI 1150 Material Specification for Hot Mix Asphalt. For
aggregates, the material specification should be as per OPSS MUNI 1003.

Performance Graded Asphalt Cement (“PGAC") 64-28 should be used only for surface course and PG 58-28
for binder course. This PGAC should satisfy the requirements of MP1 of SHRP Specifications for Superpave.
Recycled Materials: The use of reclaimed asphalt pavement (RAP) is permitted in Marshall mixes. The percent
of RAP for HL 8 and HL 3 should be as per OPSS.MUNI 1150.

RAP containing steel slag aggregates should not be allowed.

Transition Treatments at Limits of Paving: At the limits of the project, a butt joint with the existing pavement
is recommended. The butt joint between successive lifts of hot mix should be staggered at a distance of not
less than 5 m, in accordance with OPSS.PROV 313. It should be ensured that no joint location corresponds
with a joint location in any other layer.

The transition treatment from earth cut to earth fill should be in accordance with OPSD 205.010.

Tack Coat: It is recommended that all milled surfaces, and binder course surfaces will be tack coated prior to
top course asphalt, if exposed to extended traffic. Construction Specification should be as per OPSS Prov.
308, April 2007.

In all areas, asphaltic concrete should be compacted as per OPSS.MUNI 310, Table 10 (April 2011). It should
be noted that the granular base and sub-base materials should be compacted to the City’s standards or to
minimum 100 % SPMDD.

Field Quality Assurance: Plate samples of loose hot mix should be obtained for each paving day, and
extraction/gradation and full Marshall compliance testing should be carried out on these samples. The
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finished surface shall be true to required profile and cross-section within 6 mm from required elevations and
thickness. The surface shall show no depressions or bumps exceeding 3 mm under a 3.0 m long straight edge,
placed parallel to the road centreline.

A minimum depth of 1.4 m should be used for frost protection as per OPSD 3090.101.

No long-term detouring is planned. Therefore, no special treatment will be required.

C3.0 UNDERGROUND UTILITIES

The geotechnical investigation scope of work included obtaining subsurface conditions and providing
recommendations for installation of proposed underground utility services. Accordingly, selected boreholes
(i.e. alternating pavement boreholes) were deepened to a depth of 3 m to 5 m, as listed in Table 5.3.
Information obtained from all relevant boreholes drilled along Countryside Drive have been considered in this
section, as applicable.

C3.1 Subsurface Conditions

A total of thirty-two (32) boreholes (not including the eight augered boreholes for topsoil measurements)
were drilled in driving lanes and shoulder areas of Coleraine Drive to depths varying from about 1.2 m to
9.8 m, for pavement investigation, underground utility installation and three culverts. Two boreholes (BH C36
and C38) had not been drilled at the time of this report and will be drilled at a later date.

Overall, the project site along Countryside Drive consisted of surficial cover (topsoil, asphaltic concrete, and/or
exposed granular fill) underlain fill soils (granular and / or silty clay / clayey silt) overlying native till soils (silty
sand / sandy silt / sand and silt and/or silty clay / clayey silt). The fill soils extended to depths varying from
about 0.9 m to 2.2 m (Elevations 211.0 m to 220.9 m) below the existing ground surface. The silty sand /
sandy silt / sand and silt till was encountered up to a maximum depth of 7.8 m (Elevation 205.4 m) below the
existing ground surface in BH S11. The silty clay / clayey silt till was confirmed to a depth of about 9.8 m
(Elevation 208.0 m) below existing ground surface BH C23 / S7.

Groundwater depths measured in the boreholes and monitoring wells varied from 0.9 m to 8.2 m (Elevations
216.1 m to 205.6 m) below ground surface.

Detailed subsurface and groundwater conditions are provided in Section C1.0.
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C3.2 Discussions and Recommendations for Underground Utilities

As per information available, the planned Countryside Drive rehabilitation / widening within the project limits
will include installation of underground utilities and associated manholes and catch basins. Details of the
installation were not available at the time of this report. Existing utilities, if any, should be protected and taken
into consideration for design and construction of the proposed underground utilities and road widening.

The ground (road) elevations within the project limits (based on borehole location) varied from about 213.2 m
(at BH S11) to 221.8 m (at BH C33), with the overall the ground surface was sloping up from west (St. Johns
Road) to east (Highway 50).

The recommendations and discussions for excavation and installation of underground utility services, and
associated manholes / catch basins, are provided in the following sections.

From the investigation result, fill soils (granular, silty clay) were present to depths varying from 0.9 m to 2.2 m
below existing ground / road level, which included granular fill to depths varying from 0.3 m to 0.6 m in some
of the boreholes. The SPT values in the silty clay / clayey silt fill below the granular fill indicated a firm to hard
but generally stiff consistency. The granular fill was in loose to compact condition.

The native tills soils (silty clay / clayey silt and silty sand / sandy silt / sand and silt) below the fill soils were of
firm to hard consistency and / or compact to very dense overall, with the majority indicating very stiff to hard
consistency and dense to very dense compactness, and should be generally competent to support
underground utility services.

It is recommended that the inverts of underground utilities be founded on native soils, or competent fill soil
subgrade. Existing fills or soft soil encountered at the founding level should be compacted, if possible, or
otherwise, should be sub-excavated and backfilled with compacted soil as recommended in Section C5.3
(Engineered Fill).

For manholes and catch basins founded on competent subgrade (i.e, approved existing fill, imported
engineered fill, till soils), a Geotechnical Reaction at Serviceability Limit State (SLS) of 100 to 150 kPa and a
factored Geotechnical Resistance at Ultimate Limit State (factored ULS) of 150 to 225 kPa, depending on the
subgrade conditions, may be used, which should be verified by a geotechnical engineer during construction.
Under the SLS bearing values, settlements of up to 25 mm may take place.

The frost penetration depth for the project area should be considered as 1.4 m.

The highest groundwater elevation measured during the investigation within the project limits of Countryside
Drive was 0.9 m (Elevation 212.9 m) below ground surface in the monitoring well installed at the culvert
location (BH S10). As such, groundwater may be present within the excavation depths for the underground
utilities. Also, perched water in sandy / silty pockets and / or water from surface runoff will require dewatering
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during excavation. As the excavation will generally be in clayey soils, groundwater seepage, if any, into the
excavation is likely to be slow and a properly filtered sump and pump system, or gravity drainage, may be
used for dewatering excavation.

General discussions regarding excavation and dewatering are provided in Section C5.4. Detailed dewatering
consideration for the project is included Wood's hydrogeological investigation report, which is submitted
under a separate cover.

Trench excavation, pipe bedding and anti-seepage collar considerations are discussed in following sections.

General discussions provided in Section C5.0 should also be considered for design and construction.

Trench excavation should be carried out as per the latest Ontario’s Occupational Health and Safety Act (OHSA)
and Regulations for Construction Projects. The soils classifications are shown in Section C5.4. Based on the
soils encountered in the boreholes, the sides of excavations are expected to be temporarily stable at TH:1V
for Type 2 and Type 3 soils, provided excavations are properly dewatered and underground utilities are
installed and backfilled within a reasonable short period of time. Provisions should be made for dewatering,
as noted in Section C5.4. Trenching should be in accordance with OPSS.MUNI 401 (Construction Specification
for Trenching, Backfilling and Compacting).

Itis important for frost heave compatibility that the trench backfill within the frost zone of 1.4 m depth matches
the soil exposed on the trench walls.

Bedding for underground pipes should be placed in accordance with the design requirements and current
Ontario Provincial Standards (OPS) specifications (Ontario Provincial Standard Drawing (OPSD) 802.10 for
flexible pipes and OPSD 802.30, 802.31 and 802.32 for rigid pipes). It is recommended that a minimum of 150
mm thick bedding material (Class ‘B’ Type or better) be placed below the pipe invert. The thickness of the
bedding may, however, need to be increased depending on the pipe diameter, or if wet or weak subgrade
conditions are encountered. If the subgrade is weak, it should be sub-excavated and replaced with engineered
fill to support the pipes and allow the use of Class 'B' Type bedding. If weak subgrade is encountered and
cannot totally be removed, Class ‘A’ Type bedding (e.g. minimum 100 mm thick lean concrete) should be used
to provide a workable surface and support the proposed pipes.

For the areas to be filled, the fill soils should first be placed approximately to final grade and subsequently
excavated to install the underground pipes in order to prevent pipe settlement due to overburden loads.

Should the pipes be installed in soft clay soils, the joints should be restrained from movements and the backfill
around the pipes should be properly compacted in order to prevent long-term movements. A layer of
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geotextile (Terrafix 270R or equivalent) should be placed between the soft clayey soils and the granular
bedding/backfill in order to prevent soil migration.

The possibility of pipe movements in soft clayey soils, after installation, should be considered in the design
and construction of the underground pipes.

Construction of underground pipes should be carried out in accordance with the relevant OPSS.MUNI 410
(Construction Specification for Pipe Sewer Installation in Open Cut), or other relevant applicable municipal /
regional standards.

Based on the visual and tactile examination of the soil samples, the on-site excavated granular / silty clay fill
and till soils may be re-used as backfill in sewer trenches provided their moisture contents at the time of
construction are at or near the optimum. Moisture conditioning of the sub-excavation soils may be required
prior to reuse. The excavated cohesive fill should be carefully examined for organic content and moisture
condition by qualified geotechnical personnel in order to confirm the need for moisture conditioning or its
acceptability for use as backfill.

The backfill should be placed in maximum 200 mm thick layers at or near (+ 2 %) optimum moisture content,
and each layer should be compacted to at least 95 % Standard Proctor Maximum Dry Density (SPMDD).

Backfill around the manhole / catch basins should be brought up simultaneously on all sides and operation
of heavy equipment near the walls should be restricted to minimize potential movement and/or damage.

Unsuitable material such as organic soils, boulders, cobbles, frozen soils, etc., should not be used for
backfilling.

From the borehole information, the underground utilities will be installed in clayey soil (silty clay fill, silty clay
/ clayey silt till). As such, anti-seepage collars should not be required.

C4.0 CULVERTS ON COUNTRYSIDE DRIVE (STATIONS 0+350, 0+700
AND 1+950)

Three (3) existing culvert (approximate Station 0+300, 0+700 and 1+950), located within the project limits on
Countryside Drive, are planned to be rehabilitated / extended to accommodate the proposed road widening.
The geotechnical investigation consisted of drilling six (6) boreholes (BH C27/S7 and S8 to S12) at the existing
culvert locations to obtain subsurface and groundwater condition. The boreholes were drilled to depth of
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about 5.8 m to 9.8 m (Elevations 204.4 m and 219.5 m) below the existing ground surface. One boreholes
was terminated at the depth of 5.8 m due to auger refusal on likely boulder. The remaining boreholes were
drilled to depth varying from 9.2 m to 9.8 m. Based on available information:

- the existing culvert over Rainbow Creek Tributary at Station 0+350 is a concrete box culvert with a
span of about 3.5 m and is about 12 m long;

- the existing culvert over West Humber Tributary (Clarkway Tributary) at Station 0+700 is a concrete
culvert with a span of about 7.1 m and is about 9.2 m long; and

- the existing culvert over West Humber Tributary (Gore Road Tributary) at Station 1+950 is a concrete
culvert with a span of about 5.5 m and is about 7.5 m long.

Other information of the existing culverts and details of the proposed rehabilitations / extensions were not
available at the time of preparation of this report. The culvert and borehole locations are shown in Figure
Nos. 3A and 3B.

The stratigraphic units and groundwater conditions for each culvert are discussed in the following sections
and presented on the Record of Boreholes. The following summary is to assist the designers of the project
with an understanding of the soil conditions encountered at the proposed culvert location. The soil and
groundwater conditions might vary between and beyond the borehole locations.

C4.1 Subsurface Condition - Culvert on Countryside Drive (Station 0+350)

Two (2) boreholes (BH S11 and S12) were drilled in the vicinity the existing culvert over Rainbow Creek
Tributary at Station 0+350. Based on the soil conditions observed in the boreholes drilled for culvert, the
subsurface profile consisted of fill soils (sand and gravel and silty clay / clayey silt fill) underlying the asphaltic
concrete. Native silty sand / sandy silt / sand and silt and/or silty clay / clayey silt till were encountered
underlying the fill soils in both boreholes.

C4.1.1  Asphaltic Concrete

At Boreholes BH S11 and S12 locations, about 200 mm and 140 mm thick asphaltic concrete, respectively, was
encountered at the ground surface.

C4.1.2 Fill Soils

Fill soils were encountered in both boreholes below the asphaltic concrete and consisted of sand and gravel
fill and silty clay / clayey silt fill, which extended to a depth of about 2.2 m (Elevations 211.0 m and 211.3 m)
below the existing ground surface in both boreholes.

The sand and gravel fill was brown in colour and contained trace to some silt. The silty clay / clayey silt fill,
which was encountered below the sand and gravel fill, was dark brown / grey in colour and contained trace
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to some gravel and trace of organics. SPT ‘N’ values measured within the fill soils ranged from 6 blows to 16
blows per 0.3 m. Water contents measured in the fill samples ranged from 5 % to 21 %.

C4.1.3 Silty Sand / Sandy Silt / Sand and Silt Till

Native silty sand / sandy silt / sand and silt till was encountered below the fill soils in both boreholes and
extended to a depth of about 7.8 m (Elevation 205.4 m) below the existing ground surface in Borehole BH S11,
and to the termination depth of BH S12 5.8 m (Elevation 207.7 m). Borehole BH S12 was terminated due to
auger refusal on possible cobbles/boulders or bedrock. The presence of cobbles and boulders should be
anticipated throughout this granular till deposit based on the depositional history of this material.

The silty sand / sandy silt / sand and silt till was brown to grey in colour, and contained trace clay and trace
gravel. The SPT ‘N’ values measured within the silty sand / sandy silt / sand and silt till ranged from 20 blows
to more than 50 blows per 0.3 m, implying compact to very dense condition. Water contents measured in
the till samples varied from 12 % to 16 %.

Gradation testing was carried out in one sample (BH S11 / SS6), the results of which are presented in Table
C1.4 and shown on the Record of Borehole sheet.

C4.1.4 Silty Clay / Clayey Silt Till

Native silty clay / clayey silt till was encountered underlying the silty sand / sandy silt / sand and silt till and
confirmed to the termination depth of Borehole BH S11 at 9.2 m (Elevation 204.0) below the existing ground
surface.

The silty clay / clayey silt till was brown to grey in colour, and contained trace sand to some sand or was sandy,
trace to some gravel, and cobbles / boulders. One (1) SPT ‘N’ value measured within the silty clay / clayey silt
till was more than 50 blows per 0.3 m, implying hard consistency. A single water content measured in the
silty clay / clayey silt till was 10 %.

C4.1.5 Groundwater Conditions

Upon completion, groundwater was encountered in Borehole BH S11 at a depth of 2.1 m (Elevation 211.1 m)
below the existing ground surface. Groundwater was not encountered in Borehole BH S12 during and upon
completion of the drilling.

The highest groundwater depth measured in monitoring well installed in BH S12 was about 1.4 m (Elevation
212.1 m) below ground surface. Groundwater measurements during drilling and in the monitoring well are
summarized in Table C1.5 and shown on the Record of Borehole.
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It should be noted that the groundwater could fluctuate seasonally and can be expected to be somewhat
higher during the spring months and in response to major weather events.

C4.2 Subsurface Condition — Culvert on Countryside Drive (Station 0+700)

Two (2) boreholes (BH S9 and S10) were drilled in the vicinity of existing culvert over the West Humber
Tributary (Clarkway Tributary) at Station 0+700. Based on the soil conditions observed in the boreholes drilled
for culvert, the subsurface profile at the culvert location consisted of fill soils (sand and gravel and silty clay /
clayey silt fill) underlying the asphaltic concrete. Native silty clay / clayey silt till was encountered underlying
the fill soils to the termination depths of both boreholes.

C4.2.1 Asphaltic Concrete

At Boreholes BH S9 and S10 locations, 150 mm thick asphaltic concrete was encountered at the ground surface
in both boreholes.

C4.2.2  Fill Soils

Fill soils were encountered below the asphaltic concrete and consisted of sand and gravel fill and silty clay /
clayey silt fill, which extended to depths of about 1.8 m and 1.5 m (Elevations 212.6 m and 212.3 m) below the
existing ground surface in Boreholes BH S9 and S10, respectively.

The sand and gravel fill was brown to grey in colour and contained trace to some silt. The silty clay / clayey
silt fill, which was encountered below the sand and gravel fill, was brown and dark brown in colour, and
contained trace to some sand and gravel. SPT ‘N’ values measured within the fill soils ranged from 7 to 9
blows per 0.3 m. Water contents measured in the fill samples ranged from 16 % to 23 %.

C4.2.4 Silty Clay / Clayey Silt Till

Native silty clay / clayey silt till was encountered underlying the fill soils and extended to the termination
depth of both boreholes at 9.4 m (Elevations 205.0 m and 204.4 m) below the existing ground surface.

The silty clay / clayey silt till was brown to grey in colour, and contained trace to some sand or was sandy, and
trace gravel and cobbles / boulders. The SPT ‘N’ values measured within the silty clay / clayey silt till ranged
between 7 blows and more than 50 blows per 0.3 m, implying firm to hard consistency. Water contents
measured in the silty clay / clayey silt till ranged from 8 % to 19 %.

Gradation and Atterberg Limits tests were carried out in one sample (BH S9 / SS7), the results of which are
presented in Table C1.5 above and shown on the Record of Borehole sheets.
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C4.2.5 Groundwater Conditions

Upon completion, groundwater was encountered in Borehole BH S10 at a depth of 8.2 m (Elevation 205.6 m)
below the existing ground surface. Groundwater was not encountered during and upon completion of the
drilling of Borehole BH S9.

The highest groundwater depth measured in monitoring well installed in BH S10 was about 0.9 m (Elevation
212.9 m) below ground surface. Groundwater measurements during drilling and in the monitoring well are
summarized in Table C1.6 and shown on the Record of Boreholes.

It should be noted that the groundwater could fluctuate seasonally and can be expected to be somewhat
higher during the spring months and in response to major weather events.

C4.3 Subsurface Conditions - Culvert on Countryside Drive (Station 1+950)

Two (2) boreholes (BH C27 / S7 and S8) were drilled in the vicinity of the existing culvert over West Humber
Tributary (Gore Road Tributary) at Station 1+950. Based on the soil conditions observed in the boreholes
drilled for culvert, the subsurface profile consisted of fill soils (sand and gravel and silty clay / clayey silt fill)
underlying the asphaltic concrete. Native silty sand / sandy silt till and/or silty clay / clayey silt till was
encountered underlying the fill soils.

C4.3.1 Asphaltic Concrete

At Boreholes BH C27 / S7 and S8 locations, 130 mm and 140 mm thick asphaltic concrete, respectively, was
encountered at the ground surface.

C4.3.2 Fill Soils

Fill soils were encountered below the asphaltic concrete and consisted of sand and gravel fill and silty clay /
clayey silt fill, which extended to a depth of 2.2 m (Elevations 215.6 m and 217.3 m) below the existing ground
surface.

The sand and gravel fill was brown in colour and contained trace to some silt. The silty clay / clayey silt fill,
which was encountered below the sand and gravel fill, was dark grey and dark brown in colour and contained
some sand, trace to some gravel and trace organics. SPT ‘N’ values measured within the fill soils ranged from
6 blows to 17 blows per 0.3 m. Water contents measured in the fill samples ranged from 4 % to 28 %.
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C4.3.3 Silty Sand / Sandy Silt / Sand and Silt Till

An 0.8 m thick layer of native silty sand / sandy silt till was encountered underlying the fill soils up to a depth
of 3.0 m (Elevation 216.6 m) below the existing ground surface in Borehole BH S8. The fill in borehole BH
C27/S7 was underlain by sand and silt till with cobbles and boulders. Borehole BH C27/S7 was terminated in
the granular till.

The silty sand / sandy silt / sand and silt till was brown in colour changing to grey with depth, and contained
trace to some clay and trace gravel. Measured SPT ‘N’ values the granular till varied from 40 to over 50 blows
per 0.3 m, indicating a dense to very dense condition. The water contents measured in the silty sand / sandy
silt till sample were 9 to 26 %.

Gradation and Atterberg Limits tests were carried out in one (1) sample (BH C27 / S7 - SS4), the results of
which are presented in Table C1.4 above and shown in the Records of Boreholes.

C4.3.4 Silty Clay / Clayey Silt Till

Native silty clay / clayey silt till was encountered underlying the sand and silt till in Borehole BH S8. The
cohesive till was confirmed to the termination depth of 9.7 m (Elevations 209.9 m) below the existing ground
surface.

The silty clay / clayey silt till was brown to grey in colour, and contained trace to some sand, trace gravel and
cobbles / boulders. The SPT ‘N’ values measured within the silty clay / clayey silt till ranged between 31 blows
and more than 50 blows per 0.3 m, implying hard consistency. Water contents measured in the silty clay /
clayey silt till ranged from 9 % to 28 %.

C4.3.5 Groundwater Conditions

Upon completion, groundwater was encountered in Boreholes BH C27 / S7 and S8 at depths of 2.7 m and
2.4 m (Elevations 215.1 m and 217.1 m) below the existing ground surface, respectively.

Highest groundwater depth measured in monitoring well installed in BH C27 / S7 was about 1.7 m (Elevation
216.1 m) below ground surface. Groundwater measurements during drilling and in the monitoring well are
summarized in Table C1.6 and shown on the Record of Boreholes.

It should be noted that the groundwater could fluctuate seasonally and can be expected to be somewhat
higher during the spring months and in response to major weather events.
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C4.4 DISCUSSIONS AND RECOMMENDATIONS FOR CULVERTS
The purpose of the geotechnical investigation was to obtain subsurface information and to provide
geotechnical recommendations with respect to proposed culvert rehabilitation / extension.

Within the depths of the six boreholes drilled adjacent to the existing culvert locations, fill soils (sand and
gravel and silty clay / clayey silt) were encountered to a depth of about 1.8 m to 2.2 m (Elevations 217.3 m
and 211.0 m) below ground surface, overlying generally very stiff to hard and / or compact to very dense
native till. The firm till soil were encountered only immediately below the fill soils.

The foundation type of existing culvert and details of the proposed rehabilitation / extension were not
available at the time of preparation of this report. Accordingly, general considerations for the culverts are
presented the following sections.

C4.4.1 Foundation

Based on the boreholes drilled at or in the vicinity of the culvert locations, values of geotechnical reaction at
Serviceability Limit State (SLS) and the factored geotechnical resistance at Ultimate Limit State (ULS) are
provided in Table C4.1 which may be used for design.

Table C4.1: Recommended ULS / SLS Bearing Values for Culvert Foundations

Depth Below . Factored
. . . Geotechnical .
Borehole . Existing Elevation . Geotechnical
Founding Stratum Reaction at SLS . .
No. Grade (m) (kPa) Resistance at ULS(™
(m) (kPa)
Fill above 2.2 (+) | above 215.6 (+) |not recommended| not recommended
BH
C27/S7 Dense sand and silt till / hard
silty clay / clayey silt till below 2.2 (%) | below 215.6 () 200 300
Fill above 2.2 (+) | above 217.3 (+) |not recommended| not recommended
BH S8 Very dense silty sand / sandy silt
till / hard silty clay / clayey silt till | below 2.2 () | below 217.3 (%) 200 300
BH S9 Fill above 2.1 (+) | above 212.2 (+) |not recommended| not recommended
Hard silty clay / clayey silt till below 2.1 () | below 212.2 (%) 200 300
Fill above 1.5 (+) | above 212.3 (+) |not recommended| not recommended
BH S10 Very stiff to hard silty clay /
clayey silt till below 1.5 (+) | below 212.3 (%) 200 300
above 2.2 (+) | above 211.0 (+) |not recommended| not recommended
BH S11 Fill
e
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Depth Below Geotechnical Factored
Borehole Existing Elevation Geotechnical

Grade (m) Reac'c(lli):a:;\t SLS Resistance at ULS("
(m) (kPa)

Dense to very dense silty sand /| below 2.2 () | below 211.0 (+) 200 300
sandy silt / sand and silt till /

hard silty clay / clayey silt till

No. Founding Stratum

Fill above 2.2 (+) | above 211.0 (+) |not recommended| not recommended

BH S12 | Compact to very dense silty sand
/ sandy silt / sand and silt till below 2.2 (+) | below 211.0 (%) 200 300

Engineered fill per OPSS.MUNI 1010 (if used), as per Section B5.3 150 225

Notes: @ A resistance factor of ® = 0.5 has been applied to the ULS values provided.

The geotechnical bearing values provided in Table C4.1 are intended to assess the feasibility and sizes of
footings and are for vertical loads (no inclination) without load eccentricity. Under the SLS pressures,
foundation settlements could be up to 25 mm (total) and 20 mm (differential). Detail foundation analysis
should be carried out, if necessary, to confirm SLS/ULS and corresponding settlements.

The design frost depth penetration is 1.4 m. All foundations should be covered by at least 1.4 m deep soil or
equivalent synthetic thermal insulation.

Highest groundwater level measured during geotechnical investigation in the boreholes / monitoring well at
the culvert location (Sta. 0+350) was at about Elevation 212.1 m (1.4 m below ground), at culvert location (Sta.
0+700) was at about Elevation 212.9 m (0.9 m below ground) and at culvert location (Sta. 1+950) was at about
Elevation 216.1 m (1.7 m below ground). As such, a minimum groundwater level at Elevations of 212 m, 213 m
and 216 m, respectively, or the creek water levels, whichever is higher, should be considered for design.

If required, the regional high flood level of the creek may be used.

During construction, considerable dewatering efforts and / or creek diversion (e.g., cofferdam, sheetpiles) to
control the ingress of creek water may be required. General recommendations related to excavation and
dewatering are presented in Section C5.4.

C4.4.2 Soil Parameters for Design

The unfactored soil parameters listed in Table C4.2 may be used for design of earth structures. It should be
noted that these parameters are based on published information and/or semi-empirical/theoretical
relationships, and are conservative and should be verified by field/laboratory testing, if more representative
parameters are required.
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Table C4.2: Unfactored Static Soil Parameters for Design

Effective

Total Stress
Stress

Analysis

Coefficient
of Friction

Earth Pressure

Coefficients" Bulk

Unit

Analysis

Material A between
At- . Weight
C () c (0} Rest Passive (kN/m?) Concrete and
(kPa) (deg) | (kPa) | (deg) K Ko Soil

Dense to very

dense silty sand / 0 35 0 35 0.27 043 37 20 0.4
sandy silt till
Very stiff to hard
silty clay / clayey 100 0 0 30@ 0.33 0.50 30 19 0.35
silt till

Engineered Fill ®

Granular A
(OPSS.MUNI 1010)
Granular B Type | or

Type Il 0 32 0 32 0.31 047 33 234
(OPSS.MUNI 1010)

Notes: @ Values based on semi-empirical relationships. For SLS, Kp values should be reduced to 1/3 of indicated value to limit lateral

0 35 0 35 0.27 0.43 37 24®
0.4

movement.

@ Normally-consolidated range.

@ All engineered fill should be compacted to at least 100 % SPMDD for supporting foundations.

@ Unit weight values for engineered fill compacted to 100 % SPMDD. For backfill of retaining walls, unit weights for Granular A
and Granular B compacted to 95 % SPMDD may be taken as 22 kN/m3 and 21 kN/m3, respectively.

C4.4.3 Earthquake Considerations

Based on the soil conditions observed in the boreholes (maximum drill depth of 9.4 m below ground) and the
possible bedrock depth at the culvert location (~30 m), and in conformance with the criteria in Table 4.1
(Section 4.4.3.2 — Seismic Properties) of the Canadian Highway Bridge Design Code CSA S6-19 ("CHBDC"), the
project site may be classified as Site Class D (“stiff soil”).

The design values of site coefficients F(T), F(PGA) and F(PGV) can be obtained from Geological Survey of
Canada on Natural resources Canada website: ‘www.earthquakecanada.ca” or Tables 4.2 to 4.9 (Section 4.4.3.3
— Site Coefficients) of CHBDC, and the design spectral acceleration, S (T), should be determined as per Section
4.4.3.4 (Design Spectral Acceleration and Displacement Values) and Tables 4.2 to 4.9 in Section 4.4.3.3 of
CHBDC.
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Culvert and headwall footings should be protected against scour and erosion in the form of cut-off walls, rip-
rap or equivalent. Scour protection should be designed based on the hydrology requirement by an
experienced engineer. Alternatively, the foundations could be placed below the depth of scour and frost
penetration. If rip-rap protection is used, it should be separated from the native soils with a geotextile filter
fabric (e.g. Terrafix 600R or equivalent) or a filter zone of granular material. The embankment slope surface
should be covered with topsoil and seeded/sodded as soon as possible after completion of construction.

Backfill materials around culverts should consist of non-frost susceptible, free-draining granular materials in
accordance with OPSS.MUNI 1010 (i.e, Granular ‘A" or Granular ‘B’). Such granular backfill should be
compacted to at least 95 % SPMDD (Standard Proctor Maximum Dry Density). Free-draining backfill materials
and the drain pipes and weep holes, etc., should be used provided to prevent hydrostatic pressure build-up.

Backfill, backfill transition and cover for the culvert should conform to Ontario Provincial Standard Drawing
(OPSD) 3101.150 (Walls, Abutment, Backfill, Minimum Granular Requirement) or applicable City Standard.

Engineered fill is discussed in Section C5.3, and excavation and dewatering during construction are discussed
in Section C5.4.

To increase sliding resistance, a shear key may be used, if required. The shear key can be designed using the
unfactored K values for the soils provided in Table C4.2. The movement of the retaining structure to mobilize
the passive resistance should be considered in the design.

If retaining walls are constructed at the ends of the culvert (inlet and outlet), they may be founded on the
dense to very dense or the very stiff to hard till. If required, the wall may also be founded on the engineered
fill per OPSS.MUNI 1010. The frost and scour protection recommendations provided in Sections C4.4.1 and
C4.4.4, respectively should also be adhered to in designing retaining wall foundations.

Soft fill areas should be recompacted (if possible) or replaced with the engineered fill described in Section
C5.3. The founding subgrade should be verified by a geotechnical engineer. The SLS/ULS values and soil
parameters provided in Tables C4.1 and C4.2 may be used for design of wall foundations, as required. Slope
stability analyses should be carried for the retaining wall, once the detailed design is completed.
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A slope of 2H:1V (2 Horizontal : 1 Vertical) or flatter should be constructed for a permanent fill embankment.
The embankment should be constructed using engineered fill (Section C5.3). Global slope stability should be
analyzed during detailed design, if the new embankment height is higher than 2 m high, once the detailed
design is finalized. All permanent slope surfaces should be protected against erosion by surface water and
creek water.

Construction of the embankment should follow the requirements of OPSS.MUNI 206 (Construction
Specification for Grading), or applicable City Standard.

C5.0 General Considerations for Design and Construction

C5.1 Site Preparation

Site preparation will likely generally include stripping of topsoil / asphalt / concrete, excavation to subgrade,
proof-rolling, sub-excavating soft spots, if encountered, and backfilling, if necessary, with engineered fill.

All topsoil and loose soil or soil mixed with organic matter should be stripped from pavement areas, manhole
/ catch basin founding areas, and base of underground utility services. Subgrade preparation of pavement is
discussed in Section C2.6.3. Any loose, soft or unstable areas in the exposed subgrade should be sub-
excavated and replaced with approved fill and compacted (Section C5.3). Lean concrete may be used to
backfill sub-excavated areas.

Excavation should be carried out with a temporary slope of 1H:1V or flatter above the groundwater level
(Section C5.4). Roadway shoring protection systems may be required during construction of the culverts.
Temporary shoring is discussed in Section C5.5.

C5.2 Embankment Widening

Based on site condition, the proposed road widening will generally involve fill sections along the investigation
limits. The embankment required for road widening should be constructed with compacted engineered fill
at 2H:1V (or flatter) side slopes. If a side slope steeper than 2H:1V slope is required or if the height of the
embankment / cut slope is greater than 2 m, slope stability analysis should be carried out to assess stability
of the planned slope, depending on the subsurface conditions. Where existing embankments are to be
widened, the side slopes should be benched in accordance with OPSD 208.010 prior to placement of the
widening fills. Final (permanent) embankment side slopes in granular fills should be established to match the
existing slopes or as per OPSD 200.010. Final slopes should be treated with a seed and mulch to prevent
ravelling.

Widening of the road will require, as a minimum, stripping the existing ground surface cover (topsoil, asphaltic
concrete, vegetation cover, surficial fill soils, etc.) from the area required for road widening. The planned
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widening will generally be constructed to the same elevation as the existing road surface. Grading, backfilling
and compacting should follow OPSS.MUNI 206 (Construction Specification for Grading), OPSS.MUNI 401
(Construction Specification for Trenching, Backfilling and Compacting), OPSS 501.MUNI (Construction
Specification for Compacting), and / or the City's requirements.

Backfilling, if required, for site grading (e.g., for subgrade raise, replacement of soft soil) should be placed as
engineered fill. Engineered fill per OPSS.MUNI 1010 should be used to replace soft / incompetent soils and/or
raising grade. Engineered fill should be prepared according to the City's standards / contract specifications.
Engineered fill is discussed in Section C5.3.

The fill soils used for embankment widening should consist of approved clean fill (e.g., Select Subgrade
Materials - OPSS 1010).

C5.3 Engineered Fill

Engineered fill per OPSS.MUNI 1010, where required, may be used to backfill excavated areas, backfill around
manholes, replace soft/ incompetent soils, and / or raise grades. Engineered fill for backfill of excavated areas
should be placed after stripping existing fill soils, any soils containing excessive organic matters and otherwise
unsuitable soils.

Engineered fill can be prepared by placing fill soil and compacted as per OPSS.MUNI 501 (Construction
Specification for Compacting) and/or applicable City Standard. Alternatively, engineered fill should be placed
in loose layers not exceeding 200 mm. The water content of the fill should be within + 2 % of its optimum
moisture content (OMC) at the time of its placement, and it should be thoroughly compacted to a minimum
of 98 % of Standard Proctor Maximum Dry Density (SPMDD) in general.

The fill soils should consist of inorganic soils and should not be frozen during backfilling and compaction.
Full-time geotechnical inspection and quality control (by means of frequent field density and laboratory
testing) are necessary for the construction of a certifiable engineered fill. The compaction procedures and
quality control should be overseen by a geotechnical engineer.

C5.4 Excavation and Dewatering

All excavations should be carried out in accordance with the latest Ontario’s Occupational Health and Safety
Act (OHSA) and Regulations for Construction Projects (O. Reg. 213/91). The soils to be excavated can be
classified as follows:

Existing fill soils Type 3
Firm to hard silty clay / clayey silt till Type 1to 3
(varies by consistency)
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Dense to very dense silty sand / sandy silt till
(above groundwater level / fully dewatered) Type 1
Dense to very dense silty sand / sandy silt till (below groundwater level) Type 3

In accordance with the OHSA, a maximum short-term slope of TH:1V is required to within 1.2 m of the trench
bottom for temporary excavations in Type 1 and 2 cohesive till and native silty sand that is above the
groundwater level, or properly dewatered. For Type 1 and 2 soils, a maximum depth of 1.2 m high vertical cut
at the bottom of excavation may generally be constructed. However, under the groundwater table a 1.2 m
high vertical cut may not be stable and flatter slopes may be required. Type 3 soils above the groundwater
level may be inclined at 1TH:1V or flatter from the bottom. In the case of saturated Type 3 fills or native granular
deposits below the prevailing groundwater, if adequate dewatering is not implemented, slopes of open
excavations will have to be reduced to 2H: 1V or flatter. In the absence of proper dewatering or groundwater
control of Type 3 soils, slope flattening may be insufficient to prevent particularly saturated granular soils from
becoming unstable and devolving to Type 4 materials. Near the ground surface, occasional 3H:1V or flatter
slopes may be required due to loose/soft surficial soils. If open cut cannot be carried out, a temporary shoring
system may be used to limit the extent of excavation. General consideration for temporary shoring is provided
in Section C5.5.

Trenching should be carried out in accordance with OPSS.MUNI 401 (Construction Specification for Trenching,
Backfilling and Compacting).

Stockpiles, materials or any heavy equipment should be kept at least the same horizontal distance as the
depth of the excavation from the upper edge of the excavation to prevent slope instability. All surface
drainage should be directed away from any open excavations and trenches.

Based on observations at the borehole locations and planned excavation depth, normal excavation equipment
should be suitable for excavation. Hard till soils may require additional effort for excavation (e.g., heavy
excavator, rippers, impact hammer, etc.). The terms describing the compactness (very loose, loose, compact,
dense, very dense) or consistency (very soft, soft, firm, stiff, very stiff, hard) of soil strata give an indication of
the effort needed for excavation. It should be noted that cobbles / boulders can be encountered in the till
and in fill soils. Therefore, removal of the cobbles / boulders should be considered and planned for.

During the construction, temporary runoff controls such as sediment trap, interceptor drain, dyke and / or silt
fence should be installed to prevent uncontrolled water / sediment flow into existing water courses. The
effluent from dewatering operations should also be filtered or passed through sediment traps to prevent
turbidity.

Based on the soil and groundwater conditions at the borehole locations, groundwater control within the
excavated area should not be significant. In the clayey soils, groundwater seepage into the excavation, if
encountered, is likely to be slow and a properly filtered sump and pump system or gravity drainage may be
used for dewatering the excavation. High water flow rates (e.g. from perched water in fills or granular layers
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with the cohesive tills) may be encountered during construction and the dewatering effort could require an
increased number of sumps and pumps.

Use of lean concrete mud mat or granular layer may be warranted where founding surfaces are to be exposed
for extended period, especially if the work is carried out during wet weather. Care should also be exercised
to minimize disturbance to the final subgrade during excavation.

It is recommended that qualified geotechnical personnel be present during the foundation excavation to
review the conditions of the foundation subgrade.

C5.5 Temporary shoring

Temporary shoring may be required for vertical excavation during construction of culvert, installation of
underground utilities or roadway protection. This can be accomplished using soldier piles with lagging (or
similar) in order to support the sides of the excavation. Temporary shoring design and construction should
comply with OPSS.MUNI 539 (Construction Specification for Temporary Protection Systems), or applicable City
Standard. The temporary shoring system should be designed to resist the lateral earth, surcharge and
hydrostatic pressures which could occur during construction. Bracings should be installed within the shoring
system to minimize movements of the soils. The temporary shoring system should be designed in accordance
with the latest editions of Canadian Foundation Engineering Manual's (CFEM) and Canadian Highway Bridge
Design Code (CHBDC), together with the requirements of the Ontario Health and Safety Regulations, as
applicable.

The shoring system should be designed and approved by a professional engineer. Geotechnical parameters
provided in Section C4.4.2 may be considered for design of shoring.

C5.6 Suitability of Existing Soils for Backfilling

Most of the excavated soils (i.e. granular fills, clayey fill and till soils) can be suitable for being reused for
backfill, provided they can be separately stored, properly compacted and are environmentally acceptable. Fill
soils containing construction debris (or similar) and organic matter should not be reused. Soils that are too
wet to compact will require additional processing (e.g., drying). Cobbles and boulders (larger than 100 mm
in size), if any, should be discarded by mechanical means (e.g., sieving) or manual removal.

C6.0 PRELIMINARY SOIL CHEMICAL ANALYSES

Environmental soil chemical analyses were carried out to provide preliminary discussions for soil disposal
options as part of the Geotechnical Investigation Preliminary Design for the Site, the results of which are
discussed in the following section.
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No Phase | or Phase Il Environmental Site Assessment (ESA) reports have been conducted or provided to
Wood for review.

It is assumed that a Record of Site Condition, (RSC) as per Ontario Regulation 153/04 Records of Site
Condition, Part XV.1 of the Environmental Protection Act (EPA), as amended (“O.Reg.153/04, as amended”) is
not required at this time.

C6.1 Methodology

The environmental soil screening and laboratory analyses program was carried out in general accordance with
the current Ontario Regulation 153/04 Records of Site Condition, Part XV.1 of the Environmental Protection Act
(EPA), as amended (O. Reg. 153/04) in order to characterize the soil at the Site and to provide an initial
discussion on disposal options for surplus material during future construction. It should be noted that the
scope of work does not meet the analytical or administrative requirements of Ontario Regulation 406/19 On
Site and Excess Soil Management (O. Reg. 406/19) in the event that the soil is to be considered for beneficial
offsite reuse.

A Record of Site Condition (RSC) was not part of the scope of work. Due to the limited scope of work, further
environmental assessment would be required in the event that an RSC is required.

C6.2 Sample Selection for Analyses
The environmental component of the preliminary subsurface investigation included the following activities:

e Conducting the soil sampling activities in accordance with the Ministry of the Environment (MOE)
document entitled “Guide for Completing Phase Two Environmental Site Assessments under Ontario
Regulation 153/04” dated June 2011, the Ministry of the Environment and Energy (MOEE) document
entitled “Guidance on Sampling and Analytical Methods for Use at Contaminated Sites in Ontario”, dated
December 1996; and MOE document entitled “Protocol for Analytical Methods Used in the Assessment of
Properties under Part XV.1 of the Environmental Protection Act” issued by the Laboratory Services Branch
of the MOE and dated March 9, 2004, amended as of July 1, 2011 (Analytical Protocol);

e Based on City of Brampton instruction, submission of nine (9) soil samples for laboratory analysis of metals
& inorganics, three (3) soil sample for analysis of petroleum hydrocarbons (PHC) F1 to F4, two (2) soil
samples for analysis of volatile organic compounds (VOCs) and polycyclic aromatic hydrocarbons (PAHs),
and one (1) soil sample for analysis of benzene, toluene, ethylbenzene, and xylenes (BTEX), to assist in
determining appropriate soil disposal options, if required, during construction;

e Based on City of Brampton instruction, submission of one (1) soil sample for Ontario Regulation 347 (O.
Reg. 347) as amended by Ontario Regulation 558/00 (O. Reg. 558/00) Toxicity Characteristic Leaching
Procedure (TCLP) for volatile organic compounds (VOCs), polychlorinated biphenyls (PCBs) and metals
and inorganics to determine landfill acceptability of soil/granular fill originating from the Site; and

e Comparison of the laboratory analytical results to soil standards presented in the Ministry of the
Environment, Conservation and Parks (MECP) document entitled “Soil, Ground Water and Sediment
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Standards for Use Under Part XV.1 of the Environmental Protection Act,” (the "MECP SCS") dated April 15,
2011 and O. Reg. 347, as amended by O. Reg. 558/00, Schedule 4 Leachate Quality Criteria provided in
the MECP document entitled “Registration Guidance Manual For Generators of Liquid Industrial and
Hazardous Waste,” October 2000 (the “Schedule 4 Criteria”).

All analytical soil results were compared to the MECP Table 1 (background) SCS for all types of Property Use
(except Agricultural) (Table 1 SCS) and MECP Table 3 (generic) SCS for Industrial/Commercial/Community
Property Use for Medium/Fine Textured Soils (Table 3 SCS).

The chemical analyses results were also evaluated against the following tables of Appendix 1 (Generic Excess
Soil Quality Standards) of the new MECP O.Reg.406/19 "On-Site and Excess Soil Management,” additional
elements which are expected to come into force in January 2023:

e Table 1 Full Depth Background Site Condition Standards for all types of property use (except
agricultural) (Table 1 Excess Soil Quality Standards); and

e Table 3.1 Full Depth Excess Soil Quality Standards in a Non-Potable Ground Water Condition, Volume
Independent, for industrial/commercial/community property use (Table 3.1 Excess Soil Quality
Standards).

Furthermore, TCLP analyses results were also compared with Table 3.1 Leachate Screening Levels for Full
Depth Excess Soil in a Non-Potable Ground Water condition, Volume Independent,
Industrial/Commercial/Community Property Use, Appendix 2 - Generic Leachate Screening Levels for Excess
Soil Reuse — of O.Reg.406/19.

Soil samples were obtained for laboratory analysis and field screening, where applicable, using a drill rig
equipped with split spoon sampling capabilities. The drillers cleaned the split spoon by removing loose dirt
from the split spoon using a wire brush, washing the split spoon using a brush in a dilute mix of potable water
and Alconox soap, rinsing the split spoon with distilled water and rinsing the split spoon with methanol and
allowing the split spoon to air dry.

The drillers obtained the split spoon sample by auguring to the specified depth, hammering the spoon about
0.6 m into the soil and removing the spoon. The split spoon sample was inspected for visual and/or olfactory
evidence of environmental impacts. Disposable nitrile gloves were used and replaced between the handling
of successive samples.

The soil samples retrieved from the borehole investigations were examined, classified and logged according
to soil type, moisture content, colour, consistency, and presence of visible indicators of environmental impact.
Soil samples requiring vapour analysis were split into duplicate fractions upon recovery at the surface. The
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primary sample fractions were placed in 120 and/or 250 millilitre (mL) sample jars with Teflon-lined lids and
methanol preserved (cored) samples were placed in 40 mL vials and subsequently stored in coolers on ice for
potential future laboratory analysis. The volatile sample fractions were placed in resealable plastic sample
bags and stored at ambient temperature for subsequent field vapour screening. The samples were selected
on the basis of visual/olfactory evidence of impacts, field screening results, or from the vicinity of the apparent
water table.

Representative soil samples collected during the investigation were submitted to AGAT Laboratories (AGAT)
of Mississauga, Ontario, for metals & inorganics, VOCs and PHC. AGAT is accredited by the Standards Council
of Canada (SCC) and the Canadian Association for Laboratory Accreditation (CALA) in accordance with ISO/IEC
17025:2005 — “General Requirements for the Competence of Testing and Calibration Laboratories” for the tested
parameters set out in the Soil, Ground Water and Sediment Standards.

C6.3 Environmental Test Results & Considerations

Wood conducted a preliminary Environmental Soil Quality Testing Program (the Investigation) as part of the
Geotechnical Investigation. The details of the drilling program, including borehole locations and drilling
methodology are presented in the geotechnical investigation sections of this report. Soil samples submitted
for chemical analysis were collected from depths between 0.3 m and 3.9 m below ground surface (mbgs)
based on presence of fill material and depth of construction works, as detailed in Table C6.1.

Table C6.1: Environmental Tests

Sample ID ‘ Depth (m) ‘ Parameters Tested
BH C1 SS4 23-39 Metals and Inorganics
BH C6 SS2 06-12 Metals and Inorganics
BH C12 SS2 06-12 Metals and Inorganics
BH C13 SS3 1.5-2.1 Metals and Inorganics
BH C17 SS1 03-09 Metals and Inorganics
BH C24 SS2 06-12 Metals and Inorganics
BH C25 SS3 15-21 Metals and Inorganics
BH C29 SS1 03-09 Metals and Inorganics, PHCs, VOCs, PAHs
BH C33 SS1 03-09 PHCs, VOCs, PAHs
BH C37 SS1 03-09 Metals and Inorganics
BH S11SS5 3.05-37 PHCs, BTEX

PHC = Petroleum Hydrocarbons

VOC = Volatile Organic Compounds

BTEX = Benzene, Toluene, Ethylbenzene, Xylenes
PAH = Polycyclic Aromatic Hydrocarbons
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Wood observed fill material in all the boreholes. Headspace combustible organic vapour (COV) concentration
measurements recorded in the soil samples were all non-detectable. Total organic vapour (TOV)
concentration measurements recorded in the soil samples were all non-detectable.

No other evidence (i.e., visual/olfactory) of potential environmental impacts were observed in any of the soil
samples collected from this project area.

The soil samples collected as part of this assessment that had Table 1 SCS exceedances are as follows:

e BH C6 SS2 for EC and SAR;

e BH C12 SS2 for EC and SAR;

e BH C13 SS3 for EC and SAR;

e BH C24 SS2 for EC and SAR;

e BH C25 SS3 and its field duplicate DUP for EC and SAR;
e BH C29 SS1 for EC and SAR; and

e BH C37 SS1 for EC and SAR.

The other analyzed soil samples had concentrations that met the Table 1 SCS for metals and inorganics, PHCs,
VOCs, including BTEX, and PAHs.

The soil samples collected as part of this assessment that had Table 3 SCS exceedances are as follows:

e BH C6 SS2 for SAR;

e BH C12 SS2 for EC and SAR;

e BH C13 SS3 for EC;

e BH C25 SS3 and its field duplicate DUP for EC; and
e BH C29 SS1 for EC.

The other analyzed soil samples met had concentrations that met the Table 3 SCS for metals and inorganics,
PHCs, VOCs, including BTEX, and PAH:s.

When compared to the O. Reg. 406/19 Excess Soil Quality Standards Exceedances, the soil samples collected
as part of this assessment that had Table 1 Excess Soil Quality Standards exceedances are as follows:

e BH C6 SS2 for EC and SAR;

e BH C12 SS2 for EC and SAR;

e BH C13 SS3 for EC and SAR;

e BH C24 SS2 for EC and SAR;

e BH C25 SS3 and its field duplicate DUP for EC and SAR;
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e BH C29 SS1 for EC and SAR; and
e BH C37 SS1 for EC and SAR.

The other analyzed soil samples had concentrations that met the Table 1 Excess Soil Quality Standards for
metals and inorganics, PHCs, VOCs, including BTEX, and PAHs.

The soil samples collected as part of this assessment that had Table 3.1 Excess Soil Quality Standards
exceedances are as follows:

e BH C6 SS2 for SAR;

e BH C12 SS2 for EC and SAR;

BH C13 SS3 for EC;

BH C25 SS3 and its field duplicate DUP for EC; and
e BH C29 SS1 for EC.

The other analyzed soil samples had concentrations that met the Table 3.1 Excess Soil Quality Standards for
metals and inorganics, PHCs, VOCs, including BTEX, and PAHs.

The TCLP analyses for the parameters tested indicated that dry soils (soils that would pass a slump test) would
meet the Schedule 4 Leachate Quality Criteria.

Soil analytical results are shown in Tables 1C to 10C in Appendix C-C. The laboratory certificates of analysis
for the bulk analysis and the certificates of analysis for the O. Reg. 347 TCLP analysis are included Appendix D.

C6.4 Quality Assurance / Quality Control

Field Quality Control: Field quality control was not performed for this segment and is discussed in separate
reports being written as part of the Geotechnical Investigation.

Laboratory Quality Control: The 2011 Analytical Protocol provides requirements for sample handling and
storage requirements, reporting requirements, analytical methods and QA/QC procedures for analytical
parameters.

As per the 2011 Analytical Protocol, all samples/sample extracts were analyzed within their applicable hold
times using approved analytical methods. The report limits were met for all samples and tested parameters.
No tested parameter was present in a detectable concentration in any laboratory Method Blank and all
laboratory surrogates, reference materials and replicate samples are considered acceptable.
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SECTION D: CLARKWAY DRIVE (FROM CASTLEMORE ROAD TO
MAYFIELD DRIVE, ~ 4.3 KM)

D1.0 OVERALL SUBSURFACE CONDITION

A total of fifty-four (54) boreholes (BH D1 to D58, excluding BH D14, D24, D30 and D42) were drilled to depths
varying from 0.2 m to 5.2 m, for the proposed road reconstruction/widening and underground service
installation, which included boreholes in the driving lanes, shoulders and auger holes in the ditches. Boreholes
BH D14, D24, D30 and D42 could not be drilled due to presence of utilities in the shoulder/ditch areas. Four
(4) boreholes (BH S13, S14, S15 and S16) were drilled to depths ranging between 9.3 m and 9.8 m at two
culverts, which are planned to be rehabilitated / extended. The boreholes in the driving lanes and pavement
shoulders were sampled via Standard Penetration Test (SPT), while recording ‘N’ Values. Thirteen (13) auger
holes (without SPT) were carried out in the ditches to measure the topsoil thicknesses.

The stratigraphic units and groundwater conditions are discussed in the following sections. Additional
information is provided in the Record of Boreholes. The following summary is to assist the designers of the
project with an understanding of the possible soil conditions at the investigated road section. The soil and
groundwater conditions might vary between and beyond the borehole locations.

D1.1 Topsoil

Topsoil thicknesses were also measured in the ditches beside the road at thirteen (13) locations, which varied
from about 180 mm to 240 mm, with an average thickness of about 205 mm, as listed in Table D1.1.

Table D1.1: Topsoil Thickness Measurements

Borehole No. Coord.inates (UTM, Zone 17T) Topsoil Thickness

Easting Northing (mm)
BH D4 606134 4850770 190
BH D10 605831 4851102 230
BH D12 605712 4851196 200
BH D16 605497 4851406 240
BH D20 605283 4851615 190
BH D22 605189 4851734 180
BH D26 604976 4851946 200
BH D28 604859 4852040 200
BH D34 604548 4852368 190
BH D40 604216 4852671 220
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Coordinates (UTM, Zone 17T)

Topsoil Thickness

Borehole No.

(mm)
BH D46 603909 4853000 230
BH D52 603578 4853305 200
BH D58 603271 4853634 200

At Boreholes BH D2 and D29 locations, approximately 50 mm and 150 mm of topsoil was encountered at
the surface, respectively.

D1.2 Asphaltic Concrete

At the location of Boreholes BH D1, D3, D5, D7, D9, D11, D13, D15, D17, D19, D21, D23, D25, D27, D31, D32,
D33, D35, D37, D39, D40, D41, D43, D45, D47, D49, D51, D53, D55, D57 and S13 to S16, approximately 80 to
160 mm of asphaltic concrete was encountered at the pavement surface. A layer of 180 mm of concrete was
encountered below the asphalt in Borehole BH D57.

D1.3 Granular Fill

Granular fill, ranging from 100 mm to 1290 mm in thickness, where fully penetrated, was encountered below
the asphaltic concrete in all boreholes drilled through the pavement, except in Borehole BH D57. Borehole BH
D21 was terminated in the granular fill. A 100 mm thick layer of granular fill was intercepted within the
cohesive fill layer in Borehole D2 at a depth of 0.5 m.

Granular fill (sand and gravel) was also encountered at the surface in Boreholes BH D6, D8, D18, D36, D38,
D44, D48, D50, D54 and D56, which extended to depths varying from of 0.1 m to 1.1 m (Elevations 205.5 m
to 221.6 m) below the existing ground surface. Borehole D8, which was terminated in the granular fill.

The SPT ‘N’ values measured in the granular fill ranged from 9 blows to more the 50 blows per 0.3 m of
penetration. The measured water contents in the granular fill samples varied from about 3 % to 11 %.

Two (2) gradation tests were carried out on the selected samples of granular fill, the results of which are
presented in Table D1.2 and are also shown on the Record of Boreholes. Cobbles were enountered in the
granular fill in Boreholes BH D8 and D21.

Table D1.2: Results of Grain Size Distribution Analysis (Granular Fill)
Grain Size Distribution (%)

Borehole | Sample | Depth | Elevation Soil Classification
No. No. (m) (m)
BH D6 SS1A 0.0 - 0.6/ 206.1 - 205.5 36 49 15 SAND AND GRAVEL, some fines. Sample
does not meet OPSS1010 Granular A or
BH D41 SS1A |0.1-0.2|213.8-213.7 35 50 13 B due to excessive fines content
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The grain size distribution curves are presented on Figure B-D1 in Appendix B-D.
D1.4 Silty Clay / Clayey Silt Fill

Silty clay / clayey silt fill was encountered below the granular fill / topsoil / asphaltic concrete at all borehole
locations, except at Boreholes BH D6, D8, D21, D31 and D39. Boreholes BH D8 and D21 were terminated
within the granular fill. Where fully penetrated, the silty clay / clayey silt fill thickness ranged from about 0.3
to 3.1 m, and extended to depths varying from about 0.6 m to 4.1m (Elevations 203.7 m to 222.9 m) below
the existing ground. Eleven boreholes (BH D9, D15, D18, D27, D29, D32, D33, D36, D38, D39 and D41)
terminated within the silty clay / clayey silt fill at depths varying from about 1.5 m and 2.1 m below ground
surface.

The silty clay / clayey silt fill was generally brown to dark grey in colour and contained trace to some sand,
trace of gravel and organics. Cobbles were noted in the cohesive fill in Boreholes BH D9 and D13.

The SPT ‘N’ values measured in the silty clay / clayey silt fill ranged from 0 blows to 38 blows per 0.3 m of
penetration. One zero blow count (i.e. penetration with spoon self-weight) was measured in BH D37. In the
rest of the test, a minimum ‘N’ value of 5 blow per 0.3 m was observed. The measured water contents in the
silty clay / clayey silt fill samples varied from about 6 % to 28 %.

D1.5 Sandy Silt Fill

Sandy silt fill was encountered below the granular fill at borehole locations BH D31 and D39. The sandy fill
extended to a depth of 2.2 m (Elevation 207.8 m) below ground surface in Borehole BH D31. Borehole BH 39
was terminated within the sandy silt fill.

The sandy silt fill was generally dark brown / dark grey in colour and contained trace to some clay and trace
of gravel. The SPT ‘N’ values measured in the sandy silt fill were all 9 blows per 0.3 m of penetration. Two
water contents measured in the sandy silt fill samples were about 14 % and 23 %.

D1.6 Silty Clay / Clayey Silt Till

Native silty clay / clayey silt till was encountered below the fill soils in all boreholes that did not terminate
within the fill soils, and were encountered at depths of about 0.6 m to 4.1 m (Elevations 203.7 m to 222.9 m)
and extended to the termination depths of all boreholes, except Boreholes BH S13 and S14, where it was
underlain by silty sand / sandy silt till (Section D1.7). The silty clay / clayey silt till was confirmed to a maximum
termination depth at about 9.8 m (Elevation 203.3 m) below existing ground surface in BH S16. In the rest of
the boreholes the silty clay / clayey silt till extended up to depths (including termination depths) of about
1.5 m to 9.4 m (Elevations 200.7 m to 221.6 m) below existing ground surface.

The clayey silt / silty clay till was brown to grey in color, and contained trace to some sand and trace amount
of gravel. Cobbles/boulders were encountered in some of the boreholes at various depths. Due to the
depositional history of glacial tills, the presence of cobbles and boulders should be anticipated throughout
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the till deposit. Generally, the SPT ‘N’ values of the silty clay / clayey silt till ranged from 3 blows to greater
than 50 blows per 0.3 m blows implying a soft to hard consistency overall. Generally, ‘N’ values were above
10 blows per 0.3 m, (stiff consistency).

The measured water contents of the silty clay / clayey silt till samples ranged from about 8 % to 22 %.

Gradation and Atterberg Limits tests were carried out on four (4) samples of the silty clay / clayey silt till, the
results of which are presented in Table D1.3, and shown in the Records of Boreholes.

Table D1.3: Results of Grain Size Distribution Analysis and Atterberg Limit Tests
(Silty Clay / Clayey Silt Till)

Grain Size Distribution (%) Atterbera Limit USCS
Borehole |Sample |Depth|Elevation 9 Modified
No. No. | (m) (m) Plastic |Plasticity| Group
Symbol
BH D19 SS3 1.8 208.8 2 22 49 27 27 16 11 CL
BH D49 SS5 33 217.5 2 19 48 31 29 17 12 CL
BH S13 SS6 | 49 205.3 3 16 50 31 26 17 9 CL
BH S15 SS7 | 48 207.9 6 31 46 17 18 13 5 CL-ML

The grain size distribution curves and plasticity chart are presented Figure Nos. B-D2 and B-D3 in Appendix
B-D.

D1.7 Silty Sand / Sand and Silt Till

Native silty sand / sand and silt till were encountered in Borehole BH S13 and S14 below the silty clay / clayey
silt till, and extended to the termination depth of the boreholes at about 9.3 m (Elevations 200.9 m and
200.7 m, respectively). The silty sand / sand and silt till was grey in color, contained trace clay and trace gravel
and cobbles / boulders. SPT ‘N’ values measured in the silty sand / sand and silt till varied from 9 blows to
50 blows per 0.3 m indicating loose to very dense compactness. Water contents measured in silty sand / sand
and silt till samples varied from 13 % to 21 %.

Gradation and Atterberg Limit tests were carried out in one sample (SS 8) from Borehole BH S14, the results
of which are presented in Table D1.4, and also shown in the Records of Boreholes.

Table D1.4: Results of Grain Size Distribution Analysis and Atterberg Limit Tests
(Sand and Silt Till)

Grain Size Distributi
. rain Size Distribution Atterberg Limit US.C.S
Elevation Modified
(m) Liquid | Plastic |Plasticity| Group
Limit Limit Symbol
BH S14 SS 8 79 202.0 ‘ - ‘ 51 47 ‘ 2 Non-plastic SM
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The grain size distribution curve is presented in Figure No. B-D4 in Appendix B-D.
D1.8 Groundwater

Upon completion, groundwater was encountered in Boreholes BH D3, D6 to D8, D15, D17 to D19, D21, D23,
D25, D40 and S13 and S14 at depths of 0.6 to 4.6 m (Elevation 204.1 to 210.2.9 m) below the existing ground
surface. Groundwater was not encountered in the remaining boreholes.

A monitoring well was installed at the locations of BH S13 and S16 at the culvert crossings. The groundwater
depth measured in the boreholes (where groundwater was encountered) at the time of drilling or upon
completion of drilling, and in subsequent measurements in the monitoring well are summarized in Table D1.5
and shown on the Record of Boreholes.

Table D1.5: Results of Groundwater Depth Measurements

Groundwater Measurements

In Monitoring

Elevation

D3 18 Feb 2020 0.6 2054 Not installed

D6 18 Feb 2020 0.6 205.5 Not installed

D7 18 Feb 2020 1.8 204.1 Not installed

D8 18 Feb 2020 0.6 205.0 Not installed

D15 19 Feb 2020 0.9 208.6 Not installed

D17 1 Apr 2020 4.6 205.9 Not installed

D18 1 Apr 2020 1.2 208.9 Not installed

D19 19 Feb 2020 1.2 2094 Not installed

D21 19 Feb 2020 1.2 207.8 Not installed

D23 19 Feb 2020 1.2 208.0 Not installed

D25 24 Feb 2020 1.2 207.9 Not installed

D40 13 Feb 2020 2.7 210.2 Not installed
BHS13 |25 Feb 2020 43 205.9 12May2020 | 14 | 2088
BH S14 25 Feb 2020 4.1 205.9 Not installed
BHS16 |24 Feb 2020 Not encountered 12May2020 | 32 | 2099

It should be noted that the groundwater at the site would fluctuate seasonally and can be expected to be
somewhat higher during the spring months, and in response to major weather events.

D1.9 Soil Corrosivity

Three (2) soil samples were submitted for corrosion analysis to determine the corrosive potential of the soils
with respect to buried metallic structures. The results of the analyses are presented Table D2.6, and the
laboratory test certificate is included in Appendix D.
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Table D2.6: Soil Corrosivity Test Results

Parameter BH D53 - SS4 BH S14 - SS5 BH S16 - SS5
Chloride ug/g or (ppm) 660 107 242
Sulphate ug/g or (ppm) 31 208 26
pH pH Units 7.97 8.00 8.12
Electrical Conductivity mS/cm 1.4 0.554 0.575
Resistivity Ohm-cm 763 1810 1740

As per ASTM STP 1013 (Effects of Soil Characteristics on Corrosion — “chloride appears to be the main factor
in increased soil corrosivity with levels in excess of 0.01 % (100 (ug/g) considered indicative of accelerated
corrosion”. The chloride content measured in all three samples were more than 100 pg/g. In accordance with
Table 1 of CSA A23.1-14 and based on “structurally reinforced concrete exposed to chloride, with or without
freezing and thawing” and based on project location, exposure class “C-1" can be used. Class should be based
on structure location and/or durability requirement.

In accordance with Table 3 of CSA A23.1-14, no additional requirement is specified for sulphate content
below 0.10 % (i.e. 1,000 ppm or pg/g) below the “moderate degree of exposure” with respect to concrete.
Therefore, in accordance with Table 6 of the Canadian Standards Association (CSA) Series A23.1-14, Type GU
Portland cement can be used based on the water-soluble sulphate contents measured in soils.

As noted in ASTM -STP 1013 (Effects of Soil Characteristics on Corrosion), pH values between 4.0 and 8.5 has
very little effect on corrosion (American Water Works Association (AWWA) Standard C 105-72 (Table 1 - Soil-
Test Evaluation AWWA Rating).

The measured soil resistivity values below 1000 ohm-cm can be considered as “very high” and between 1000
ohm-cm and 2000 ohm-cm as "high” for exposed metallic structures, based on ASTM STP 1000, Corrosion
Testing and Evaluation - Table 3 (Corrosivity for Uncoated Steel).

Protection against steel corrosion, where required, could include one or a combination of: adequate concrete
cover, low-permeability concrete, corrosion inhibitors; coated reinforcing steel; clad reinforcing steel; and
corrosion-resistant alloy reinforcement.

A corrosion specialist should be retained, if necessary, to review the analysis results and provide relevant
recommendation.
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D2.0 PAVEMENT INVESTIGATIONS AND DESIGN

The purpose of the pavement investigation was to obtain subsurface information and to provide geotechnical
recommendations for widening of Clarkway Drive which is north / south oriented, and as per the City's road
classification, it is designated as a minor arterial road. The total length of the investigated road section is
about 4.3 km.

At the time of the investigation, the investigated Castlemore Road was a 2-lanes rural road that would be
widened to 4-lanes; from Castlemore Road to E-W Arterial as rural for about 1.3 km, and urbanizing 3.0 km
from E-W arterial and Mayfield Road with potential continuous centre turn lane. The discussions and
recommendations in the following sections are general in nature as the details of the widening were not
available at the time of this report.

The subsurface soil profile at the site consisted of surficial asphaltic concrete underlain by non-cohesive soil
sand and gravel fill overlying silty clay fill, silty clay /clayey silt till which extended to the termination depths
of the boreholes that ranged from 0.9 to 9.4 m.

All boreholes were open and dry upon completion to their respective vertical limits of investigation except in
two boreholes (BH S13 and S14), where groundwater was encountered at depths of 43 m and 4.1 m,
respectively, below ground surface.

The discussions and recommendations in the following sections are based on the subsurface information
obtained from the boreholes and are intended for use by Design Engineers.

D2.1 Visual Pavement Condition Survey

On 10 August 2020, Wood carried out a visual pavement condition survey of the existing road surface within
the project area to identify any distresses. A summary of the pavement condition survey, including
predominant surface defects, surface deformation and cracking, is tabulated in Table D2.1 and copies of the
Pavement Condition Survey Forms are included in Appendix A-D. Based on the pavement condition survey,
the existing asphaltic concrete surface condition was rated Poor Condition from Castlemore Rd to Countryside
Dr with some locations ranged from Fairly Good, Fair, Fairly Poor to Very Poor. The existing asphaltic concrete
surface condition from Castlemore Rd to Countryside Dr ranged from Fair to Poor to Very Poor condition.
The existing asphaltic concrete surface condition from Clarkway Drive from Countryside Dr to Mayfield Rd
ranged from Very Poor to Poor condition with some locations ranged from Fair to Good.
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Table D2.1: Existing Pavement Condition

2020
Condition RaOting
Clarkway Drive from Castlemore Rd to Countryside Dr ~3.1 km (2 lanes)

Predominant Distress

300 m North of Castlemore Rd recently paved and rated Good Condition.

* Ravelling & coarse aggregate loss — Moderate / Frequent.
* Wheel Track Rutting/Distortion — Slight / Intermittent.

+ Longitudinal Cracking (single, multiple and alligator) — Moderate to Severe/ Ranged from Fair to Poor
Frequent to Extensive. to Very Poor Condition
« Centreline Cracking (single, multiple and alligator) — Moderate to Severe/
Frequent to Extensive. with some locations ranged
+ Pavement Edge Cracking — Moderate to Severe/ Frequent to Extensive. from Fairly Poor to Good

+ Transverse Cracking (single, multiple and alligator) — Moderate to Severe /
Frequent to Extensive.

Clarkway Drive from Countryside Dr to Mayfield Rd. ~ 1.2 km (2 lanes)

Patched NBL North of Countryside from 50 — 100 m and from 125 — 150 m.
Patched South of Mayfield Rd from 10 to 100 m.

« Ravelling & coarse aggregate loss — Moderate / Intermittent.
*  Wheel Track Rutting/Distortion — Moderate / Frew. Ranged from Vefy, Poor to
+ Longitudinal Cracking (single, multiple and alligator) — Severe / Frequent. Poor Condition
+ Centreline Cracking (single, multiple and alligator) — Moderate / Frequent.
+ Pavement Edge Cracking - Severe/ Frequent.

e Transverse Cracking (single, multiple and alligator) — Moderate / Frequent.

with some locations ranged
from Fair to Good

D2.2 Subsurface Conditions

A total of 58 boreholes were drilled along Clarkway Drive from Castlemore Road to Mayfield Road (approx.
4.3 km). Four (4) boreholes could not be drilled due to presence of underground utility along shoulder/ditch.
The subsurface soil profile at the site consisted of surficial asphaltic concrete underlain by sand and gravel fill
overlying silty clay fill, silty clay /clayey silt till which extended to the termination depths of the boreholes that
different in depths that ranged from 0.9 to 9.4 m as detailed in the Record of Boreholes.

The driving lanes boreholes revealed that the asphaltic concrete thickness ranged from 85 mm to 160 mm
with an average of 114 mm. Non-cohesive soil (sand and gravel fill) was encountered in all the boreholes
underlying the existing asphaltic concrete that ranged in thickness from 100 mm to 1,410 mm, with an average
of 544 mm. The shoulder boreholes revealed sand and gravel fill was encountered in all the boreholes that
ranged in thickness from 100 mm to 1,250 mm, with an average of 512 mm. Two boreholes (BH D2 and D29)
encountered topsoil ranged in depth from 50 mm - 150 mm. Another 2 boreholes (BH D32 and D40)
encountered asphaltic concrete ranged in thickness from 110 mm — 150 mm.
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Additional subsurface information is provided in Section D1.0 and in the Record of Boreholes.

D2.3 Groundwater Conditions
Groundwater was encountered in a number of boreholes during and on completion of drilling in the open
boreholes at depths varying from 0.6 m to 4.6 m below ground, as listed in Table D1.4. It should be pointed

out that the groundwater at the site would fluctuate seasonally and can be expected to be somewhat higher
during the spring months and in response to major weather events.

D2.4 Pavement Design

The purpose of the geotechnical investigation was to obtain subsurface information and to provide
geotechnical recommendations for road rehabilitation/re-surfacing and widening along Clarkway Drive.

The discussions and recommendations in the following sections are based on the available information and
the subsurface information obtained from the boreholes and is intended for use by Design Engineers.

D2.4.1 Pavement Structure Adequacy

Two methods were used to assess the existing pavement structure. In-situ structure number (“SN”) and in-
situ Granular Base Equivalency (“GBE") were estimated from the borehole data using the equivalency factors
for various material types, as shown in Table D2.2.

Table D2.2: Summary of Typical Structural Layer Coefficient

Typical AASHTO-Ontario Structural Granular base

Material Type

Layer Coefficient (SLC), ai (mm) ™ Equivalency

Rehabilitation Drainage Structural Factors
Ex!st!ng HL Acceptable 1.0 0.14 t0 0.28 1.25
Existing Gran Base . 0.75

. Questionable 0.9 0.10t0 0.14

Bxisting Gran Sub-base Inadequate 0.8t0 0.5 | 0.05 to 0.09 050
Existing Gran Base/Sub-base 9 ) ] ' ' 0.625
Pulverization 1.0 0.10to 0.14 1.0
CIR 1.0 0.28 to 0.38 16-18
RAP/Gran A blended stabilized with EAM 1.0 0.20 to 0.25 1.0

(M MTO Report MI-183 -. MTO Report MI-183 "Adaptation and Verification of AASHTO Pavement Design Parameters
for Ontario Conditions" - Table 4-5.

Table D2.3 summarises the total average pavement structural thickness of the existing asphaltic concrete
pavement, granular base and sub-base, as well as the average existing Structure Number ‘SN’ and 'GBE’ before
rehabilitation.
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Table D2.3: Summary of Existing Pavement Structure

| HMA | Base/Subbase Sl

# of BHs @ MDL/EP= 28

(D1, D3, D5, D7, D9, D11, D13, Range Range Range Range
D15, D17, D19, D21, D23, D25, (85-160) mm | (100-1,410) mm | (25-165) mm | (188-994) mm
D27, D31, D33, D35, D37, D39, Av. 114 mm Av. 544 mm Av. 75 mm Av. 482 mm
D41, D43, D45, D47, D49, D51,
D53, D55, D57) Si(y) CI Fill
HMA® BHs Si(y) Cl/Cl(y) Si Till

# of BHs @ SHR/TOR= 14 (D32, D40)

(110-150) mm Range

(D2, D6, D8, D18, D29, D32, (100-1,250) mm - -

D36, D38, D40, D44, D48, D50, Tps @ BHs Av. 512 mm
D54, D56) (D2, D29)
(50-150) mm
Notes:

MDL= Mid driving Lane  EP = Edge of Pavement  SHR = Shoulder Rounding  TOS = Toe of Slope.
(M Existing SN calculation s the following parameters were used:

e  Existing HMA coefficient, = 0.14

e Existing granular base/subbase coefficient, and concrete = 0.12/0.9

D2.4.2 Existing and Forecasted Traffic Data

The traffic data represented as Average Annual Daily Traffic (AADT2020) in both directions was estimated by
Wood Traffic Group as presented in Table D2.4. This traffic data was used to projected traffic data for 20
years design life. Equivalent single axle loads (ESALs) were calculated cumulatively over 20 years as described
in the Ministry of Transportation Report "Procedures for Estimating Traffic Loads for Pavement Design, 1995".

Table D2.4: Traffic Data along Clarkway Drive

AADT in Both
Direcl:‘ior:; Growth Rate Comm. Vehicles Design ESALs @ Traffic Categor
(%) 1) 20 Years gory
2020M
Clarkway Drive from Castlemore Rd to E-W Arterial ~1.3 km (Rural)
1,464,641
(o) (o) ' !’
3,620 2.0% 6.0% 15 % 106 Category B
Clarkway Drive from E-W Arterial to Mayfield Road. ~ 3.0 km (Urban)
725,132
0, o, I
2,360 2.0% 6.0% ~ 0.75 x 106 Category B
(M 2020 is the anticipated construction year.
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D2.4.3 Flexible Structural Pavement Design for Widening

After reviewing the field data and laboratory test results, the minimum pavement structural design for the
widening of Clarkway Drive is presented in Table D2.5 and was determined in accordance with the 1993
American Association of State Highway and Transportation Officials (AASHTO") Guide for the Design of
Pavement Structures using the Darwin Software Program.

The AASHTO Pavement Design is considered to be a function of estimated future traffic in both directions
(ESALs), reliability (R), which is a function of road classification, overall standard deviation (So), resilient
modulus (M), as well as initial and terminal serviceability (Po, Py). From these parameters, the structure number
(SN) is calculated. The SN is defined in the AASHTO Guide as a number, which provides a measure of the
pavement strength and thickness needed to avoid overstressing the subgrade.

The following design parameters were chosen to calculate the required structure number for the design of
flexible pavement using the AASHTO method, as described in the Ministry of Transportation Materials
Information Report MI-183 "Adaptation and Verification of AASHTO Pavement Design Parameters for Ontario
Conditions".

- Initial serviceability, Pi=45;

- Terminal serviceability, P, = 2.5;

- Reliability level, R =90 percent;
- Overall standard of deviation, So = 0.49;

- Subgrade Resilient Modulus, M, (kPa) M; = 30,000

Table D2.5: Recommended Minimum Structural Pavement Design

AASHTO Design for 20 Years Recommended HMA & PGAC

HL 8 (HS) /

HI 3 (HS) /HL 1 HDBC

Surface Course

Selected SN
Pavement
Thickness

-
-
w £
€ o
o =
w I
9 o
o o

[~

Traffic Category

Binder Course

Thickness (mm)

Clarkway Drive from Castlemore Rd to E-W Arterial ~1.3 km (Rural) ESALs = 1.5 X 10°
Clarkway Drive from E-W Arterial to Mayfield Road ~ 3.0 km (Urban) ESALs = 0.75 X 10°

Gran A = 400 mm or

Gran A = 150 mm 112 112.7 535
15X 108 135 Gran B Type Il = 250 mm SP 50 mm 85 mm B
6 - -
0.75X 10 Gran A = 480 mm or PGAC 64-28 PGAC 58-28
Gran A = 130 mm 112 1239 615

Gran B Type Il = 350 mm

Wood Reference: TP115086 | 8/15/20225/2/2022 Page 140 of 201




BRAMPTON Geotechnical Investigation Report
ﬁ\"’é Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION D

Notes:
- Pavement shall be placed over approved subgrade.
- Granular A and Granular B Type Il: Compaction as per OPSS Form 1010 (100% SPMDD).

The City of Brampton minimum Pavement Structure is as follows (Arterial Road STD#208 - 2019):

- 50 mm HL3 Asphalt (High Stability or HL1)
- 85 mm HL8 Asphalt (100 mm for All New Subdivision Roads)
- 150 mm Granular "A"  or 130 mm of 20 mm Crusher Run Limestone

- 450 mm Granular "B" or 350 mm of 50 mm Crusher Run Limestone

The structure number (SN) of the City of Brampton design is 118.2 mm or by using Crusher Run Limestone
SN =123.9 mm

The City of Brampton pavement design standard was selected for the roadway widening since it
provides better granular thickness in comparison to the AASHTO pavement structure design.

D2.4.4 Widening Clarkway Drive from Castlemore Drive to Mayfield Drive

Pavement recommendations for widening of Clarkway Drive are presented in Table D2.6, including hot mix
type, lift thickness, and PGAC type making up the recommended asphalt thickness, as well as the traffic
category, in accordance with OPSS 1151. The granular thicknesses of the widening given in the table is a
minimum thickness and should match the adjacent existing pavement granular thickness to promote positive
lateral drainage. Also, the thicknesses can be increased depending on grading requirements.

Table D2.6: Widening of Clarkway Drive

HMA : PGAC Traffic
Type Thickness (mm) Category
HL 3 (HS) / HL 1 50 mm 64-28 B
HL 8 (HS) /HDBC 85 mm 58-28
Granular Base ‘A’ or 20m Crusher Run 150 mm - -

Granular Subbase ‘B’ Modified or 50m

Crusher Run or Limestone 450 mm - -

Total Pavement Structure 735 mm - -

The granular thicknesses of the widening given in the table is a minimum thickness and should be
increased, as required, to match the adjacent existing pavement granular thickness to promote
positive lateral drainage (refer to the Borehole Log Data). Also, the thicknesses can be increased
depending on grading requirements.
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Full depth excavation, as required and commencing from the existing edge of pavement, will be required to
accommodate the proposed design thickness.

The excavated granular materials from the shoulder can be re-used as fill material for subgrade for the
widening/embankment, provided it is not contaminated. New Granular B subbase should be added and
compacted, followed by new Granular A base material. Both base and subbase can vary in thickness to match
the adjacent existing pavement granular in order to promote positive lateral drainage. The Granular A base
course should be compacted and overlain with 1 lift of HL 8 (HS) / HDBC binder course, and 1 lift of HL 3 (HS)
or HL 1 surface course, as per Table D2.6. Installation of subdrain is recommended, if lateral drainage of the
existing subgrade is not possible.

D2.5 Rehabilitation Strategies

The selected rehabilitation strategy was based on Wood's geotechnical/pavement investigation and analysis,
including a visual pavement condition assessment, subgrade condition, and calculated ESALs. Consideration
was also given to user delay, cost and/or disruption of traffic and an anticipated construction year of 2020.
The proposed rehabilitation strategy is as follows:

In-Place Pulverization, Remixing & Resurfacing with 135 mm of HMA: This strategy involves pulverizing
the existing asphalt concrete thickness into an equivalent depth of granular base material to a total depth of
240 mm. The resulting mixture of asphalt concrete and granular is then graded to cross fall, compacted and
used as a base. The advantages of this option include the elimination of surface defects and reflection cracking
and the reuse of the existing material efficiently. Typically, the GBE for bituminous crushed recovered material
is in the order of 1.0. In-place pulverization should be graded and compacted and resurfaced with 135 mm
of HMA. This option will raise the vertical profile by 135 mm and will provide 14 to 18 years of service life and
average SN of 135 mm after resurfacing.

D2.6 Recommendations and Construction Features for Pavement
D2.6.1 Rehabilitation Strategies

In-Place Pulverization, Remixing & Resurfacing with 135 mm of HMA. This option will raise the existing vertical
profile by 135 mm and will provide service life of 14-18 years.

D2.6.2 Widening of Coleraine Drive

Pavement recommendations for widening of Clarkway Drive are presented in Table D2.6 for new pavement
structure, including hot mix type, lift thickness, and PGAC type making up the recommended asphalt thickness,
as well as the traffic category, in accordance with OPSS 1151. The granular thicknesses of the widening given
in the table is a minimum thickness and should match the adjacent existing pavement granular thickness to
promote positive lateral drainage. Also, the thicknesses can be increased depending on grading requirements.
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Full depth excavation, as necessary, and commencing from the existing edge of pavement, will be required to
accommodate the proposed design thickness. The excavated granular materials from the shoulder can be
re-used as fill material for subgrade for the widening/embankment, provided it is not contaminated. New
Granular B Type Il subbase should be added and compacted, followed by new Granular A base material. Both
base and subbase can vary in thickness to match the adjacent existing pavement granular in order to promote
positive lateral drainage. The Granular A base course should be compacted and overlaid with 1 lift of HL 8
(HS) /HDBC binder course, and 1 lift of HL 3 (HS) / HL 1 surface course, as per Table D2.6 Installation of
subdrain is recommended, if lateral drainage of the existing subgrade is not possible.

The pavement structural design recommended for roads is applicable, provided the subgrade is prepared
under dry weather conditions, proof-rolled with a heavy rubber-tired vehicle (such as a grader or loaded
dump truck) in the presence of the geotechnical consultant. Any loose, soft or unstable areas, if detected
during proof-rolling, must be sub-excavated, replaced with approved granular materials and compacted. Any
additional engineered fill, if required, should be placed in thin layers not exceeding 200 mm and compacted
to a minimum of 98 % of Standard Proctor Maximum Dry Density (SPMDD). Granular materials should be
placed in thin layers not exceeding approximately 200 mm, within + 2 % of its optimum moisture content,
and thoroughly compacted to a minimum of 100 % of SPMDD.

The subgrade should be provided with adequate drainage. If wet weather conditions prevail at the time of
construction, adjustments to this design may be required, i.e. if the subgrade becomes excessively wet or
rutted during construction activities, additional sub-base material may be required. The need for additional
sub-base material is best determined during construction.

All granular base and sub-base materials must be compacted to at least 100% of SPMDD.

No additional sub-excavation, other than removal of organics and topsoil (ranging in thickness from 50 mm
to 240 mm), are anticipated within the widening limits. However, any unsuitable soft or saturated material
should be removed. Deeper stripping depths may be required, depending on the actual site conditions
between borehole locations.

Prior to completing the rehabilitation, it is recommended that adequate drainage be provided both laterally
and longitudinally along the length of the project.
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To meet the design requirements for the pavement life, the road subgrade and granular courses should be
well drained at all times. This can be accomplished by ensuring proper grading of the subgrade and positive
lateral drainage of the granular base daylighting at the ditch. Alternatively, full-length perforated subdrain
pipes of 150 mm diameter should be installed along both sides of the road, below the roadbed level, to ensure
effective drainage, in accordance with OPSD 216.021. The sub-drainpipes should be wrapped in suitable non-
woven geotextile surrounded by a minimum drainage zone of 19 mm size clear stone of minimum 150 mm
thickness. A minimum slope of 2 % should be maintained across the paved sections (finished road surface)
to ensure proper surface drainage. New pavement should slope towards the gutter/ditch.

The following Marshall hot mixes should be used on Clarkway Drive:

e HL 3 (HS) / HL 1 surface course mix and HL 8 (HS) /HDBC binder course should be used to provide
the roadway with high durability.

Material Specification should be as per OPSS 1150 Material Specification for Hot Mix Asphalt. For aggregates,
the material specification should be as per OPSS.MUNI 1003.

Performance Graded Asphalt Cement ("PGAC") 64-28 should be used only for surface course and PG 58-28
for binder course. This PGAC should satisfy the requirements of MP1 of SHRP Specifications for Superpave.

Recycled Materials: The use of reclaimed asphalt pavement (RAP) is permitted in Marshall mixes. The percent
of RAP for HL 8 and HL 3 should be as per OPSS.MUNI 1150.

RAP containing steel slag aggregates should not be allowed.

Transition Treatments at Limits of Paving: At the limits of the project, a butt joint with the existing pavement
is recommended. The butt joint between successive lifts of hot mix should be staggered at a distance of not
less than 5 m, in accordance with OPSS.PROV 313. It should be ensured that no joint location corresponds
with a joint location in any other layer.

The transition treatment from earth cut to earth fill should be in accordance with OPSD 205.010.

Tack Coat: It is recommended that all milled surfaces, and binder course surfaces will be tack coated prior to
top course asphalt, if exposed to extended traffic. Construction Specification should be as per OPSS Prov.
308, April 2007.
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In all areas, asphaltic concrete should be compacted as per OPSS.MUNI 310, Table 10 (April 2011). It should
be noted that the granular base and sub-base materials should be compacted to the City’'s standards or to
minimum 100 % SPMDD.

Field Quality Assurance: Plate samples of loose hot mix should be obtained for each paving day, and
extraction/gradation and full Marshall compliance testing should be carried out on these samples. The
finished surface shall be true to required profile and cross-section within 6 mm from required elevations and
thickness. The surface shall show no depressions or bumps exceeding 3 mm under a 3.0 m long straight edge,
placed parallel to the road centre line.

A minimum depth of 1.4 m should be used for frost protection as per OPSD 3090.101.

No long-term detouring is planned. Therefore, no special treatment will be required.

D3.0 UNDERGROUND UTILITIES

The geotechnical investigation scope of work included obtaining subsurface conditions and providing
recommendations for installation of proposed underground utility services. Accordingly, selected boreholes
(i.e. alternating pavement boreholes) were deepened to a depth of 3 m to 5 m, as listed in Table 5.4.
Information obtained from all relevant boreholes drilled along Clarkway Drive have been considered in this
section, as applicable.

D3.1 Subsurface Conditions

A total of forty-one (41) boreholes (not including the thirteen augered boreholes for topsoil measurements)
were drilled in driving lanes and shoulder areas of Clarkway Drive to depths varying from about 0.9 m to
9.8 m, for pavement investigation, underground utility installation and two structures (culverts). Borehole
BH D8 was stopped at a depth of 0.9 m due to existing underground utility. The remaining boreholes were
drilled to a minimum depth of about 1.5 m below ground level.

Overall, the project site along Clarkway Drive consisted of surficial cover (topsoil, asphaltic concrete, concrete
and / or exposed granular fill) underlain by fill soils (granular and/or silty clay / clayey silt and/or sandy silt)
overlying native silty clay / clayey silt till. Silty sand / sand and silt till was encountered at two borehole
locations (BH S13 and S14), below the silty clay / clayey silt till. The fill soils extended to depths varying from
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about 0.6 m to 4.1 m (Elevations 203.7 m to 222.9 m) below the existing ground surface. The native till soils
(silty clay / clayey silt till and/or silty sand / sand and silt) were confirmed to a depth of up to 9.8 m (up to
Elevation 200.7 m) below existing ground surface in the deeper boreholes at the structure locations.

Groundwater depths measured in the boreholes and monitoring wells varied from 0.6 m to 4.6 m (Elevations
204.1 m to 209.9 m) below ground surface.

Detailed subsurface and groundwater conditions are provided in Section D1.0.

D3.2 Discussions and Recommendations for Underground Utilities

As per information available, the planned Countryside Drive rehabilitation / widening within the project limits
will include installation of underground utilities and associated manholes and catch basins. Details of the
installation were not available at the time of this report. Existing utilities, if any, should be protected and taken
into consideration for design and construction of the proposed underground utilities and road widening.

The ground (road) elevations within the project limits (based on borehole location) varied from about 205.6 m
(at BH D1) to 223.6 m (at BH D57), with the overall the ground surface was sloping up from south (Castlemore
Road) to north (Mayfield Road).

The recommendations and discussions for excavation and installation of underground utility services, and
associated manholes / catch basins, are provided in the following sections.

D3.2.1 Founding Subgrade Conditions

From the investigation result, fill soils (granular and/or silty clay / clayey silt and/or sandy silt) were present to
depths varying from 0.6 m to 4.1 m below existing ground / road level, which included granular fill to depths
varying from 0.1 m to 1.3 m in some of the boreholes. The SPT values in the silty clay / clayey silt fill below
the granular fill indicated a firm to hard. The granular fill was in loose to very dense condition overall, and
was compact to compact to very dense generally.

The native tills soils (silty clay / clayey silt and silty sand / sand and silt) below the fill soils were of soft to hard
consistency and / or loose to very dense overall, with the majority indicating stiff to hard consistency and
compact to very dense compactness, and should be generally competent to support underground utility
services.

It is recommended that the inverts of underground utilities be founded on native soils, or competent fill soil
subgrade. Existing fills or soft soil encountered at the founding level should be compacted, if possible, or
otherwise, should be sub-excavated and backfilled with compacted soil as recommended in Section D5.3
(Engineered Fill).

Wood Reference: TP115086 | 8/15/20225/2/2022 Page 146 of 201



Geotechnical Investigation Report
&"A BRAMPTON Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION D

For manholes and catch basins founded on competent subgrade (i.e, approved existing fill, imported
engineered fill, till soils), a Geotechnical Reaction at Serviceability Limit State (SLS) of 100 to 150 kPa and a
factored Geotechnical Resistance at Ultimate Limit State (factored ULS) of 150 to 225 kPa, depending on the
subgrade conditions, may be used, which should be verified by a geotechnical engineer during construction.
Under the SLS bearing values, settlements of up to 25 mm may take place.

The frost penetration depth for the project area should be considered as 1.4 m.

The highest groundwater elevation measured during the investigation within the project limits of Clarkway
Drive was about 1.2 m (Elevation 209.4 m) below ground surface in the monitoring well installed at the culvert
location (BH D19). As such, groundwater may be present within the excavation depths for the underground
utilities. Also, perched water in sandy / silty pockets and / or water from surface runoff will require dewatering
during excavation. As the excavation will generally be in clayey soils, groundwater seepage, if any, into the
excavation is likely to be slow and a properly filtered sump and pump system, or gravity drainage, may be
used for dewatering excavation.

General discussions regarding excavation and dewatering are provided in Section D5.4. Detailed dewatering
consideration for the project is included Wood's hydrogeological investigation report, which is submitted
under a separate cover.

Trench excavation, pipe bedding and anti-seepage collar considerations are discussed in following sections.

General discussions provided in Section D5.0 should also be considered for design and construction.

Trench excavation should be carried out as per the latest Ontario’s Occupational Health and Safety Act (OHSA)
and Regulations for Construction Projects. The soils classifications are shown in Section D5.4. Based on the
soils encountered in the boreholes, the sides of excavations are expected to be temporarily stable at 1H:1V
for Type 2 and Type 3 soils, provided excavations are properly dewatered and underground utilities are
installed and backfilled within a reasonable short period of time. Provisions should be made for dewatering,
as noted in Section D5.4. Trenching should be in accordance with OPSS.MUNI 401 (Construction Specification
for Trenching, Backfilling and Compacting).

Itis important for frost heave compatibility that the trench backfill within the frost zone of 1.4 m depth matches
the soil exposed on the trench walls.

Bedding for underground pipes should be placed in accordance with the design requirements and current
Ontario Provincial Standards (OPS) specifications (Ontario Provincial Standard Drawing (OPSD) 802.10 for
flexible pipes and OPSD 802.30, 802.31 and 802.32 for rigid pipes). It is recommended that a minimum of
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150 mm thick bedding material (Class ‘B’ Type or better) be placed below the pipe invert. The thickness of
the bedding may, however, have to be increased depending on the pipe diameter, or if wet or weak subgrade
conditions are encountered. If the subgrade is weak, it should be sub-excavated and replaced with engineered
fill to support the pipes and allow the use of Class 'B' Type bedding. If weak subgrade is encountered and
cannot totally be removed, Class ‘A’ Type bedding (e.g. minimum 100 mm thick lean concrete) should be used
to provide a workable surface and support the proposed pipes.

For the areas to be filled, the fill soils should first be placed approximately to final grade and subsequently
excavated to install the underground pipes in order to prevent pipe settlement due to overburden loads.

Should the pipes be installed in soft clay soils, the joints should be restrained from movements and the backfill
around the pipes should be properly compacted in order to prevent long-term movements. A layer of
geotextile (Terrafix 270R or equivalent) should be placed between the soft clayey soils and the granular
bedding/backfill in order to prevent soil migration.

The possibility of pipe movements in soft clayey soils, after installation, should be considered in the design
and construction of the underground pipes.

Construction of underground pipes should be carried out in accordance with the relevant OPSS.MUNI 410
(Construction Specification for Pipe Sewer Installation in Open Cut), or other relevant applicable municipal /
regional standards.

Based on the visual and tactile examination of the soil samples, the on-site excavated granular / silty clay fill
and till soils may be re-used as backfill in sewer trenches provided their moisture contents at the time of
construction are at or near the optimum. Moisture conditioning of the sub-excavation soils may be required
prior to reuse. The excavated cohesive fill should be carefully examined for organic content and moisture
condition by qualified geotechnical personnel in order to confirm the need for moisture conditioning or its
acceptability for use as backfill.

The backfill should be placed in maximum 200 mm thick layers at or near (+ 2 %) optimum moisture content,
and each layer should be compacted to at least 95 % Standard Proctor Maximum Dry Density (SPMDD).

Backfill around the manhole / catch basins should be brought up simultaneously on all sides and operation
of heavy equipment near the walls should be restricted to minimize potential movement and/or damage.

Unsuitable material such as organic soils, boulders, cobbles, frozen soils, etc., should not be used for
backfilling.
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D3.2.5 Anti-Seepage Collars

From the borehole information underground utilities will likely be installed in clayey soil (silty clay fill, silty clay
/ clayey silt). As such, anti-seepage collars should not be required.

D4.0 CULVERTS ON CLARKWAY DRIVE (STATION 2+275 AND 3+325)

Two existing culverts (approximate Stations 2+275 and 3+325), located within the project limits on Clarkway
Drive, are planned to be rehabilitated / extended to accommodate the proposed road widening. The
geotechnical investigation consisted of drilling four (4) boreholes (BH S13 to S16) at the existing culvert
locations (two boreholes at each culvert) to obtain subsurface and groundwater condition at the culvert
locations. The boreholes were drilled to depths varying from about 9.3 m to 9.8 m (Elevations 207.5 m to
200.7 m) below the existing ground surface. The culvert and borehole locations are shown in Figure Nos. 4A
to 4C.

Based on available information, the existing culvert at Station 3+325 is a concrete structure with a clear span
of about 6.5 m, and is about 12 m long. Other information on the existing culverts and details of the proposed
rehabilitations / extensions were not available at the time of preparation of this report.

The stratigraphic units and groundwater conditions for each culvert are discussed in the following sections
and presented in the Record of Boreholes. The following summary is to assist the designers of the project
with an understanding of the soil conditions encountered at the proposed culvert location. The soil and
groundwater conditions might vary between and beyond the borehole locations.

D4.1 Subsurface Conditions - Culvert on Clarkway Drive (Station 2+275)

Two (2) boreholes (BH S13 and S14) were drilled at the vicinity of Culvert at Sta. 2+275.  Based on the soil
conditions observed in the boreholes drilled for culvert, the subsurface profile at the culvert location consisted
of fill soils (sand and gravel, and silty clay / clayey silt), which were underlying the asphaltic concrete. Native
silty clay / clayey silt till was encountered underlying the fill soils, and overlying silty sand / sand and silt till in
both boreholes. The silty sand / sand and silt till was present to the termination depths of the boreholes.

D4.1.1 Asphaltic Concrete

Asphaltic concrete layers 80 mm and 90 mm thick were encountered at the surface of Boreholes BH S13 and
S14, respectively.
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Fill soils were encountered in both boreholes below the asphaltic concrete and consisted of sand and gravel
fill and silty clay / clayey silt fill, which extended to a depth of 4.1 m (Elevations 206.1 m and 205.9 m) below
the existing ground surface in Boreholes BH S13 and S14, respectively.

The sand and gravel fill was generally brown and contained trace to some silt. The silty clay / clayey silt fill,
which was encountered below the sand and gravel fill, was brown to grey in colour and contained trace to
some sand, trace to some gravel and traces of organics.

SPT ‘N’ values measured within the fill soils ranged from 6 to 67 blows per 0.3 m. Water contents measured
in the fill samples ranged from 4 % to 15 % with the granular fill having an average water content of 4 %.

Native silty clay / clayey silt till was encountered underlying the fill soils and extended to depths of 5.6 m
(Elevation 204.6 m) below ground surface at BH S13 and 7.2 m (Elevation 202.8 m) at BH S14.

The silty clay / clayey silt till was grey in colour, and contained trace to some sand and trace gravel. SPT ‘N’
values measured within the silty clay / clayey silt till ranged from 3 blows to 27 blows per 0.3 m, implying soft
to very stiff consistency. Water contents measured in the silty clay /clayey silt till ranged between 12 % and
22 %.

Results of gradation and Atterberg Limit tests carried out a silty clay / clayey silt till sample are presented in
Table D1.3, and shown on the Record of Borehole BH S13.

Native silty sand / sand and silt till was encountered underlying the silty clay / clayey silt till and extended to
terminations depths of the boreholes at 9.3 m (Elevations 200.9 m and 200.7 m) below ground surface at BH
S13 and BH S14, respectively.

The silty sand / sand and silt till was grey in colour, and contained trace clay and trace gravel. Cobbles and
boulders were encountered in BH S13. SPT ‘N’ values measured within the silty sand / sand and silt till ranged
from 9 blows to more than 50 blows per 0.3 m, implying loose to very dense condition. Water contents
measured in the silty sand / sand and silt till ranged between 13 % and 21 %.

Results of gradation and Atterberg Limit tests carried out on one silty sand / sandy silt till samples are
presented in Table D1.4, and shown on the Record of Borehole BH S14.
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D4.1.5 Groundwater Conditions

Upon completion, groundwater was encountered in Boreholes BH S13 and S14 at depths of 4.3 m and 4.1 m
(Elevation 205.9 m) below the existing ground surface, respectively.

One (1) monitoring well was installed in BH S13. Groundwater was measured at a depth of about 1.4 m
(Elevation 208.8 m) in one subsequent measurement in the monitoring well. The groundwater measurements
are summarized in Table D1.5 and shown on the Record of Boreholes.

It should be noted that the groundwater could fluctuate seasonally and can be expected to be somewhat
higher during the spring months and in response to major weather events.

D4.2 Subsurface Conditions - Culvert on Clarkway Drive (Station 3+325)

Two (2) boreholes (BH S15 and S16) were drilled at the vicinity of Culvert at Sta. 3+325. Based on the soil
conditions observed in the boreholes drilled for culvert, the subsurface profile at the culvert location consisted
of fill soils (sand and gravel, and silty clay / clayey silt), which were underlying the asphaltic concrete. Native
silty clay / clayey silt till was encountered underlying the fill soils, and extended to the termination depth of
both boreholes.

D4.2.1 Asphaltic Concrete

Asphaltic concrete layers 100 mm and 90 mm thick were encountered at the surface of Boreholes BH S15 and
S16, respectively.

D4.2.2 Fill Soils

Fill soils were encountered in both boreholes below the asphaltic concrete and consisted of sand and gravel
fill and silty clay / clayey silt fill, which extended to a depth of 2.2 m (Elevations 210.5 m and 210.8 m) below
the existing ground surface in Boreholes BH S15 and S16, respectively.

The sand and gravel fill was generally grey and contained trace to some silt. The silty clay / clayey silt fill,
which was encountered below the sand and gravel fill, was brown to dark grey in colour and contained trace
to some sand and trace to some gravel.

SPT ‘N’ values measured within the fill soils ranged from 8 to 37 blows per 0.3 m. Water contents measured
in the fill samples ranged from 3 % to 24 %.
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D4.2.2 Silty Clay / Clayey Silt Till

Native silty clay / clayey silt till was encountered underlying the fill soils and extended to the termination
depths of the boreholes at 9.4 m (Elevation 203.2 m) below ground surface at BH S15 and 9.8 m (Elevation
203.3 m) at BH S14.

The silty clay / clayey silt till was brown to grey in colour, and contained trace to some sand, or was sandy,
and trace gravel. Cobbles / boulders were encountered within the cohesive till in both boreholes. SPT ‘N’
values measured within the silty clay / clayey silt till ranged from 20 blows to more than 50 blows per 0.3 m,
implying a very stiff to hard consistency. Water contents measured in the silty clay /clayey silt till ranged
between 9 % and 22 %.

Results of gradation and Atterberg Limit tests carried out on one silty clay / clayey silt till samples are
presented in Table D1.3, and shown on the Record of Borehole BH S15.

D4.2.3 Groundwater Conditions

Groundwater was not encountered upon completion of both Boreholes BH S15 and S16. One (1) monitoring
well was installed in BH S16, at the location of the culvert crossing. Groundwater was measured at a depth of
about 3.2 m (Elevation 209.9 m) in one subsequent measurement in the monitoring well. The groundwater
measurements are summarized in Table D1.5 and shown on the Record of Boreholes.

It should be noted that the groundwater could fluctuate seasonally and can be expected to be somewhat
higher during the spring months and in response to major weather events.

D4.3 DISCUSSIONS AND RECOMMENDATIONS FOR CULVERTS

The purpose of the geotechnical investigation was to obtain subsurface information and to provide
geotechnical recommendations with respect to proposed culvert rehabilitation / extension.

Within the depths of the four boreholes drilled adjacent to the existing culvert location, fill soils (sand and
gravel and silty clay / clayey silt) were encountered to a depth of about 2.2 m to 4.1 m (Elevations 210.8 m
and 205.9 m) below ground surface, overlying soft to hard and / or loose to very dense till.

The foundation type of existing culvert and details of the proposed rehabilitation / extension were not
available at the time of preparation of this report. Accordingly, general considerations for the culverts are
presented the following sections.
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D4.3.1 Foundation

Based on the boreholes drilled at or in the vicinity of the culvert locations, values of geotechnical reaction at
Serviceability Limit State (SLS) and the factored geotechnical resistance at Ultimate Limit State (ULS) are

provided in Table D4.1 which may be used for design.

Table D4.1: Recommended ULS / SLS Bearing Values for Culvert Foundations

Depth Below . Factored
. .. . Geotechnical .
Borehole . Existing Elevation . Geotechnical
Founding Stratum Reaction at SLS . c
No. Grade (m) (kPa) Resistance at ULS("
(m) (kPa)
Fill above 4.1 (+) | above 206.1 () |not recommended| not recommended
BH S13 Very stiff silty clay till 4.1 to 5.6 () | 206.1 to 204.6 (%) 100 150
Very dense silty sand / sand and
silt ill below 5.6 (+) | below 204.6 (%) 200 300
Fill / soft silty clay / clayey silt till | above 6.1 (+)| above 204.0 (+) |not recommended| not recommended
BH S14 Stiff silty clay/clayey silt till /
dense to very dense silty
sand/sand and silt till below 6.1 () | below 204.0 (+) 200 300
Fill above 2.2 (+)| above 210.5 () |not recommended| not recommended
BH S15 | Very stiff to hard silty clay/clayey
silt till below 2.2 (+) | below 210.5 (#) 200 300
Fill above 2.2 (+)| above 210.8 () |not recommended| not recommended
BH S16 | Very stiff to hard silty clay/clayey
silt till below 2.2 (+) | below 210.8 (%) 200 300
Engineered fill per OPSS.MUNI 1010 (if used), as per Section B5.3 150 225

Notes:

(™ A resistance factor of ® = 0.5 has been applied to the ULS values provided.

The geotechnical bearing values provided in Table D4.1 are intended to assess the feasibility and sizes of
footings and are for vertical loads (no inclination) without load eccentricity. Under the SLS pressures,
foundation settlements could be up to 25 mm (total) and 20 mm (differential). Detail foundation analysis
should be carried out, if necessary, to confirm SLS/ULS and corresponding settlements.

The design frost depth penetration is 1.4 m. All foundations should be covered by at least 1.4 m deep soil or
equivalent synthetic thermal insulation.
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Highest groundwater level measured during geotechnical investigation in the boreholes / monitoring well at
the culvert location (Sta. 2+275) was at about Elevation 208.8 m (1.4 m below ground) and at culvert location
(Sta. 3+325) was at about Elevation 209.9 m (3.2 m below ground). As such, a minimum groundwater level at
Elevations of 209 m and 210 m, respectively, or the creek water levels, whichever is higher, should be
considered for design. If required, the regional high flood level of the creek may be used.

During construction, considerable dewatering efforts and / or creek diversion (e.g., cofferdam, sheetpiles) to
control the ingress of creek water may be required. General recommendations related to excavation and
dewatering are presented in Section D5.4.

D4.3.2 Soil Parameters for Design

The unfactored soil parameters listed in Table D4.2 may be used for design of earth structures. It should be
noted that these parameters are based on published information and/or semi-empirical/theoretical
relationships, and are conservative and should be verified by field/laboratory testing, if more representative
parameters are required.

Table D4.2: Unfactored Static Soil Parameters for Design

Effective .
Total Stress Earth Pressure Coefficient
. Stress .. Bulk ..
Analysis ] Coefficients” ) of Friction
Analysis Unit

Material . between
Active Passive Weight Concrete
(kN/m?3)

Ko and Soil

stiff to hard silty

g 100 0 0 30 0.33 0.50 3.0 19 0.35
clay / clayey silt till
Compact silty
sand / sand and 0 32 0 32 0.31 047 3.3 20 04
silt till
Dense to very
dense silty sand / 0 35 0 35 0.27 043 3.7 20 04

sand and silt till

Engineered Fill ©

Granular A

0 35 0 35 0.27 043 3.7 24%
(OPSS.MUNI 1010)

0.4

Granular B Type | or
Type Il 0 32 0 32 0.31 047 33 234
(OPSS.MUNI 1010)

Notes: @ Values based on semi-empirical relationships. For SLS, Kp values should be reduced to 1/3 of indicated value to limit lateral
movement.
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@ Normally-consolidated range.

@ All engineered fill should be compacted to at least 100 % SPMDD for supporting foundations.

“ Unit weight values for engineered fill compacted to 100 % SPMDD. For backfill of retaining walls, unit weights for Granular A
and Granular B compacted to 95 % SPMDD may be taken as 22 kN/m?* and 21 kN/m?, respectively.

Based on the soil conditions observed in the boreholes (maximum drill depth of 9.4 m below ground) and the
possible bedrock depth at the culvert location (~30 m), and in conformance with the criteria in Table 4.1
(Section 4.4.3.2 — Seismic Properties) of the Canadian Highway Bridge Design Code CSA S6-19 ("CHBDC"), the
project site may be classified as Site Class D (“stiff soil”).

The design values of site coefficients F(T), F(PGA) and F(PGV) can be obtained from Geological Survey of
Canada on Natural resources Canada website: ‘'www.earthquakecanada.ca” or Tables 4.2 to 4.9 (Section 4.4.3.3
— Site Coefficients) of CHBDC, and the design spectral acceleration, S (T), should be determined as per Section
4.4.3.4 (Design Spectral Acceleration and Displacement Values) and Tables 4.2 to 4.9 in Section 4.4.3.3 of
CHBDC.

Culvert and headwall footings should be protected against scour and erosion in the form of cut-off walls, rip-
rap or equivalent. Scour protection should be designed based on the hydrology requirement by an
experienced engineer. Alternatively, the foundations could be placed below the depth of scour and frost
penetration. If rip-rap protection is used, it should be separated from the native soils with a geotextile filter
fabric (e.g. Terrafix 600R or equivalent) or a filter zone of granular material. The embankment slope surface
should be covered with topsoil and seeded/sodded as soon as possible after completion of construction.

Backfill materials around culvert should consist of non-frost susceptible, free-draining granular materials in
accordance with OPSS.MUNI 1010 (i.e, Granular ‘A" or Granular 'B’). Such granular backfill should be
compacted to at least 95 % SPMDD (Standard Proctor Maximum Dry Density). Free-draining backfill materials
and the drain pipes and weep holes, etc., should be used provided to prevent hydrostatic pressure build-up.

Backfill, backfill transition and cover for the culvert should conform to Ontario Provincial Standard Drawing
(OPSD) 3101.150 (Walls, Abutment, Backfill, Minimum Granular Requirement) or applicable City Standard.

Engineered fill is discussed in Section D5.3, and excavation and dewatering during construction are discussed
in Section D5.4.
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To increase sliding resistance, a shear key may be used, if required. The shear key can be designed using the
unfactored K values for the soils provided in Table D4.2. The movement of the retaining structure to mobilize
the passive resistance should be considered in the design.

If retaining walls are constructed at the ends of the culvert (inlet and outlet), they may be founded on the stiff
to hard native silty clay till. If required, the wall may also be founded on the engineered fill per OPSS.MUNI
1010. The frost and scour protection recommendations provided in Sections D4.3.1 and D4.3.4, respectively
should also be adhered to in designing retaining wall foundations.

Soft fill areas should be recompacted (if possible) or replaced with the engineered fill described in Section
D5.3. The founding subgrade should be verified by a geotechnical engineer. The SLS/ULS values and soil
parameters provided in Tables D4.1 and D4.2 may be used for design of wall foundations, as required. Slope
stability analyses should be carried for the retaining wall, once the detailed design is completed.

A slope of 2H:1V (2 Horizontal : 1 Vertical) or flatter should be constructed for permanent fill embankment.
The embankment should be constructed using engineered fill (Section D5.3). Global slope stability should be
analyzed during detailed design, if the new embankment height is higher than 2 m high, once the detailed
design is finalized. All permanent slope surfaces should be protected against erosion by surface water and
creek water.

Construction of the embankment should follow the requirements of OPSS.MUNI 206 (Construction
Specification for Grading), or applicable City Standard.

D5.0 General Considerations for Design and Construction

D5.1 Site Preparation

Site preparation will likely generally include stripping of topsoil / asphalt / concrete, excavation to subgrade,
proof-rolling, sub-excavating soft spots, if encountered, and backfilling, if necessary, with engineered fill.

All topsoil and loose soil or soil mixed with organic matter should be stripped from pavement areas, manhole
/ catch basin founding areas, and base of underground utility services. Subgrade preparation of pavement is
discussed in Section D2.6.3. Any loose, soft or unstable areas in the exposed subgrade should be sub-
excavated and replaced with approved fill and compacted (Section D5.3). Lean concrete may be used to
backfill sub-excavated areas.
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Excavation should be carried out with a temporary slope of TH:1V or flatter above the groundwater level
(Section D5.4). Roadway shoring protection systems may be required during construction of the culverts.
Temporary shoring is discussed in Section D5.5.

D5.2 Embankment Widening

Based on site condition, the proposed road widening will generally involve fill sections along the investigation
limits. The embankment required for road widening should be constructed with compacted engineered fill
at 2H:1V (or flatter) side slopes. If a side slope steeper than 2H:1V slope is required or if the height of the
embankment / cut slope is greater than 2 m, slope stability analysis should be carried out to assess stability
of the planned slope, depending on the subsurface conditions. Where existing embankments are to be
widened, the side slopes should be benched in accordance with OPSD 208.010 prior to placement of the
widening fills. Final (permanent) embankment side slopes in granular fills should be established to match the
existing slopes or as per OPSD 200.010. Final slopes should be treated with a seed and mulch to prevent
ravelling.

Widening of the road will require, as a minimum, stripping the existing ground surface cover (topsoil, asphaltic
concrete, vegetation cover, surficial fill soils, etc.) from the area required for road widening. The planned
widening will generally be constructed to the same elevation as the existing road surface. Grading, backfilling
and compacting should follow OPSS.MUNI 206 (Construction Specification for Grading), OPSS.MUNI 401
(Construction Specification for Trenching, Backfilling and Compacting), OPSS 501.MUNI (Construction
Specification for Compacting), and / or the City's requirements.

Backfilling, if required, for site grading (e.g., for subgrade raise, replacement of soft soil) should be placed as
engineered fill. Engineered fill per OPSS.MUNI 1010 should be used to replace soft / incompetent soils and/or
raising grade. Engineered fill should be prepared according to the City's standards / contract specifications.
Engineered fill is discussed in Section D5.3.

The fill soils used for embankment widening should consist of approved clean fill (e.g., Select Subgrade
Materials - OPSS 1010).

D5.3 Engineered Fill

Engineered fill per OPSS.MUNI 1010, where required, may be used to backfill excavated areas, backfill around
manholes, replace soft/incompetent soils, and / or raise grades. Engineered fill for backfill of excavated areas
should be placed after stripping existing fill soils, any soils containing excessive organic matters and otherwise
unsuitable soils.

Engineered fill can be prepared by placing fill soil and compacted as per OPSS.MUNI 501 (Construction
Specification for Compacting) and/or applicable City Standard. Alternatively, engineered fill should be placed
in loose layers not exceeding 200 mm. The water content of the fill should be within + 2 % of its optimum
moisture content (OMC) at the time of its placement, and it should be thoroughly compacted to a minimum
of 98 % of Standard Proctor Maximum Dry Density (SPMDD) in general.
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The fill soils should consist of inorganic soils and should not be frozen during backfilling and compaction.
Full-time geotechnical inspection and quality control (by means of frequent field density and laboratory
testing) are necessary for the construction of a certifiable engineered fill. The compaction procedures and
quality control should be overseen by a geotechnical engineer.

D5.4 Excavation and Dewatering

All excavations should be carried out in accordance with the latest Ontario’s Occupational Health and Safety
Act (OHSA) and Regulations for Construction Projects (O. Reg. 213/91). The soils to be excavated can be
classified as follows:

Existing fill soils, Type 3
Loose silty sand / sand and silty (below groundwater level),

soft silty clay / clayey silt till Type 4
Firm to hard silty clay / clayey silt till Type 1to 3

(varies by consistency)
Dense to very dense silty sand / sand and silt till
(above groundwater level / fully dewatered) Type 1
Dense to very dense silty sand / sand and silt till (below groundwater level) Type 3

In accordance with the OHSA, a maximum short-term slope of TH:1V is required to within 1.2 m of the trench
bottom for temporary excavations in Type 1 and 2 cohesive till and native silty sand that is above the
groundwater level, or properly dewatered. For Type 1 and 2 soils, a maximum depth of 1.2 m high vertical cut
at the bottom of excavation may generally be constructed. However, under the groundwater table a 1.2 m
high vertical cut may not be stable and flatter slopes may be required. Type 3 soils above the groundwater
level may be inclined at TH:1V or flatter from the bottom. In the case of saturated Type 3 fills or native granular
deposits below the prevailing groundwater, if adequate dewatering is not implemented, slopes of open
excavations will have to be reduced to 2H: 1V or flatter. In the absence of proper dewatering or groundwater
control of Type 3 soils, slope flattening may be insufficient to prevent particularly saturated granular soils from
becoming unstable and devolving to Type 4 materials, which requires 3H:1V or flatter slopes. Near the ground
surface, occasional 3H:1V or flatter slopes may be required due to loose/soft surficial soils. If open cut cannot
be carried out, a temporary shoring system may be used to limit the extent of excavation. General
consideration for temporary shoring is provided in Section D5.5.

Trenching should be carried out in accordance with OPSS.MUNI 401 (Construction Specification for Trenching,
Backfilling and Compacting).
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Stockpiles, materials or any heavy equipment should be kept at least the same horizontal distance as the
depth of the excavation from the upper edge of the excavation to prevent slope instability. All surface
drainage should be directed away from any open excavations and trenches.

Based on observations at the borehole locations and planned excavation depth, normal excavation equipment
should be suitable for excavation. Hard till soils may require additional effort for excavation (e.g., heavy
excavator, rippers, impact hammer, etc.). The terms describing the compactness (very loose, loose, compact,
dense, very dense) or consistency (very soft, soft, firm, stiff, very stiff, hard) of soil strata give an indication of
the effort needed for excavation. It should be noted that cobbles / boulders can be encountered in the till
and in fill soils. Therefore, removal of the cobbles / boulders should be considered and planned for.

During the construction, temporary runoff controls such as sediment trap, interceptor drain, dyke and / or silt
fence should be installed to prevent uncontrolled water / sediment flow into existing water courses. The
effluent from dewatering operations should also be filtered or passed through sediment traps to prevent
turbidity.

Based on the soil and groundwater conditions at the borehole locations, groundwater control within the
excavated area should not be significant. In the clayey soils, groundwater seepage into the excavation, if
encountered, is likely to be slow and a properly filtered sump and pump system or gravity drainage may be
used for dewatering the excavation. High water flow rates (e.g. from perched water in fills or granular layers
with the cohesive tills) may be encountered during construction and the dewatering effort could require an
increased number of sumps and pumps.

Use of lean concrete mud mat or granular layer may be warranted where founding surfaces are to be exposed
for extended period, especially if the work is carried out during wet weather. Care should also be exercised
to minimize disturbance to the final subgrade during excavation.

It is recommended that qualified geotechnical personnel be present during the foundation excavation to
review the conditions of the foundation subgrade.

D5.5 Temporary shoring

Temporary shoring may be required for vertical excavation during construction of culvert, installation of
underground utilities or roadway protection. This can be accomplished using soldier piles with lagging (or
similar) in order to support the sides of the excavation. Temporary shoring design and construction should
comply with OPSS.MUNI 539 (Construction Specification for Temporary Protection Systems), or applicable City
Standard. The temporary shoring system should be designed to resist the lateral earth, surcharge and
hydrostatic pressures which could occur during construction. Bracings should be installed within the shoring
system to minimize movements of the soils. The temporary shoring system should be designed in accordance
with the latest editions of Canadian Foundation Engineering Manual's (CFEM) and Canadian Highway Bridge
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Design Code (CHBDC), together with the requirements of the Ontario Health and Safety Regulations, as
applicable.

The shoring system should be designed and approved by a professional engineer. Geotechnical parameters
provided in Section D4.3.2 may be considered for design of shoring.

D5.6 Suitability of Existing Soils for Backfilling

Most of the excavated soils (i.e. granular fills, clayey fill and till soils) can be suitable for being reused for
backfill, provided they can be separately stored, properly compacted and are environmentally acceptable. Fill
soils containing construction debris (or similar) and organic matter should not be reused. Soils that are too
wet to compact will require additional processing (e.g., drying). Cobbles and boulders (larger than 100 mm
in size), if any, should be discarded by mechanical means (e.g., sieving) or manual removal.

D6.0 PRELIMINARY SOIL CHEMICAL ANALYSES

Environmental soil chemical analyses were carried out to provide preliminary discussions for soil disposal
options as part of the Geotechnical Investigation Preliminary Design for the Site, the results of which are
discussed in the following section.

No Phase | or Phase Il Environmental Site Assessment (ESA) reports have been conducted or provided to
Wood for review.

It is assumed that a Record of Site Condition, (RSC) as per Ontario Regulation 153/04 Records of Site
Condition, Part XV.1 of the Environmental Protection Act (EPA), as amended (“O.Reg.153/04, as amended”) is
not required at this time.

D6.1 Methodology

The environmental soil screening and laboratory analyses program was carried out in general accordance with
the current Ontario Regulation 153/04 Records of Site Condition, Part XV.1 of the Environmental Protection Act
(EPA), as amended (O. Reg. 153/04) in order to characterize the soil at the Site and to provide an initial
discussion on disposal options for surplus material during future construction. It should be noted that the
scope of work does not meet the analytical or administrative requirements of Ontario Regulation 406/19 On
Site and Excess Soil Management (O. Reg. 406/19) in the event that the soil is to be considered for beneficial
reuse.

A Record of Site Condition (RSC) was not part of the scope of work. Due to the limited scope of work, further
environmental assessment would be required in the event that an RSC is required.
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D6.2 Sample Selection for Analyses
The environmental component of the subsurface investigation included the following activities:

e Conducting the soil sampling activities in accordance with the Ministry of the Environment (MOE)
document entitled “Guide for Completing Phase Two Environmental Site Assessments under Ontario
Regulation 153/04" dated June 2011, the Ministry of the Environment and Energy (MOEE) document
entitled “Guidance on Sampling and Analytical Methods for Use at Contaminated Sites in Ontario”, dated
December 1996; and MOE document entitled “Protocol for Analytical Methods Used in the Assessment of
Properties under Part XV.1 of the Environmental Protection Act” issued by the Laboratory Services Branch
of the MOE and dated March 9, 2004, amended as of July 1, 2011 (Analytical Protocol);

e Based on City of Brampton instruction, submission of fourteen (14) soil samples for laboratory analysis of
metals & inorganics, and one (1) soil sample for analysis of volatile organic compounds (VOCs), petroleum
hydrocarbons (PHC) F1 to F4, and organochlorine (OC) pesticides to assist in determining appropriate soil
disposal options, if required, during construction;

e Submission of one (1) soil sample for Ontario Regulation 347 (O. Reg. 347) as amended by Ontario
Regulation 558/00 (O. Reg. 558/00) Toxicity Characteristic Leaching Procedure (TCLP) for VOCs,
polychlorinated biphenyls (PCBs), OC pesticides and metals and inorganics to determine landfill
acceptability of soil/granular fill originating from the Site; and

e Comparison of the laboratory analytical results to soil standards presented in the Ministry of the
Environment, Conservation and Parks (MECP) document entitled “Soil, Ground Water and Sediment
Standards for Use Under Part XV.1 of the Environmental Protection Act,” (the "MECP SCS") dated April 15,
2011 and O. Reg. 347, as amended by O. Reg. 558/00, Schedule 4 Leachate Quality Criteria provided in
the MECP document entitled “Registration Guidance Manual For Generators of Liquid Industrial and
Hazardous Waste,” October 2000 (the “Schedule 4 Criteria”).

All analytical soil results were compared to the MECP Table 1 (background) SCS for all types of Property Use
(except Agricultural) Residential/ Parkland /Institutional/Industrial/Commercial/Community Property Use
(Table 1 SCS) and MECP Table 3 (generic) SCS for Industrial/Commercial/Community Property Use for
Medium/Fine Textured Soils (Table 3 SCS).

The chemical analyses results were also evaluated against the following tables of Appendix 1 (Generic Excess
Soil Quality Standards) of the new MECP O.Reg.406/19 "On-Site and Excess Soil Management,” additional
elements which are expected to come into force in January 2023:

e Table 1 Full Depth Background Site Condition Standards for all types of property use (except
agricultural) (Table 1 Excess Soil Quality Standards); and

Wood Reference: TP115086 | 8/15/20225/2/2022 Page 161 of 201




Geotechnical Investigation Report
&"A BRAMPTON Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION D

e Table 3.1 Full Depth Excess Soil Quality Standards in a Non-Potable Ground Water Condition, Volume
Independent, for industrial/commercial/community property use (Table 3.1 Excess Soil Quality
Standards).

Furthermore, TCLP analyses results were also compared with Table 3.1 Leachate Screening Levels for Full
Depth  Excess Soil in a Non-Potable Ground Water condition, Volume Independent,
Industrial/Commercial/Community Property Use, Appendix 2 - Generic Leachate Screening Levels for Excess
Soil Reuse — of O.Reg.406/19.

Soil samples were obtained for laboratory analysis and field screening, where applicable, using a drill rig
equipped with split spoon sampling capabilities. The drillers cleaned the split spoon by removing loose dirt
from the split spoon using a wire brush, washing the split spoon using a brush in a dilute mix of potable water
and Alconox soap, rinsing the split spoon with distilled water and rinsing the split spoon with methanol and
allowing the split spoon to air dry.

The drillers obtained the split spoon sample by auguring to the specified depth, hammering the spoon about
0.6 m into the soil and removing the spoon. The split spoon sample was inspected for visual and/or olfactory
evidence of environmental impacts. Disposable nitrile gloves were used and replaced between the handling
of successive samples.

The soil samples retrieved from the borehole investigations were examined, classified and logged according
to soil type, moisture content, colour, consistency, and presence of visible indicators of environmental impact.
Soil samples requiring vapour analysis were split into duplicate fractions upon recovery at the surface. The
primary sample fractions were placed in 120 and/or 250 millilitre (mL) sample jars with Teflon-lined lids and
methanol preserved (cored) samples were placed in 40 mL vials and subsequently stored in coolers on ice for
potential future laboratory analysis. The volatile sample fractions were placed in resealable plastic sample
bags and stored at ambient temperature for subsequent field vapour screening. The samples were selected
on the basis of visual/olfactory evidence of impacts, field screening results, or from the vicinity of the apparent
water table.

Representative soil samples collected during the investigation were submitted to AGAT Laboratories (AGAT)
of Mississauga, Ontario, for metals & inorganics, VOCs and PHC. AGAT is accredited by the Standards Council
of Canada (SCC) and the Canadian Association for Laboratory Accreditation (CALA) in accordance with ISO/IEC
17025:2005 - “General Requirements for the Competence of Testing and Calibration Laboratories” for the tested
parameters set out in the Soil, Ground Water and Sediment Standards.

D6.3 Environmental Test Results & Considerations

Wood completed a preliminary Environmental Soil Quality Testing Program (the Investigation) as part of the
Geotechnical Investigation. The details of the drilling program, including borehole locations and drilling

Wood Reference: TP115086 | 8/15/20225/2/2022 Page 162 of 201



Geotechnical Investigation Report
h\"’é BRAMPTON Arterial Road Network within Highway 427 Industrial Secondary Plan Area (Area 47)

wompionca Flower City City of Brampton

SECTION D

methodology are presented in the geotechnical investigation sections of this report. Soil samples submitted
for chemical analysis were collected from depths between surface and 4.4 m below ground surface (mbgs)
based on presence of fill material and depth of construction works, as detailed Table D6.1.

Table D6.1: Environmental Tests

Sample ID Depth (m) Parameters Tested

BH D5 SS6 38-44 Metals and Inorganics
BH D17 SS2 09-15 Metals and Inorganics, PHC, VOC, OC pesticides
BH D18 SS3 12-18 Metals and Inorganics
BH D25 SS3 15-21 Metals and Inorganics
BH D27 SS2 09-15 Metals and Inorganics
BH D31 SS3 1.6-20 Metals and Inorganics
BH D35 SS2 08-12 Metals and Inorganics
BH D37 SS4 23-27 Metals and Inorganics
BH D41 SS3 15-2.1 Metals and Inorganics
BH D44 SS1 Surface — 0.6 | Metals and Inorganics
BH D47 SS4 23-27 Metals and Inorganics
BH D50 SS3 12-18 Metals and Inorganics
BH D55 SS2 08-12 Metals and Inorganics
BH D57 SS1 Surface -0.5 | Metals and Inorganics

PHC = Petroleum Hydrocarbons
VOC = Volatile Organic Compounds
OC = Organochlorine

Wood observed fill material in all the boreholes. Headspace combustible organic vapour (COV) concentration
measurements recorded in the soil samples were ranging from non-detectable to 10 parts per million (ppm).
Total organic vapour (TOV) concentration measurements recorded in the soil samples were ranging from non-
detectable to 1 ppm.

No other evidence (i.e., visual/olfactory) of potential environmental impacts were observed in any of the soil
samples collected from this project area.

The soil samples collected as part of this assessment that exceeded the Table 1 SCS are as follows:

e BH D5 SS6 for EC and SAR;

e BH D17 SS2 for EC and SAR;
e BH D18 SS3 for EC and SAR;
e BH D25 SS3 for EC and SAR;
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e BH D27 SS2 for EC and SAR;
e BH D31 SS3 for EC and SAR;
e BH D35 SS2 for EC and SAR;
e BH D37 SS4 for EC and SAR;
e BH D41 SS3 for EC and SAR;
e BH D44 SS1 for EC and SAR;
e BH D47 SS4 for EC and SAR;
e BH D50 SS3 for EC and SAR;
e BH D55 SS2 for EC and SAR; and
e BH D57 SS1 for EC and SAR.

The remaining samples were below the Table 1 SCS for metals and inorganics, PHCs, VOCs, and OC pesticides.
The soil samples collected as part of this assessment that exceeded the Table 3 SCS are as follows:

e BH D5 SSé6 for EC;

e BH D17 SS2 for EC;

e BH D25 SS3 for EC;

e BH D27 SS2 for EC;

e BH D35 SS2 for EC;

e BH D44 SS1 for EC and SAR;

e BH D47 SS4 for EC and SAR; and
e BH D50 SS3 for SAR.

The remaining samples were below the Table 3 SCS for metals and inorganics, PHCs, VOCs, and OC pesticides.
When compared to the O. Reg. 406/19 Excess Soil Quality Standards Exceedances, the soil samples collected
as part of this assessment that exceeded the Table 1 Excess Soil Quality Standards are as follows:

e BH D5 SS6 for EC and SAR;

e BH D17 SS2 for EC and SAR;
e BH D18 SS3 for EC and SAR;
e BH D25 SS3 for EC and SAR;
e BH D27 SS2 for EC and SAR;
e BH D31 SS3 for EC and SAR;
e BH D35 SS2 for EC and SAR;
e BH D37 SS4 for EC and SAR;
e BH D41 SS3 for EC and SAR;
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e BH D44 SS1 for EC and SAR;
e BH D47 SS4 for EC and SAR;
e BH D50 SS3 for EC and SAR;
e BH D55 SS2 for EC and SAR; and
e BH D57 SS1 for EC and SAR.

The other analyzed soil samples were below the Table 1 Excess Soil Quality Standards for metals and
inorganics, PHCs, VOCs, and OC pesticides.

The soil samples collected as part of this assessment that exceeded the Table 3.1 Excess Soil Quality Standards
are as follows:

e BH D5 SSé6 for EC;

e BH D17 SS2 for EC;

e BH D25 SS3 for EC;

e BH D27 SS2 for EC;

e BH D35 SS2 for EC;

e BH D44 SS1 for EC and SAR;

e BH D47 SS4 for EC and SAR; and
e BH D50 SS3 for SAR.

The other analyzed soil samples were below the Table 3.1 Excess Soil Quality Standards for metals and
inorganics, PHCs, VOCs, and OC pesticides.

It should be noted that EC and SAR are commonly associated with road salt used for de-icing activities along
roads and highways.

The QP has determined that the EC and SAR exceedances in soil are likely attributed to the de-icing salt which
has been applied to surfaces at the Site for the safety of vehicular and pedestrian traffic under conditions of
snow or ice or both and, therefore, the exceedances are exempt in accordance with Section 49.1(1) of
O.Reg.153/04. However, the presence of EC/SAR exceedances in soils would still provide an excess soils
management concern, since any excess soil generated at the Site will require disposal at an appropriate
disposal or soil treatment facility that can accept soils with concentrations of the contaminants, including
EC/SAR, above the Table 1 SCS.

The TCLP analyses for the parameters tested indicated that dry soils (soils that would pass a slump test) would
meet the Schedule 4 Leachate Quality Criteria.
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Soil analytical results are shown in Tables 1D to 10D in Appendix C-D. The laboratory certificates of analysis
for the bulk analysis and the certificates of analysis for the O. Reg. 347 TCLP analysis are included in
Appendix D.

D6.4 Quality Assurance / Quality Control

Field Quality Control: Field quality control was not performed for this segment and is discussed in separate
reports being written as part of the Geotechnical Investigation.

Laboratory Quality Control: The 2011 Analytical Protocol provides requirements for sample handling and
storage requirements, reporting requirements, analytical methods and QA/QC procedures for analytical
parameters.

As per the 2011 Analytical Protocol, all samples/sample extracts were analyzed within their applicable hold
times using approved analytical methods. The report limits were met for all samples and tested parameters.
No tested parameter was present in a detectable concentration in any laboratory Method Blank and all
laboratory surrogates, reference materials and replicate samples are considered acceptable.
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SECTION E: EAST-WEST ARTERIAL
(FROM THE GORE ROAD TO COLERAINE DRIVE, ~ 2.4 KM)

A total of eighteen (18) boreholes (BH E1 to BH E6/S18, BH E7, BH E23 to BH E32, and BH S17)) were drilled
in vacant lands to depths varying from 2.1 m to 9.3 m for the proposed new road, underground service
installation and culvert construction. Planned Boreholes BH E8 to BH E22 have been deferred to the detail
design stage, if needed, as discussed with and approved by the City. Boreholes BH E6 and BH S18 were
combined to a single Borehole "BH E6 / S18" because of their close proximity. Two (2) boreholes (BH S17 and
BHEG6 / S18) were drilled to depths of7.0 m and 9.3 m, respectively at one new proposed culvert location. The
boreholes were sampled via Standard Penetration Test (SPT), while recording ‘N’ Values.

The stratigraphic units and groundwater conditions are discussed in the following sections. Additional
information is provided in the Record of Boreholes. The following summary is to assist the designers of the
project with an understanding of the possible soil conditions at the investigated road section. The soil and
groundwater conditions might vary between and beyond the borehole locations.

E1.1 Topsoil

Topsoil was encountered at the ground surface at all eighteen (18) borehole locations. Topsoil thicknesses
varied from about 76