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.OINTRODUCTION TO THE STUDY AREA

1.1 Study Area

The objective of this report is to provide a stormwater servicing plan for the proposed development.

The subject site is located south of Highway 410, northwest of Mayfield Road, and northeast of Kennedy
Road, in the Town of Caledon, Region of Peel, as shown in Figure 1.1.

The Snell’s Hollow Secondary Plan area is approximately 62.4ha that includes lands on both sides of Heart
Lake Road, with the majority of the site area on the west side of Heart Lake Road. Out of the 62.4ha,

development is proposed in approximately 36.97ha, as discussed in Section 1.3 below.

1.2 Background Studies
The following documents were referenced in preparing the following report:

o Snell’s Hollow East Secondary Plan Draft Comprehensive Environmental Impact Study
and Management Plan (CEISMP) Terms of Reference, dated April 3, 2019.

e Stormwater Management Criteria, Toronto and Region Conservation Authority, dated
August 2012. (Version 1.0);

e Draft Final Report-Etobicoke Creek Hydrology Update, by MMM Group Limited, dated
April 2013.

o Kennedy Pond-Stormwater Management Facility Retrofit, Mayfield Road and Kennedy
Road, by GHD, dated May 2017.

e Snell’s Hollow East Secondary Plan Baseline Conditions Report-2019, by R.J. Burnside
& Associates Limited, dated August 2020.

e Technical Memorandum-2019 Headwater Drainage Feature Assessment, by R.J. Burnside
& Associates Limited, dated January 2020.

e Snell’s Hollow East Secondary Plan Annual Wetland Monitoring Report-Year 1 (2019), by
R.J. Burnside & Associates Limited, dated January 2020.

1.3 Proposed Development Plan and Population
The secondary plan area is approximately 62.4ha, including 36.97 ha of developable area, 0.7ha of existing
SWM pond and 24.68ha of Natural Heritage System area, including buffer area. The proposed development
consists of detached houses, semi-detached houses, townhouses, Medium-High density residential areas,

commercial areas, roads, park blocks, open space and SWM blocks.

W A |
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The proposed commercial block and Medium High-density residential blocks will be developed as part of
a separate site plan.

Table 1-1 below summarizes the proposed development and estimated population based on the Peel Region

design criteria. For ease of identification, areas have been divided into A, B and C, as shown in Figure 1.2.
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Table 1-1: Development Proposal and Estimated Population

Population
. Density JPee Population
IDAS pleg AL Block Land Use il Units Reg_l on Estimate
: (ha) Design
Criteria) (R
(persons/unit)
Low Density (Detached,
Semi-Detached & ST. 10.02 | 351 3.43 1204
Townhouses)
Medium Density 273 | 210 2.92 613
A (Townhouses)
SWM blocks 3.33 -
Right of Way 8.8 -
Park blocks 131 -
Open Space (MTO Setback) 2.01 -
Low Density (Detached,
Developable Semi-Detached & ST. 0.37 13 3.43 45
Area Townhouses)
Medium Density 170 | 135 2.92 304
(Townhouses)
B Medium-High Density 1.27 190 2.23 424
Right of Way 2.3 -
Park blocks 0.38 -
Open Space (MTO Setback) 0.02 -
Servicing Block 0.01 -
c Medium-High Density 1.25 188 2.23 419
Commercial 1.47 - - 93
Sub-Total 36.97 | 1087 3192
Natural Heritage System 21.95 - -
Open Space (Buffer) 2.73 - -
Existing SWM Pond 0.7 - -
Total Area 62.4 | 1087 3192

*Based on 63 Jobs/ha for Commercial Area as per the Concept Plan
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2.1

Existing Drainage

The subject site is located within the Etobicoke Creek watershed. The majority of the subject site west of
Heartlake roads generally drains southeast towards the tributary of the Etobicoke located within the site.

There is a drainage divide located within the site which diverts the flows from the site to east towards
another tributary of the Etobicoke Creek. Please refer to Figure 2.1 for more details.

Based on the TRCA design criteria (August 2012), the site is located within TRCA defined catchment 224.
MMM Group Limited completed a Draft Final Report-Etobicoke Creek Hydrology Update (April 2013),
which further breaks down the catchment drainage boundaries located within the Etobicoke Creek “Spring

Creek” subwatershed. The subject site was identified as part of three (3) pre-development catchment area

IDs. The west portion of the site drains southerly and is within catchment ID area 41. The easterly portion
of the subject site is split between catchment ID 447 and 24.

The catchment areas defined in the Draft Final Report-Etobicoke Creek Hydrology Update (April 2013)
can be seen in Figure J-1 (provided in Appendix A).

The pre-development drainage areas located within the site boundary were determined based on the
available topography data and can be seen in Figure 2.1 and summarized in Table 2-1.

Table 2-1: Summary of Pre-development Drainage Areas
TRCA Design ; ) .
——_ Draft Final Report-Etobicoke Creek SCE Pre-development Drainage Areas
riteria
Hydrology Update (April 2013 Based on Figure 2.1
(August 2012) ydrology Update (Ap ) ( g )
Runoff Area
Catchment ID | Subwatershed Catchment ID Catchment ID -
Direction (ha)
224 Spring Creek 41 1 SW 46.2
224 Spring Creek 24 2 SE 12.6
224 Spring Creek 447 3 NE 2.9
2.2 Existing Land Use and Soil Conditions

| £ A
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Based on google satellite imagery, the subject site is currently primarily agricultural land. The Draft Final



SWM REPORT — EXISTING CONDITIONS
SNELL’S HOLLOW EAST SECONDARY PLAN AREA FEBRUARY 2021

Report-Etobicoke Creek Hydrology Update (April 2013) defines existing land use in Figure A-1 (provided
in Appendix A) where the subject site land use is identified as agricultural, meadow, successional, estate
residential, and open water. A portion of the Heart Lake Provincially Significant Wetland (PSW) is located
within the site as discussed in the R.J. Burnside & Associates Limited Baseline Conditions Report (August
2020),.

As per Draft Final Report-Etobicoke Creek Hydrology Update (April 2013) Figure A-3, the subject site
soils are ONEIDA throughout the developable area of the site. Similarly, the York Region Soil map
identifies the soils as the Oneida series with soil type defined as clay loam. Subject site soils are therefore
identified as type D.

Borehole logs from the preliminary Geotechnical Investigations completed by Golder Associates Ltd.
(Refer to Appendix A) for the subject site confirm the soil type to be Silty clay.

2.3  Existing Storm Servicing
The existing storm infrastructure within the vicinity of the site includes existing SWM ponds, culverts and
a storm sewer system on Mayfield Road, collecting the road drainage. Please refer to Figure 2.1, which

identifies the existing SWM ponds and existing culverts.

There are two existing SWM ponds located near the sites. One of the existing stormwater management
ponds is located southwest of the subject site in the northeast corner of the Kennedy Road and Mayfield
Road intersection. The pond was originally designed by Stantec (2007) as was sized to accommaodate the
runoff from Mayfield Road and additional external area. A facility retrofit report was completed by GHD
(May 2017) to ensure that the pond was providing adequate quality and quantity control. Based on the
tributary drawing, the estate lots along Mayfield Road, which are within the subject boundary, were
accommodated in the Pond as an external area; however, the Stantec (2007) report identifies that any future
development of the external lands should provide their own quantity and quality control. The pond was
sized to accommodate the Mayfield Road Widening. The pond discharges to the Spring Creek tributary that
runs through the subject site.

The other SWM pond is located south of Mayfield Road and west of Heart Lake Road, as identified in
Figure 2.1. The background data collected for the existing two SWM ponds is presented in Appendix F

for additional information.
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3.0EXISTING HYDROLOGY MODEL

3.1 TRCA Existing Hydrology Model
The latest Etobicoke Creek Hydrology Model was completed by MMM Group Limited (April 2013). The
model was created for TRCA to determine quantity control criteria for development located within the
watershed. Etobicoke Creek watershed runs through Caledon, Brampton, Mississauga and Toronto. The
Etobicoke Creek model delineated sub-basins, in which the Snell’s Hollow East Secondary Plan Area is

located within the Spring Creek subwatershed in sub-basin number 6.

3.1.1 Existing Catchment Parameters

The Draft Final Report-Etobicoke Creek Hydrology Update (April 2013) by MMM Group Limited
determined watershed parameters through the DTM, aerial photographs, and soil maps. SCS Curve Number
method was used in the model, which is a function of land use, soil type, and AMC conditions; the weighted
average was calculated using GIS software. Initial abstraction was calculated based on the Visual
OTTHYMO Model Hydraulic Reference manual. As discussed in Section 2.1, the subject site falls within
three (3) catchment areas of the Spring Creek subcatchment. Table 3-1 summarizes the existing catchment
parameters defined in the MMM Group Limited TRCA hydrology model (April 2013).

Table 3-1: Summary of TRCA Existing Model Catchment Parameters

TRCA Model TRCA TRCA Catchment | CN | IA TP

Catchment ID Area (ha) (hr)

Existing-2 to 100yr AMCII 41 263.00 74 8.9 | 0.516
Existing-Regional_12hr_AMCIII AMCIII 41 263.00 88 8.9 | 0.516
Existing-2 to 100yr AMCII 24 140.14 76 | 81 | 0.557
Existing-Regional_12hr_AMCIII AMCIII 24 140.14 89 | 81 | 0.557
Existing-2 to 100yr AMCII 447 106.74 79 | 6.8 | 0.585
Existing-Regional_12hr_AMCIII AMCIII 447 106.74 91 6.8 | 0.585

3.1.2 Corresponding Flows

The Flows from the TRCA Hydrology modelling corresponding to the catchments 41, 24 and 447 are

summarized below in Table 3-2

NN
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Table 3-2 Existing TRCA Flows for catchments 41, 24 and 447

TRCA TRCA TRCA
Storm Event Catchment ID | Catchment ID | Catchment ID
41 24 447

2-Year 2.66 cms 1.55 cms 1.41 cms
5-Year 4.69 cms 2.69 cms 2.36 cms
10-Year 6.25 cms 3.55cms 3.06 cms
25-Year 8.36 cms 4.71 cms 4.00 cms
50-Year 10.01 cms 5.62 cms 4.73 cms
100-Year 11.74 cms 6.57 cms 5.48 cms
Regional Event 32.36 cms 17.05 cms 12.96 cms

3.2 Subject Site Hydrology

A separate hydrology model was not prepared for the subject site to analyze the peak flows from the subject
site. Instead, the flows from the existing TRCA model was used to establish the flows from the subject site

using the MTO Prorating Methodology. This approach was used to establish the flows to ensure that the
subject site flows correspond to the calibrated TRCA EXxisting model.

The existing flows for the subject site are summarized in Table 3-3 below. Detailed calculations are
provided in Appendix B.

| 2 A |
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Table 3-3 Existing Peak Flows for catchments 1, 2 and 3
SN SCE Catchment | SCE Catchment | SCE Catchment
ID 1 ID 2 ID 3
2-Year 0.72 cms 0.26 cms 0.09 cms
5-Year 1.27 cms 0.44 cms 0.16 cms
10-Year 1.70 cms 0.58 cms 0.20 cms
25-Year 2.27 cms 0.77 cms 0.27 cms
50-Year 2.72 cms 0.92 cms 0.32 cms
100-Year 3.19 cms 1.08 cms 0.37 cms
Regional Event 8.78 cms 2.80 cms 0.87 cms
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4 OSTORMWATER MANAGEMENT DESIGN
CRITERIA

As per TRCA design criteria (August 2012), the following design criteria will need to be considered in the

development of the Snell’s Hollow East Secondary Plan Area;

| 2 A |
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Quantity control: Peak flows are to be controlled to the unit flow rates described in the
TRCA Appendix A, for Etobicoke Creek Catchment 224. The unit flow rates are

summarized in the table below:

Table 4-1: TRCA Unit Flow Rate Equations for Etobicoke Creek, Catchment 224.

Return Period Unit flow Equation
(years) (I/s/ha)
2 7.5
5 13.3
10 18.7
25 27
50 35.2
100 42.1

Design Storms: Peak flows are to be modelled using the 6-hour AES storm as defined in

the TRCA criteria.

Erosion control: Erosion control will be provided either through the 5mm retention ( for

site plans < 2.0ha) or the 25mm 48hour detention in SWM ponds.

Quiality control: Enhanced level of quality protection (80% TSS removal) is required as

per the latest MOE SWMP Manual.

Water Balance: The subject site is within a significant groundwater recharge area

(SGRA); therefore pre-development recharge conditions are to be maintained in post-

development conditions;

Feature-Based Water Balance (FBWB): PSW’s have been identified on the subject site,

runoff to these features should be maintained in post-development conditions.
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The following design criteria were established in the Draft Final Report-Etobicoke Creek
Hydrology Update, by MMM Group Limited, dated April 2013:

As per the report, the pre-development Regional flows are to be maintained in post-development conditions

and unit flow rates have been developed. Regional storage will require an additional 214m?ha, which is to

e Design Storms: The report recommends utilizing the 12hr AES rainfall distribution for a

2-100 year rainfall event to establish the peak flows. The Regional event should be

modelled with the final 12-hours of the Hazel event under AMC |11 conditions.

e Quantity Control: New unit flow rates were established for infill developments for both

the 2-100 storm events and regional storm events (please see the table below); however,

any development on the subject site cannot be considered infill.

It was confirmed with TRCA, that the regional control is required for this site based on the

release rate of the 127.44l/s/ha.

be added after the Regional Storm storage has been sized using the unit flow rates.

The subject site is bounded by Mayfield Region of Peel Right of Way (ROW. The applicable design criteria

stated in the Region of Peel Public Works Stormwater Design Criteria and Procedural Manual, June 2019

W A |
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Table 4-2: Unit Flow Rate as per the Draft Final Report-Etobicoke Creek Hydrology Update

Return Unit flow Equation | Unit flow Equation | Unit flow Equation
Period Catchment 41 Catchment 24 Catchment 447
(years) (I/s/ha) (I/s/ha) (I/s/ha)
2 10.11 11.09 13.21
5 17.85 19.20 22.06
10 23.75 25.34 28.65
25 31.77 33.63 37.45
50 38.08 40.12 44.28
100 44.65 46.85 51.32
Regional 127.44 (Basin 6)
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will apply for works within the Regional ROW.
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5.0Proposed Stormwater Management
Scheme

To provide the required stormwater management control and meet the design criteria presented in Section
4, two (2) stormwater management facilities are proposed, as shown in Figure 5.1. The two SWM facilities
service for the majority of the site. SWM Facility 1 discharges to the Etobicoke tributary located within the
subject site and SWM Facility 2 discharges to the existing 525mm diameter storm sewer on Heart Lake
Road. The remaining catchment (South Site Plan — Catchment 203) is proposed to follow the existing
drainage conditions and drain towards the Etobicoke's tributary located within the site, providing on-site
controls

The proposed SWM 1 and SWM 2 facilities are proposed to provide water quality, quantity treatment and
erosion control during the post-development conditions. SWM Facility 1 services the western half of the
subject site lands west of Heart Lake Road, and SWM Facility 2 services the eastern half and the subject
lands east of Heart Lake Road. The water balance criterion is proposed to be met site-wide as discussed in
Section 6.1 below.

The tributary to each SWM facility and the corresponding imperviousness is presented in Figure 5.1 and

Table 5-1 below. Detailed calculations are presented in Appendix C.

Table 5-1: Post Development Drainage Areas

N Post Development Total area ) Runoff
Facility Area (ha) Imperviousness o
Catchment ID (ha) Coefficient
SWM
. 201 14.51 14,51 54% 0.58
Facility 1
SWM 202 13.68
. 19.73 63% 0.64
Facility 2 204 6.05
On-site
203 2.72 2.72 90% 0.83
Controls

Please refer to Figure 5.1 for an illustration of the post-development drainage plan. The proposed
Stormwater infrastructure is presented in Figure 5.2.
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5.1 SWM strategy — Area Draining to SWM Pond 1 (Catchment 201)
A detailed evaluation of the SWM and Low Impact development measures that apply to the proposed
development were reviewed and presented in the CEISMP Section 8.3.1. As presented in the report, a SWM
Pond is proposed to achieve the quality, quantity and erosion control requirements for Catchment 201, as
per the design criteria discussed in Section 4. SWM Pond 1 discharges to the creek located within the
subject site.

51.1  Allowable Release Rates
As discussed in the previous sections, approximately 14.51 ha is proposed to drain to the SWM facility 1. The
maximum allowable release rates from SWM Pond 1 are based on the unit flow rates described in the TRCA
guidelines Appendix A, for Etobicoke Creek Catchment 224. The pond release rates are based on a pre-
development drainage area of 19.44ha. A summary of the allowable flows from SWM Pond 1 are outlined in
Table 5-2 below.

Table 5-2: Summary of the Allowable Design Flows for SWM Pond 1

Return Period
Target Flow Rate (m®/s/ha) Target Rate (m?/s)
(years)

2 0.0075 0.146
5 0.0133 0.259
10 0.0187 0.364
25 0.0270 0.525
50 0.0352 0.684
100 0.0421 0.819
Regional Event 0.123* 1.785

*The regional unit flow rate is based on TRCA's existing peak flow of 32.36¢cms for catchment 41 with an

area of 263 ha.

5.1.2 Quantity Control
According to the latest stormwater management plan, it is proposed to drain approximately 14.51 ha of the
subject site to SWM Pond 1.

Based on the calculations presented in Appendix C.4, the required 100-year storage volume is 2863 m*
and the required regional event volume is 5968 m3. Please note that since the post-development regional

peak flow of 1.47m?s was less than the allowable release rate of 1.785cms, the regional storage volume
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was estimated by adding the 214m3/ha to the 100-year storage volume.

Currently, SWM Pond 1 is adequately sized to provide 100-year storage of 4200 m? and a regional volume
of 7810 m3. The full VO results are provided in Appendix C.6.

Table 5-3: Storage Volume for SWM Pond 1

Return Period TargetgFIow Rate Target Rate (m¥s) I?r?g; i(reegv\éc;lnui:]nge
(years) (m°3/s/ha) Storm)
2 0.0075 0.146 2350
5 0.0133 0.259 2500
10 0.0187 0.364 2594
25 0.0270 0.525 2723
50 0.0352 0.684 2789
100 0.0421 0.819 2863
Regional Event 0.123 1.785 5968

5.1.3 Quiality Control
Quality Control for the tributary area to SWM Pond 1 (14.51 ha) will be provided at the pond. The
permanent pool was sized to provide 80% of TSS removal based on Table 3.2 in the MOE. SWM Planning
and Design Manual. The required permanent pool volume is summarized in Table 5-4 below, and

calculations are provided in Appendix C.5 for reference.

Table 5-4: Permanent Pool Volume for SWM Pond 1

; ; Provided
- Overall Imperviousness Required Permanent Pool
Contributing Area Permanent Pool
(%) Volume (m?)
Volume (m?)
1451 54 2137 2250
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514 Erosion Control
As per the TRCA SWM guidelines, erosion control is required by detaining 25mm event over 48 hours.
Additionally, the Fluvial Geomorphological Assessment completed by GeoMorphix (April 15, 2020)

recommended a 24 hour or 48-hour detention of the 25mm to prevent erosion in the subject site area and
downstream.

Therefore, SWM Pond 1 was sized to ensure that the 25mm event is released over 48 hours. Please refer to

Appendix C.3 for erosion control calculations. Table 5-5 below provides a summary of the required
erosion control volume.

Table 5-5: Erosion control required volume for SWM Pond 1

RV (mm) (Value from Required Storage Volume Peak Outflow
VO model) (m?3) (m3/s)
14.51 14.8 2147 0.019

Contributing Area

5.2 SWM Strategy — Area Draining to SWM Pond 2 (Catchments 202
& 204)

A detailed evaluation of the SWM and Low Impact development measures that apply to the proposed
development were reviewed and presented in the CEISMP Section 8.3.1. As presented in the report, a SWM
Pond is proposed to achieve the quantity, quality and erosion control requirements for Catchments 202 and

204, as per the design criteria discussed in Section 4. SWM Pond 2 discharges to the existing 525mm
diameter storm sewer on Heart Lake Road.

52.1  Allowable Release Rates
As discussed in the previous sections, approximately 19.73ha is proposed to drain to the SWM facility 2. The
maximum allowable release rates from SWM Pond 2 are based on the unit flow rates described in the TRCA
guidelines Appendix A, for Etobicoke Creek Catchment 224. The pond release rates are based on a pre-

development drainage area of 12.65ha. A summary of the allowable flows from SWM Pond 2 are outlined in
Table 5-6 below.
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Table 5-6: Summary of the Allowable Design Flows for SWM Pond 2
Return Period (years) Target Flow Rate (m®/s/ha) Target Rate (m?¥s)

2 0.0075 0.095

5 0.0133 0.168

10 0.0187 0.236

25 0.0270 0.341

50 0.0352 0.445

100 0.0421 0.532
Regional Event 0.122* 1.538

*The regional unit flow rate is based on TRCA's existing peak flow of 17.05cms for catchment 24 with an
area of 140.14 ha.

5.2.2 Quantity Control
According to the latest stormwater management plan, it is proposed to drain approximately 19.73 ha of the

subject site to SWM Pond 2.

Based on the calculations presented in Appendix C.4, the required 100-year storage volume is 7925 m*®
and the required regional event volume is 19037 mé. The regional storage volume was estimated by adding
the 214m3/ha to the regional storm storage sized using the unit flow rates.

Currently, SWM Pond 2 is adequately sized to provide 100-year storage of 7980 m? and a regional volume
of 19510 m®. The full VO results are provided in Appendix C.6.
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Table 5-7: Storage Volume for SWM Pond 2

) Required volume
Return Period Target Flow Rate )
Target Rate (m?/s) (m®) (Governing
(years) (m3/s/ha)
Storm)
2 0.0075 0.095 4594
5 0.0133 0.168 5719
10 0.0187 0.236 6392
25 0.0270 0.341 7099
50 0.0352 0.445 7484
100 0.0421 0.532 7925
Regional Event 0.122 1.538 19037

5.2.3 Quality Control
Quality Control for the tributary area to SWM Pond 2 (19.73 ha) will be provided at the pond. The
permanent pool was sized to provide 80% of TSS removal based on Table 3.2 in the MOE. SWM Planning
and Design Manual. The required permanent pool volume is summarized in Table 5-8 below and
calculations are provided in Appendix C.5 for reference.

Table 5-8: Permanent Pool Volume for SWM Pond 2

) ) Provided
- Overall Imperviousness Required Permanent Pool
Contributing Area Permanent Pool
(%) Volume (m?)
Volume (m?)
19.73 63 3317 4400

5.2.4 Erosion Control

As per the TRCA SWM guidelines, erosion control is required by detaining 25mm event over 48 hours.

Additionally, the Fluvial Geomorphological Assessment completed by GeoMorphix (April 15, 2020)
recommended a 24 hour or 48-hour detention of the 25mm to prevent erosion in the subject site area and
downstream.

Therefore, SWM Pond 2 was sized to ensure that the 25mm event is released over 48 hours. Please refer to
Appendix C.3 for erosion control calculations. Table 5-9 below provides a summary of the required

erosion control volume.
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Table 5-9: Erosion control required volume for SWM Pond 2
o RV (mm) (Value from Required Storage Volume Peak Outflow
Contributing Area
VO model) (m?3) (m3/s)
19.73 16.776 3310 0.029

5.3 SWM Strategy — South Site Plan Area (Catchment 203)

53.1

As previously discussed, the site plan area (Catchment 203) located at the south side of the subject lands is
proposed to have on-site controls. The on-site storage will control peak flows to the unit flow rates described
in the TRCA guidelines Appendix A, for Etobicoke Creek Catchment 224. The release rates are based on a
pre-development drainage area of 2.72ha. A summary of the south site plan's allowable flows is outlined in

Table 5-10 below.

Allowable Release Rates

Table 5-10: Summary of the Allowable Design Flows for the South Site Plan (Catchment 203)

Return Period
Target Flow Rate (m®/s/ha) Target Rate (m?¥s)
(years)

2 0.0075 0.020
5 0.0133 0.036
10 0.0187 0.051
25 0.0270 0.073
50 0.0352 0.096
100 0.0421 0.115
Regional Event 0.123* 0.335

*The regional unit flow rate is based on TRCA's existing peak flow of 32.356¢cms for catchment 41 with an

area of 263 ha.
5.3.2

Quantity Control

On-site controls are proposed for the South Site Plan in order to maintain the allowable release rates
presented in Section 5.3.1 above.

Based on the calculations presented in Appendix C.4, the required 100-year storage volume is 1486 m*

and the required regional event volume is 2550 m®. The full VO results are provided in Appendix C.6.

The on-site retention methods (Underground storage, parking storage or roof storage) will be determined
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at the site plan stage when additional information is available.

Table 5-11: Storage Volume for the South Site Plan (Catchment 203)

) Required volume
Return Period Target Flow Rate )
Target Rate (m?/s) (m®) (Governing
(years) (m3/s/ha)
Storm)
2 0.0075 0.020 819
5 0.0133 0.036 1002
10 0.0187 0.051 1117
25 0.0270 0.073 1265
50 0.0352 0.096 1376
100 0.0421 0.115 1486
Regional Event 0.123 0.335 2550

5.3.3 Quality Control

On-site measures should be designed to provide 80% TSS removal to achieve the quality control

requirements.

The on-site measures can be stand-alone units like Jellyfish Filter units or a combination of Lot-level
techniques, including but not limited to infiltration galleries, bioswales, tree pits, permeable pavers or
underground infiltration/ retention tanks.

5.34 Erosion Control
As per the TRCA SWM guidelines, erosion control is required by detaining 25mm event over 48 hours.
Please refer to Appendix C.3 for erosion control calculations. Table 5-12 below provides a summary of
the required erosion control volume.
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Contributing Area

2.72

FEBRUARY 2021
Table 5-12: Erosion control required volume for the South Site Plan
RV (mm) (Value from
VO model)

Required Storage VVolume
22.692

(m?)

Peak Outflow

617

(m3/s)
Since achieving an outflow of 5 L/s is not feasible, the erosion control requirements can be met via 5mm on-
site retention given the small area of the site (2.72 ha).

0.005
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6.0Water Balance and Feature-Based
Water Balance

6.1 Water Balance
The subject site is not located within a WHPA-Q1/Q2 area; however, some areas are located within a
significant groundwater recharge area (SGRA). Therefore, as per TRCA design criteria (August 2012), the
subject site requires that post-development infiltration matches existing conditions. A post to pre-
development conditions detailed water balance was undertaken for the proposed development. The total
precipitation value was based on the TRCA water budget tool.

As the TRCA water budget tool inputs do not equal outputs, the evaporation value was determined based
on prorating the precipitation value. The infiltration factor for pervious areas was determined based on the
M.O.E. factors. M.O.E. factors were determined to assume the site has tight clay soils, the terrain has rolling
hills, and land cover varies between agricultural, meadow, and natural feature areas. The existing rooftops

were considered impervious areas.

It is determined that the site annual infiltration capacity for pre-development conditions is approximately
112,905 m* and it will drop to 75,621 m?® per year under the post-development conditions. Thus, the

approximate annual infiltration deficit is calculated to be 37,284 m®.

In order to achieve the post to pre infiltration for the subject lands, the following options were explored in
detail. Please note the below options are explored only for the lands west of Heart Lake Road. There are
limited options for lands east of Heart Lake Road due to limited space. For example, the clean water
collector system (proposed in Option 3) below will be challenging as it introduces a new sewer system that
requires crossing the Regional ROW. Additionally, grading constraints and limited spacing constrict the

ability to propose infiltration facilities.
Option 1: Infiltration Trenches for Catchments 201 and 202 & On-site measures for Catchment 203

The following option proposes infiltration trenches where feasible to meet the water balance requirements

and assumes the Catchment 203 will provide its own site plan measures.
The proposed measures in this option are detailed below.

e Catchment 203 to provide own site plan control to achieve 5mm infiltration
o Various LID measures that can help achieve the required SWM criteria were discussed in
the CEISMP report. Please refer to Section 8.4 of the CEISMP for more details.

o Infiltration Trenches are proposed at Low-Density Development area (Detached/Semi-
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Detached/St. Townhouses).
o Based on the preliminary calculation presented in Appendix D, approximately 2000m of
Infiltration trench (Width = 1.5m and Depth = 0.72m) is required to meet the water balance.
A design infiltration rate of 15mm/hr with a safety factor of 2.5 was utilized to complete
these calculations. Based on the development plan, approximately 2339m is available for
infiltration trenches, as shown in the figure in Appendix D.
e Infiltration trenches in the Park area
o Based on the preliminary calculation presented in Appendix D, approximately 201m of
Infiltration trench (Width = 1.5m and Depth = 0.72m) is required to meet the water balance.
A design infiltration rate of 15mm/hr with a safety factor of 2.5 was utilized to complete
these calculations.
The above measures help achieve the 34820m?/y of the above mentioned 37284m?®/y deficit. This option is
currently recommended for the proposed development. It helps achieve the required post to pre-water
balance, and the operation and maintenance costs are estimated to be low compared to the other options
discussed below. In addition to our analysis, R.J. Burnside has prepared and provided their analysis as
shown in Appendix D. The analysis by R.J. Burnside also confirms that the proposed mitigation

measures in Option 1 satisfy the post-to-pre water balance requirement.

Table 6-1 summarizes the pre to post-development conditions water balance with mitigation

measures presented in Option 1.
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Table 6-1: Water Balance Summary
Site
Percent
Change Post-development | Change (pre to post
Total Pre- Post- (Preto with mitigation with mitigation)
Characteristics development | development Post) (OPTION 1) (OPTION1)
Inputs (Volumes)
Precipitation
(m3/year) 535,556 535,556 0% 535556 0%
Total Inputs
(m3/year) 535,556 535,556 0% 535556 0%
Outputs (Volumes)
Precipitation
surplus (m3/year) 258,625 340,197 24% 340197 24%
Net Surplus
(m3/year 258,625 340,197 24% 340197 24%
Total
Evapotranspiration
(m8/year) 276,931 195,359 -42% 195359 -42%
Total Infiltration
(m8/year) 112,905 75,621 -49% 110441 -2%
Total Runoff
(m8/year) 145,720 264,576 45% 229756 37%
Total Outputs
(m3/year) 535,556 535,556 0% 535556 0%
Option 2: Infiltration Trenches (Catchments 201 and 202), Infiltration Gallery (Catchment 201) &
On-site measures for Catchment 203

The following option proposes infiltration trenches where feasible to meet the water balance requirements

and assumes the Catchment 203 will provide its own site plan measures. Additionally, an infiltration gallery
is proposed to provide a post to pre-water balance for the area draining to the facility.

The proposed measures in this option are detailed below.

Catchment 203 to provide own site plan control to achieve 5mm infiltration

o Various LID measures that can help achieve the required SWM criteria were discussed in
[ ]

the CEISMP report. Please refer to Section 8.4 of the CEISMP for more details.
Infiltration Gallery in Park Area (Catchment 201)

o A separate CWC is proposed to convey the flows to an infiltration galley (approximately
0.3ha) to provide infiltration for the roof areas within Catchment 201.

Infiltration Trenches are proposed at Low-Density Development area( Detached/Semi-
Detached/St. Townhouses) within Catchment 202 and Catchment 201.
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Based on the preliminary calculation presented in Appendix D, approximately 935m of
Infiltration trench (Width = 1.5m and Depth = 0.72m) is required to meet the water balance.
A design infiltration rate of 15mm/hr with a safety factor of 2.5 was utilized to complete
these calculations. Based on the development plan, approximately 1111m is available for
infiltration trenches, as shown in the figure in Appendix D.

The above measures help achieve the 39940m?/year, which is greater than the 37284m3/year deficit. This

requires.

option is currently not recommended as it involves a third pipe system and a separate infiltration gallery.
However, this option can be explored in the detail design stage to achieve the requirements, if the agency

Option 3: Perforated Clean Water Collector System & On-site measures for Catchment 203

infiltration measures.

The following option proposes a perforated clean water pipe system that collects clean water from the roofs
and promotes infiltration. Similar to the other two options, catchment 203 is proposed to provide its

The proposed measures in this option are detailed below.

Catchment 203 to provide own site plan control to achieve 5mm infiltration

o Various LID measures that can help achieve the required SWM criteria were discussed in
the CEISMP report. Please refer to Section 8.4 of the CEISMP for more details.
Perforated CWC’s

o A perforated CWC system is proposed and the storm sewers to enable infiltration from the

clean roof areas. As shown in the calculations in Appendix D, approximately 1950m of
300mm diameter perforated pipe is required to satisfy the infiltration requirements.

The above measures help achieve the 37284m?3/year deficit. This option is currently not recommended as it
involves a third pipe system. However, this option can be explored in the detail design stage to achieve the
requirements.

6.2 Feature Base Water Balance

The Snell’s Hollow East Secondary Plan Baselines Condition Report by R.J. Burnside (August 2020)

identifies that the subject site drains to the Heart Lake Provincial Significant Wetlands (PSW) defined by
the Ministry of Natural Resources (MNRF). A portion of the PSW is within the site boundary.

R.J Burnside and Schaeffers Consulting Engineers completed a Wetland Water Balance Risk Evaluation
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water balance model was prepared by Schaeffers Consulting Engineers. The details are presented in

the report titled “Feature-Based Water Balance — Snells Hollow Secondary Plan Area,” dated April 2021.
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7.0FLOODPLAIN ANALYSIS

A floodplain analysis has been conducted for the subject site to determine the conveyance capacity of the
tributary. The method of establishing the existing floodplain has been discussed with the TRCA due to the
backwater conditions caused by the 1050 mm diameter culvert under the Mayfield Road crossing.
Schaeffer’s previously conducted the analysis using conventional 1-D HEC-RAS Modelling. It was found
that the water spills over the Mayfield Road at various locations, including the culvert's location. Due to
the very limited capacity of the culvert, the system acts in backwater; 1-D modelling ignores the impacts
of storage available within the valley. This information was conveyed to the TRCA during a meeting held
on August 7", 2020 between the TRCA and Schaeffers. It was concluded to establish the floodplain

assuming the culvert being plugged and assuming the valley as a complete storage unit.

In following this methodology, Schaeffer’s established the floodline for the subdivision based on the total
runoff volume generated from the Future drainage conditions at the request of the TRCA. It is to note that
the spill elevation to Mayfield Road has been established based on the field survey as 257.50 masl. The
total available storage within the valley is calculated to be 183,870 m? at the elevation of 257.50 masl.
Please refer to the floodplain shown in Figure 7.1.The overall drainage area towards the watercourse in
Future conditions is calculated to be 51.75ha. This area includes the 9.76ha drainage area to the Kennedy
SWM Pond as per the SWM report by GHD (SWM Facility Retrofit Report), the 17.23 ha from the proposed
subdivision, and the 24.76 ha of drainage from the valley. Please refer to the future conditions drainage area
in Figure 7.2.

7.1  Runoff Generated
The runoff volume calculation has been carried out using Visual OTTHYMO. Overall drainage parameters
have been updated to reflect the future drainage conditions and the land uses. Based on the VO hydrograph
output for the Hurrican HAZEL regional storm case, a total runoff volume of 184.452mm is expected. This
amounts to 95,454 m? of volume. VO modelling results are presented in Appendix E. With the assumption
that the culvert is plugged, it has been estimated that the water surface elevation will be 256.65 masl within
the valley when retaining 95,454 m? of water, lower than the spill elevation. As such, the proposed grading
and servicing has been carried out to safely maintain a freeboard from this elevation. The proposed floodline
is depicted in Figure 7.1. Furthermore, this floodline has been delineated on the existing floodplain

drawing.
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.OSUMMARY

This report presents the stormwater management plan for the proposed Snell’s Hollow Secondary Plan Area
located in the Town of Caledon. The report demonstrates that adequate stormwater servicing will be

available for the proposed development. The key points discussed in this report are summarized below.

e Two stormwater management facilities are proposed to meet the required quantity, quality and
erosion requirements for Catchments 201, 202 and 204.

e The South Site Plan (Catchment 203) is proposed to have on-site controls.

e A floodplain assessment was completed to determine the conveyance capacity of the tributary.

e Post to pre-water balance is proposed via infiltration trenches and infiltration galleries in Catchment

201 and 202. Catchment 203 will provide its own measures to achieve Smm infiltration.

Should you have any questions or comments, please do not hesitate to call the undersigned.

Respectfully Submitted,

SCHAEFFER & ASSOCIATES LTD.

Songh Famely Z

Sarah Fanous, B.Se., E.LT. Koryun Shahbikian, LLM, M. Eng., P. Eng.

Water Resources Analyst Partner

Jose

Yashaswy Gollamudi, B.Sc., E.L.T.

Water Resources Analyst
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SERVICE DATA
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SERVICE DATA
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Table 5.1 Potential Storm Distributions for Etobicoke Creek

Return Period Design Storms
Chicago (3, 4 and 12 hours)
210100 Year AES (1, 6, 12 and 24 hours)

SCS Type Il (6, 12, and 24 hours)

Tables included in Appendix F2 present the resulting 100-year flows for all design storm distributions at all
selected flow node locations. As seen from these Tables, the most conservative peak flow rates were
generally found to be associated with the 12-hour AES rainfall distribution. Given that the 12-hour AES
distribution is also used by TRCA in other urban watersheds (i.e., Humber and Rouge River watersheds),
the present study recommends the 12-hour AES distribution for use in the Etobicoke Creek watershed for
establishing peak flows. Tables 5.2 and 5.3 summarize the resulting 2 to 100-year peak flow rates by
using selected 12-hour AES design storm distributions for existing and future conditions respectively.

It is recommended that for sites with small drainage areas (i.e., individual site) that the Chicago storm with
5 min time steps be used for hydrologic modelling.
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6.2.3 Lower-Basins (Sub-Basins # 8, 11 and 12)

As mentioned previously, for the downstream part of the watershed (Sub-Basins #8, 11 and 12), no
controls are typically required. This is because if storages are provided for the infill re-development areas
(with increased imperviousness) to attenuate the peak flows to the existing levels, such controls (storage
routing) will delay the peak flows (i.e., longer time to peak values) from infill areas. For large sized
watersheds (e.g., Etobicoke Creek watershed has a total drainage area more than 200 km?), such delayed
peak flows from the downstream watersheds will be added to the peak flows in the main branch coming
from the upstream watersheds which typically occur later. As such, the peak flows in the main branch of
the water course will increase due to this “timing effect” if the infill re-developments within the lower
downstream part of the watershed (Sub-Basins #8, 11 and 12) are controlled. Detailed information for the
Lower-Basins is included in Appendix J3.

6.2.4 Summary of Established Unit Flow Rates for 2to1in 100 year Design
Storm Events

>

Consequently, the recommende®Unit Flow Rates (UFRSs) for 2- to 100-year design storm events (12hr
AES) for Etobicoke Creek watershed are summarized in Appendix J4. The existing catchment numbers
are shown in Drawing J.1 in the rear pocket.
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6.3 Development of Unit Flow Rates for Regional Storms

Based on discussion with TRCA staff, for Regional Storm (final 12-hours of Hurricane Hazel), ultimate
developments are required to be controlled so that there are no increases of peak flows from future
development models for the Etobicoke Creek water courses.

Similar to the approaches applied to establish Unit Flow Rates for 1 in 2 to 1 in 100 year design storms,
the following control strategies were implemented in the Etobicoke Creek watershed model for Regional
Storms:

» Headwatersheds (Sub-Basin #1) — Control peak flows from ultimate development areas to 60% of
resulting flows from the future conditions model.

» Mid-Basins and Tributaries (Sub-Basins # 2 to 7, 9 and 10) - Contragl peak flows from infill re-
development lands (maximum 20% increases of imperviousness, hose from base model; and

» Lower-Basins (Sub-Basins # 8, 11 and 12) — No quantity co required.

Hazel has been identified as al Storm for Etobicoke Creek watershed. The saturated antecedent
moisture condition (AMC Ill) is required to be applied for the catchment to simulate the wet soil conditions
resulting from the first 36-hours of Hurricane Hazel. As such, when determining the required detention
storage for regional controls, it is necessary to provide additional storage to accommodate the first 36-
hours of Hurricane Hazel. Since no distribution was recorded during first 36-hour Hurricane Hazel
historical storm, two hypothetical distributions (constant intensities and increased intensities, both with a
total depth of 73mm) were applied in the existing model to determine the storage volumes used by the
existing SWM ponds within the Etobicoke Creek watershed. All study results are included in Appendix J6.
As indicated, a unit storage volume of 214 m°/ha will be required as additional storages for Regional
controls. Such storages should be added to the calculated storage volumes to control the post-
development peak flows to the identified Unit Flow Rates for the Regional Storm.
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ETOBICOKE WATERSHED QUANTITY CONTROL STRATEGY - UNIT FLOW RATES

Basin 6 - Spring Creek (U/S of Spring Creek Flow Guge) - Control to Existing Flow

Existing Unit Flow Rates (m>/s/ha)

Catchment # 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr
16 0.01111 0.01854 0.02409 0.03151 0.03728 0.04325

24 0.01109 0.01920 0.02534 0.03363 0.04012 0.04685

41 0.01011 0.01785 0.02375 0.03177 0.03808 0.04465

45 0.01234 0.02085 0.02721 0.03576 0.04240 0.04928

64 0.01283 0.02240 0.02964 0.03945 0.04713 0.05511
447 0.01321 0.02206 0.02865 0.03745 0.04428 0.05132
699 0.01475 0.02503 0.03273 0.04305 0.05108 0.05939
734 0.01667 0.02851 0.03723 0.04878 0.05768 0.06676
All Others 0.03300 0.04485 0.05300 0.06337 7113 0.07894




ETOBICOKE WATERSHED QUANTITY CONTROL STRATEGY - UNIT FLOW RATES
REGIONAL CONTROL

Basin 6 - Spring Creek (U/S of Spring Creek Flow Guge) - Control to Future Flow

Unit Flow Rates
3
Future Catchment # (m”/s/ha)
Regional
542,734,764, 765, 769,
6992, 7602, 7612 0.11835
All Others 0.12744

<<&
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1 Introduction and Background

GEO Morphix Ltd. was retained to complete a fluvial geomorphological assessment and flow
monitoring in support of the Snell’'s Hollow Secondary Plan in the Town of Caledon, hereafter
referred to as the subject lands. The subject lands are bounded by Highway 410 to the north and
east, Kennedy Road to the west, and Mayfield Road to the south. A portion of the Heart Lake
Wetland Complex, a provincially significant wetland (PSW), is located in the southern portion of
the subject lands. This wetland complex and associated drainage features are located within the
Etobicoke Creek watershed and the jurisdiction of Toronto and Region Conservation Authority
(TRCA).

The following activities were completed as part of the fluvial geomorphological assessment:

e Conduct rapid geomorphological assessments and collect general observations to
document existing channel conditions

e Complete a detailed geomorphological assessment, including a survey of the longitudinal
profile and six (6) cross sections (including two monumented cross sections)

e Install erosion pins to quantify the rate and extent of erosion at monumented cross-
sections

e Complete grain size analysis using a modified Wolman (1954) pebble count or through
collection of bed sample to observe changes in bed composition over time, as appropriate
Determine an erosion threshold for the reach downstream of Mayfield Road
Collect time stamped monumented photographs to provide a record of existing conditions

The following activities were completed as part of the 2019 flow monitoring program:

e Install stream flow monitoring equipment in four (4) locations within the subject lands to
record water level and temperature at 15-minute intervals
Record local atmospheric temperature and pressure at 15-minute intervals
Install monumented cross-sections at each monitoring station for the periodic collection
of velocity measurements

e Collect time stamped monumented photographs to provide a record of existing conditions

Stream flow monitoring activities will continue in 2020, with all 4 monitoring stations re-installed
on March 24, 2020 for the April 1st start of the monitoring season. This report will subsequently
be updated to include additional data following removal of all monitoring equipment in the late fall
of 2020.

2 Background Review and Desktop Assessment

2.1 Physiography and Geology

Channel morphodynamics are largely governed by the flow regime and the availability and type
of sediments (i.e., surficial geology) within the stream corridor. These factors are explored as they
not only offer insight into existing conditions, but also potential changes that could be expected
in the future as they relate to a proposed activity.

The subject lands are located within the gently sloping drumlinized till plains of South Slope
physiographic region (Chapman and Putnam, 2007). Published mapping indicates that the local
surficial geology within and north of the subject lands consists of clay to silt-textured till derived
from glaciolacustrine deposits or shale. These fine-grained till deposits are considered to be
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relatively resistant to erosion. In areas where wetlands are currently present, surficial geology
consists of organic deposits (OGS, 2010).

2.2 Reach Delineation

Reaches are homogeneous segments of channel used in geomorphological investigations. They
are studied semi-independently as each is expected to function in a manner that is at least slightly
different from adjoining reaches. This allows for the meaningful characterization of a watercourse
as the aggregate of reaches, or an understanding of a particular reach, for example, as it relates
to a proposed activity. Reaches in the study area were delineated first through a desktop
assessment using the Ministry of Natural Resources and Forestry (MNRF) stream layer and recent
digital aerial photography from Google Earth Pro. Reaches were delineated based on changes in
the following:

Channel planform

Channel gradient

Physiography

Land cover (land use or vegetation)

Flow, due to tributary inputs

Soil type and surficial geology

Certain types of anthropogenic channel modifications

This follows scientifically defensible methodology proposed by Montgomery and Buffington (1997),
Richards et al. (1997), Brierley and Fryirs (2005), and the Toronto and Region Conservation
Authority (2004). A reach map is provided in Appendix A. Reaches were numbered from
downstream to upstream to provide geographic context and then verified during field
reconnaissance.

Five reaches were delineated within the subject lands. Reach EC-1 extended from Mayfield Road
to Heart Lake. Reach EC-2 consisted of the pond feature north of Mayfield Road. Reach EC-2a
extended from an agricultural field at the north extent of the subject lands to the pond feature.
Reach EC-3 contained the wetland that extended from Kennedy Road to the pond feature. Reach
EC-3a extended from the property line of a landowner in the western extent of the subject lands
to the wetland feature.

R.J. Burnside and Associates Limited (Burnside) completed headwater drainage feature
assessments (HDFAs) within the subject lands in 2019. Existing conditions documented herein
focus on geomorphologic observations and should be considered in conjunction with HDFA
assessment results prepared by Burnside under separate cover.

3 Field Assessment

Field assessments of reaches within the subject lands were completed on May 10, 2019 and
included the following activities:

Observations of riparian conditions

Estimates of bankfull channel dimensions, as appropriate
Characterization of bed and bank material composition and structure
Observations of erosion, scour, or deposition

Collection of georeferenced photographs

These observations and measurements are summarized below and in Table 1 in the following
section. The descriptions are supplemented and supported with representative photographs, which
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are included in Appendix B. Reach summary field sheets are provided in Appendix C. The Rapid
Geomorphological Assessment (RGA; MOE, 2003) and the Rapid Stream Assessment Technique
(RSAT; Galli, 1996) were not applicable due to the poorly defined nature of the features.

3.1 General Reach Observations

Reach EC-1 began at the outlet of the pond feature (EC-2) and flowed through a steel culvert
under Mayfield Road, continuing south through a confined valley towards Heart Lake. The reach
had a low gradient and where defined, contained a wide, shallow channel. Riparian vegetation was
mainly comprised of mature trees and was greater than 10 channel widths. Bank materials ranged
from clay to sand and little to no bank erosion was observed. There were no riffles or pools. Bed
materials consisted of organic material, clay, silt, and fine sand. Two trail crossings were present
across the channel and valley. Woody debris was present in the channel but was not attributed to
channel widening. Reach EC-1 was chosen as the location for the detailed geomorphological
assessment and erosion threshold analysis.

Reach EC-2 consisted of a pond feature that separated wetland reach EC-3 upstream to the west
and Mayfield Road downstream to the southeast. Reach EC-2a extended from the border of an
agricultural field to the north. This feature was characterized as poorly defined and had a moderate
gradient. Burnside identified the upstream portion of this reach as a headwater drainage feature.
The riparian vegetation buffer was continuous and comprised of grasses that extended more than
10 channel widths. The feature was extensively encroached with grasses, and a large, man-made
woody debris pile was present in the middle of the reach. Bankfull width and depth at the
downstream extent of the reach were 6.0 m and 0.4 m, respectively. Bank materials consisted of
clay, silt, and sand. Bank angles ranged from 30 - 60 degrees with little to no erosion. There was
no evidence of riffle-pool morphology. Bed materials were comprised of clay, silt, and sand.

Reach EC-3 consisted of a large wetland feature that began at the southwest extent of the subject
lands. The southwest corner of the feature was bound by a retaining wall adjacent to Mayfield
Road and the stormwater management (SWM) pond at the corner of Kennedy Road and Mayfield
Road. Recorded velocity measurements showed that the wetland slowly drained eastwards into
the pond feature (EC-2). Vegetation within the wetland consisted of cattails, deciduous trees,
shrubs and grasses.

Reach EC-3a began at the property line of a landowner in the northwest corner of the subject
lands. The reach was unconfined, and consisted of a low gradient channelized feature that was
moderately entrenched. Burnside identified the upstream portion of this reach as a headwater
drainage feature. The riparian buffer zone was wide and mainly comprised of grasses. Average
bankfull width and depth were 1.4 m and 0.3 m, respectively. Bank angles ranged from 60 - 90
degrees and the reach showed minimal signs of erosion. Bank materials consisted of clay, silt, and
sand. Riffle-pool morphology was not present. Bed materials were comprised of sand and gravel.

Table 1. General channel characteristics

Average Average Sl

Reach EELIG EELIGH
Width (m) Depth (m) Bed Bank

Riparian

Vegetation

Wetland-like channel;
confined valley; wide,

Organic

17.95 0.32 Q:;egﬁtl’ Clasy;,nzilt, I*/L?;g;e shallow channel; no
Find Sand evidence of channel

widening
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Average Average Substrate

Bankfull GEL] G
Width (m) Depth (m) Bed ET]

Riparian
Vegetation

Outlets south to steel
N/A-Pond Feature N/A Grasses culvert crossing at
Mayfield Road

Extensive vegetation
Clay, Silt, | Clay, Silt, encroached; large man-
6.0 0.4 Sand Sand Grasses made woody debris pile
mid-reach
Unconfined; no defined
N/A; Wetland Feature N/A Grasses channel; cattails, trees,
shrubs, grasses present
Clay, Silt, Sand, Channelized feature;
1.4 0.3 Sand Gravel Grasses moderately entrenched

3.2 Detailed Geomorphological Assessment

A detailed geomorphological assessment was completed on May 6, 2019 within Reach EC-1 as
this reach was identified as the most sensitive to erosion. The specific location within the reach
was chosen as it had the most defined section of channel. The assessment included a longitudinal
survey of the channel bed and water level to determine gradients, and the completion of six
detailed cross-section surveys. Two of these cross-sections were monumented and included the
installation of erosion pins. At each cross section, bankfull geometry was recorded, as well as
riparian conditions, bank material, bank height/angle, the presence of undercutting, and bank
root density. Characterization of channel bed material at each cross section was completed using
a modified Wolman (1954) pebble count technique or through collection of bed samples, as
appropriate. Photographs of each cross section and both channel banks were also collected at the
time of the survey. Results from the detailed assessment are summarized in Table 2. A complete
summary of the detailed assessment is provided in Appendix D.

Table 2. Measured and computed channel parameters

Channel Parameter EC-1 ‘
Measured

Average bankfull channel width (m) 17.95
Average bankfull channel depth (m) 0.32
Bankfull channel gradient (%) 0.66

Dso (mm) < 2.0
Manning’s n roughness coefficient 0.050
Computed

Bankfull discharge (m3/s) * 4.30
Average bankfull velocity (m/s)* 0.76

* Based on Manning’s Equation
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4 Erosion Threshold Assessment

4.1 Methodology

Erosion thresholds are used to determine the magnitude of flow required to potentially entrain
and transport bed and/or bank materials. As such, they may be used to inform erosion reduction
strategies in channels influenced by conceptual flow management plans. The erosion threshold
analysis provides a depth, velocity, or discharge at which sediment of a particular size may
potentially be entrained. This is then field-validated through sediment transport observations
under a range of flows. Due to the variability between bed and bank composition and structure,
erosion thresholds are typically determined for both bed and bank materials. Threshold targets
are determined using different methods that are dependent on channel and sediment
characteristics. For example, thresholds for non-cohesive sediments are commonly estimated
using a shear stress approach, similar to that of Miller et al. (1977), which is based on a modified
Shield’s curve. A velocity approach could also be applied. For non-cohesive materials, a method
such as that described by Komar (1987), or empirically-derived values such as those compiled by
Fischenich (2001) or Julien (1994), could be applied.

An erosion threshold is quantified based on the bed and bank materials and local channel
geometry, in the form of a critical discharge. Theoretically, above this discharge, entrainment and
transport of sediment can occur. The velocity, U is calculated at various depths, until the average
velocity in the cross section slightly exceeds the critical velocity of the bed material. The velocity
is determined using a Manning’s approach, where the Manning’s n value is visually estimated
through a method described by Arcement and Schneider (1989) or calculated using Limerinos’s
(1970) approach. The velocity is mathematically represented as

U:%dz/ssl/z [Eq. 1]

where, d is depth of water, S is channel slope, and n is the Manning’s roughness. The discharge
is then calculated using the area of a typical cross section at that depth.

For the bank materials, following Chow (1959) in a simplified cross section, 75% of the bed shear
stress acts on the channel banks. In a similar approach, the depth of flow is increased until the
shear stress acting on the banks exceeds the resisting shear strength of the bank materials.

4.2 Results

Erosion thresholds were determined for the bed and bank materials within Reach EC-1 of the
Tributary of Etobicoke Creek. This reach was deemed to be the most sensitive to erosion of the
reaches assessed, although it was still considered to be a low risk environment as it was
depositional.

Channel bed and bank materials were considered equivalent, and conservatively estimated to
consist of a fairly compact to loose clay. A critical shear stress approach was taken using the
criteria of Julien (1994) for this material, which has a critical shear stress of 6.2 N/m2. This
threshold shear stress was then applied to a representative cross section measured from the
detailed assessment to calculate the critical discharge, or the discharge at which it is expected
that sediment entrainment will begin to occur. The results of the erosion assessment are provided
in Table 4. Using the criteria of Chow, the critical discharge to entrain the bed materials within
Reach EC-1, was determined to be 1.25 m3/s.

geomorphix.com | The science of earth + balance. 5



We note that Reach EC-1, as well as the others that may receive stormwater flows in the subject
lands, are relatively resilient to potential erosion given their low gradient and wide, oversized
bankfull channels. Consequently, we do not advocate for using the erosion threshold assigned to
Reach EC-1 to aid in designing the associated SWM pond and outlet structure given the high
volume of water the channel has the capacity to tolerate. Doing so could conceivably cause
downstream erosion concerns in other reaches that are more sensitive to erosion. Instead, we
suggest using the 24 or 48 hour detention of the 25 mm event to prevent erosion both within the
study area, and downstream within Etobicoke Creek.

Table 3. Erosion thresholds and average channel parameters

Channel Parameter Reach EC-1

Average bankfull channel width (m) 17.95
Maximum bankfull channel depth (m) 0.32
Average channel gradient (%) 0.66
Calculated bankfull discharge (m3/s) 4.3
Bankfull shear stress (N/m?) 20.53
Erosion thresholds for bed and bank materials
Critical shear stress (N/m2) 6.2
Critical discharge (m3/s) 1.25

5 Flow Monitoring

During 2019, flow monitoring was conducted at four (4) locations on the subject lands to assess
water quantity characteristics. A map of monitoring locations is provided for reference in
Appendix A. Table 4, below, summarizes monitoring activities at each location.

Table 4. Flow monitoring sites, sampling parameters, and sampling duration in
2019

Sampling Parameters Monitoring Duration # Visits

Continuous water level & temperature

W Inlet Velocity measurements when possible April 4 - November 30 8

S Inlet Continuous water level & temperature April 4 - November 30 8
Velocity measurements when possible

Bridge Continuous water level & temperature April 4 - November 30 8

Velocity measurements when possible
Continuous water level & temperature
Outlet Velocity & discharge measurements April 4 - October 30%* 8
when possible

*Sensor stolen/lost between October 30 visit and sensor removal

Activities at all locations included the following:

e Collect water level and temperature data at 15-minute intervals using a HOBO U20
pressure and temperature logger, with an additional control sensor to measure
atmospheric pressure and air temperature on- site
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e Record velocity measurements using Acoustic Doppler Velocimeter (ADV), when possible,
to calculate discharge
e Collect monumented photographs of all sampling activities to verify location and timing

All sampling activities adhere to the Ontario Stream Assessment Protocol outlined by the Ontario
Ministry of Natural Resources and Forestry (MNRF, 2017). Daily rainfall data was acquired from a
Weather Underground weather station (Climate ID: ICALED1) located approximately 1.5 km west
of the subject lands to account for precipitation and climatic conditions.

5.1 Water Level Monitoring

Water level loggers recorded continuous pressure throughout the entire monitoring season (April
4 - November 30). Discrete stilling well measurements were taken during each site visit in order
to ensure data quality and data verification.

Baseflow is the portion of streamflow derived from natural storage sources and does not include
direct runoff from precipitation. There must not be any evidence in the stage discharge hydrograph
of any recent storm events to be considered baseflow. Due to the intermittent/ephemeral nature
of these watercourses, all four sites were dry following the spring freshet. During spring, the
baseflow levels of the W inlet, S inlet, Bridge, and Outlet sites were approximately 0.02 m,
0.13 m, 0.10 m, and 0.03 m respectively.

Water level responses are dependent on the magnitude of the rainfall event and antecedent
conditions. The maximum water levels during 2019 for the W Inlet site was observed on May 25
following a 33.53 mm rain event. The maximum water depth at the W Inlet site was 0.09 m on
this day. Maximum water depths at the S Inlet, Bridge, and Outlet sites were 0.20 m, 0.19 m,
and 0.09 m respectively, recorded on April 26, following a 23.37 mm rain event.

Minimum and maximum water levels recorded by monitoring equipment is summarized below in
Table 5. The full set of continuous water level measurements, as well as discrete measurements,
are provided in Appendix E.

Table 5. Minimum and maximum water depths at each sampling location

Sampling 2019 Water Depth (m)
Location
Minimum Maximum
W Inlet 0.00 0.09
S Inlet 0.00 0.20
Bridge 0.00 0.19
Outlet 0.00 0.09

5.2 Velocity and Discharge Monitoring
In addition to continuous water level and temperature monitoring, discrete measurements of

velocity (W Inlet, S Inlet, and Bridge sites) were recorded, when possible. A summary of
measured discharge at each sampling location is summarized below in Table 6.
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Table 6. Average velocity and measured discharge at each sampling location

Measurement Date . Average Velocity .
Location Discharge (m3/s
(mm-dd-yyyy) (m/s) ge (m*/s)

W Inlet 0.0114 0.0002

S Inlet 0 0
04-09-2019 -

Bridge 0 0

Outlet 0.2734 0.0150

W Inlet 0.0538 0.0009

S Inlet 0 0
05-10-2019 -

Bridge 0.0400 0.0023

Outlet 0.3392 0.0180

W Inlet 0 0

S Inlet N/A* N/A*
06-20-2019 -

Bridge N/A* N/A*

Outlet 0.0170 0.0004

*Channel dry or too shallow for measurement

Due to the intermittent/ephemeral nature of these sites, velocity measurements were only
possible during the spring freshet. A full record of attempted velocity readings is provided in
Appendix E. Velocity measurements were not possible during monitoring visits at the S Inlet
site. This is due to the lack of channel definition and wetland characteristics at the sensor location.
Maximum discharges at the W Inlet, Bridge, and Outlet sites were 0.0009 m3/s, 0.0025 m3/s,
and 0.0180 m3/s respectively, which occurred on May 10, 2019 following 21.59 mm of rainfall in
24 hours.

6 Summary and Conclusions

GEO Morphix was retained to complete a fluvial geomorphological assessment of the drainage
features within the subject lands. This assessment included a background review, reach
delineation and rapid field reconnaissance to confirm existing conditions. A detailed geomorphic
assessment was completed downstream of the subject lands, along Reach EC-1, to determine an
appropriate erosion threshold in support of the stormwater management strategy. The critical
discharge to entrain the bed materials within Reach EC-1 was determined to be 1.25 m3/s.
Notably, reaches within and downstream of the subject lands are relatively resilient to potential
erosion due to their generally low gradients and wide, oversized bankfull channels. Consequently,
the erosion threshold assigned to Reach EC-1 could potentially cause downstream erosion
concerns in other reaches that are more sensitive to erosion. Rather, the 24 or 48 hour detention
of the 25 mm event is recommended to prevent erosion both within the study area, and
downstream within Etobicoke Creek.

Water level and temperature data were collected at 15-minute intervals at 4 sites within the
subject lands. Monumented cross sections were installed at each site to collect periodic velocity
measurements to determine discharge. Monitoring results revealed that these drainage features
are ephemeral, as they only contained water during the spring freshet. Due to a lack of channel
definition, discharge could not be calculated for the S Inlet site. Maximum discharges at the W
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Inlet, Bridge, and Outlet sites were 0.0009 m3/s, 0.0025 m3/s, and 0.0180 m3/s respectively,
which occurred on May 10, 2019 following 21.59 mm of rainfall in 24 hours.

We trust this report meets your requirements. Should you have any questions please contact the
undersigned.

Respectfully submitted,

Paul Villard, Ph.D., P.Geo., CAN-CISEC, EP, CERP Suzﬁne St. Onge, M.Sc.

Director, Principal Geomorphologist Senior Environmental Scientist
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Appendix A
Reach Delineation and
Monitoring Station Locations
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Photo 1
Tributary of Etobicoke Creek
Reach EC-1 Cross section 1

Channel flowed through a confined, wooded valley with a low gradient. Yellow arrow

Photo 2
Tributary of Etobicoke Creek,
Reach EC-1 Cross section 1

Woody debris present in the channel was not attributed to channel adjustment e.g.
widening or planform adjustment) as there was limited erosion in the reach.
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View of one of two pedestrian crossings observed in the reach.
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Tributary of Etobicoke Creek
Reach EC-1 Cross section 3-M

Vegetation established in the channel bed was indicative of low flow velocities
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Channel showed wetland-like characteristics and contained clay, silt and sand substrates.

No riffles or pools were present.
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View of the left bank and associated riparian vegetation, which prdvided shade to the

feature.
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Photo taken from the downstream trail crossing facing upstream.
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Photo taken facing downstream towards tail crossing, near the downstream extent of the

detailed assessment.

Project #: PN19033
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Photo taken facing upstream towards trail crossing.
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Photo taken from the trail crossing downstream into the reach.

Vi

Project #: PN19033

The science of earth + balance.

geomorphix.com



Photo 13
Tributary of Etobicoke Creek,
Reach EC-2

Photo taken from the upstream extent of the reach showing the open water feature.

§ ot

Tributary of Etobicoke Creek
Reach EC-2

Photo taken from Mayfield Road, facing north towards the pond.
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Tributary of Etobicoke Creek
Reach EC-2a

View of conditions mid-reach. Flows drain from adjacent agricultural fields and flow
downslope to the pond feature.

Photo 16
Tributary of Etobicoke Creek
Reach EC-2a

Photo taken from mid-reach towards the pond feature. The channel was poorly defined
and lacked riffles and pools
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Tributary of Etobicoke Creek
Reach EC-2a

A large brush pile was present mid-reach.

Photo 18
Tributary of Etobicoke Creek,
Reach EC-3

View from the southwest corner of the subject lands. The wetland receives input from an
adjacent stormwater management pond.
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Photo 19
Tributary of Etobicoke Creek
Reach EC-3

£

Middle of the wetland feature, where standing water was present.
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Tributary of Etobicoke Creek
Reach EC-3

Photo taken from the west side of Rach EC-3, facing east across the wetland feature
towards Mayfield Road.
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Photo 21
Tributary of Etobicoke Creek

Photo 22

geomorphix.com

Reach EC-3

Photo taken near the W Inlet flow monitoring station facing northeast.
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Photo takenneartheridge flow monitoring site facing southwest.
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Photo 23
Tributary of Etobicoke Creek

Reach EC-3a

Photo taken at the W Inlet flow monitoring site facing downstream. Reach was a ditch
feature draining a property upstream.

Photo 24
Tributary of Etobicoke Creek
Reach EC-3a

Photo taken facing upstream.
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W Inlet

Photo 26
Tributary of Etobicoke Creek

Flow Monitoring Site

Photo taken facing site showing baseline conditions.
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Photo 27
Tributary of Etobicoke Creek

Flow Monitoring Site
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Photo taken facing downstream after a 21.59 mm rain event.
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Photo taken facing upstream showing baseline conditions.

geomorphix.com

The science of earth + balance. Project #: PN19033

Xiv



Bridge

Photo 29

4
(]
o
jd

Q
Q

£
(=]

=

2
(=]

i

w

("
o
>
|4
©

-
=

2

=

=

Flow Monitoring Site

Photo taken facing upstream after a 21.59 mm rain event.

Bridge

Photo 30
Tributary of Etobicoke Creek

Flow Monitoring Site

o (A

Photo taken

facing upstream showing baseline conditions.

geomorphix.com | The science of earth + balance. Project #: PN19033

XV



Photo 31
Tributary of Etobicoke Creek
Flow Monitoring Site: Outlet

Photo taken facing downstream tow

Photo 32
Tributary of Etobicoke Creek
Flow Monitoring Site: Outlet
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Appendix C
Field Observations
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Reach Characteristics Key

Table 1 Land Use

1. Forest 6. Institutional
2. Pasture 7. Residential
3. Agricultural 8. Golf Course

4. Industrial 9. Commercial
5. Park

Table 4 Channel Zone
1. Headwater zone

2. Transfer zone

3. Deposition zone

Table 9 Type of Sinuosity
1. Sinuous

2. Irregular Meanders

3. Regular Meanders

4. Tortuous Meanders

5. Confined pattern (within
valley)

- > -_;:'_;:'_-—_-;__‘T/;— s -
sinuous =
A) A

‘I /// ‘ \'_/-TI__;:?’
|rregu]ar meanders (paésive)

AAN 22
//&\L \—,//\

regular meanders

_‘r,—‘w (
_‘ .-nL_/(//-\ L‘_(_le:j

Table 2 Valley Type
1. Unconfined

2. Confined

3. Partially Confined

Table 5 Flow Type
1. Perennial

2. Intermittent

3. Ephemeral

Table 3 Channel Type

T 0 0 : T
s :CE” gg 1 Straight Meandering Thalweg ~ Braided
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Table 6 Dominant Vegetation

Type
1. Trees

2. Shrubs
3. Grasses
4. Herbaceous

Degree of division

Single-thread -

Straight
z
g Straight Braiding
k)
@
2
=
]
8]
Meandering Meandering Anastomosing

toﬂuous meanders

Mutti-thread

1.06—1.20
{low sinuosity)

Table 7 Extent of
Encroachment into Channel
1. None 5. Extreme

2. Minimal

3. Moderate

4. Heavy

Table 10 Degree of Sinuosity
1. Straight (1 —1.05)

2. Low sinuosity (1.06—1.30)
3. Meandering (1.31 - 3.0)

NS

1.31-3.0
{sinuous / meandering)

Table 11 Gradient
1. Low

2. Moderate

3. High

Table 8 Type of Aquatic
Vegetation

1. Rooted Emergent

2. Rooted Submergent
3. Rooted Floating

4. Free Floating Roots
5. Floating Algae

6. Attached Algae

Table 12 Number of Channels

1. Single

2. Up to 3 (Wandering)

3. >3 (Braided)

4. >3 (Anastamosing or
Anabranching)

5. Discontinuous or Absent

discontinuous or absent

Table 13
Entrenchment
1. Low (>2.2)
2. Moderate
(1.4-2.2)

3. High (<1.4)

Entrenched
(ER<14) W

Moderately
Entrenched
(ER=14-22) Wy

Slightly \
Entrenched
(ER>22)

W, = Flood plain Width
p

W, = Bankfull Width
bl

S - ‘stable’ D-

‘depositional’

- ‘lateral migration’

S

E - ‘enlarging’

lo Consi decrease in channel width | Migration of most bends; cross-
adjustment in process and/or depth sectional dimensions preserved
O no bank [0 sediment deposition on bed (e.g [J erosion along outer bank (e.g.
bar , shadow slumping, young tree roots

ping/
O old tree roots exposed
O no tree falls

O no alluvial terrace

O no alluvi

deposits, high embeddedness)
O sediment deposited along banks
O no bank erosion

| terrace

no alluvial terrace

exposed, ree falls, undercutting)

O deposition along inner bank (i.e.
point bar development)

Consistent increase in channel width
and/or depth
] erosion along both banks (e.g.
slumping, young tree roots
exposed, tree falls)
I no bar formation, scoured bed,
low embeddedness

O no alluvial terrace

m - ‘lateral migrati

e~ ‘enlarging’

g

b

Selective deposition resulting in reduced channel
width

O low-flow channel between outer banks/valley
walls

O alluvial terrace/valley wall

[ valley wall contacts at few, if any meander
bends

Initiation of altemating bank erosion in straightened
channels or migration of only sharpest bends

O generally straight
[ stable except at sharp bends

[ sharp bends with outside bank erosion, point-
barlcut bank development and undercutting

[ no alluvial terrace

Initiation of continuous erosion, often at channel toe

O channel downcutting (e.g. bed scour, low
embeddedness)

[0 steep, high banks above bankfull level

O no alluvial terrace

C~

R-‘n

U - ‘undercutting

Aggradation of channel bed with erosion of channel
banks

O bank erosion (slumping, exposed tree roots)

O sediment deposition on bed (e.g. bar
development, shadow deposits, high
embeddedness)

O alluvial terrace with erosion

Development of a sinuous channe! within
straightened channel, including erosion of
altemating valley walls

O straight alluvial terrace/valley wall

O valley wall contact and erosion at majority of
meander bends

Active bed and outer bank erosion; migration of
bend; coarse inner bank deposits

O erosion along outer bank (e.g. slumping, young
tree roots exposed, tree falls, undercutting)

O deposition along inner bank (i.e. point bar
development)

[0 scoured bed, low embeddedness, no bar
formation

O no alluvial terrace

Table 14 Type of Bank Failure

action)

failure)

1. Fluvial Entrainment (Hydraulic

2. Undercutting (Hydraulic action)
3. Slab Failure (Mass failure)

4. Parallel slide (Mass failure)

5. Fall/Sloughing (Mass failure)

6. Rotational slip and slump (Mass

Table 15 Downs’s Model of Channel

Classification
S — Stable

E or e —Enlarging
C—-Compound
R — Recovering
U — Undercutting

D or d — Depositional
M or m — Lateral Migration

Fluvial T
enfrainment <
a
5
&0
=
=
w
Lt
[nd
o
3
Undereutiing 3
o
&
]
@m
o
@

Slab failure_

Parallel
slide

Fall/
sloughing

sesseooid einjjey ssepy ———

Rotational slip
and slump

Table 16
Odours
1. None
2. Fishy

4. Sewage

6. Other

3. Petroleum

5. Chemical

Table 17
Turbidity
1. Clear

2. Slightly
turbid

3. Turbid
4. Opaque
5. Stained
6. Other
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GEO

Detailed Geomorphological Assessment Summary

Reach EC-1
Project Number: PN19033 Date: May 10, 2016
Client: Snell's Hollow Landowner Group Length Surveyed (m): 105.6
Location: Heart Lake Conservation Park # of Cross-Sections: 6
Reach Characteristics
Drainage Area: Not measured Dominant Riparian Vegetation Type: Trees
Geology/Soils: Clay to silt-textured till Extent of Riparian Cover: Continuous

Surrounding Land Use: Forest Width of Riparian Cover: >10 channel widths
Valley Type: Confined Age Class of Riparian Vegetation: Mature (>30 years)
Dominant Instream Vegetation Type: Rooted submergent Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: 20% Density of Woody Debris: Moderate
Hydrology
Measured Discharge (m3/s): Not measured Calculated Bankfull Discharge (m3/s): 4.30
Modelled 2-year Discharge (m3/s): Not modelled Calculated Bankfull Velocity (m/s): 0.76
Modelled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 0.66 Sinuosity: 1.13
Channel Bed Gradient (%): 0.26 Meander Belt Width (m): Not measured

Riffle Gradient (%):
Riffle Length (m):
Riffle-Pool Spacing (m):

N/A: no riffles
N/A: no riffles
N/A: no riffle and pools

Radius of Curvature (m):
Meander Amplitude (m):

Meander wavelength (m):

Not measured
Not measured
Not measured

Longitudinal Profile

Distance (m)

0 20 40 60 80 100

1‘0 1 1 1 1 1
1.5

E 20 1 Bankfull Level

c Water Level

2 25 ®

5 / :

E 3.0 A LJ ®

w — L °
35 = / B
40 4 Channel Bed

Bank Characteristics

Minimum Maximum Average
Bank Height (m): 0.2 0.70 0.45
Bank Angle (deg): 10 45 24 Torvane Value (kg/cm?):
Root Depth (m): 0.05 0.20 0.10  Penetrometer Value (kg/cm?):
Root Density (%): 10 70 42 Bank Material (range):

Bank Undercut (m): No undercuts

Minimum  Maximum

Average

Not measured
Not measured
Clay, silt, sand

GEO Morphix Ltd.
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Cross-Sectional Characteristics

Minimum Maximum Average
Bankfull Width (m): 12.70 27.90 17.95
Average Bankfull Depth (m): 0.18 0.49 0.32
Bankfull Width/Depth (m/m): 29 108 61
Wetted Width (m): 4.90 18.50 11.95
Average Water Depth (m): 0.04 0.25 0.13
Wetted Width/Depth (m/m): 48 175 108
Entrenchment (m): Not measured
Entrenchment Ratio (m/m): Not measured
Maximum Water Depth (m): 0.09 0.54 0.26
Manning's n: 0.050

Photograph at cross section 4 (left bank)

Representative Cross-Section 4

Distance (m)

0.0 5.0 10.0 15.0 20.0 25.0 30.0
1.0

1.5

2.0

Bankfull Level

3.0 \\ — 7
3.5 \ Water Level

4.0

Elevation (m)

Substrate Characteristics

Particle Size (mm) Subpavement: Clay, silt, sand
Dyo : < 2.0 Particle shape: N/A: fine graind materials
Dso : < 2.0 Embeddedness (%): N/A: fine grained materials
Dg, : < 2.0 Particle range (riffle): N/A: no riffles
Particle Range (pool): N/A: no pools

Cumulative Particle Size Distribution

100
90
80
70
60
50
40
30
20
10

Percent finer

1 10 100 1000
Grain size (mm)
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Channel Thresholds

Flow Competency (m/s):
for Dso:
for Dg,:

Unit Stream Power at Bankfull (W/m?):

0.00
0.00
15.50

Tractive Force at Bankfull (N/m?): 20.53
Tractive Force at 2-year flow (N/m?): Not modelled
Critical Shear Stress (Dso) (N/m?): 0.00

General Field Observations

Channel Description

Reach EC-1 consisted of a fairly straight and low gradient channel through a confined valley. The
continuous and wide riparian buffer zone consisted of mature trees. The average bankfull width and depth
were 17.95 m and 0.32 m. Bank materials ranged from clay to sand. Little to no bank erosion was
observed. There were no riffles or pools. Bed materials consisted of organic material, clay, silt, and fine
sand. Two trail crossings were present across the channel and valley. Woody debris was present within the
channel but not due to the channel widening.

GEO Morphix Ltd.
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Measurement

Measured Discharge

Date (mm-dd- Location Average Velocity (m/s) 5
(m3/s)
yYyYyy)
W Inlet 0.0114 0.0002
S Inlet 0 0
04-09-2019 -
Bridge 0 0
Outlet 0.2734 0.0150
W Inlet 0.0538 0.0009
S Inlet 0 0
05-10-2019 -
Bridge 0.0400 0.0023
Outlet 0.3392 0.0180
W Inlet 0 0
S Inlet N/A N/A
06-20-2019 -
Bridge N/A N/A
Outlet 0.0170 0.0004
W Inlet N/A N/A
S Inlet N/A N/A
07-16-2019 -
Bridge N/A N/A
Outlet N/A N/A
W Inlet N/A N/A
S Inlet N/A N/A
08-13-2019 -
Bridge N/A N/A
Outlet N/A N/A
W Inlet N/A N/A
S Inlet N/A N/A
08-30-2019 -
Bridge N/A N/A
Outlet N/A N/A
W Inlet N/A N/A
S Inlet N/A N/A
10-01-2019 -
Bridge N/A N/A
Outlet N/A N/A
W Inlet N/A N/A
S Inlet N/A N/A
10-30-2019 -
Bridge N/A N/A
Outlet N/A N/A

N/A - Channel dry/too shallow, unable to complete measurement
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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by Coscorp Inc. In Trust (Coscorp) to provide preliminary
geotechnical consulting services to support a draft plan approval for a future residential subdivision development
located north east of Heart Lake Road and Mayfield Road in Caledon, Ontario (the Site), as shown in the Site
and Borehole Location Plan, Figure 1.

The terms of reference for the geotechnical consulting services are included in Golder's proposal No.
P19115264 Rev 1, dated March 8, 2019.

The purpose of the investigation is to obtain information on the general subsurface soil and shallow groundwater
conditions at the site by means of a limited number of boreholes and geotechnical laboratory tests. Based on
our interpretation of the factual information collected as part of the preliminary geotechnical investigation carried
out at this site, a general description of the subsurface conditions across the site is presented herein. The
interpreted subsurface conditions and available project details were used to develop preliminary engineering
parameters and recommendations on the geotechnical design aspects of the project, including construction
considerations which could influence design decisions.

This report provides the results of the preliminary geotechnical investigation and should be read in conjunction
with the “Important Information and Limitations of This Report” in Appendix D. The reader’s attention is
specifically drawn to this information, as it is essential for the proper use and interpretation of this report. The
factual data, interpretations and recommendations contained in this report pertain to a specific project as
described in the report and are not applicable to any other project or site location. If the project is modified in
concept, location or elevation, or if the project is not initiated within twelve months of the date of the report,
Golder should be given an opportunity to confirm that the recommendations in this report are still valid.

2.0 SITE DESCRIPTION AND BACKGROUND

The subject property is located north east of Kennedy Road and Mayfield Road and is part of the Snell’'s Hollow
Secondary Plan, which is a proposed residential development to be located in the southern part of the Town of
Caledon. The site is bounded by Kennedy Road to the west, adjacent agricultural properties with a valley creek
to the east and south, which further connects to Mayfield Road and Heart Lake Road and Highway 410 to the
north, as shown in Figure 1.

The site has a total area of approximately 7.4 hectares (18.3 acres) of predominantly flat land which slightly
slopes at the property limit next to Highway 410. The site consists of agricultural land as noted by the presence
of previous farming activities (crops). There are two residential dwellings outside the property boundaries
located to the south-west of the site which has a municipal address of 12097 and 12141 Kennedy Road,
Caledon, Ontario.

Based on our understanding, the Site is to be developed into a residential development, with associated
underground services and supporting roads. For the purposes of this report, we have assumed that the future
residential houses will be constructed utilizing shallow strip/spread footings, with an interior slab-on-grade, and
one-level of underground basement. We have also assumed cuts and/or fills required for site grading purposes
will not exceed 2.0 m and that the invert of the site servicing will be no greater than 3.0 m below existing site
grades.

o> GOLDER 1



June 17, 2019 19115264 Phase 3000

3.0 ADJACENT GEOTECHNICAL SITE INFORMATION

Additional geotechnical investigations consisting of seventeen boreholes were also carried out as part of the
Snell’'s Hollow Secondary Plan on the southwest, south and east adjacent properties (Golder, 2019). Also, a
previous geotechnical investigation consisting of five boreholes was carried out by Edward Wong and
Associates, 2017 (Wong, 2017), on the south property.

The following is a summary of subsurface conditions obtained from boreholes located adjacent to the site
(BH/MW19-02 and BH19-10 to BH/MW19-13) from Golder 2019, and (BH1 and BH5) from Wong, 2017 as
shown on the Site and Borehole Location Plan, Figure 1.

In general, the subsurface conditions encountered typically consist of a surficial topsoil ranging in thickness
from about 200 mm to over 610 mm overlying a disturbed/reworked dark to light brown silty clay layer, which
contains various amounts organics, underlain by glacial till composed of stiff to hard brown silty clay to a depth
ranging from 4.0 m to 6.7 m below ground surface. A 4.5 m clayey silt fill deposit was indicated in BH5 (Wong,
2017), however the fill material was not encountered in BH/MW19-02.

A stiff to hard grey clayey silt till or very dense silty sand to sand was generally found below the brown silty clay
till layer. These subsurface conditions were found to be similar to the subsurface conditions encountered in the
boreholes located on Coscorp site (discussed in detail in subsequent sections).

Groundwater was encountered in BH/MW19-02 at approximately Elev. 2445 m, BH5 at approximately
Elev. 262.2 m and BH19-10 at approximately Elev. 263.7 m, upon the completion of drilling and ranged from
2.8 m to 12.7 m below existing ground surface, whereas Borehole BH19-11, BH/MW19-13 and BH1, were
found to be dry upon the completion of drilling.

Four, 50 mm diameter monitoring wells were installed at Boreholes BH5, BH/MW19-02 and BH/MW19-13 to
permit further monitoring of the groundwater levels. The groundwater levels measured at Borehole BH/MW19-
02 within the shallow 50 mm diameter monitoring well on April 17, 2019 were recorded to be 0.25 m below
existing ground surface. (Elev. 257 m) and at 6.3 m below existing ground surface (Elev. 250.9 m) within the
deep monitoring well. The groundwater level measured at Borehole BH/MW19-13 on April 17, 2019, was
measured at 9.4 m below ground surface (Elev. 258.2 m).

The record of borehole logs from the adjacent properties are enclosed in Appendix C. The approximate
locations of the boreholes drilled at these sites are shown on the Site and Borehole Location Plan, Figure 1.

4.0 REGIONAL GEOLOGY

The surficial geology aspects of the general site area were reviewed from the following publication:

m Chapman, L.J., and Putnam, D.F., 2007, “The Physiography of Southern Ontario” 4% Edition, Ontario
Geological Survey.

Physiographic mapping in the area according to the above noted reference indicates that the site lies within the
physiographic region of southern Ontario known as the South Slope. The South Slope region slopes gradually
downward towards Lake Ontario. The overburden immediately below ground surface within the South Slope
generally consists of clayey silt till and silty clay till and at depth, consists of alternating deposits of dense
lacustrine sands and silts and overconsolidated lacustrine clays and clay tills overlying the bedrock.

The subsurface conditions encountered during the investigation are generally consistent with the physiographic
mapping.
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5.0 INVESTIGATION PROCEDURE

The field work for the preliminary geotechnical investigation was carried out on April 4, 2019, during which time
two boreholes (designated as Boreholes BH/MW19-01 and BH/MW 19-03) were advanced at the site to depths
between about 8.2 m and 9.8 m below existing ground surface at the approximate locations shown on the Site
and Borehole Location Plan, Figure 1, attached.

The boreholes were advanced using a track-mounted drill rig supplied and operated by a specialist drilling
contractor, subcontracted to Golder. Standard Penetration Testing (SPT) and sampling was carried out at
regular intervals of depth in the boreholes using conventional 35 mm internal diameter split spoon sampling
equipment advanced using an automatic hammer, in accordance with ASTM D1586 (99). Two, 50 mm diameter
monitoring wells were installed to permit further monitoring of the groundwater levels at each borehole location.
Groundwater level measurements were recorded immediately following drilling procedures for all boreholes and
on the monitoring wells on April 17, 2019. The well installation and water level readings are presented on the
Record of Borehole sheets in Appendix A.

The field work for this investigation was directed by members of our engineering staff who located the boreholes
in the field, directed the sampling and in-situ testing operation, logged the boreholes and cared for the samples
obtained. The samples were identified in the field, placed in appropriate containers, labelled and transported to
Golder’s Mississauga geotechnical laboratory for further examination and laboratory testing. Index and
classification tests, consisting of water content determinations, Atterberg limits and grain size distribution, were
carried out on selected soil samples. The results of the geotechnical laboratory tests are included in Appendix B
and on the Record of Borehole sheets in Appendix A.

The borehole locations were determined in the field using a GPS instrument based on UTM coordinates.
Geodetic ground surface elevations at the borehole locations were derived from the site grading plan provided
by GSAI, “Snell’'s Hollow Contour Plan, Town of Caledon” dated December 2018. and as such, the elevations
and borehole locations given on the Record of Borehole sheets and referred to herein should be considered as
approximate.

6.0 SUBSURFACE CONDITIONS

The subsurface soil and shallow groundwater conditions encountered in the boreholes and the results of the
field and laboratory testing, are shown on the Record of Boreholes sheets, in Appendix A. Method of Soil
Classification and Symbols and Terms Used on Records of Boreholes are provided to assist in the interpretation
of the borehole logs. It should be noted that the boundaries between the strata have been inferred from drilling
observations and non-continuous samples. They generally represent a transition from one soil type to another
and should not be inferred to represent an exact plane of geological change. Further, conditions will vary
between and beyond the boreholes. The following is a summary of the subsurface conditions of the boreholes
advanced during this investigation followed by a more detailed description of the major soil strata and
groundwater conditions.

In general, the subsurface conditions encountered at the boreholes advanced at the site typically consist of a
surficial topsoil/silty clay layer underlain by native soil deposits of glacial till composed of silty clay to clayey silt
containing varying amounts of sand and gravel. A gravelly sandy silt deposit was encountered in between the
brown silty clay till and grey clayey silt till, about 4 m in thickness.

Details of the observations of the groundwater conditions during and upon completion of drilling are included on
the Record of Borehole sheets. Shallow ground water was encountered at depths ranging from 4.0 mto 7.3 m
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below existing ground surface upon the completion of drilling activities. Shallow groundwater levels measured
in the 50 mm diameter monitoring wells installed at the site are also presented below.

6.1 Topsoil and Reworked/Disturbed Materials

Topsoil materials were encountered in all the boreholes and extended to depths ranging from 0.25 m to 0.35 m.
A summary of topsoil thickness in each of the boreholes is outlined in the table below.

Table 1: Approximate Topsoil Thickness

Borehole No. Approximate Topsoil
Thickness (m)

BH/MW 19-01 0.25

BH/MW19-03 0.35

Materials identified as topsoil in this report were classified based on visual and textural evidence as no other
testing for organic content or other nutrients was carried out. As such, the ability for these materials to support
vegetation has not been assessed.

Reworked/disturbed silty clay material was encountered in both boreholes below the surficial topsoil. Reworked
material thickness was observed to be approximately 0.45 m to 1.0 m. The reworked material consisted of silty
clay with various amounts of sand and gravel and traces of organics. SPT ‘N’ values within the cohesive
reworked material ranged from about 5 blows to 10 blows per 0.3 m of penetration indicating a firm to stiff
consistency.

The natural water content of the reworked material was measured at 19 percent.

6.2 (CL) sandy Silty Clay (Upper Glacial Till)

A glacial till deposit consisting of cohesive sandy silty clay was generally encountered directly underneath the
topsoil/reworked till deposits to depths of about 5.8 m below existing ground surface (Elev. 261 m). The f{ill
deposit is light brown to brown mottled with oxidation staining, about 2.7 m to 5 m in thickness, with various
amounts of sand and gravel. The silty clay till increases in sand content in both boreholes at depth. The till is
believed to contain cobbles and/or possible boulders which have been inferred as a result of auger grinding
observed in boreholes BH/MW19-03.

The SPT ‘N’ values measured in these till materials range from 11 blows per 0.3 m of penetration to 32 blows
per 0.3 m of penetration, indicating that the silty clay till is generally stiff to hard in consistency.

The results of grain size distribution tests carried out on selected samples from this deposit are presented in
Figure B1. Atterberg limits tests that were carried out on the same samples from this deposit measured liquid
limit values ranging from about 23 to 24 and plastic limit values ranging from about 13 to 15; yielding
corresponding plasticity index values ranging from about 10, which suggests that the upper till is a clay of low
plasticity. These results are plotted on the plasticity chart as shown in Figure B2.

The water content of selected samples ranged from about 9 percent to 17 percent.

6.3 (ML) gravelly sandy SILT

A non-cohesive gravelly sandy silt was encountered underneath the brown cohesive silty clay till, in
BH/MW19-03. The sandy silt deposit, is light brown, has slight plasticity, contains various amount of gravel, with
cobbles/boulders being inferred from auger grinding and is about 3 m in thickness.
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The SPT ‘N’ values measured in this deposit ranged from 75 blows per 0.3 m to 100 blows per 0.3 m of
penetration. These SPT ‘N’ values indicate a very dense compactness.

The water content of selected samples ranged from about 8 percent.

6.4 (CL-ML) Clayey Silt (Lower Glacial Till)

A clayey silt till deposit was encountered directly underneath the sandy silty clay till and/or sandy silt from a
depth of about 5.8 m and 7.0 m below existing ground surface. The boreholes were terminated in this layer at
a depth of about 8.2 m and 9.8 m below existing ground surface. The cohesive till deposit contains various
amounts of sand and gravel and is grey in colour.

The SPT ‘N’ values of this till deposit was 12 blows to 100 per 0.3 m of penetration indicating stiff to hard
consistency.

6.5 Groundwater Conditions

Groundwater level measurements were recorded immediately following drilling procedures. Monitoring wells
were installed in both boreholes to permit monitoring of the groundwater level at the site. Details of the
monitoring well installation and the measured groundwater levels are shown on the Record of Borehole sheets
in Appendix A. The groundwater level measurements in the drilled boreholes and in the monitoring wells are
summarized in Table 2, below.

Table 2: Groundwater Level Measurements

Measurements Upon Completion of

Borehole No. o, Measurements in Monitoring Wells
Drilling
Approximate Approximate
Groundwater Depth Groundwater Depth
(begs)* (begs)*
BH/MW19-01 Dry April 4, 2019 4.0 m (Elev. 262.8 m) April 17, 2019
BH/MW19-03 | 9.1 m (Elev. 257.8 m) April 4, 2019 7.3 m (Elev. 259.5 m) April 17, 2019

*begs- below existing ground surface.

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

7.0 GEOTECHNICAL ENGINEERING DISCUSSION

This section of the report provides preliminary geotechnical engineering recommendations on the geotechnical
aspects of the proposed development based on our interpretation of the limited borehole information and on our
understanding of the project scope and requirements. The information in this portion of the report is provided
for the guidance of the design engineers and professionals.

Based on the results of this investigation, the subsurface soil conditions encountered at the site are considered
to be generally suitable for the proposed residential development.

As noted above, at the time of this report, proposed design grades (i.e. footing elevation, pavement subgrade
and utility invert levels) were not available for the proposed development. The following engineering

oGOLDER 5



June 17, 2019 19115264 Phase 3000

recommendations regarding the geotechnical design aspects of the project including underground services,
pavements and building foundations should be considered as preliminary only, and should be reviewed when
the design grades and utility invert levels have been finalized.

Where comments are made on construction, they are provided only in order to highlight aspects of construction
which could affect the design of the project. Contractors bidding on or undertaking any work at the site should
examine the factual results of the investigation, satisfy themselves as to the adequacy of the information for
construction and make their own interpretation of the factual data as it affects their proposed construction
techniques, schedule, equipment capabilities, costs, sequencing and the like.

This report addresses only the geotechnical (physical) aspects of the subsurface conditions at this site. The
geo-environmental (chemical) aspects, including the consequences of possible surface and/or subsurface
contamination resulting from previous activities or uses of the site and/or resulting from the introduction onto
the site of materials from off-site sources, are outside of the terms of reference for this report.

7.1 Site Preparation
711 Subgrade Preparation

The existing site vegetation, surficial topsoil/organics and other near-surface soils containing significant
amounts of organic matter are not considered to be suitable for the subgrade support of engineered fill, building
foundations, floor slabs, or other settlement sensitive structures. These materials should be completely stripped
prior to placing any engineered fill or construction of foundations or interior or exterior slab-on-grade(s).

Disturbed/reworked materials containing excessive amounts of construction debris or organic material should
be disposed of following appropriate environmental procedures. Furthermore; excessively-wet soils should be
suitably dried before reuse as engineered fill.

Following the stripping of the surficial topsoil and soils containing significant amounts of organics and/or
soft/disturbed surficial soils, the exposed subgrade should be heavily proof-rolled with suitable equipment, in
conjunction with inspection by qualified geotechnical personnel to confirm that the exposed soils are competent
and have been adequately stripped of ponded water and all disturbed, loosened, softened, organic and other
deleterious material. Remedial work (i.e., further subexcavation and replacement) should be carried out on
poorly-performing areas identified during the proof-rolling activities, as directed by Golder.

Any filling carried out at the site in conjunction with regrading should be carried out as under engineered fill
procedures. Recommendations for the placement of engineered fill are outlined in Section 7.1.2 of this report.

71.2 Engineered Fill Requirements

As described above, the anticipated site grading activities may include both cutting and raising (filling) the
original grade to meet the final design site grades. At the time of this report, the design cut and fill depths were
not available for review. As such, for the purposes of this report, it has been assumed that cuts will not exceed
2 m and grade raises will not exceed more than 2 m.

In general, the existing native material is considered to be acceptable for reuse as engineered fill. Based on
the laboratory test results, the water content of soils present at the site are considered to be generally near or
above their optimum water contents for compaction, and therefore may require minor drying prior to placement,
in general.

It should be noted that the native materials at the site are silty in nature, and as such are susceptible to over-
wetting and subsequent freezing during inclement weather. Therefore, it is recommended that site grading
activities not be carried out during late fall, winter, early spring seasons or any periods of inclement weather
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conditions. All oversized cobbles (i.e., greater than 150 mm in size) and boulders, if present, should be removed
from excavated material that will be used as engineered fill material.

If imported material is required for the engineered fill process, the material that is proposed for use as
engineered fill should be approved by the geotechnical engineer at its source, prior to importing the material to
the site. Suitable soils, free of topsoil, organic matter or other deleterious materials can be used as engineered
fill provided that the water content of the soil at the time of placement does not vary by more than 2 percent
above or below its optimum water content for compaction. Otherwise, the soils may require treatment (i.e.,
drying or wetting) prior to placement.

Following the inspection and approval of the subgrade as described previously in this report, engineered fill
materials should be placed in maximum 300 mm-thick loose lifts and uniformly compacted to 98 percent of the
Standard Proctor maximum dry density (SPMDD). Filling should continue until the design elevations are
achieved.

Full-time monitoring and in-situ density testing should be carried out by Golder during placement of engineered
fill.

The final surface of the engineered fill should be protected as necessary from construction traffic and should be
sloped to provide positive drainage for surface water during the construction period. If the engineered fill
materials will be left exposed (i.e. uncovered) during periods of freezing weather, additional soil cover should
be placed above final subgrade to provide some level of frost protection. Prior to placing the granular subbase
and/or base courses within pavement areas, the surface of the engineered fill/subgrade should be inspected by
Golder.

7.2 Installation of Underground Services
7.21 Temporary Excavations

Details of the underground servicing for the proposed development are unknown at the time of this investigation;
as such, for the purpose of this report, the maximum depth of the underground services was assumed to be
about 3 m below the existing ground surface. Once detailed design is completed, review of the underground
services should be completed by this office for compliance with the recommendations contained herein.

The founding soils are anticipated to generally consist of the native sandy silty clay or engineered fill. These
materials are considered to be suitable for supporting the underground services provided that the integrity of
the base of the trench excavations is maintained during construction. Where softened or disturbed native soils
or other deleterious materials are encountered at the base of excavations for settlement-sensitive services,
these materials should be subexcavated and replaced with compacted fills approved by the geotechnical
engineer.

Care should be taken to direct surface water away from any open excavations and all temporary excavations
should be carried out in accordance with the Occupational Health and Safety Act (OHSA) and Regulations for
Construction Projects.

In general, the groundwater level in the open boreholes, upon completion of drilling, was measured to be at
depths ranging from being dry to 9.1 m below existing ground surface or elevation 257.8 m. Whereas, the
groundwater level in the monitoring wells, one month after drilling, was measured to be at depths ranging from
4.0 m to 7.0 m below existing ground surface, (Elev. 259.5 m to Elev. 262.8 m).

The groundwater in the excavations within the native deposits, are likely to be handled by collection via properly
constructed and filtered sumps, located within the excavations, and then pumping and discharging the water to
a suitable discharge point. However, should excavations deeper than 3-4m below existing ground surface be

O GOLDER 7



June 17, 2019 19115264 Phase 3000

required, the following recommendations will need to be review and revised to determine if some form of active
dewatering, such as well points, may have to be implemented.

Excavations for the site servicing would generally extend through the native sandy silty clay deposit.
Conventional excavation equipment should be suitable to excavate through these materials.

The stiff to hard native clayey till soils are classified as a “Type 2” soils under the OH&S Act. As such, all
conventional temporary trench excavations should consist of open cuts with side slopes not steeper than 1
horizontal to 1 vertical in the overburden soils to within 1.2 m of the base of the excavation and then may be
made vertical to the base. Where engineered fill (based on silty clay material) is used or the native sandy
silt/silty clay exhibits signs of water seepage, the soil is classified as a “Type 3”, as such all conventional
temporary trench excavations should consist of gradient of 1 horizontal to 1 vertical.

Where the side slopes of excavations are required to be steepened to limit the extent of the excavation, then
some form of trench support may be required. Some trench excavations could be carried out using a vertically-
excavated, unsupported excavation (using a properly-engineered trench liner box for protection, certified by an
experienced engineer); or by a supported (sheeted) excavation if conditions warrant so; such as in wet areas
and/or in close proximity to adjacent underground services

7.2.2 Pipe Bedding and Cover

The bedding for the sewers and watermains should be compatible with the size, type and class of pipe and the
surrounding subsoil and the requirements of the Town of Caledon. If granular bedding is deemed to be
acceptable, then Ontario Provincial Standard Specifications (OPSS) Granular A should be used from at least
150 mm below invert of the pipe to the springline. Clear stone should not be used as bedding material. From
springline to 300 mm above the obvert of the pipe, sand cover could be used. All bedding and cover material
should be placed in 150 mm loose lifts and uniformly compacted to at least 100 percent of SPMDD. Where
variable fill materials, softened or disturbed native soils or other deleterious materials are encountered at the
base of excavations for settlement-sensitive services, these materials should be subexcavated and replaced
with compacted fills approved by the geotechnical engineer.

7.2.3 Trench Backfill

The excavated materials from the site will consist predominantly of silty clay till materials. Based on the
measured water contents, in general, the native materials encountered at the site are estimated to be near or
below their optimum water contents for compaction, and therefore, will probably require only minor wetting prior
to placement.

Care should be taken to maintain the water content of the soils close to/at the optimum water content for
compaction during the construction operations, as difficulties with compaction and/or backfill performance would
be anticipated with fine-grained soils where the water content is significantly above the optimum for compaction
purposes. Soils that contain significant quantities of organics or debris are also not suitable for use as trench
backfill within settlement-sensitive areas. In addition, all boulders and cobbles greater than 150 mm in size
should be removed from the trench backfill materials. If there is a shortage of suitable in-situ material, an
approved imported material such as Ontario Provincial Standard Specifications Select Subgrade Material should
be used for trench backfill. Again, as noted above, the trench backfill materials are silty in nature and are very
susceptible to wetting/freezing temperatures. Backfilling trenches during cold or wet weather is not
recommended.

Trench backfill should be placed in maximum 300 mm loose lift thickness and uniformly compacted to at least
98 percent of the SPMDD of the material. Soil that is frozen should not be used as backfill.
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Normal post-construction settlement of the compacted trench backfill should be anticipated with the majority of
such settlement taking place within about 12 months following the completion of trench backfilling operations.
If the trench backfill operations are completed during the winter months, post-construction settlements may
increase beyond typical anticipated values. These settlements will be reflected at the ground surface. If the
asphalt binder course is laid shortly following the completion of the trench backfilling operations, any settlement
that may be reflected by subsidence of the surface of the binder asphalt should be compensated for by placing
an additional thickness of binder asphalt or by padding. If possible, the surface course asphalt should not be
placed over the binder course asphalt for about 12 months. Where scheduling requires that the surface course
be placed over the binder course asphalt before this period, trench backfill settlement would be reflected by
subsidence and possible cracking of the finished pavement surface in these areas which, depending upon the
extent and magnitude, may require local repairs.

7.3 Building Foundations

As previously indicated, the existing site vegetation, surficial topsoil/organics and other near-surface soils
containing significant amounts of organic matter are not considered to be suitable for the subgrade support of
engineered fill, building foundations, floor slabs, or other settlement sensitive structures. These materials should
be completely stripped prior to placing any engineered fill or construction of foundations or interior or exterior
slab-on-grades.

Based on the subsurface conditions encountered in the boreholes, strip and spread footings that may be used,
provided that the footings are founded on the native sandy silty clay deposit or on engineered fill (based on
existing site soils) placed in accordance with the recommendation outlined in Section 7.1, and maintained a
minimum depth of soil embedment below finished adjacent ground surface and top of slab of 1.2 m.

For such strip and spread footings, a factored geotechnical resistance at Ultimate Limit States (ULS) of 225 kPa
and a geotechnical reaction at Serviceability Limit States (SLS) of 150 kPa may be assumed for design
purposes, provided that the strip footings dimensions of 0.45 m in width and 10 m in length or spread footings
have a minimum width of 0.60 m and a maximum width of 1.0 m.

Where spread footings are constructed at different elevations, the difference in elevation between the individual
footings should not be greater than one half the clear distance 650 mm between the footings. In addition, the
lower footings should be constructed first so that if it is necessary to construct the lower footings at a greater
depth than anticipated, the elevation of the upper footings can be adjusted accordingly. Stepped strip footings
should be constructed in accordance with the Ontario Building Code (2012), Section 9.15.3.9.

The maximum total and differential settlements are expected to be less than 25 mm and 20 mm; respectively,
for footings designed, constructed and inspected as outlined above.

All exterior footings, and interior footings in unheated areas, should be founded at a minimum depth of 1.2 m
below finished grade level in order to provide adequate protection against frost penetration.

The native soils are susceptible to disturbance from construction activity, especially during wet or freezing
weather. Care should be taken to preserve the integrity of the materials as bearing strata. It is essential that
the founding surface for the footings be inspected by qualified geotechnical personnel prior to placing concrete.
If the concrete for the footings cannot be placed immediately after excavation and inspection of the subgrade,
it is recommended that a working mat of lean concrete be placed in the excavation to protect the integrity of the
bearing stratum.

Resistance to lateral forces/sliding resistance between the concrete footings and the subgrade should be
calculated in accordance with Section 6.7.5 of the CHBDC. The unfactored coefficient of friction, tan &, for the
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interface between the cast-in-place concrete footing and the properly-prepared subgrade can be assumed to
be 0.35.

7.3.1 Below Grade Walls

The exterior perimeter of all housing basement walls should be backfilled with an imported free draining,
non-frost susceptible granular material approved by a geotechnical engineer, carefully placed and compacted
in 200 mm thick loose lifts. The design of the foundation walls for the below-grade walls should take into account
the horizontal soil loads as well as surcharge loads that may occur during or after construction and should be
designed using a lateral (at-rest) earth pressure coefficient of 0.5 and a unit weight of backfill of 20 kN/m3.

The wall backfill layers should be compacted to at least 95 per cent of the materials’ standard Proctor maximum
dry density. Light compaction equipment should be used immediately adjacent to the foundation wall, otherwise
compaction stresses on the wall may be greater than that imposed by the backfill material. With the exception
of the driveway area, the upper 0.3 m of backfill should consist of clayey material to provide a low permeability
cap and the exterior grade should also be shaped to slope away from the building.

Provided that the excavations adjacent to foundation/basement walls are backfilled with free-draining granular
materials and a drainage collection system is provided around the perimeter of the building, the design of below-
grade walls does not need to take into account hydrostatic forces acting on the walls. However, it is
recommended that the exterior of the below-grade walls be damp-proofed.

7.4 Pavement Design within the Proposed Development

Following site grading operations, as noted previously, the proposed pavement subgrade will generally consist
of either re-compacted engineered fill or native silty clay till. These materials are considered to be frost
susceptible, and as such, the pavement design provided in Table 3 below has taken this condition into
consideration.

Based on the proposed pavement usage, (i.e. residential development type traffic and loads/frequencies) frost
susceptibility and strength of the subgrade soils, the following pavement component given are recommended
for the proposed development of access roads and streets, however the Town of Caledon/Region of Peel design
standards should be followed:

Table 3: Pavement Design

Minimum Thickness of Pavement Components
(mm)

Material Local Road Neighbourhood

(8.5m Roadway) Collector (9.5 m Roadway)

Asphaltic Concrete HL 3 Surface Course 40 40
(OPSS 1150)

HL 8 Binder Course 65 90
Granular Materials Granular A Base 150 150
(OPSS.MUNI 1010)

Granular B Type Il Subbase | 350 500
Total Pavement Thickness (mm) 605 780

Prepared and Approved Subgrade
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As part of the subgrade preparation, proposed access roads should be stripped of topsoil and other obviously
unsuitable fill or organic materials. Fill required to raise the grades to design elevations should conform to the
engineered fill requirements outlined previously in the report. Soft or spongy trench backfill areas should be
sub-excavated and properly replaced with suitable approved backfill compacted to 98 percent SPMDD. Prior
to placing pavement subbase and/or base materials, the exposed soil subgrade should be heavily proof-rolled
in conjunction with an inspection by Golder. The granular subbase and base materials should be placed in loose
layers no thicker than 200 mm and uniformly compacted to 100 percent of their SPMDD. The binder course
and surface course asphalt materials should be compacted to minimum 92.0 percent of their Marshall Maximum
Relative Density according to OPSS 310, as measured in the field using a nuclear density gauge.

Where new pavement abuts existing pavement (e.g. at the development limits), proper longitudinal lap joints
should be constructed to key the new asphalt into the existing asphalt surface. The existing asphalt edges
should be provided with a proper sawcut edge prior to keying-in the new asphalt. It should be ensured that any
undermining or broken edges resulting from the construction activities are removed by the sawcut.

It should be noted that in some cases, even though the compaction requirements have been met, the subgrade
strength may not be adequate to support heavy construction loading especially during wet weather or where
backfill materials wet of optimum have been placed. In this regard, the design subbase thickness may not be
sufficient for a construction haul road and additional subbase (in the order of 450 mm) may be required. In
any event, the subgrade should be proofrolled and inspected by Golder prior to placing the subbase and any
additional material, as required, consistent with the prevailing weather conditions and anticipated use by
construction traffic.

7.4.1 Subgrade Drainage

In order to preserve the integrity of the pavement, continuous subdrains should be placed at the concrete curb
lines along both sides of the proposed streets. The invert of the subdrains should be at least 300 mm below
the bottom of the Granular “B” subbase and should be sloped to drain to catchbasins. The subdrains should
consist of perforated pipe wrapped in a suitable geotextile and surrounded on all sides with a minimum thickness
of 150 mm of OPSS.PROV 1002 Concrete Fine Aggregate (i.e. concrete sand).

8.0 SEISMIC SITE CLASSIFICATION

Seismic hazard is defined in the 2012 Ontario Building Code (OBC) by uniform hazard spectra (UHS) at spectral
coordinates of 0.2 second, 0.5 second, 1.0 second and 2.0 seconds and a probability of exceedance of 2% in
50 years. The OBC method uses a site classification system defined by the average soil/bedrock properties
(e.g. shear wave velocity, Standard Penetration Test (SPT) resistance, undrained soil shear strength, etc.) in
the 30 m below the foundation level. There are six site classes from A to F, decreasing in ground stiffness from
A, hard rock, to E, soft soil; with site class F used to denote problematic soils (e.g. sites underlain by thick peat
deposits and/or liquefiable soils). The site class is then used to obtain acceleration and velocity-based site
coefficients Fa and Fy; respectively, used to modify the UHS to account for the effects of site-specific soll
conditions in design.

Based on the results of the preliminary geotechnical investigation and assuming soils below the maximum depth
investigated exhibit similar properties / strengths, a Site Class D is estimated for planning purposes. The Site
Class will need to be verified, and adjusted as necessary, during detail design.
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9.0 INSPECTION AND TESTING

During construction, full-time observation should be carried out during engineered fill and site servicing backfill
placement, and sufficient foundation inspections, subgrade inspections and in-situ materials testing should be
carried out to confirm that the conditions exposed are consistent with those encountered in the boreholes and
to monitor conformance to the pertinent project specifications.

10.0 CLOSING

We trust that this preliminary report provides enough preliminary geotechnical engineering information to
proceed with the detailed design of the proposed development. If you have any questions regarding the
contents of this report or require additional information, please do not hesitate to contact this office.
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METHOD OF SOIL CLASSIFICATION

The Golder Associates Ltd. Soil Classification System is based on the Unified Soil Classification System (USCS)

10

SILTY CLAY
cL

SILTY CLAY-CLAYEY 51T, €L-ML //

SILT ML (See MNote 1)

10 20 s 30

CLAYEY SILT ML

ORGANIC SILT OL

40
Liguid Limit {LL)

0

Note 1 — Fine grained materials with Pl and LL that plot in this area are named (ML) SILT with
slight plasticity. Fine-grained materials which are non-plastic (i.e. a PL cannot be measured) are
named SILT.
Note 2 — For soils with <5% organic content, include the descriptor “trace organics” for soils with
between 5% and 30% organic content include the prefix “organic” before the Primary name.

Organic . . 2 .
Soil . Gradation Dgo (D30) Organic USCS Group
or Type of Soil L Cu=— Cc=—"-— Group Name
Inorganic Group or Plasticity Dy D1oxDgy Content Symbol
Gravels Poorly
s o B with Groded <4 <1 or23 GP GRAVEL
= @ c E <12%
2 '
. £ Q@R fines Well Graded 24 1103 GwW GRAVEL
@ © o E S <[ (by mass)
© (RN X 3EE
£ =9 ool Gravels Below A nia aM SILTY
2 3%c O3 gy | with Line GRAVEL
o8 ol X8y >12%
=9 w T © fines Above A nia GC CLAYEY
v <Z( 3 (by mass) Line 0% GRAVEL
2 o <
g 8 & Sands Poorly <6 <1 or>3 ’ SP SAND
zZ56 W 'e %5 o B[ with Graded stor=
=3 2 & 28 <12%
= (2] "
s | 85 | w885  fmes | wellGraded 26 1t03 sw SAND
o oo Sssc (by mass)
o X <25 8 sands
= 3 D yE . Below A n/a SM SILTY SAND
< with L
A o © O ine
=~ 98T >12%
~ E fines Abqve A n/a scC CLAYEY
(by mass) Line SAND
GrgEnie Field Indicators
Soil q Laboratory Tough Organic USCS Group Primary
or Type of Soil D hi Th oughness
. Group Tests i ry Shine read Content Symbol Name
Inorganic Rilatancy Strength Test Diameter iofSlmm
thread)
N/A (can’t
° Rapid None None >6 mm roll 3 mm <5% ML SILT
[=%
£ - Liquid Limit thread)
_ £ Tosg Slow None to Dull Smmto | None tolow <5% ML CLAYEY SILT
2 2 o 2588 <50 ow mm
£ » P = < 9 2 Slow to Low to Dull to 3mm to Low 5% to oL ORGANIC
z <:3‘ s » gBox very slow medium slight 6 mm 30% SILT
o x| o = 2265
Z 8|a =& g0 o Stow o Low'o 1 sight 3mm to Low to <5% MH CLAYEY SILT
g :/_! % E = qumd Limit very slow medium mm medium
£ g| g @ 2 250 None Medium | Dullto 1 mmto Medium to 5% to oH ORGANIC
z é [0} 3 to high slight 3 mm high 30% SILT
w 0
2 z g Liquid Limit Low to Slight - Low to
@ w E, B é 5 <30 None medium | to shiny 3 mm medium 0% cL SILTY CLAY
o o Qo c to
o ® ¢ a50% Liquid Limit Medi Slight 1 mm t Medi
= S > i J' 2 qui mi ledium {[e] mm to ledium 30%
3 5 D<ED 30 to 50 None tohigh | to shiny 3mm : c SILTY CLAY
& © ©2%° (see
- o
g3z L'q“;‘;(')-'m" None High Shiny <1 mm High Note 2) CH CLAY
0,
< Peat and mineral soil 3304’ SILTY PEAT,
(&) O~ .
>Z g g 8 mixtures 75% SANDY PEAT
T<=Z 8o ® - PT
OJgOoOP5E Predominantly peat, 5%
IZPLex may contain some too PEAT
8 mineral soil, fibrous or 100%
amorphous peat °
G i fr— | e ——— Dual Symbol — A dual symbol is two symbols separated by
a hyphen, for example, GP-GM, SW-SC and CL-ML.
For non-cohesive soils, the dual symbols must be used when
o the soil has between 5% and 12% fines (i.e. to identify
transitional material between “clean” and “dirty” sand or
gravel.
=~ SILTY CLAY CLAYEY SILT MH ; f
= o P g8 For cohesive soils, the dual symbol must be used when the
E_m liquid limit and plasticity index values plot in the CL-ML area
£ v@" of the plasticity chart (see Plasticity Chart at left).
[

Borderline Symbol — A borderline symbol is two symbols
separated by a slash, for example, CL/Cl, GM/SM, CL/ML.
A borderline symbol should be used to indicate that the soil
has been identified as having properties that are on the
transition between similar materials. In addition, a borderline
symbol may be used to indicate a range of similar soil types
within a stratum.
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ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES AND TEST PITS

SAMPLES
PARTICLE SIZES OF CONSTITUENTS AS Auger sample
Soil Par.tlcle - Inches BS Block sample
Constituent Size Millimetres (US Std. Sieve Size)
Description : CS Chunk sample
BOULDERS Not >300 512 DD Diamond Drilling
Applicable DO or DP Seamless open ended, driven or pushed tube
COBBLES A ﬂg;ble 75 to 300 3 to12 sampler — note size
pCp 91075 075103 DS Denison type sample
oarse (o] .75 to
GRAVEL Fine 4751019 (4)t00.75 GS Grab Sample
MC Modified California Samples
Coarse 2.00t0 4.75 (10) to (4) . .
SAND Medium 0_40287tc5> 12(;00 (40) to (10) MS Modified Shelby (for frozen soil)
Fine : (200) to (40) RC Rock core
0.425 -
Classified b SC Soil core
SILT/CLAY ;Is;sltliiity 4 <0.075 < (200) ss Split spoon sampler — note size
ST Slotted tube
MODIFIERS FOR SECONDARY AND MINOR CONSTITUENTS TO Thin-walled, open — note size (Shelby tube)
Percentage Modifier TP Thin-walled, piston — note size (Shelby tube)
by Mass WS Wash sample
>35 Use 'and' to combine major constituents
(i.e., SAND and GRAVEL) SOIL TESTS
> 121035 Primary s"oil name prefixed with "gravelly, sandy, SILTY, w water content
CLAYEY" as applicable T
> 51012 PL, wp plastic limit
° some L, we liquid limit
<5 trace C consolidation (oedometer) test
CHEM chemical analysis (refer to text)
CID consolidated isotropically drained triaxial test’
PENETRATION RESISTANCE clu consolidated isotropically undrained triaxial test with
1
The number of blows by a 63.5 kg (140 Ib) hammer dropped 760 mm (30 in.) pore'water prgssure rr.@asure.ment
required to drive a 50 mm (2 in.) split-spoon sampler for a distance of 300 mm Dr relative density (specific gravity, Gs)
(12in.). Values reported are as recorded in the field and are uncorrected. DS direct shear test
GS specific gravity
An electronic cone penetrometer with a 60° conical tip and a project end area of M sieve 'analy.sis for particle size -
10 cm? pushed through ground at a penetration rate of 2 cm/s. Measurements of tip MH combined sieve and hydrometer (H) analysis
resistance (qi), porewater pressure (u) and sleeve frictions are recorded MPC Modified Proctor compaction test
electronically at 25 mm penetration intervals. SPC Standard Proctor compaction test
oC organic content test
The number of blows by a 63.5 kg (140 Ib) hammer dropped 760 mm (30 in.) to drive SO4 concentration of water-soluble sulphates
uncased a 50 mm (2 in.) diameter, 60° cone attached to "A" size drill rods for a uc unconfined compression test
distance of 300 mm (12 in.). - - -
X . uu unconsolidated undrained triaxial test
PH: Sampler advanced by hydraulic pressure -
PM: Sampler advanced by manual pressure V (FV) field vane (LV-laboratory vane test)
WH: Sampler advanced by static weight of hammer Y unit weight
WR: Sampler advanced by weight of sampler and rod 1. Tests anisotropically consolidated prior to shear are shown as CAD, CAU.
NON-COHESIVE (COHESIONLESS) SOILS COHESIVE SOILS
Compactness? Consistency
Term SPT ‘N’ (blows/0.3m)! Term Undrained Shear SPT ‘N’1:2
Very Loose Oto4 Strength (kPa) (blows/0.3m)
Loose 41010 Very Soft <12 Oto2
Compact 10 to 30 Soft 12 to 25 2to 4
Dense 30 to 50 Firm 25 to 50 4t08
Very Dense >50 Stiff 50 to 100 810 15
1. SPT ‘N’ in accordance with ASTM D1586, uncorrected for the effects of Very Stiff 100 to 200 15 to 30
overburden pressure. S
2. Definition of compactness terms are based on SPT ‘N’ ranges as provided in Hard >200 30

Terzaghi, Peck and Mesri (1996). Many factors affect the recorded SPT ‘N’
value, including hammer efficiency (which may be greater than 60% in automatic
trip hammers), overburden pressure, groundwater conditions, and grainsize. As
such, the recorded SPT ‘N’ value(s) should be considered only an approximate
guide to the soil compactness. These factors need to be considered when
evaluating the results, and the stated compactness terms should not be relied
upon for design or construction.

Field Moisture Condition
Description

Term

Dry Soil flows freely through fingers.

Soils are darker than in the dry condition and

Moist
may feel cool.

As moist, but with free water forming on hands

Wet when handled.

1. SPT ‘N’ in accordance with ASTM D1586, uncorrected for overburden pressure
effects; approximate only.

2. SPT ‘N’ values should be considered ONLY an approximate guide to
consistency; for sensitive clays (e.g., Champlain Sea clays), the N-value
approximation for consistency terms does NOT apply. Rely on direct
measurement of undrained shear strength or other manual observations.

Water Content

Term Description

Material is estimated to be drier than the Plastic
w<PL L

Limit.

Material is estimated to be close to the Plastic
w~PL L

Limit.

Material is estimated to be wetter than the Plastic
W>PLo) Limit
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LIST OF SYMBOLS

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

T
In x
log1o

o > =

[52]
<

Q 9 ac s

Vo
61, 62, O3

Goct

Aome 2

(a)
p(y)
pd(yd)
pw(yw)
ps(ys)

Dr

>

GENERAL

3.1416

natural logarithm of x

x or log x, logarithm of x to base 10
acceleration due to gravity

time

STRESS AND STRAIN

shear strain

change in, e.g. in stress: Ac
linear strain

volumetric strain

coefficient of viscosity

Poisson’s ratio

total stress

effective stress (¢’ =0 - u)

initial effective overburden stress
principal stress (major, intermediate,
minor)

mean stress or octahedral stress
= (o1 + 02+ 03)/3

shear stress

porewater pressure

modulus of deformation

shear modulus of deformation
bulk modulus of compressibility

SOIL PROPERTIES

Index Properties

bulk density (bulk unit weight)*

dry density (dry unit weight)

density (unit weight) of water

density (unit weight) of solid particles
unit weight of submerged soil

(' =v-1w)

relative density (specific gravity) of solid
particles (Dr = ps / pw) (formerly Gs)
void ratio

porosity

degree of saturation

Density symbol is p. Unit weight symbol is y
where vy =pg (i.e. mass density multiplied by
acceleration due to gravity)

(a)

w
wiorLL
wp or PL
Ip or PI
NP

Ws

I

Ic

©max
€min

Ip

(b)
h

q
v
i

k

(c)
Ce

Cr

Qu
St

Notes: 1
2

Index Properties (continued)
water content

liquid limit

plastic limit

plasticity index = (wi — wp)
non-plastic

shrinkage limit

liquidity index = (W —wp) / Ip
consistency index = (wi—w) / Ip
void ratio in loosest state

void ratio in densest state
density index = (€max — €) / (Emax - €min)
(formerly relative density)

Hydraulic Properties
hydraulic head or potential
rate of flow

velocity of flow

hydraulic gradient

hydraulic conductivity
(coefficient of permeability)
seepage force per unit volume

Consolidation (one-dimensional)
compression index

(normally consolidated range)
recompression index
(over-consolidated range)

swelling index

secondary compression index
coefficient of volume change

coefficient of consolidation  (vertical
direction)
coefficient of consolidation (horizontal
direction)

time factor (vertical direction)
degree of consolidation
pre-consolidation stress

over-consolidation ratio = 6'p / 6'vo

Shear Strength

peak and residual shear strength
effective angle of internal friction
angle of interface friction
coefficient of friction = tan &
effective cohesion

undrained shear strength (¢ = 0 analysis)
mean total stress (o1 + 63)/2
mean effective stress (¢'1 + ¢'3)/2
(61-063)2 0r (6'1 - 6"3)/2
compressive strength (o1 - 63)
sensitivity

t=c +o'tan ¢’
shear strength = (compressive strength)/2

> GOLDER

June 2018
Revision 5

3/3



PROJECT: 19115264-3000 RECORD OF BOREHOLE: BH/MW19-01 SHEET 1 OF 1

LOCATION: Lat. 43.747371 Long. -79.818742 . ’
) 9 BORING DATE: April 4, 2019 DATUM: Geodetic
(See Figure 1)

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)
<o | E = . 3z PIEZOMETER
Qg [ W S} 5 20 40 60 80 10°  10°  10*  10° &5 OR
2% 3 5 | eLev g ¥ | S [SHEARSTRENGTH natv. - - ® WATER CONTENT PERCENT EF STANDPIPE
= < . %) L - ==
&= z DESCRIPTION £ |oermh = || €| cukpa emV.® U. O w Sy INSTALLATION
x ] Wp ——6"—— W <3
2 18 El o [=) |3 -
” 20 40 60 80 10 20 30 40
GROUND SURFACE 266.80
- _ .
L TOPSOIL (250 mm) F== 0.00 ]
L 2| 2eess| M| S g
B (CL) SILTY CLAY, trace sand, trace 025 10 b
B gravel, trace organics; brown; cohesive, 1B | ss 1
| w~PL, stiff 26610 |
B (CL) sandy SILTY CLAY, trace gravel; 0.70[—— ]
- light brown with oxidation staining, i E
— 1 (TILL); cohesive, w<PL, very stiff to hard § > lss| 16 of |4 MH -
B L i
B W ]
i ¥ ] 1
B - Some to trace sand below depth of o ]
- 1.6m h 3 |ss|21 O ]
— 2 7 ; Bentonite —]
| < [ i
B i - i
B 945 1
- b 4 |ss|23 g
B % ]
i y - ]
-, ; ] ]
= 4 7 .
B b 5 |ss|32 O ]
B [ % ]
N o o ]
- 5 994 ]
B g€ A ]
= alp .
R EE fl 170412019 17| 1] 7]
B oo -
B K] E g Sand . ]
| clg ? |
= W= u
C S A - 1
- H W i
B b 6 |ss|21 ]
L 5 - Silty sand layers/seams encountered P
5 below depth of 4.9 m s
- s ]
i 5
B K]
- 5
B ] 261.01
B (CI/CL-ML) SILTY CLAY to CLAYEY 5.79
L 6 SILT, trace to some sand, trace gravel, %
B with inferred cobbles; grey, (TILL); i — Screen and Sand
i cohesive, w~PL to w>PL, stiff to hard S
- 75 7 |ss|12
B 4 ;
B 4 ]
L 7
L %
- b ]
| ]/ i
B W ]
B ¥ misp
i 5 — i
| ] u
B é 8 |SS| 48 O Bentonite |
- % _
B - Sand layer, approximately 70 mm thick, W oses7 ]
| encountered at a depth of 8.1 m 8.23 ]
i END OF BOREHOLE. i
B Notes: ]
5 1. Borehole dry upon completion of i
- drilling. E
- _
B 2. Water level measured in monitoring ]
5 well as follows: i
[ Date Depth  Elev. (m) i
B April 17,2019 3.95 mbgs 262.85m ]
C . ]
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PROJECT: 19115264-3000 RECORD OF BOREHOLE: BH/MW19-03 SHEET 1 OF 2

LOCATION: Lat. 43.750098 Long.-79.814418 . ’
) 9 BORING DATE: April 4, 2019 DATUM: Geodetic
(See Figure 1)

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)
o | £ = . 3z PIEZOMETER
Qg [ W S} 5 20 40 60 80 10°  10°  10*  10° &5 OR
TE| 2 T | eey. || w|S ‘ ‘ : : ‘ ‘ ‘ ‘ ED STANDPIPE
Fw | © DESCRIPTION < ‘|2 |a | & | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT s
as| Z = [oeptr| 2 [Z | 2| cu kPa remV.® U- O od INSTALLATION
4|z 3 2/ Fg8| i wp ———oeW——qwi <
a o) 4 m [ et P 4
@ 5 o
20 40 60 80 10 20 30 40
GROUND SURFACE 266.88
- | .
L TOPSOIL (350 mm) F== 0.00 ]
- s 1A | 8§ i
- F==] 26653 5 i
B (CL) SILTY CLAY, some sand, trace 035 18 |'ss b
B gravel, trace organics; brown with | ]
| oxidation staining; cohesive, w<PL, firm i
-, ]
B 2 |ss| 7 [® ]
B ] 26551 b
B (CL) sandy SILTY CLAY, trace gravel, 1.37 ]
B contains inferred cobbles; light brown % ] i
= with oxidation staining, (TILL); cohesive, /)f 7
- w<PL, stiff to hard i 3 |ss| 11 @) 1
-, / 5 -
B i | ]
B i ] ]
i o ]
i b ]
- # 4 |ss |24 g
- W Bentonite ]
B #f | ]
[, 7 7 N
B % ]
i 5 ]
B # 5 |ss| 30 | | MH ]
B v ]
B % | ]
i 5 ]
-, JRt| 26280 ]
B (ML) gravelly sandy SILT, with slight SER 3.99 |
L 5 plasticity, contains inferred cobbles; light E
B 2 brown; non-cohesive, moist, very dense 1
i ; - Inferred cobbles/boulders from auger 1 1
B c% 5 grindings at a depth of 2mand 7.3 m sk — i
= = g u
B 512 ]
L 23 6 |Ss|75 o ]
- s |%|E _
B 8 ]
B =8 | ]
B N ]
w
B w ]
B 3 ]
B Sand i
L 6 _
B IR 7 | ss|100 0 B i
-, ]| 25088 ]
B (CL-ML) CLAYEY SILT, some to trace Al 700
- sand; grey, (TILL); cohesive, w<PL, hard ‘,‘j‘
- M v
B % 17/04/2019 |
B P -
B “p — Screen and Sand
B 4 8 | ss|100 O
B BN —
. 4
| e 1]
i ihd
| b
B - Cobbles/boulders inferred from auger /
| grinding at a depth of 8.4 m ] bt
B o
B ] -
- gl || VA1
- 4 4/04/2019
B il
B 4 9 |ss| 77 @]
4
B ¢
- 4 25713
i END OF BOREHOLE. 9.75
- - — ] -4l -+ 40 -4 4 -+ |-+ ] ]
CONTINUED NEXT PAGE
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PROJECT: 19115264-3000
LOCATION: Lat. 43.750098 Long.-79.814418
(See Figure 1)

BORING DATE: April 4, 2019

RECORD OF BOREHOLE: BH/MW19-03

SHEET 2 OF 2

DATUM: Geodetic

a DYNAMIC PENETRATION \ HYDRAULIC CONDUCTIVITY,

w e} SOIL PROFILE SAMPLES | RESISTANCE, BLOWS/0.3m N k, cm/s o)

<o | E = . 3z PIEZOMETER

Ow [ w o 13 20 40 60 80 10°  10° 10*  10° s OR

TE| 2 T £lwlg ‘ ‘ : : ‘ ‘ ‘ ‘ e STANDPIPE

IL| o DESCRIPTION < | ELEY- |@ | & | G | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT 5F

as | 2 s s> | 2| Cukpa emV.® U. O Qg INSTALLATION

o £ 5 |DEPTHIS |7 & | Cu : wWpb—aW qw <3

e Q £ | (m) z -

» 20 40 60 80 10 20 30 40
. - CONTINUED FROM PREVIOUS PAGE -
5 Notes: i
- 1. Water level measured at 9.1 mbgs E
B upon completion of drilling. b
B 2. Water level measured in monitoring ]
B well as follows: i
B Date Depth Elev. (m) 7
" April 17,2019 7.34 mbgs 259.54 m ]
[ ]
. ]
., |
| 5 ]
| 6 ]
- ]
| 5 ]
N ]
P ]
DEPTH SCALE f> GOLDER LOGGED: JD
1:50 <« CHECKED: EM




APPENDIX B

Geotechnical Laboratory Figures



GRAIN SIZE DISTRIBUTION

sandy SILT CLAY (CL) - TILL FIGURE B1
Size of openings, inches U.S.S Sieve size, meshes/inch
6"4%" 3" 1% 1'% %38 3 4 810 16 20 30 40 5060 100 200
100 | | | | * Iﬂ& | | | | | |
% :‘"\\E
80 1\
= [¥
70
. N
60 i
14
w
=z
o 50
[
z
w
% 40
o
. Ry
20 %\\
Sa
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE MEDIUM FINE SILT AND CLAY SIZES
SIZE GRAVEL SIZE SAND SIZE FINE GRAINED
LEGEND
SYMBOL Borehole SAMPLE DEPTH(m)
® BH/MW 19-01 2 0.76 - 1.37
u BH/MW 19-03 5 3.05 - 3.66
Project Number: 19115264
(3000) Checked By: EM Golder Associates Date: 12-Jun-19




60
50 /
40 /
CH /
x
11|
[a)]
=z
ESO »
@)
|_
)]
5 MH or OH
0. LEGEND
BH SAMPLE | SYMBOL
20 /
BH/MW 19-01 2 N
Cl / BH/MW 19-03 5 .
10 / n
cL / )
CL - ML / MLl or OL .
ML A
0 o
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
Figure No. B2
S GOLDER PLASTICITY CHART g.
Sandy SILTY CLAY (CL) TILL Project No. 19115264 (3000)
Checked By: EMm




APPENDIX C

Adjacent Properties and Previous
Geotechnical Borehole Logs



PROJECT: 19115264-1000/2000 RECORD OF BOREHOLE: BHIMW1 9'02 SHEET 1 OF 2

LOCATION: Lat. 43.747664 Long. -79.814643 . ;
) 9 BORING DATE: April 2, 2019 DATUM: Geodetic
(See Figure 1)

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w @) SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)

<o | E = . 3z PIEZOMETER

Qg [ W o] 5 20 40 60 80 10°  10°  10*  10° 55 OR

x| = T | ey [ |wls ‘ L . : ‘ ‘ ‘ ‘ Eu STANDPIPE

Fw 2 DESCRIPTION < -|@|a | | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT ah INSTALLATION

5= 2 % |oePtH| 3 | = | 2| Cu kPa remV.® U- O W od

8 ® > 0 Wp ——6"—— W <3

2 = | (m) =
” 20 40 60 80 10 20 30 40
GROUND SURFACE 25720
- -
B TOPSOIL (610 mm) 0.00 ]
B 1|88 4 17/04/2019 ]
B 256,59 i
= (CL)SILTY CLAY, some to trace sand, 0.61 R
B trace gravel, trace organics; brown/dark ] 256.35[2A| ss b
B , brown with oxidation staining; w>PL, firm ¢ 0.85 59.7 ]
B (CL) sandy SILTY CLAY, trace gravel; & B |ss| 8 o i
- light brown with oxidation staining, 5 B
- (TILL); cohesive, w~PL, firm to stiff I4 L | 1
B o ] 1
= 2 ,
- - Silt/sand seams/layers below 1.7 m 7 3 |ss| 8 o 1
-, i h
- & || |
| § ] ]
i L i
i 5 ]
- K 4 |ss|13 g
B i ]
B 4 - 1
o, i 7 ]
B i ]
i 9 i
B g% 5|ss| 9 ]
B 1 i
B % | ]
i 5 ]
- £ 25324 1
— 4 (CL-ML) CLAYEY SILT, some to trace e 3.96 N
B sand, trace gravel; grey, (TILL); . / |
| N cohesive, w>PL, very siiff to stiff to hard B 4
5 P!
B 2 ~f>“ N ]
5 5 (44 ]
B 3|5 T, 1
| [oak7] ol ]
L ] 4 6 |8S|15 O E
- 52|43 ghgd Bentonite —
B %8 ] ]
B 8| E ) | ]
5 =8 ] o |
B 0= &P ]
= w B4 p
[ z b ]
B [ ]
- ] 1
| 6 /’g= ] —
B A V i
i 1] 7 [ss|13 o 17/04/2019 ]
- i n
| i ]
B g | ]
- i ]
— 7 485G g —
B ¢ / ]
B ] 1
B 4 ]
| S | i
B I i
B
B 14 8 |ss |17 ]
— 8 14 —
- I n
B K14 ]
| A [ .
= P‘ .
B X ]
B by ]
B g i
| ol |
— 9 §v5 _
5 ) b i
| - Becoming sandy at 9.1 m 9 1 |
= 14 p
| P ) |
— 4 9 |ss |57
B - Auger grinding at a depth of 9.5 m to I~ ]
B 11m g 1
. - ] RN I (U U A N S NS I R E I R |
CONTINUED NEXT PAGE
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PROJECT: 19115264-1000/2000
LOCATION: Lat. 43.747664 Long. -79.814643

(See Figure 1)

RECORD OF BOREHOLE: BH/MW19-02

BORING DATE: April 2, 2019

SHEET 2 OF 2

DATUM: Geodetic

DEPTH SCALE

METRES

SOIL PROFILE

SAMPLES

BORING METHOD

DESCRIPTION

STRATA PLOT
NUMBER
TYPE
BLOWS/0.3m

DYNAMIC PENETRATION
RESISTANCE, BLOWS/0.3m

%0 4‘0 6‘0

HYDRAULIC CONDUCTIVITY,

SHEAR STRENGTH  nat V.

Cu, kPa remV,

20 40 60

WATER CONTENT PERCENT
wp ———oW Wi

ADDITIONAL
LAB. TESTING

PIEZOMETER

STANDPIPE
INSTALLATION

20

-~ CONTINUED FROM PREVIOUS PAGE ---

CME 75 Track Mount Power Auger
100 mm Solid Stem

(SW-SM) SAND to SILTY SAND,
medium grained, contains inferred
cobbles/boulders; light brown;
non-cohesive, wet, compact to very
dense

- Cobbles/boulders inferred from auger
grinding at a depth of 12 m

26

52

Bentonite

Sand

Screen and Sand

210472019 -

Y

END OF BOREHOLE.

Notes:
1. Water level measured in monitoring
well as follows:

Deep Well

Date Depth Elev. (m)
April 2,2019 12.67 mbgs 244.53 m
April 17,2019 6.27 mbgs 250.93 m

Shallow Well
Date Depth Elev. (m)
April 17,2019 0.25 mbgs 256.95 m

GTA-BHS 001 G:\ CLIENTS\CLEARBROOKDEVELOPMENTS\CALEDON\12_GINT\19115264-SNELLSHOLLOW BH LOGS.GPJ GAL-MIS.GDT 17/6/19 JMC
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PROJECT: 19115264-4000
LOCATION: Lat. 43.74607 Long. -79.817117

(See Figure 1)

RECORD OF BOREHOLE:

BORING DATE: April 3, 2019

BH19-10

SHEET 1 OF 1

DATUM: Geodetic

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)

o | £ = . 3z PIEZOMETER

gu [ w S} o 5 20 40 60 80 10°  10°  10*  10° 55 OR

IE <§D S | ELEV. (@ ¢ % SHEAI‘R STREN‘GTH n‘at V. +‘ Q-e W‘ATER C(‘)NTENT‘ PERCEI‘\IT Ei STANDPIPE

= . - .

Fg | z DESCRIPTION £ [oerm| 2 | & | 2] Cu kpa emV.® U. O w Sy INSTALLATION

a8 | & & 2|78 Y m— VIR

= | (m) @
o o
” 20 40 60 80 10 20 30 40
GROUND SURFACE 267.80
- - -
L TOPSOIL (230 mm E== 0.00 ]
B ( ) E=Z] oers7| 'A|SS i
- (CL-ML) CLAYEY SILT, some sand, 023 5 B
B trace gravel; dark brown to brown, 1B | 88 O N
B mottled; cohesive, w~PL, firm | ]
- 267.04 R
B (CL) sandy SILTY CLAY, some sand, 0.76 ]
L trace gravel, contains inferred i _]
B cobbles/boulders; light brown with B 2 |ss|18 i
- oxidation staining, (TILL); cohesive, e E
i w<PL, very stiff to hard / 5 || ]
- % | n
| § ]
B 25 ]
B 4 3 |8s|29 OF— MH ]
I % _
B i | ]
B L | ]
i e 1
B i ]
- g 4 |8s|35 E
B ) % ]
EE i . i
— 3[2|¢ - . % | —
B sle|- Auger grinding on inferred cobbles at a 4 i
= = | 2| depth of 3m R
| 5|2 L |
B 2|3 i 5 |ss |31 ]
B é E % |
= ': 8 é || ,
B 217 # i
B B g ]
L 4|© % V4 ]
- 5 2/04/2019 g
| G n
B g ]
B # — 1
i 47 ]
B 7¢ 6A | SS ]
L i 26286 25 ]
— 5 (CL-ML) CLAYEY SILT, some sand, B LX) [P o —
B some gravel; grey, (TILL); cohesive, ] ;‘ | 7
B w~PL to w>PL, stiff to very stiff 4] B ]
| 4y 4
B ey | ]
B A 7A | ss ]
B ¥ L 1 ]
= gl 10 g
B : 7B | SS 1
L 6 ;/;“ _
= 1 ;‘ B
B bt ]
B 14 8 |ss |22 o ]
B L ]
B 4] 261.00 ]
L END OF BOREHOLE. 6.71 ]
— 7 Notes: —
B 1. Water level measured at 4.1 mbgs ]
5 upon completion of drilling. i
- _
- _
C . ]
DEPTH SCALE f> GOLDER LOGGED: JD
1:50 <« CHECKED: EM
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PROJECT: 19115264-4000
LOCATION: Lat. 43.74736 Long. -79.816608

(See Figure 1)

RECORD OF BOREHOLE:

BORING DATE: April 3, 2019

BH19-11

SHEET 1 OF 1

DATUM: Geodetic

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)

o | £ = . 3z PIEZOMETER

Qg [ W S} 5 20 40 60 80 10°  10°  10*  10° &5 OR

IE| 2 T |eey. || wlg ‘ ‘ : : ‘ ‘ ‘ ‘ ED STANDPIPE

Fu |l g DESCRIPTION < oo | 2 [ (é) gEiEkAPF; STRENGTH pea[:] \(/ é 8: 8 WATER CONTENT PERCENT S INSTALLATION

4Tz < 2|8l : wp ———oeW——qwi <

a e} 4 m [ et P 4

@ » @ 20 40 60 80 10 20 30 40
GROUND SURFACE 265.00
- - -
L TOPSOIL (230 mm E== 0.00 ]
| ( ) F==1 26477 1A |88 |
- (CL) sandy SILTY CLAY, trace gravel; 023 10 B
B brown, mottled brown/light brown; 1B | SS 1
B cohesive, w<PL, firm to stiff | ]
B - Cobbles/boulders inferred from auger |
= grinding at 6 m ] R
- 2 |ss| 4 ®&+—1 MH N
B 263.60| | ]
B (CL) sandy SILTY CLAY, trace gravel; 140 | |
- mottled light brown to brown, (TILL); % E
B cohesive, w<PL, very stiff to hard g R
i K 3 |ss| 10 1
2 s -
B ¥ — i
B iy - ]
| %0 i
B i ]
B _ i 4 |ss|28 o ]
i ) 4 ]
- < K — -
e ’ - g
5 <\ ; ]
Elz
B é 8 % 5 |ss|29 O 1
B % E g |
5 s 5 ]
e b I
B 2le ]
- s 4 ]
B = K ]
L 4|© g ]
B i ]
L b ]
B % ]
i 5 - i
- i u
B o5 ]
5 %8 6 |SS| 33 O 4
| 5 § —
B # — i
B g ]
- v ]
B 9 1
= I« h
B ' ]
L 6 2 _
B % ]
| § ]
i 59 7 |ss |30 i
i 5 ]
B 258.29
L END OF BOREHOLE. 6.71 ]
— 7 Notes: —
B 1. Borehole dry upon completion of ]
5 drilling. i
- _
- _
C . ]
DEPTH SCALE f> GOLDER LOGGED: JD
>4
1:50 € CHECKED: EM




PROJECT: 19115264-1000 RECORD OF BOREHOLE: BH19'12 SHEET 1 OF 2

LOCATION: Lat. 43.748408 Long. -79.813559 . ’
) ¢ BORING DATE: April 4, 2019 DATUM: Geodetic
(See Figure 1)

a SOIL PROFILE SAMPLES | DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w o

4.1 2 - RESISTANCE, BLOWS/0.3m N \ k, cm/s I 2 (Z_') PIEZOMETER

Qg [ W S} 5 20 40 60 80 10°  10°  10*  10° &5 OR

x| = T | ey [ |wls ‘ L . : ‘ ‘ ‘ ‘ Eu STANDPIPE

Fw| 9 DESCRIPTION < -|®|a | @ | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT ah INSTALLATION

[ = [oeptr| 2 [Z | 2| cu kPa remV.® U- O od

4Tz < 2|73 Wi W wi <

a o 2l m [Z 9 p—©6"——- 3

@ 5 o
20 40 60 80 10 20 30 40
GROUND SURFACE 26633
- - .
L TOPSOIL (380 mm) F== 0.00 ]
B F== 1A | S8 ]
B F==] 26595 5 1
B (CL) sandy SILTY CLAY, trace gravel, 038| 5| ss o PP= ]
| trace organics; brown with oxidation . 25 kPa i
- staining; w<PL, firm 265.57 ]
B (CL) sandy SILTY CLAY, trace gravel; 0.76 ]
- brown with oxidation staining, (TILL); L |
= cohesive, w<PL, stiff to hard B 2 |ss| 10 FHe— ¥ 2POPI;> |
= q .
i % 3{ MH i
B w9 | i
| § |
B 25 ]
B i 3|ss| 9 O PP = ]
-, 4 P20 kP4 ]
B i | ]
B L | ]
i Y 1
B i ]
- g 4 |8S |30 (@] PP = E
L 2 440 kP4 p
B P - 1
3 - Cobbles inferred from auger grinding at g 1 B
| 3m i
B ] ]
B 2 5 [ss|33 PP = 1
B % B45 kP4 ]
i 5 - ]
= ] u
B % ]
— 4 ) 26223 N
B (SM) gravelly SILTY SAND, trace clay RER 4.10 |
- 5 nodules, slight plasticity; light brown; : 1
- =] non-cohesive, moist, dense to very 1
B < dense | ]
B 8|e ]
= 215 6A | SS E
B |3 | ]
B Elz 13 (@] MH i
I E : 6B | SS —
- %|E . ]
B HE ] | ]
B © 2| - Cobbles/boulders inferred from auger ]
B w grinding at 5.3 m |
B 3 ]
L 6 _
- - Becoming silty sand, some gravel B
B below a depth of 6.2 m b
- 7 |ss [150 e} MH R
L _
B 8 |Ss|32 l® ]
- _
- _
B - Contains layers of fine sand and silt, ]
- some clay below depth of 9.2 m 9 |88 47 o MH g
I Lk Modssja42f o\ o X 4 41 -]
CONTINUED NEXT PAGE
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RECORD OF BOREHOLE:

BH19-12

PROJECT: 19115264-1000 SHEET 2 OF 2
LOCATION: Lat. 43.748408 Long.-79.813559 . :
i 9 BORING DATE: April 4, 2019 DATUM: - Geodetic
(See Figure 1)
a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)
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IMPORTANT INFORMATION AND
*‘“;> GOLDER LIMITATIONS OF THIS REPORT

Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that level
of care and skill ordinarily exercised by members of the engineering and science professions currently practising
under similar conditions in the jurisdiction in which the services are provided, subject to the time limits and
physical constraints applicable to this report. No other warranty, expressed or implied is made.

Basis and Use of the Report: This report has been prepared for the specific site, design objective, development
and purpose described to Golder by the Client. The factual data, interpretations and recommendations pertain to
a specific project as described in this report and are not applicable to any other project or site location. Any
change of site conditions, purpose, development plans or if the project is not initiated within eighteen months of
the date of the report may alter the validity of the report. Golder cannot be responsible for use of this report, or
portions thereof, unless Golder is requested to review and, if necessary, revise the report.

The information, recommendations and opinions expressed in this report are for the sole benefit of the Client. No
other party may use or rely on this report or any portion thereof without Golder’s express written consent. If the
report was prepared to be included for a specific permit application process, then upon the reasonable request of
the client, Golder may authorize in writing the use of this report by the regulatory agency as an Approved User for
the specific and identified purpose of the applicable permit review process. Any other use of this report by others
is prohibited and is without responsibility to Golder. The report, all plans, data, drawings and other documents as
well as all electronic media prepared by Golder are considered its professional work product and shall remain the
copyright property of Golder, who authorizes only the Client and Approved Users to make copies of the report, but
only in such quantities as are reasonably necessary for the use of the report by those parties. The Client and
Approved Users may not give, lend, sell, or otherwise make available the report or any portion thereof to any
other party without the express written permission of Golder. The Client acknowledges that electronic media is
susceptible to unauthorized modification, deterioration and incompatibility and therefore the Client can not rely
upon the electronic media versions of Golder’s report or other work products.

The report is of a summary nature and is not intended to stand alone without reference to the instructions given to
Golder by the Client, communications between Golder and the Client, and to any other reports prepared by
Golder for the Client relative to the specific site described in the report. In order to properly understand the
suggestions, recommendations and opinions expressed in this report, reference must be made to the whole of the
report. Golder can not be responsible for use of portions of the report without reference to the entire report.

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only
for the guidance of the Client in the design of the specific project. The extent and detail of investigations, including
the number of test holes, necessary to determine all of the relevant conditions which may affect construction costs
would normally be greater than has been carried out for design purposes. Contractors bidding on, or undertaking
the work, should rely on their own investigations, as well as their own interpretations of the factual data presented
in the report, as to how subsurface conditions may affect their work, including but not limited to proposed
construction techniques, schedule, safety and equipment capabilities.

Soil, Rock and Ground Water Conditions: Classification and identification of soils, rocks, and geologic units
have been based on commonly accepted methods employed in the practice of geotechnical engineering and
related disciplines. Classification and identification of the type and condition of these materials or units involves
judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than
abrupt. Accordingly, Golder does not warrant or guarantee the exactness of the descriptions.

Golder Associates Ltd.
6925 Century Avenue, Suite #100 Mississauga, Ontario, L5N 7K2 Canada T: +1 905 567 4444 | F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation
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Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and
even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface
conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder
interprets to exist between and beyond sampling points may differ from those that actually exist. In addition to soil
variability, fill of variable physical and chemical composition can be present over portions of the site or on adjacent
properties. The professional services retained for this project include only the geotechnical aspects of the
subsurface conditions at the site, unless otherwise specifically stated and identified in the report. The presence or
implication(s) of possible surface and/or subsurface contamination resulting from previous activities or uses of the
site and/or resulting from the introduction onto the site of materials from off-site sources are outside the terms of
reference for this project and have not been investigated or addressed.

Soil and groundwater conditions shown in the factual data and described in the report are the observed conditions
at the time of their determination or measurement. Unless otherwise noted, those conditions form the basis of the
recommendations in the report. Groundwater conditions may vary between and beyond reported locations and
can be affected by annual, seasonal and meteorological conditions. The condition of the soil, rock and
groundwater may be significantly altered by construction activities (traffic, excavation, groundwater level lowering,
pile driving, blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to
wetting, drying or frost. Unless otherwise indicated the soil must be protected from these changes during
construction.

Sample Disposal: Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of
this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s
expense. In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be
present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal.

Follow-Up and Construction Services: All details of the design were not known at the time of submission of
Golder’s report. Golder should be retained to review the final design, project plans and documents prior to
construction, to confirm that they are consistent with the intent of Golder’s report.

During construction, Golder should be retained to perform sufficient and timely observations of encountered
conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted
conditions considered in the preparation of Golder’s report and to confirm and document that construction
activities do not adversely affect the suggestions, recommendations and opinions contained in Golder’s report.
Adequate field review, observation and testing during construction are necessary for Golder to be able to provide
letters of assurance, in accordance with the requirements of many regulatory authorities. In cases where this
recommendation is not followed, Golder’s responsibility is limited to interpreting accurately the information
encountered at the borehole locations, at the time of their initial determination or measurement during the
preparation of the Report.

> GOLDER 2
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Changed Conditions and Drainage: Where conditions encountered at the site differ significantly from those
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a
condition of this report that Golder be notified of any changes and be provided with an opportunity to review or
revise the recommendations within this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if
conditions have changed significantly.

Drainage of subsurface water is commonly required either for temporary or permanent installations for the project.
Improper design or construction of drainage or dewatering can have serious consequences. Golder takes no
responsibility for the effects of drainage unless specifically involved in the detailed design and construction
monitoring of the system.

> GOLDER 3
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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by Mayfield Kennedy Investment Corp. (MKIC) to provide
preliminary geotechnical consulting services to support a draft plan approval for a future residential subdivision
development located north east of Kennedy Road and Mayfield Road in Caledon, Ontario (the Site), as shown
in the Site and Borehole Location Plan, Figure 1.

The terms of reference for the geotechnical consulting services are included in Golder's proposal No.
P19115264 Rev 1, dated March 8, 2019.

The purpose of the investigation is to obtain information on the general subsurface soil and shallow groundwater
conditions at the site by means of a limited number of boreholes and geotechnical laboratory tests. Based on
our interpretation of the factual information collected as part of the preliminary geotechnical investigation carried
out at this site, a general description of the subsurface conditions across the site is presented herein. The
interpreted subsurface conditions and available project details were used to develop preliminary engineering
parameters and recommendations on the geotechnical design aspects of the project, including construction
considerations which could influence design decisions.

This report provides the results of the preliminary geotechnical investigation and should be read in conjunction
with the “Important Information and Limitations of This Report” Appendix D. The reader’s attention is specifically
drawn to this information, as it is essential for the proper use and interpretation of this report. The factual data,
interpretations and recommendations contained in this report pertain to a specific project as described in the
report and are not applicable to any other project or site location. If the project is modified in concept, location
or elevation, or if the project is not initiated within twelve months of the date of the report, Golder should be
given an opportunity to confirm that the recommendations in this report are still valid.

2.0 SITE DESCRIPTION AND BACKGROUND

The subject property is located north east of Kennedy Road and Mayfield Road and is part of the Snell’'s Hollow
Secondary Plan, which is a proposed residential development to be located in the southern part of the Town of
Caledon. The site is bounded by Kennedy Road to the west, adjacent agricultural properties to the east, south
and west, which further connects to Mayfield Road to the south and Heart Lake Road to the west and
Highway 410 to the north, as shown in Figure 1.

The site has a total area of approximately 4.5 hectares (11.2 acres) of predominantly flat land which slightly
slopes towards Highway 410. The site consists of small agricultural land with a small pond, a two-storey
residential house with three metal framed sheds, a previously demolished building, remaining concrete
foundations, construction vehicles and trailers, with gravel road and localized asphalt/concrete pads. The
property has a municipal address of 12141 Kennedy Road, Caledon, Ontario.

Based on our understanding, the Site is to be developed into a residential development with associated
underground services and supporting roads. For the purposes of this report, we have also assumed that the
future residential houses will be constructed utilizing shallow strip/spread footings, with an interior slab-on-
grade, and one-level of underground basement. We have also assumed cuts and/or fills required for site grading
purposes will not exceed 2.0 m and that the invert of the site servicing will be no greater than 3.0 m below
existing site grades.

o> GOLDER 1
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3.0 ADJACENT GEOTECHNICAL SITE INFORMATION

Additional geotechnical investigations consisting of seventeen boreholes were also carried out as part of the
Snell’'s Hollow Secondary Plan on the north and southeast adjacent properties (Golder, 2019). Also, previous
geotechnical investigation consisting of five boreholes was also carried out by Edward Wong and Associates,
2017 (Wong, 2017), to the property to the southeast.

The following is a summary of subsurface conditions obtained from boreholes located adjacent to the site
(BH/MW19-01, BH/MW 19-02 and BH/MW19-09) from Golder 2019, and (BH5 and BH6) from Wong, 2017 as
shown on the Site and Borehole Location Plan, Figure 1.

In general, the subsurface conditions encountered typically consist of a surficial topsoil ranging in thickness
from about 250 mm to over 600 mm overlying a disturbed/reworked dark to light brown silty clay layer or a silty
sand, which contains various amounts of organics, underlain by glacial till composed of very stiff to hard brown
silty clay which extends to depths ranging from about 5.8 m to about 10.6 m below ground surface. A silty sand
to sand was generally found below the brown/grey silty clay till layer. These subsurface conditions were found
to be similar to the subsurface conditions encountered in the recently completed boreholes located on the MKIC
site (discussed in detail in subsequent sections).

The record of borehole logs from these reports are enclosed in Appendix C. The approximate locations of the
boreholes drilled at these sites are shown on the Site and Borehole Location Plan, Figure 1.

The groundwater level measurements in the drilled boreholes are summarized in Table 1, below.

Table 1: Groundwater Level Measurements (Adjacent Properties)

Measurements Upon Completion of

e Measurements in Monitoring Wells
Drilling

Borehole No.

Approximate

Approximate

Groundwater Depth Groundwater Depth
(begs)* (begs)*
BH/MW19-01 Dry April 4, 2019 4.0 m (Elev. 262.8 m) April 17, 2019
BH/MW19-02 . .
(Shallow) N/A April 4, 2019 0.3 m (Elev. 257.0 m) April 17, 2019
BH/('\[/;\Q;S-OZ 12.7 m (Elev. 244.5 m) April 4, 2019 6.3 m (Elev. 244.5 m) April 17, 2019
BH/MW19-09 | 6.6 m (Elev. 250.0 m) April 4, 2019 6.5 m (Elev. 250.4 m) April 17, 2019
BH5 2.85 m (Elev. 262.2 m) | October 18, 2017 N/A N/A
BH6 Dry Dry N/A N/A

*begs- below existing ground surface.
4.0 REGIONAL GEOLOGY
The surficial geology aspects of the general site area were reviewed from the following publication:

m Chapman, L.J., and Putnam, D.F., 2007, “The Physiography of Southern Ontario”; 4" Edition, Ontario
Geological Survey.
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Physiographic mapping in the area according to the above noted reference indicates that the site lies within the
physiographic region of southern Ontario known as the South Slope. The South Slope region slopes gradually
downward towards Lake Ontario. The overburden immediately below ground surface within the South Slope
generally consists of clayey silt till and silty clay till and at depth consists of alternating deposits of dense
lacustrine sands and silts and over consolidated lacustrine clays and clay tills overlying the bedrock.

The subsurface conditions encountered during the investigation are generally consistent with the physiographic
mapping.

5.0 INVESTIGATION PROCEDURE

The field work for the preliminary geotechnical investigation was carried out on April 3, 2019, during which time
two boreholes (designated as Boreholes BH19-10 and BH19-11) were advanced at the site to depths between
about 6.7 m below existing ground surface at the approximate locations shown on the Site and Borehole
Location Plan, Figure 1, attached.

The boreholes were advanced using a track-mounted drill rig supplied and operated by a specialist drilling
contractor, subcontracted to Golder. Standard Penetration Testing (SPT) and sampling was carried out at
regular intervals of depth in the boreholes using conventional 35 mm internal diameter split spoon sampling
equipment advanced using an automatic hammer, in accordance with ASTM D1586 (99). Groundwater level
measurements were recorded immediately following completion of drilling for all boreholes.

The field work for this investigation was directed by members of our engineering staff who located the boreholes
in the field, directed the sampling and in-situ testing operation, logged the boreholes and cared for the samples
obtained. The samples were identified in the field, placed in appropriate containers, labelled and transported to
Golder’'s Mississauga geotechnical laboratory for further examination and laboratory testing. Index and
classification tests, consisting of water content determinations, Atterberg limits and grain size distribution, were
carried out on selected soil samples. The results of the geotechnical laboratory tests are included in Appendix B
and on the Record of Borehole sheets in Appendix A.

The borehole locations were determined in the field using a GPS instrument based on UTM coordinates.
Geodetic ground surface elevations at the borehole locations were derived from the site grading plan provided
by GSAI, “Snell’'s Hollow Contour Plan, Town of Caledon” dated December 2018. and as such, the elevations
and borehole locations given on the Record of Borehole sheets and referred to herein should be considered as
approximate.

6.0 SUBSURFACE CONDITIONS

The subsurface soil and shallow groundwater conditions encountered in the boreholes and the results of the
field and laboratory testing, are shown on the Record of Boreholes sheets, in Appendix A. Method of Soil
Classification and Symbols and Terms Used on Records of Boreholes are provided to assist in the interpretation
of the borehole logs. It should be noted that the boundaries between the strata have been inferred from drilling
observations and non-continuous samples. They generally represent a transition from one soil type to another
and should not be inferred to represent an exact plane of geological change. Further, conditions will vary
between and beyond the boreholes. The following is a summary of the subsurface conditions of the boreholes
advanced during this investigation followed by a more detailed description of the major soil strata and
groundwater conditions.
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In general, the subsurface conditions encountered at the boreholes advanced at the site typically consist of a
surficial topsoil/silty clay layer underlain by native soil deposits of glacial till composed of silty clay to clayey silt
containing varying amounts of sand and gravel.

Details of the observations of the groundwater conditions during and upon completion of drilling are included on
the Record of Borehole sheets. Shallow groundwater was encountered at depth of 4.1 m below existing ground
surface in Borehole BH19-10, and Borehole BH19-11 was dry upon the completion of drilling activities.

6.1 Topsoil and Reworked/Disturbed Materials

Topsoil materials were encountered in all the boreholes and extended to depths ranging from 0.23 m. A
summary of topsoil thickness in each of the boreholes is outlined in the table below.

Table 2: Approximate Topsoil Thickness

Borehole No. Approximate Topsoil
Thickness (m)

BH/MW19-10 0.23

BH/MW19-11 0.23

Materials identified as topsoil in this report were classified based on visual and textural evidence as no other
testing for organic content or other nutrients was carried out. As such, the ability for these materials to support
vegetation has not been assessed.

Reworked/disturbed silty clay material was encountered in both boreholes below the surficial topsoil. Reworked
material thickness was observed to be approximately 0.8 m to 1.4 m. The reworked material consisted of silty
clay with various amounts of sand and gravel and traces of organics. SPT ‘N’ values within the reworked material
was found to be about 4 blows to 10 blows per 0.3 m of penetration indicating a firm to stiff consistency.

The natural water content of the reworked material was measured at 17 to 22 percent.

The results of grain size distribution tests carried out on one selected sample from this deposit is presented in
Figure B1. Atterberg limits tests that were carried out on the same sample from this deposit measured a liquid
limit value of about 28 and a plastic limit value of about 17; yielding a corresponding plasticity index value of
about 11. These results are plotted on the plasticity chart as shown in Figure B2.

6.2 (CL) sandy Silty Clay (Upper Glacial Till)

A glacial till deposit consisting of cohesive sandy silty clay was encountered directly underneath the
topsoil/reworked till deposit at depths ranging from about 0.8 m to 1.4 m below existing ground surface. This
deposit extended to a depth of about 5 m below ground surface in Borehole BH19-10 and Borehole BH19-11
was terminated within this deposit. The till deposit is described to be light brown to brown mottled with oxidation
staining, with various amounts of sand and gravel. The till is believed to contain cobbles and/or possible boulders
which have been inferred as a result of auger grinding observed in both boreholes.

The SPT ‘N’ values measured in these till materials range from 10 blows per 0.3 m of penetration to 35 blows
per 0.3 m of penetration, indicating that the silty clay till is generally stiff to hard in consistency.

The results of grain size distribution tests carried out on a selected sample from this deposit is presented in
Figure B1. An Atterberg limit test was carried out on a single sample obtained from this deposit, which
measured a liquid limit value of about 23 and a plastic limit value of about 15; yielding a corresponding plasticity
index value of about 8. These results are plotted on the plasticity chart as shown in Figure B2.
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The water content of the selected samples ranged from about 11 percent to 14 percent.

6.3 (CL-ML) Clayey Silt (Lower Glacial Till)

A clayey silt till deposit was encountered directly underneath the sandy silty clay till at Borehole BH19-10 from
a depth of 4.9 m below existing ground surface. The borehole was terminated in this layer at a depth of 6.7 m
below existing ground surface. The cohesive till deposit contains various amounts of sand and gravel and is
grey in colour.

The SPT ‘N’ values of this till deposit was 10 to 22 blows per 0.3 m of penetration indicating stiff to very stiff
consistency.

6.4 Groundwater Conditions

Groundwater level measurements were recorded immediately following drilling procedures. The groundwater
level measurements in the drilled boreholes are summarized in Table 3, below.

Table 3: Groundwater Level Measurements (MKIC Property)

Measurements Upon Completion of
Drilling

Borehole No. .
Approximate

Groundwater Depth
(mbegs)*
BH19-10 4.1 April 3, 2019
BH19-11 dry April 3, 2019

*mbegs- metres below existing ground surface.

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

7.0 GEOTECHNICAL ENGINEERING DISCUSSION

This section of the report provides preliminary geotechnical engineering recommendations on the geotechnical
aspects of the proposed development based on our interpretation of the limited borehole information and on our
understanding of the project scope and requirements. The information in this portion of the report is provided
for the guidance of the design engineers and professionals.

Based on the results of this investigation, the subsurface soil conditions encountered at the site are considered
to be generally suitable for the proposed residential development.

As noted above, at the time of this report, proposed design grades (i.e., finished floor slab elevation, pavement
subgrade and utility invert levels) were not available for the proposed development. The following engineering
recommendations regarding the geotechnical design aspects of the project including underground services,
pavements and building foundations should be considered as preliminary only, and should be reviewed when
the final design grades and utility invert levels have been finalized.

Where comments are made on construction, they are provided only in order to highlight aspects of construction
which could affect the design of the project. Contractors bidding on or undertaking any work at the site should
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examine the factual results of the investigation, satisfy themselves as to the adequacy of the information for
construction and make their own interpretation of the factual data as it affects their proposed construction
techniques, schedule, equipment capabilities, costs, sequencing and the like.

This report addresses only the geotechnical (physical) aspects of the subsurface conditions at this site. The
geo-environmental (chemical) aspects, including the consequences of possible surface and/or subsurface
contamination resulting from previous activities or uses of the site and/or resulting from the introduction onto
the site of materials from off-site sources, are outside of the terms of reference for this report.

7.1 Site Preparation
711 Subgrade Preparation

Based on the existing site topography, it is assumed that only minor cut and/or fill site grading operations of less
than 2.0 m will be required to establish subgrade levels and permit the construction of the proposed residential
development. However, in the area of the existing residential dwellings, fills of up to 2.5 m may be required once
the former underground structures/basement are removed during the redevelopment.

Any filling carried out at the site in conjunction with regrading (with the exception of future green spaces) should
be carried out as engineered fill. Recommendations for the placement of engineered fill are outlined in
Section 7.1.2 of this report, titled “Engineered Fill Requirements”.

In general, the existing site vegetation, surficial topsoil/organics, surficial asphalt/concrete or any other
near-surface soils containing significant amounts of organic matter or construction debris are not considered to
be suitable for the subgrade support of engineered fill, building foundations, floor slabs, or other settlement
sensitive structures. These materials should be completely stripped prior to placing any engineered fill or
construction of foundations or interior or exterior slab-on-grade(s), following appropriate environmental
procedures. Furthermore, excessively wet soils should be dried before reuse as engineered fill.

Furthermore; excessively-wet soils should be suitably dried before reuse as engineered fill.

The thicknesses of the concrete slabs within the footprint of the existing buildings and the condition of any fill
underneath the slab or around the existing residential houses, was not assessed during this investigation.
Therefore, when the granular fill and the underlying subgrade material is encountered underneath the existing
structures or concrete slabs during construction activities, the acceptance of such fill as suitable for reuse on
the site should be assessed by a qualified geotechnical engineer.

Former structures (existing buildings, sewers, etc.) located on site, will have to be removed or decommissioned.
Remedial actions, such as removal of existing foundations or re-compaction of backfill will be required, as
directed by the geotechnical engineer and the recommendations contained in the report.

Following the stripping of the surficial topsoil and soils containing significant amounts of organics and/or
soft/disturbed surficial soils, the exposed subgrade should be heavily proof-rolled with suitable equipment, in
conjunction with inspection by qualified geotechnical personnel to confirm that the exposed soils are competent
and have been adequately stripped of ponded water and all disturbed, loosened, softened, organic and other
deleterious material. Remedial work (i.e., further subexcavation and replacement) should be carried out on
poorly-performing areas identified during the proof-rolling activities, as directed by Golder.

71.2 Engineered Fill Requirements

As described above, the anticipated site grading activities may include both cutting and raising (filling) the
original grade to meet the final design site grades. At the time of this report, the design cut and fill depths were
not available for review. As such, for the purposes of this report, it has been assumed that cuts will not exceed
2 m and grade raises will not exceed more than 2 m.
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In general, the existing native material is considered to be acceptable for reuse as engineered fill. Based on
the laboratory test results, the water content of soils present at the site are considered to be generally near or
above their optimum water contents for compaction, and therefore may require minor drying prior to placement,
in general.

It should be noted that the native materials at the site are silty in nature, and as such are susceptible to
over-wetting and subsequent freezing during inclement weather. Therefore, it is recommended that site grading
activities not be carried out during late fall, winter, early spring seasons or any periods of inclement weather
conditions. All oversized cobbles (i.e., greater than 150 mm in size) and boulders, if present, should be removed
from excavated material that will be used as engineered fill material.

If imported material is required for the engineered fill process, the material that is proposed for use as
engineered fill should be approved by the geotechnical engineer at its source, prior to importing the material to
the site. Suitable soils, free of topsoil, organic matter or other deleterious materials can be used as engineered
fill provided that the water content of the soil at the time of placement does not vary by more than 2 percent
above or below its optimum water content for compaction. Otherwise, the soils may require treatment (i.e.,
drying or wetting) prior to placement.

Following the inspection and approval of the subgrade as described previously in this report, engineered fill
materials should be placed in maximum 300 mm-thick loose lifts and uniformly compacted to 98 percent of the
Standard Proctor maximum dry density (SPMDD). Filling should continue until the design elevations are
achieved.

Full-time monitoring and in-situ density testing should be carried out by Golder during placement of engineered
fill.

The final surface of the engineered fill should be protected as necessary from construction traffic and should be
sloped to provide positive drainage for surface water during the construction period. If the engineered fill
materials will be left exposed (i.e. uncovered) during periods of freezing weather, additional soil cover should
be placed above final subgrade to provide some level of frost protection. Prior to placing the granular subbase
and/or base courses within pavement areas, the surface of the engineered fill/subgrade should be inspected by
Golder.

7.2 Installation of Underground Services
7.21 Temporary Excavations

Details of the underground servicing for the proposed development are unknown at the time of this investigation;
as such, for the purpose of this report, the maximum depth of the underground services was assumed to be
about 3 m below the existing ground surface. Once detailed design is completed, review of the underground
services should be completed by this office for compliance with the recommendations contained herein.

The founding soils are anticipated to generally consist of the native sandy silty clay or engineered fill. These
materials are considered to be suitable for supporting the underground services provided that the integrity of
the base of the trench excavations is maintained during construction. Where softened or disturbed native soils
or other deleterious materials are encountered at the base of excavations for settlement-sensitive services,
these materials should be subexcavated and replaced with compacted fills approved by the geotechnical
engineer.

Care should be taken to direct surface water away from any open excavations and all temporary excavations
should be carried out in accordance with the Occupational Health and Safety Act (OHSA) and Regulations for
Construction Projects.
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The groundwater level in the open boreholes, upon completion of drilling, was measured to be at a depth 4 m
below existing ground surface. Whereas, the groundwater level in the monitoring wells within close proximity,
was measured to be at depths ranging from 0.4 m to 6.3 m below existing ground surface, (Elev. 245 m to Elev.
263 m).

In general, groundwater in the excavations within the native deposits, are likely to be handled by collection via
properly constructed and filtered sumps, located within the excavations, and then pumping and discharging the
water to a suitable discharge point. However, should excavations deeper than 3-4m below existing ground
surface be required, the following recommendations will need to be review and revised to determine if some
form of active dewatering, such as well points, may have to be implemented.

Excavations for the site servicing would generally extend through the native sandy silty clay deposit.
Conventional excavation equipment should be suitable to excavate through these materials.

The stiff to hard native silt clay till soils are classified as a “Type 2” soils under the OH&S Act. As such, all
conventional temporary trench excavations should consist of open cuts with side slopes not steeper than
1 horizontal to 1 vertical in the overburden soils to within 1.2 m of the base of the excavation and then may be
made vertical to the base. Where engineered fill (based on silty clay material) is used or the native silty clay
exhibits signs of water seepage, the soil is classified as a “Type 3”, as such all conventional temporary trench
excavations should consist of gradient of 1 horizontal to 1 vertical.

Where the side slopes of excavations are required to be steepened to limit the extent of the excavation, then
some form of trench support may be required. Some trench excavations could be carried out using a vertically-
excavated, unsupported excavation (using a properly-engineered trench liner box for protection, certified by an
experienced engineer); or by a supported (sheeted) excavation if conditions warrant so; such as in wet areas
and/or in close proximity to adjacent underground services

7.2.2 Pipe Bedding and Cover

The bedding for the sewers and watermains should be compatible with the size, type and class of pipe and the
surrounding subsoil and the requirements of the Town of Caledon. If granular bedding is deemed to be
acceptable, then Ontario Provincial Standard Specifications (OPSS) Granular A should be used from at least
150 mm below invert of the pipe to the springline. Clear stone should not be used as bedding material. From
springline to 300 mm above the obvert of the pipe, sand cover could be used. All bedding and cover material
should be placed in 150 mm loose lifts and uniformly compacted to at least 100 percent of SPMDD. Where
variable fill materials, softened or disturbed native soils or other deleterious materials are encountered at the
base of excavations for settlement-sensitive services, these materials should be subexcavated and replaced
with compacted fills approved by the geotechnical engineer.

7.2.3 Trench Backfill

The excavated materials from the site will consist predominantly of silty clay till materials. Based on the
measured water contents, in general, the native materials encountered at the site are estimated to be near or
below their optimum water contents for compaction, and therefore, will probably require only minor wetting prior
to placement.

Care should be taken to maintain the water content of the soils close to/at the optimum water content for
compaction during the construction operations, as difficulties with compaction and/or backfill performance would
be anticipated with fine-grained soils where the water content is significantly above the optimum for compaction
purposes. Soils that contain significant quantities of organics or debris are also not suitable for use as trench
backfill within settlement-sensitive areas. In addition, all boulders and cobbles greater than 150 mm in size
should be removed from the trench backfill materials. If there is a shortage of suitable in-situ material, an
approved imported material such as Ontario Provincial Standard Specifications Select Subgrade Material should
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be used for trench backfill. Again, as noted above, the trench backfill materials are silty in nature and are very
susceptible to wetting/freezing temperatures. Backfilling trenches during cold or wet weather is not
recommended.

Trench backfill should be placed in maximum 300 mm loose lift thickness and uniformly compacted to at least
98 percent of the SPMDD of the material. Soil that is frozen should not be used as backfill.

Normal post-construction settlement of the compacted trench backfill should be anticipated with the majority of
such settlement taking place within about 12 months following the completion of trench backfilling operations.
If the trench backfill operations are completed during the winter months, post-construction settlements may
increase beyond typical anticipated values. These settlements will be reflected at the ground surface. If the
asphalt binder course is laid shortly following the completion of the trench backfilling operations, any settlement
that may be reflected by subsidence of the surface of the binder asphalt should be compensated for by placing
an additional thickness of binder asphalt or by padding. If possible, the surface course asphalt should not be
placed over the binder course asphalt for about 12 months. Where scheduling requires that the surface course
be placed over the binder course asphalt before this period, trench backfill settlement would be reflected by
subsidence and possible cracking of the finished pavement surface in these areas which, depending upon the
extent and magnitude, may require local repairs.

7.3 Building Foundations

As previously indicated, the existing site vegetation, surficial topsoil/organics and other near-surface soils
containing significant amounts of organic matter are not considered to be suitable for the subgrade support of
engineered fill, building foundations, floor slabs, or other settlement sensitive structures. These materials should
be completely stripped prior to placing any engineered fill or construction of foundations or interior or exterior
slab-on-grades.

Based on the subsurface conditions encountered in the boreholes, strip and spread footings that may be used,
provided that the footings are founded on the native sandy silty clay deposit or on engineered fill (based on
existing site soils) placed in accordance with the recommendation outlined in Section 7.1, and maintained a
minimum depth of soil embedment below finished adjacent ground surface and top of slab of 1.2 m.

For such strip and spread footings, a factored geotechnical resistance at Ultimate Limit States (ULS) of 225 kPa
and a geotechnical reaction at Serviceability Limit States (SLS) of 150 kPa may be assumed for design
purposes, provided that the strip footings dimensions of 0.45 m in width and 10 m in length or spread footings
have a minimum width of 0.60 m and a maximum width of 1.0 m.

Where spread footings are constructed at different elevations, the difference in elevation between the individual
footings should not be greater than one half the clear distance 650 mm between the footings. In addition, the
lower footings should be constructed first so that if it is necessary to construct the lower footings at a greater
depth than anticipated, the elevation of the upper footings can be adjusted accordingly. Stepped strip footings
should be constructed in accordance with the Ontario Building Code (2012), Section 9.15.3.9.

The maximum total and differential settlements are expected to be less than 25 mm and 20 mm; respectively,
for footings designed, constructed and inspected as outlined above.

All exterior footings, and interior footings in unheated areas, should be founded at a minimum depth of 1.2 m
below finished grade level in order to provide adequate protection against frost penetration.

The native soils are susceptible to disturbance from construction activity, especially during wet or freezing
weather. Care should be taken to preserve the integrity of the materials as bearing strata. It is essential that
the founding surface for the footings be inspected by qualified geotechnical personnel prior to placing concrete.
If the concrete for the footings cannot be placed immediately after excavation and inspection of the subgrade,
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it is recommended that a working mat of lean concrete be placed in the excavation to protect the integrity of the
bearing stratum.

Resistance to lateral forces/sliding resistance between the concrete footings and the subgrade should be
calculated in accordance with Section 6.7.5 of the CHBDC. The unfactored coefficient of friction, tan 6, for the
interface between the cast-in-place concrete footing and the properly-prepared subgrade can be assumed to
be 0.35.

7.3.1 Below Grade Walls

The exterior perimeter of all housing basement walls should be backfilled with an imported free draining,
non-frost susceptible granular material approved by a geotechnical engineer, carefully placed and compacted
in 200 mm thick loose lifts. The design of the foundation walls for the below-grade walls should take into account
the horizontal soil loads as well as surcharge loads that may occur during or after construction and should be
designed using a lateral (at-rest) earth pressure coefficient of 0.5 and a unit weight of backfill of 20 kN/m3.

The wall backfill layers should be compacted to at least 95 per cent of the materials’ standard Proctor maximum
dry density. Light compaction equipment should be used immediately adjacent to the foundation wall, otherwise
compaction stresses on the wall may be greater than that imposed by the backfill material. With the exception
of the driveway area, the upper 0.3 m of backfill should consist of clayey material to provide a low permeability
cap and the exterior grade should also be shaped to slope away from the building.

Provided that the excavations adjacent to foundation/basement walls are backfilled with free-draining granular
materials and a drainage collection system is provided around the perimeter of the building, the design of below-
grade walls does not need to take into account hydrostatic forces acting on the walls. However, it is
recommended that the exterior of the below-grade walls be damp-proofed.

7.4 Pavement Design within the Proposed Development

Following site grading operations, as noted previously, the proposed pavement subgrade will generally consist
of either re-compacted engineered fill or native silty clay till. These materials are considered to be frost
susceptible, and as such, the pavement design provided in Table 4, below has taken this condition into
consideration.

Based on the proposed pavement usage, (i.e. residential development type traffic and loads/frequencies) frost
susceptibility and strength of the subgrade soils, the following pavement component given are recommended
for the proposed development of access roads and streets, however the Town of Caledon/Region of Peel design
standards should be followed:

Table 4: Pavement Design

Minimum Thickness of Pavement Components (mm)

9.5 m Neighbourhood

Material Local Road

Collect
(7.9m Road Pavement OHECIOF
Width) (8.9 m Road Pavement

Width)

Asphaltic  Concrete | HL 3 Surface Course 40 40
(OPSS 1150)

HL 8 Binder Course 65 90
Granular A Base 150 150
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Minimum Thickness of Pavement Components (mm)

9.5 m Neighbourhood
Collector
(8.9 m Road Pavement
Width)

Material Local Road
(7.9m Road Pavement
Width)

Granular Materials | Granular B Type |l 350 500
(OPSS.MUNI 1010) Subbase

Total Pavement Thickness (mm) 605 780

Prepared and Approved Subgrade

As part of the subgrade preparation, proposed access roads should be stripped of topsoil and other obviously
unsuitable fill or organic materials. Fill required to raise the grades to design elevations should conform to the
engineered fill requirements outlined previously in the report. Soft or spongy trench backfill areas should be
sub-excavated and properly replaced with suitable approved backfill compacted to 98 percent SPMDD. Prior
to placing pavement subbase and/or base materials, the exposed soil subgrade should be heavily proof-rolled
in conjunction with an inspection by Golder. The granular subbase and base materials should be placed in loose
layers no thicker than 200 mm and uniformly compacted to 100 percent of their SPMDD. The binder course
and surface course asphalt materials should be compacted to minimum 92.0 percent of their Marshall Maximum
Relative Density according to OPSS 310, as measured in the field using a nuclear density gauge.

Where new pavement abuts existing pavement (e.g. at the development limits), proper longitudinal lap joints
should be constructed to key the new asphalt into the existing asphalt surface. The existing asphalt edges
should be provided with a proper sawcut edge prior to keying-in the new asphalt. It should be ensured that any
undermining or broken edges resulting from the construction activities are removed by the sawcut.

It should be noted that in some cases, even though the compaction requirements have been met, the subgrade
strength may not be adequate to support heavy construction loading especially during wet weather or where
backfill materials wet of optimum have been placed. In this regard, the design subbase thickness may not be
sufficient for a construction haul road and additional subbase (in the order of 450 mm) may be required. In
any event, the subgrade should be proofrolled and inspected by Golder prior to placing the subbase and any
additional material, as required, consistent with the prevailing weather conditions and anticipated use by
construction traffic.

7.41 Subgrade Drainage

In order to preserve the integrity of the pavement, continuous subdrains should be placed at the concrete curb
lines along both sides of the proposed streets. The invert of the subdrains should be at least 300 mm below
the bottom of the Granular “B” subbase and should be sloped to drain to catchbasins. The subdrains should
consist of perforated pipe wrapped in a suitable geotextile and surrounded on all sides with a minimum thickness
of 150 mm of OPSS.PROV 1002 Concrete Fine Aggregate (i.e. concrete sand).

8.0 SEISMIC SITE CLASSIFICATION

Seismic hazard is defined in the 2012 Ontario Building Code (OBC) by uniform hazard spectra (UHS) at spectral
coordinates of 0.2 second, 0.5 second, 1.0 second and 2.0 seconds and a probability of exceedance of 2% in
50 years. The OBC method uses a site classification system defined by the average soil/bedrock properties
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(e.g. shear wave velocity, Standard Penetration Test (SPT) resistance, undrained soil shear strength, etc.) in
the 30 m below the foundation level. There are six site classes from A to F, decreasing in ground stiffness from
A, hard rock, to E, soft soil; with site class F used to denote problematic soils (e.g. sites underlain by thick peat
deposits and/or liquefiable soils). The site class is then used to obtain acceleration and velocity-based site
coefficients Fa and Fy; respectively, used to modify the UHS to account for the effects of site-specific soll
conditions in design.

Based on the results of the preliminary geotechnical investigation and assuming soils below the maximum depth
investigated exhibit similar properties / strengths, a Site Class D is estimated for planning purposes. The Site
Class will need to be verified, and adjusted as necessary, during detail design.

9.0 INSPECTION AND TESTING

During construction, full-time observation should be carried out during engineered fill and site servicing backfill
placement, and sufficient foundation inspections, subgrade inspections and in-situ materials testing should be
carried out to confirm that the conditions exposed are consistent with those encountered in the boreholes and
to monitor conformance to the pertinent project specifications.

10.0 CLOSING

We trust that this preliminary report provides enough preliminary geotechnical engineering information to
proceed with the detailed design of the proposed development. If you have any questions regarding the
contents of this report or require additional information, please do not hesitate to contact this office.
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METHOD OF SOIL CLASSIFICATION

The Golder Associates Ltd. Soil Classification System is based on the Unified Soil Classification System (USCS)

10

SILTY CLAY
cL

SILTY CLAY-CLAYEY 51T, €L-ML //

SILT ML (See MNote 1)

10 20 s 30

CLAYEY SILT ML

ORGANIC SILT OL

40
Liguid Limit {LL)

0

Note 1 — Fine grained materials with Pl and LL that plot in this area are named (ML) SILT with
slight plasticity. Fine-grained materials which are non-plastic (i.e. a PL cannot be measured) are
named SILT.
Note 2 — For soils with <5% organic content, include the descriptor “trace organics” for soils with
between 5% and 30% organic content include the prefix “organic” before the Primary name.

Organic . . 2 .
Soil . Gradation Dgo (D30) Organic USCS Group
or Type of Soil L Cu=— Cc=—"-— Group Name
Inorganic Group or Plasticity Dy D1oxDgy Content Symbol
Gravels Poorly
s o B with Groded <4 <1 or23 GP GRAVEL
= @ c E <12%
2 '
. £ Q@R fines Well Graded 24 1103 GwW GRAVEL
@ © o E S <[ (by mass)
© (RN X 3EE
£ =9 ool Gravels Below A nia aM SILTY
2 3%c O3 gy | with Line GRAVEL
o8 ol X8y >12%
=9 w T © fines Above A nia GC CLAYEY
v <Z( 3 (by mass) Line 0% GRAVEL
2 o <
g 8 & Sands Poorly <6 <1 or>3 ’ SP SAND
zZ56 W 'e %5 o B[ with Graded stor=
=3 2 & 28 <12%
= (2] "
s | 85 | w885  fmes | wellGraded 26 1t03 sw SAND
o oo Sssc (by mass)
o X <25 8 sands
= 3 D yE . Below A n/a SM SILTY SAND
< with L
A o © O ine
=~ 98T >12%
~ E fines Abqve A n/a scC CLAYEY
(by mass) Line SAND
GrgEnie Field Indicators
Soil q Laboratory Tough Organic USCS Group Primary
or Type of Soil D hi Th oughness
. Group Tests i ry Shine read Content Symbol Name
Inorganic Rilatancy Strength Test Diameter iofSlmm
thread)
N/A (can’t
° Rapid None None >6 mm roll 3 mm <5% ML SILT
[=%
£ - Liquid Limit thread)
_ £ Tosg Slow None to Dull Smmto | None tolow <5% ML CLAYEY SILT
2 2 o 2588 <50 ow mm
£ » P = < 9 2 Slow to Low to Dull to 3mm to Low 5% to oL ORGANIC
z <:3‘ s » gBox very slow medium slight 6 mm 30% SILT
o x| o = 2265
Z 8|a =& g0 o Stow o Low'o 1 sight 3mm to Low to <5% MH CLAYEY SILT
g :/_! % E = qumd Limit very slow medium mm medium
£ g| g @ 2 250 None Medium | Dullto 1 mmto Medium to 5% to oH ORGANIC
z é [0} 3 to high slight 3 mm high 30% SILT
w 0
2 z g Liquid Limit Low to Slight - Low to
@ w E, B é 5 <30 None medium | to shiny 3 mm medium 0% cL SILTY CLAY
o o Qo c to
o ® ¢ a50% Liquid Limit Medi Slight 1 mm t Medi
= S > i J' 2 qui mi ledium {[e] mm to ledium 30%
3 5 D<ED 30 to 50 None tohigh | to shiny 3mm : c SILTY CLAY
& © ©2%° (see
- o
g3z L'q“;‘;(')-'m" None High Shiny <1 mm High Note 2) CH CLAY
0,
< Peat and mineral soil 3304’ SILTY PEAT,
(&) O~ .
>Z g g 8 mixtures 75% SANDY PEAT
T<=Z 8o ® - PT
OJgOoOP5E Predominantly peat, 5%
IZPLex may contain some too PEAT
8 mineral soil, fibrous or 100%
amorphous peat °
G i fr— | e ——— Dual Symbol — A dual symbol is two symbols separated by
a hyphen, for example, GP-GM, SW-SC and CL-ML.
For non-cohesive soils, the dual symbols must be used when
o the soil has between 5% and 12% fines (i.e. to identify
transitional material between “clean” and “dirty” sand or
gravel.
=~ SILTY CLAY CLAYEY SILT MH ; f
= o P g8 For cohesive soils, the dual symbol must be used when the
E_m liquid limit and plasticity index values plot in the CL-ML area
£ v@" of the plasticity chart (see Plasticity Chart at left).
[

Borderline Symbol — A borderline symbol is two symbols
separated by a slash, for example, CL/Cl, GM/SM, CL/ML.
A borderline symbol should be used to indicate that the soil
has been identified as having properties that are on the
transition between similar materials. In addition, a borderline
symbol may be used to indicate a range of similar soil types
within a stratum.
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ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES AND TEST PITS

SAMPLES
PARTICLE SIZES OF CONSTITUENTS AS Auger sample
Soil Par.tlcle - Inches BS Block sample
Constituent Size Millimetres (US Std. Sieve Size)
Description : CS Chunk sample
BOULDERS Not >300 512 DD Diamond Drilling
Applicable DO or DP Seamless open ended, driven or pushed tube
COBBLES A ﬂg;ble 75 to 300 3 to12 sampler — note size
pCp 91075 075103 DS Denison type sample
oarse (o] .75 to
GRAVEL Fine 4751019 (4)t00.75 GS Grab Sample
MC Modified California Samples
Coarse 2.00t0 4.75 (10) to (4) . .
SAND Medium 0_40287tc5> 12(;00 (40) to (10) MS Modified Shelby (for frozen soil)
Fine : (200) to (40) RC Rock core
0.425 -
Classified b SC Soil core
SILT/CLAY ;Is;sltliiity 4 <0.075 < (200) ss Split spoon sampler — note size
ST Slotted tube
MODIFIERS FOR SECONDARY AND MINOR CONSTITUENTS TO Thin-walled, open — note size (Shelby tube)
Percentage Modifier TP Thin-walled, piston — note size (Shelby tube)
by Mass WS Wash sample
>35 Use 'and' to combine major constituents
(i.e., SAND and GRAVEL) SOIL TESTS
> 121035 Primary s"oil name prefixed with "gravelly, sandy, SILTY, w water content
CLAYEY" as applicable T
> 51012 PL, wp plastic limit
° some L, we liquid limit
<5 trace C consolidation (oedometer) test
CHEM chemical analysis (refer to text)
CID consolidated isotropically drained triaxial test’
PENETRATION RESISTANCE clu consolidated isotropically undrained triaxial test with
1
The number of blows by a 63.5 kg (140 Ib) hammer dropped 760 mm (30 in.) pore'water prgssure rr.@asure.ment
required to drive a 50 mm (2 in.) split-spoon sampler for a distance of 300 mm Dr relative density (specific gravity, Gs)
(12in.). Values reported are as recorded in the field and are uncorrected. DS direct shear test
GS specific gravity
An electronic cone penetrometer with a 60° conical tip and a project end area of M sieve 'analy.sis for particle size -
10 cm? pushed through ground at a penetration rate of 2 cm/s. Measurements of tip MH combined sieve and hydrometer (H) analysis
resistance (qi), porewater pressure (u) and sleeve frictions are recorded MPC Modified Proctor compaction test
electronically at 25 mm penetration intervals. SPC Standard Proctor compaction test
oC organic content test
The number of blows by a 63.5 kg (140 Ib) hammer dropped 760 mm (30 in.) to drive SO4 concentration of water-soluble sulphates
uncased a 50 mm (2 in.) diameter, 60° cone attached to "A" size drill rods for a uc unconfined compression test
distance of 300 mm (12 in.). - - -
X . uu unconsolidated undrained triaxial test
PH: Sampler advanced by hydraulic pressure -
PM: Sampler advanced by manual pressure V (FV) field vane (LV-laboratory vane test)
WH: Sampler advanced by static weight of hammer Y unit weight
WR: Sampler advanced by weight of sampler and rod 1. Tests anisotropically consolidated prior to shear are shown as CAD, CAU.
NON-COHESIVE (COHESIONLESS) SOILS COHESIVE SOILS
Compactness? Consistency
Term SPT ‘N’ (blows/0.3m)! Term Undrained Shear SPT ‘N’1:2
Very Loose Oto4 Strength (kPa) (blows/0.3m)
Loose 41010 Very Soft <12 Oto2
Compact 10 to 30 Soft 12 to 25 2to 4
Dense 30 to 50 Firm 25 to 50 4t08
Very Dense >50 Stiff 50 to 100 810 15
1. SPT ‘N’ in accordance with ASTM D1586, uncorrected for the effects of Very Stiff 100 to 200 15 to 30
overburden pressure. S
2. Definition of compactness terms are based on SPT ‘N’ ranges as provided in Hard >200 30

Terzaghi, Peck and Mesri (1996). Many factors affect the recorded SPT ‘N’
value, including hammer efficiency (which may be greater than 60% in automatic
trip hammers), overburden pressure, groundwater conditions, and grainsize. As
such, the recorded SPT ‘N’ value(s) should be considered only an approximate
guide to the soil compactness. These factors need to be considered when
evaluating the results, and the stated compactness terms should not be relied
upon for design or construction.

Field Moisture Condition
Description

Term

Dry Soil flows freely through fingers.

Soils are darker than in the dry condition and

Moist
may feel cool.

As moist, but with free water forming on hands

Wet when handled.

1. SPT ‘N’ in accordance with ASTM D1586, uncorrected for overburden pressure
effects; approximate only.

2. SPT ‘N’ values should be considered ONLY an approximate guide to
consistency; for sensitive clays (e.g., Champlain Sea clays), the N-value
approximation for consistency terms does NOT apply. Rely on direct
measurement of undrained shear strength or other manual observations.

Water Content

Term Description

Material is estimated to be drier than the Plastic
w<PL L

Limit.

Material is estimated to be close to the Plastic
w~PL L

Limit.

Material is estimated to be wetter than the Plastic
W>PLo) Limit
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LIST OF SYMBOLS

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

T
In x
log1o

o > =

[52]
<

Q 9 ac s

Vo
61, 62, O3

Goct

Aome 2

(a)
p(y)
pd(yd)
pw(yw)
ps(ys)

Dr

>

GENERAL

3.1416

natural logarithm of x

x or log x, logarithm of x to base 10
acceleration due to gravity

time

STRESS AND STRAIN

shear strain

change in, e.g. in stress: Ac
linear strain

volumetric strain

coefficient of viscosity

Poisson’s ratio

total stress

effective stress (¢’ =0 - u)

initial effective overburden stress
principal stress (major, intermediate,
minor)

mean stress or octahedral stress
= (o1 + 02+ 03)/3

shear stress

porewater pressure

modulus of deformation

shear modulus of deformation
bulk modulus of compressibility

SOIL PROPERTIES

Index Properties

bulk density (bulk unit weight)*

dry density (dry unit weight)

density (unit weight) of water

density (unit weight) of solid particles
unit weight of submerged soil

(' =v-1w)

relative density (specific gravity) of solid
particles (Dr = ps / pw) (formerly Gs)
void ratio

porosity

degree of saturation

Density symbol is p. Unit weight symbol is y
where vy =pg (i.e. mass density multiplied by
acceleration due to gravity)

(a)

w
wiorLL
wp or PL
Ip or PI
NP

Ws

I

Ic

©max
€min

Ip

(b)
h

q
v
i

k

(c)
Ce

Cr

Qu
St

Notes: 1
2

Index Properties (continued)
water content

liquid limit

plastic limit

plasticity index = (wi — wp)
non-plastic

shrinkage limit

liquidity index = (W —wp) / Ip
consistency index = (wi—w) / Ip
void ratio in loosest state

void ratio in densest state
density index = (€max — €) / (Emax - €min)
(formerly relative density)

Hydraulic Properties
hydraulic head or potential
rate of flow

velocity of flow

hydraulic gradient

hydraulic conductivity
(coefficient of permeability)
seepage force per unit volume

Consolidation (one-dimensional)
compression index

(normally consolidated range)
recompression index
(over-consolidated range)

swelling index

secondary compression index
coefficient of volume change

coefficient of consolidation  (vertical
direction)
coefficient of consolidation (horizontal
direction)

time factor (vertical direction)
degree of consolidation
pre-consolidation stress

over-consolidation ratio = 6'p / 6'vo

Shear Strength

peak and residual shear strength
effective angle of internal friction
angle of interface friction
coefficient of friction = tan &
effective cohesion

undrained shear strength (¢ = 0 analysis)
mean total stress (o1 + 63)/2
mean effective stress (¢'1 + ¢'3)/2
(61-063)2 0r (6'1 - 6"3)/2
compressive strength (o1 - 63)
sensitivity

t=c +o'tan ¢’
shear strength = (compressive strength)/2
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GTA-BHS 001 G:\ CLIENTS\CLEARBROOKDEVELOPMENTS\CALEDON\12_GINT\19115264-SNELLSHOLLOW BH LOGS.GPJ GAL-MIS.GDT 17/6/19 JMC

PROJECT: 19115264-4000
LOCATION: Lat. 43.74607 Long.-79.817117

(See Figure 1)

RECORD OF BOREHOLE: BH19-10

BORING DATE: April 3, 2019

SHEET 1 OF 1

DATUM: Geodetic

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)

o | £ = . 3z PIEZOMETER

gu [ w S} o 5 20 40 60 80 10°  10°  10*  10° 55 OR

IE <§D S | ELEV. (& ¢ % SHEAI‘R STREN‘GTH n‘at V. +‘ Q-e W‘ATER C(‘)NTENT‘ PERCEI‘\IT Ei STANDPIPE

= . - .

Fg | z DESCRIPTION £ [oerm|2 | & | 2] Cu kpa emV.® U. O w Sy INSTALLATION

a x & 2 s Wp —-oW Wi <9

= | (m) @
o o
” 20 40 60 80 10 20 30 40
GROUND SURFACE 267.80
- - .
L TOPSOIL (230 mm E== 0.00 ]
B ( ) E=Z] oe7s7| 'A|SS i
- (CL-ML) CLAYEY SILT, some sand, 023 5 B
B trace gravel; dark brown to brown, 1B | 88 O N
B mottled; cohesive, w~PL, firm | ]
- 267.04 R
B (CL) sandy SILTY CLAY, some sand, 0.76 ]
L trace gravel, contains inferred i _]
B cobbles/boulders; light brown with B 2 |ss|18 i
- oxidation staining, (TILL); cohesive, e E
i w<PL, very stiff to hard / 5 || ]
- % | n
| § ]
B 25 ]
B 4 3 |8s|29 OF—H MH ]
— 2 # _]
B i | ]
B L | ]
i e 1
B i ]
- g 4 |8s|35 E
B ) % ]
EE i . i
— 3[2|¢ - . % | —
B sle|- Auger grinding on inferred cobbles at a 4 i
= = | 2| depth of 3m R
| 5|2 L |
B 2|3 i 5 |ss |31 ]
B é E % |
= ': 8 é || ,
B 217 # i
B B g ]
4|5 % AVA -
- 5 2/04/2019 g
| G n
B g ]
B # — 1
i 47 ]
B 7¢ 6A | SS ]
L i 26286 25 ]
— 5 (CL-ML) CLAYEY SILT, some sand, B LX) [P o —
B some gravel; grey, (TILL); cohesive, ] ;‘ | 7
B w~PL to w>PL, stiff to very stiff 4] B ]
| 4y 4
B ey | ]
B A 7A | ss ]
B ¥ L 1 ]
= gl 10 g
B : 7B | SS 1
L 6 ;/;“ _
= 1 ;‘ B
B bt ]
B 14 8 |ss |22 o ]
B L ]
B 4] 261.00 ]
L END OF BOREHOLE. 6.71 ]
— 7 Notes: —
B 1. Water level measured at 4.1 mbgs ]
5 upon completion of drilling. i
- _
- _
C . ]
DEPTH SCALE f> GOLDER LOGGED: JD
1:50 <« CHECKED: EM




GTA-BHS 001 G:\ CLIENTS\CLEARBROOKDEVELOPMENTS\CALEDON\12_GINT\19115264-SNELLSHOLLOW BH LOGS.GPJ GAL-MIS.GDT 17/6/19 JMC

PROJECT: 19115264-4000
LOCATION: Lat. 43.74736 Long.-79.816608

(See Figure 1)

RECORD OF BOREHOLE: BH19-11

BORING DATE: April 3, 2019

SHEET 1 OF 1

DATUM: Geodetic

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)

o | £ = . 3z PIEZOMETER

Qg [ W S} 5 20 40 60 80 10°  10°  10*  10° &5 OR

IE| 2 T |eey. || wlS ‘ ‘ : : ‘ ‘ ‘ ‘ ED STANDPIPE

Fu |l g DESCRIPTION < oo | 2 [ (é) gEiEkAPF; STRENGTH pea[:] \(/ é 8: 8 WATER CONTENT PERCENT S INSTALLATION

4Tz < 2|8l : wp ———oeW——qwi <

a e} 4 m [ et P 4

@ » @ 20 40 60 80 10 20 30 40
GROUND SURFACE 265.00
- - .
L TOPSOIL (230 mm E== 0.00 ]
| ( ) F==1 26477 1A |88 |
- (CL) sandy SILTY CLAY, trace gravel; 023 10 B
B brown, mottled brown/light brown; 1B | SS 1
B cohesive, w<PL, firm to stiff | ]
B - Cobbles/boulders inferred from auger |
= grinding at 6 m ] R
- 2 |ss| 4 ®o+—1 MH N
B 263.60| | ]
B (CL) sandy SILTY CLAY, trace gravel; 140 | |
- mottled light brown to brown, (TILL); % E
B cohesive, w<PL, very stiff to hard g R
i K 3 |ss| 10 1
2 s -
B ¥ — i
B iy - ]
| %0 i
B i ]
B _ i 4 |ss|28 o ]
i ) 4 ]
- < K — -
e ’ - g
5 <\ ; ]
Elz
B é 8 % 5 |ss|29 O 1
B % E g |
5 s 5 ]
e b I
B 2le ]
- s 4 ]
B = K ]
L 4|© g ]
B i ]
L b ]
B % ]
i 5 - i
- i u
B o5 ]
5 %8 6 |SS| 33 O 4
| 5 § —
B # — i
B g ]
- v ]
B 9 1
= I« h
B ' ]
L 6 2 _
B % ]
| § ]
i 59 7 |ss |30 i
i 5 ]
B 258.29
L END OF BOREHOLE. 6.71 ]
— 7 Notes: —
B 1. Borehole dry upon completion of ]
5 drilling. i
- _
- _
C . ]
DEPTH SCALE f> GOLDER LOGGED: JD
>4
1:50 € CHECKED: EM




APPENDIX B

Geotechnical Laboratory Figures



GRAIN SIZE DISTRIBUTION

sandy SILTY CLAY (CL) FIGURE B1
Size of openings, inches U.S.S Sieve size, meshes/inch
6"4v" 3" %" 1'% %38 3 4 810 16 20 30 40 5060 100 200
100 | | | | \I\ L L | | | | |
90 k
80 E.\\
70
- Iid
£
~ 60
14
w
4
o 50
[
-4
S 40
& 4
o
30 \
20 \'\\\a
Su
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE MEDIUM FINE SILT AND CLAY SIZES
SIZE GRAVEL SIZE SAND SIZE FINE GRAINED
LEGEND
SYMBOL Borehole SAMPLE DEPTH(m)
° BH19-11 2 0.76 - 1.37
u BH19-10 3 1.52-2.13
Project Number: 19115264
(4000) Checked By:EM Golder Associates Date: 12-Jun-19




60
50 /
40 /
CH /
X
Ll
[m)]
z
KSO y
O
|_
()]
< MH or OH
o LEGEND
BH SAMPLE | SYMBOL
20 /]
BH19-10| 3 .
Cl / BH19-11 2 .
10 * / .
CL / °
CL-ML / ML or OL °
ML
0 o
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
Figure No. B2
GOLDER PLASTICITY CHART 2
> Project No. 19115264 (4000)

sandy SILTY CLAY (CL)

Checked By:

EM




APPENDIX C

Previous Geotechnical Borehole
Logs



PROJECT: 19115264-3000 RECORD OF BOREHOLE: BH/MW19-01 SHEET 1 OF 1

LOCATION: Lat. 43.747371 Long. -79.818742 . ’
) 9 BORING DATE: April 4, 2019 DATUM: Geodetic
(See Figure 1)

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)
<o | E = . 3z PIEZOMETER
Qg [ W S} 5 20 40 60 80 10°  10°  10*  10° &5 OR
2% 3 5 | eLev g ¥ | S [SHEARSTRENGTH natv. - - ® WATER CONTENT PERCENT EF STANDPIPE
= < . %) L - ==
&= z DESCRIPTION £ |oermh = || €| cukpa emV.® U. O w Sy INSTALLATION
x ] Wp ——6"—— W <3
2 18 El o [=) |3 -
” 20 40 60 80 10 20 30 40
GROUND SURFACE 266.80
- _ .
L TOPSOIL (250 mm) F== 0.00 ]
L 2| 2eess| M| S g
B (CL) SILTY CLAY, trace sand, trace 025 10 b
B gravel, trace organics; brown; cohesive, 1B | ss 1
| w~PL, stiff 26610 |
B (CL) sandy SILTY CLAY, trace gravel; 0.70[—— ]
- light brown with oxidation staining, i E
— 1 (TILL); cohesive, w<PL, very stiff to hard § > lss| 16 of |4 MH -
B L i
B W ]
i ¥ ] 1
B - Some to trace sand below depth of o ]
- 1.6m h 3 |ss|21 O ]
— 2 7 ; Bentonite —]
| < [ i
B i - i
B 945 1
- b 4 |ss|23 g
B % ]
i y - ]
-, ; ] ]
= 4 7 .
B b 5 |ss|32 O ]
B [ % ]
N o o ]
- 5 994 ]
B g€ A ]
= alp .
R EE fl 170412019 17| 1] 7]
B oo -
B K] E g Sand . ]
| clg ? |
= W= u
C S A - 1
- H W i
B b 6 |ss|21 ]
L 5 - Silty sand layers/seams encountered P
5 below depth of 4.9 m s
- s ]
i 5
B K]
- 5
B ] 261.01
B (CI/CL-ML) SILTY CLAY to CLAYEY 5.79
L 6 SILT, trace to some sand, trace gravel, %
B with inferred cobbles; grey, (TILL); i — Screen and Sand
i cohesive, w~PL to w>PL, stiff to hard S
- 75 7 |ss|12
B 4 ;
B 4 ]
L 7
L %
- b ]
| ]/ i
B W ]
B ¥ misp
i 5 — i
| ] u
B é 8 |SS| 48 O Bentonite |
- % _
B - Sand layer, approximately 70 mm thick, W oses7 ]
| encountered at a depth of 8.1 m 8.23 ]
i END OF BOREHOLE. i
B Notes: ]
5 1. Borehole dry upon completion of i
- drilling. E
- _
B 2. Water level measured in monitoring ]
5 well as follows: i
[ Date Depth  Elev. (m) i
B April 17,2019 3.95 mbgs 262.85m ]
C . ]

GTA-BHS 001 G:\ CLIENTS\CLEARBROOKDEVELOPMENTS\CALEDON\12_GINT\19115264-SNELLSHOLLOW BH LOGS.GPJ GAL-MIS.GDT 17/6/19 JMC

DEPTH SCALE
1:50

G O L D E R LOGGED: JD

CHECKED: EM
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PROJECT: 19115264-1000/2000 RECORD OF BOREHOLE: BHIMW1 9'02 SHEET 1 OF 2

LOCATION: Lat. 43.747664 Long. -79.814643 . ;
) 9 BORING DATE: April 2, 2019 DATUM: Geodetic
(See Figure 1)

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w @) SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)
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Qg [ W o] 5 20 40 60 80 10°  10°  10*  10° 55 OR

x| = T | ey [ |wls ‘ L . : ‘ ‘ ‘ ‘ Eu STANDPIPE

Fw 2 DESCRIPTION < -|@|a | | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT ah INSTALLATION

5= 2 % |oePtH| 3 | = | 2| Cu kPa remV.® U- O W od

8 ® > 0 Wp ——6"—— W <3

2 = | (m) =
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B 256,59 i
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B o ] 1
= 2 ,
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- & || |
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i 5 ]
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CONTINUED NEXT PAGE
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PROJECT: 19115264-1000/2000
LOCATION: Lat. 43.747664 Long. -79.814643

(See Figure 1)

RECORD OF BOREHOLE: BH/MW19-02

BORING DATE: April 2, 2019

SHEET 2 OF 2

DATUM: Geodetic

DEPTH SCALE

METRES

SOIL PROFILE

SAMPLES

BORING METHOD

DESCRIPTION

STRATA PLOT
NUMBER
TYPE
BLOWS/0.3m

DYNAMIC PENETRATION
RESISTANCE, BLOWS/0.3m

%0 4‘0 6‘0

HYDRAULIC CONDUCTIVITY,

SHEAR STRENGTH  nat V.

Cu, kPa remV,

20 40 60

WATER CONTENT PERCENT
wp ———oW Wi

ADDITIONAL
LAB. TESTING

PIEZOMETER

STANDPIPE
INSTALLATION

20

-~ CONTINUED FROM PREVIOUS PAGE ---

CME 75 Track Mount Power Auger
100 mm Solid Stem

(SW-SM) SAND to SILTY SAND,
medium grained, contains inferred
cobbles/boulders; light brown;
non-cohesive, wet, compact to very
dense

- Cobbles/boulders inferred from auger
grinding at a depth of 12 m

26

52

Bentonite

Sand

Screen and Sand

210472019 -

Y

END OF BOREHOLE.

Notes:
1. Water level measured in monitoring
well as follows:

Deep Well

Date Depth Elev. (m)
April 2,2019 12.67 mbgs 244.53 m
April 17,2019 6.27 mbgs 250.93 m

Shallow Well
Date Depth Elev. (m)
April 17,2019 0.25 mbgs 256.95 m
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PROJECT: 19115264-1000/2000 RECORD OF BOREHOLE: BHIMW1 9'09 SHEET 1 OF 2

LOCATION: Lat. 43.745322 Long. -79.814288 . ’
) 9 BORING DATE: April 3, 2019 DATUM: Geodetic
(See Figure 1)

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s o)

<o | E = . 3z PIEZOMETER

Ow [ w o E 20 40 60 80 10° 10° 10°  10° s OR

TE| 2 T £lwlg ‘ ‘ : : ‘ ‘ ‘ ‘ e STANDPIPE

Fu| @ DESCRIPTION < | ELEY- |@ | & | G | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT 5F INSTALLATION

5= 2 % |oePTH|S | & % Cu, kPa remV.® U- O W 232

u x €l m |2 9 Wp ——eF—wi g

@ ” @ 20 40 60 80 10 20 30 40
GROUND SURFACE 256.95
- .
L TOPSOIL (430 mm) 0.00 ]
B 1A | S8 1
B =Z] 25652 3 ]
B (CL) sandy SILTY CLAY, trace organics, 25343 18 | ss PP = E
B trace gravel; light brown mottled with 7 061 25 kP4 b
B oxidation staining; cohesive, w<PL, soft i - ]
= (CL) SILTY CLAY, some sand, trace ; |
— 1 gravel, inferred cobbles; brown mottled 4 5> lss |17 PP = -
B with oxidation staining, (TILL); cohesive, 2 hao kP4 ]
B w<PL, very stiff 4 ]
% -
B 4 i
- Ly ]
| § ]
B ] 3 |ss| 22 @] PP = ]
B ] k40 kP4 1
I _
B 1/ | ]
i b I ]
B - sand and silty clay encountered at a < |
B depth of 2.3 mt0 5.5 m “ ]
B L 4 |SS| 23 O PP= ]
B g [20 P4 Bentonite ]
B ; - ]
2 - Cobbles/boulders inferred from auger % — B
= grinding at a depth of 3 m g R
B 2 5 |ss|23 PP = ]
B B v P45 kP4 1
B s ¢ i
< ] —
HE / |
B <o #] 252.99 1
[~ 4[5|2[ (CL-MU/CL) CLAYEY SILT to SILTY J: 3.96 ]
B = ‘g CLAY, trace sand, trace gravel; grey, ! / i
B €| £| (TILL); conhesive, w~PL, stiff by ]
| E|8 {4 |
| 0= f ~f>‘ i
B w 94} — ]
- 3 i i
5 4 6 |ss| o9 PP = ]
I ’ /;‘ 25 kP4 _
i il 1
i B ]
B A 25118 cond .
B (SM-SW) SILTY SAND to sand, medium || |. 5.79 |
L 6 grained, some silt, trace gravel; light i ; —
- brown; non-cohesive, wet, compact — s
[ 7 |ss|27 O 1
| z u
B | 17/04/2019| ]
B Screen and Sand ‘ ]
— 7
B 8 8 |ss| 16 Bentonite ]
B Jal ] 24872 ]
B END OF BOREHOLE. 8.23 1
B Notes: ]
B 1. Water level measured at 6.57 mbgs |
L upon completion of drilling. E
— 9 2. Water level measured in monitoring ]
B well as follows: ]
i Date Depth Elev. (m) i
- April 17,2019 6.54 mbgs 250.41 m h
B 3. PP= unconfined compressive strength ]
B measured with pocket penetrometer in i
I i — -4l -+ 40 -4 4 -+ |-+ ] ]
CONTINUED NEXT PAGE
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PROJECT: 19115264-1000/2000
LOCATION: Lat. 43.745322 Long.-79.814288
(See Figure 1)

BORING DATE: April 3, 2019

RECORD OF BOREHOLE: BH/MW19-09

SHEET 2 OF 2

DATUM: Geodetic
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GENERAL BH /TP / WELL 02895A-3278 MAYFIELD.GPJ GINT CANADA,GDT 1/4/02

=E EDWARD WONG

CLIENT _Dilip Kumar Jain

WELL NUMBER 5

PAGE 1 OF 1

PROJECT NAME _3278 Mavfield Road

PROJECT NUMBER Ma002995a

PROJECT LOCATION _Town of Caledon

DATE STARTED _10/18/17

COMPLETED 10/18/17
DRILLING CONTRACTOR _Fadroy Enterprise

GROUND ELEVATION _265m
GROUND WATER LEVELS:

HOLE SIZE 150 mm

DRILLING METHOD _Solid Stem Augers

AT TIME OF DRILLING _Dry

LOGGED BY _J.J.
NOTES

CHECKEDBY _EW.

Y ATEND OF DRILLING _2.85 m /Elev 262.15m
Y AFTER DRILLING _2.85 m /Elev 262.15m
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GRAPHIC
LOG

MATERIAL DESCRIPTION WELL DIAGRAM
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FILL - clayey silt, rootlets, topsoil inclusions, dark
brown and brown, very moist.
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SILTY CLAY - trace gravel, grey, very moist, hard. 50 mm dia
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-becoming very stiff below ~6.0 m depth
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Bottomn of hole at 6.45 m.




=E EDWARD WONG

BORING NUMBER 6

PAGE 1 OF 1
CLIENT _Dilip Kumar Jain PROJECT NAME _3278 Mayfield Road
PROJECT NUMBER _Ma002995a PROJECT LOCATION _Town of Caledon
DATE STARTED _10/18/17 COMPLETED _10/18/17 GROUND ELEVATION _260 m HOLE SIZE _150 mm
DRILLING CONTRACTOR _Fadroy Enterprise GROUND WATER LEVELS:
DRILLING METHOD _Solid Stem Augers AT TIME OF DRILLING _Dry
LOGGED BY _J.J. CHECKED BY _E.W. AT END OF DRILLING _Dry
NOTES AFTERDRILLING _—
& [vd w Q
E. | F 2 gg = To
Qg §§ 938 TESTS % o) MATERIAL DESCRIPTION
a] =2 m
% = o=z o
7. ey, TOPSOIL - ~200 mm thick. pE—
i g 515 4‘(51'05}‘5 MC=17% = SILTY SAND - scattered clay seams, brown, loose.
D
7 -1 100 259.10
1.0 % | Tamee S CLAYEY SILT - some sand, trace gravel, oxidized, brown, very moist, hard.
/ * [RR
NN
k1 A
L 7
SS | 6-16-24 PP >450 kPa NN N
i ,é 3 | (40) MC = 13% fi&l
51 URN
T RRR
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A i
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Y i
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L. e 39 =
5 4 i) [ \.‘I
R
¥ i
9 RN
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- SO
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Bottom of hole at 6.45 m.
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APPENDIX D

Important Information and
Limitations of This Report



IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT

Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in @ manner consistent with that
level of care and skill ordinarily exercised by members of the engineering and science professions currently
practising under similar conditions in the jurisdiction in which the services are provided, subject to the time limits
and physical constraints applicable to this report. No other warranty, expressed or implied is made.

Basis and Use o f the Report: This report has been prepared for the specific site, design objective,
development and purpose described to Golder by the Client. The factual data, interpretations and
recommendations pertain to a specific project as described in this report and are not applicable to any other
project or site location. Any change of site conditions, purpose, development plans or if the project is not initiated
within eighteen months of the date of the report may alter the validity of the report. Golder can not be
responsible for use of this report, or portions thereof, unless Golder is requested to review and, if necessary,
revise the report.

The information, recommendations and opinions expressed in this report are for the sole benefit of the Client. No
other party may use or rely on this report or any portion thereof without Golder’'s express written consent. If the
report was prepared to be included for a specific permit application process, then upon the reasonable request
of the client, Golder may authorize in writing the use of this report by the regulatory agency as an Approved User
for the specific and identified purpose of the applicable permit review process. Any other use of this report by
others is prohibited and is without responsibility to Golder. The report, all plans, data, drawings and other
documents as well as all electronic media prepared by Golder are considered its professional work product and
shall remain the copyright property of Golder, who authorizes only the Client and Approved Users to make
copies of the report, but only in such quantities as are reasonably necessary for the use of the report by those
parties. The Client and Approved Users may not give, lend, sell, or otherwise make available the report or any
portion thereof to any other party without the express written permission of Golder. The Client acknowledges that
electronic media is susceptible to unauthorized modification, deterioration and incompatibility and therefore the
Client can not rely upon the electronic media versions of Golder’s report or other work products.

The report is of a summary nature and is not intended to stand alone without reference to the instructions given
to Golder by the Client, communications between Golder and the Client, and to any other reports prepared by
Golder for the Client relative to the specific site described in the report. In order to properly understand the
suggestions, recommendations and opinions expressed in this report, reference must be made to the whole of
the report. Golder can not be responsible for use of portions of the report without reference to the entire report.

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only
for the guidance of the Client in the design of the specific project. The extent and detail of investigations,
including the number of test holes, necessary to determine all of the relevant conditions which may affect
construction costs would normally be greater than has been carried out for design purposes. Contractors bidding
on, or undertaking the work, should rely on their own investigations, as well as their own interpretations of the
factual data presented in the report, as to how subsurface conditions may affect their work, including but not
limited to proposed construction techniques, schedule, safety and equipment capabilities.

Soil, Rock and Ground water Conditions: Classification and identification of soils, rocks, and geologic units
have been based on commonly accepted methods employed in the practice of geotechnical engineering and
related disciplines. Classification and identification of the type and condition of these materials or units involves
judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than
abrupt. Accordingly, Golder does not warrant or guarantee the exactness of the descriptions.
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IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT

Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and
even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface
conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder
interprets to exist between and beyond sampling points may differ from those that actually exist. In addition to
soil variability, fill of variable physical and chemical composition can be present over portions of the site or on
adjacent properties. The professional services retained for this project include only the geotechnical aspects of
the subsurface conditions at the site, unless otherwise specifically stated and identified in the report. The
presence or implication(s) of possible surface and/or subsurface contamination resulting from previous activities
or uses of the site and/or resulting from the introduction onto the site of materials from off-site sources are
outside the terms of reference for this project and have not been investigated or addressed.

Soil and groundwater conditions shown in the factual data and described in the report are the observed
conditions at the time of their determination or measurement. Unless otherwise noted, those conditions form the
basis of the recommendations in the report. Groundwater conditions may vary between and beyond reported
locations and can be affected by annual, seasonal and meteorological conditions. The condition of the soil, rock
and groundwater may be significantly altered by construction activities (traffic, excavation, groundwater level
lowering, pile driving, blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes
due to wetting, drying or frost. Unless otherwise indicated the soil must be protected from these changes during
construction.

Sample Disposal: Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of
this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s
expense. In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be
present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal.

Follow-Up and Construction Services: All details of the design were not known at the time of submission of
Golder’'s report. Golder should be retained to review the final design, project plans and documents prior to
construction, to confirm that they are consistent with the intent of Golder’s report.

During construction, Golder should be retained to perform sufficient and timely observations of encountered
conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted
conditions considered in the preparation of Golder's report and to confirm and document that construction
activities do not adversely affect the suggestions, recommendations and opinions contained in Golder’s report.
Adequate field review, observation and testing during construction are necessary for Golder to be able to provide
letters of assurance, in accordance with the requirements of many regulatory authorities. In cases where this
recommendation is not followed, Golder's responsibility is limited to interpreting accurately the information
encountered at the borehole locations, at the time of their initial determination or measurement during the
preparation of the Report.

Changed Conditions and Drainage: Where conditions encountered at the site differ significantly from those
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a
condition of this report that Golder be notified of any changes and be provided with an opportunity to review or
revise the recommendations within this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if
conditions have changed significantly.

Drainage of subsurface water is commonly required either for temporary or permanent installations for the
project. Improper design or construction of drainage or dewatering can have serious consequences. Golder
takes no responsibility for the effects of drainage unless specifically involved in the detailed design and
construction monitoring of the system.

2018 J GOLDER
20f2 “}>



LS GOLDER

golder.com



l) GOLDER

REPORT

Preliminary Geotechnical Investigation, Clearbrook

Developments Limited

Proposed Residential Development, Snells Hollow Secondary Plan, Caledon,
Ontario

Submitted to:

Clearbrook Developments Limited
Jane Deighton, President

506 - 80 Front Street East

Toronto, ON M5E 1T4

Submitted by:

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

+1 905 567 4444

19115264 Phase 5000

June 24, 2019



June 24, 2019 19115264 Phase 5000

Distribution List

1 e-copy: Golder Associates Ltd.
1 e-copy: Clearbrook Developments Limited
1 e-copy: Snells Hollow Developers Group

1 e-copy: Glen Schnarr & Associates Inc.

QGOLDER i



June 24, 2019 19115264 Phase 5000

Table of Contents

1.0 INTRODUCGTION ......coiiiiiieiee i reeeeseee e e e seesemesemesaseesmsseseseseee e e e e e e smeeesssamssansesmnesnesanssanssanseensesssesannasnessnsasn 1
2.0 SITE DESCRIPTION AND BACKGROUND .......coiiiiuiirinnisss s sss s s s sss s ssse s smssassssssssssse s 1
3.0 ADJACENT GEOTECHNICAL SITE INFORMATION ...t rereene e e eeeeessnssesesemesmeseme s e s e neseeas 2
4.0 REGIONAL GEOLOGY .....ccoiiiirierairaareaaeesseesamesanssasasssasssansasssesssssssesansssnssanssssesssesssssssesansesnsssnsesanesanesanes 3
5.0 INVESTIGATION PROCEDURE .........oocoiiiiiinisier s s s s s ss s s s san s s s s s 3
6.0 SUBSURFACE CONDITIONS........coioiieiieeieeeesemeeeeseseese e s e e ssmee e e e e e s saesnesenssemssensessnessessamssanssenseenneeneens 3
6.1 Topsoil and (CL-ML) Silty Clay / Clayey Silt (possibly re-worked)..........ccoccoiiiiiiine, 4
6.2  (CL) Silty Clay to sandy Silty Clay (Upper Glacial Till) ............cocoiiiiieiiiiiiiiiieeee e 5
6.3  (SMto ML) SILTY SAND t0 SaNdY SILT .....eeiieiiiie et eee s 5
6.4  (CL-ML) Clayey Silt (Lower Glacial Till) .......c.uueieiirieieiee e e 6
6.5  Groundwater CONAItIONS ........ccuiiiiiiieiiii ittt ab e e st nn e s e e 6
7.0 GEOTECHNICAL ENGINEERING DISCUSSION ........oocoiieieireceramr e eee e seee e e s seeseeseeseesmesmsseme s eesneeas 7
71 T ( I (=T 0 1= = o) o SRR 7
7.1.1 Subgrade Preparation ..............oiiii it a e e e e araaaaa s 7
712 Engineered Fill REQUINEMENES.......cooiiiiii e 8
7.2 Installation of Underground SEIVICES .........oouuiiiiiiiiiiiiiee e 8
7.21 TemMpPorary EXCAVALIONS ..........uu ettt e te e tet s tstssses s sssstnsssnsnsnsennsnnnnnnns 8
7.2.2 Pipe Bedding @nd COVET .......coo ittt b e e 9
7.2.3 TrenCh BacKFill... ..o e 10
7.3 BUIIAING FOUNAALIONS ...ttt et st s st ntssssststntsessssnsnsnsnnnsnsnnnrn 10
7.3.1 BelOW Grade WalIS..........ooiiiiiiiie ettt st snb e e s ane e e e 11
7.4 Pavement Design within the Proposed Development ..., 11
7.4.1 T8 oo | = o [N B =] o = o 1= SRRSO 13
8.0 SEISMIC SITE CLASSIFICATION ......ooiiiiieiieieesiee e ssessmesesse e es e es e s eseesnesnesamesenesensee e e e essnesensssnsanns 13
9.0 INSPECTION AND TESTING. .......ccciiciiiieesieranreeeeeseeesmesseesamese s s e ssmesensasseaessesnesanesanssesseesseessessnsssnsssnsanns 13
0T 0 10 1 1T 13
TABLES
Table 4: Pavement DeSIgN ..o s 12

o> GOLDER i



June 24, 2019

19115264 Phase 5000

FIGURES
Figure 1 - Site and Borehole Location Plan

APPENDICES

APPENDIX A
Record of Boreholes

APPENDIX B
Geotechnical Laboratory Figures

APPENDIX C
Previous Geotechnical Borehole Logs

APPENDIX D
Important Information and Limitations of This Report

O GOLDER



June 24, 2019 19115264 Phase 5000

1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by Clearbrook Development Limited (CDL) to provide
preliminary geotechnical consulting services to support a draft plan approval for a future residential subdivision
development located north east of Kennedy Road and Mayfield Road in Caledon, Ontario (the Site), as shown
in the Site and Borehole Location Plan, Figure 1.

The terms of reference for the geotechnical consulting services are included in Golder's proposal No.
P19115264 Rev 1, dated March 8, 2019.

The purpose of the investigation is to obtain information on the general subsurface soil and shallow groundwater
conditions at the site by means of a limited number of boreholes and geotechnical laboratory tests. Based on
our interpretation of the factual information collected as part of the preliminary geotechnical investigation carried
out at this site, a general description of the subsurface conditions across the site is presented herein. The
interpreted subsurface conditions and available project details were used to develop preliminary engineering
parameters and recommendations on the geotechnical design aspects of the project, including construction
considerations which could influence design decisions.

This report provides the results of the preliminary geotechnical investigation and should be read in conjunction
with the “Important Information and Limitations of This Report” Appendix D. The reader’s attention is specifically
drawn to this information, as it is essential for the proper use and interpretation of this report. The factual data,
interpretations and recommendations contained in this report pertain to a specific project as described in the
report and are not applicable to any other project or site location. If the project is modified in concept, location
or elevation, or if the project is not initiated within twelve months of the date of the report, Golder should be
given an opportunity to confirm that the recommendations in this report are still valid.

2.0 SITE DESCRIPTION AND BACKGROUND

The subject property is located north west of Heart Lake Road and Mayfield Road and is part of the Snells
Hollow Secondary Plan, which is a proposed residential development to be located in the southern part of the
Town of Caledon. The site is bounded by Heart Lake Road to the east, Mayfield Road to the south, adjacent
agricultural properties to the west and Highway 410 to the north, as shown in Figure 1.

The site has a total area of approximately 24 hectares (61 acres) of agricultural land, a pond and a valley creek
lands. The valley and watercourse / wetland running through the southern portion of the Site, understood to be
a tributary to Heart Lake and Etobicoke Creek. The site is predominantly flat land which slopes towards the
north to Highway 410 and towards the pond and creek to the south.

Based on our understanding, the Site is to be developed into a residential development with associated
underground services and associated roads. For the purposes of this report, we have assumed that the future
residential houses will be constructed utilizing shallow strip/spread footings, with an interior slab-on-grade, and
one-level of underground basement. We have also assumed cuts and/or fills required for site grading purposes
will not exceed 2.0 m and that the invert of the site servicing will be no greater than 3.0 m below existing site
grades.

A separate geotechnical slope stability assessment report is carried out as part of the development setback of
the property and documented in report titled, “Geotechnical Setback Assessment For Erosion Hazard Limit,
Snell’'s Hollow Secondary Plan, Caledon, Ontario” dated June 2019, by Golder Associated.

o> GOLDER 1



June 24, 2019 19115264 Phase 5000

3.0 ADJACENT GEOTECHNICAL SITE INFORMATION

An additional geotechnical investigation consisting of ten boreholes were also carried out as part of the Snells
Hollow Secondary Plan to the east and west adjacent properties (Golder, 2019). Also, a previous geotechnical
investigation consisting of three boreholes was also carried out by Edward Wong and Associates, 2017 (Wong,
2017), to the west property.

The following is a summary of subsurface conditions obtained from boreholes located adjacent to the site
(BH/MW19-03, BH/MW 19-13, BH/MW19-07 and BH19-18 to BH19-19) from Golder, 2019, and (BH1, BH2 and
BH4) from Wong, 2017 as shown on the Site and Borehole Location Plan, Figure 1.

In general, the subsurface conditions encountered typically consist of a surficial topsoil ranging in thickness
from about 200 mm to over 350 mm overlying a disturbed/reworked dark to light brown silty clay layer, which
contains various amounts organics, underlain by glacial till composed of very stiff to hard brown silty clay to
sandy silty clay/clayey silt (which in BH4 is possible considered as clayey silty fill) extending to depth ranging
from 4 m to 6.1 m below ground surface. A stiff to hard grey clayey silt till was generally found below the brown
silty clay till layer. A deposit of gravelly silty sand was found between the brow silty clay till and grey clayey silt
till. These subsurface conditions were found to be similar to the subsurface conditions encountered in the
boreholes located on CDL site (discussed in detail in subsequent sections).

The record of borehole logs from these reports are enclosed in Appendix C. The approximate locations of the
boreholes drilled at these sites are shown on the Site and Borehole Location Plan, Figure 1.

The groundwater level measurements in the drilled boreholes are summarized in Table 1, below.

Table 1: Groundwater Level Measurements (Adjacent Properties)

Measurements Upon Completion of
Drilling

Measurements in Monitoring Wells

Borehole No.

Approximate Approximate

Groundwater Depth Groundwater Depth
(mbegs)* (mbegs)*

BH/MW19-03 9.1 m (Elev. 257.8 m) April 4, 2019 7.3 m (Elev. 259.5 m) April 17, 2019
BH/MW19-07

/ 9-0 N/A March 27, 2019 6.9m April 17, 2019

(Shallow)

BH/MW19-07 12.8 m March 27, 2019 12.8 m April 17, 2019

(Deep)

BH/MW19-13 Dry April 4, 2019 9.5 m (Elev. 258.2 m) April 17, 2019
BH19-18 27m March 27, 2019 N/A N/A
BH19-19 Dry March 28, 2019 N/A N/A

BH1 Dry Oct 19, 2018 N/A N/A

BH2 Dry Oct 19, 2018 N/A N/A

BH4 Dry Oct 18, 2018 N/A N/A
*mbegs- meters below existing ground surface.
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4.0 REGIONAL GEOLOGY

The surficial geology aspects of the general site area were reviewed from the following publication:

m Chapman, L.J., and Putnam, D.F., 2007, “The Physiography of Southern Ontario” 4% Edition, Ontario
Geological Survey.

Physiographic mapping in the area according to the above noted reference indicates that the site lies within the
physiographic region of southern Ontario known as the South Slope. The South Slope region slopes gradually
downward towards Lake Ontario. The overburden immediately below ground surface within the South Slope
generally consists of clayey silt till and silty clay till and at depth consists of alternating deposits of dense
lacustrine sands and silts and overconsolidated lacustrine clays and clay tills overlying the bedrock.

The subsurface conditions encountered during the investigation are generally consistent with the physiographic
mapping.

5.0 INVESTIGATION PROCEDURE

The field work for the preliminary geotechnical investigation was carried out between March 28, 2019 and on
April 5, 2019, during which time seven boreholes (designated as Boreholes BH/MW19-04 to BH/MW19-06,
BH19-14 to BH19-17) were advanced at the site to depths between about 6.7 m to 17.4 m below existing ground
surface at the approximate locations shown on the Site and Borehole Location Plan, Figure 1, attached.

The boreholes were advanced using a track-mounted drill rig supplied and operated by a specialist drilling
contractor, subcontracted to Golder. Standard Penetration Testing (SPT) and sampling was carried out at
regular intervals of depth in the boreholes using conventional 35 mm internal diameter split spoon sampling
equipment advanced using an automatic hammer, in accordance with ASTM D1586 (99).

The shallow groundwater conditions were noted in the open boreholes during and immediately following the
drilling operations. Three of the boreholes advanced at the site were equipped with 50 mm diameter monitoring
wells to permit further monitoring of the groundwater levels on April 17, 2019. The well installation details and
water level readings are presented on the Record of Borehole sheets in Appendix A.

The field work for this investigation was directed by members of our engineering staff who located the boreholes
in the field, directed the sampling and in-situ testing operation, logged the boreholes and cared for the samples
obtained. The samples were identified in the field, placed in appropriate containers, labelled and transported to
Golder’'s Mississauga geotechnical laboratory for further examination and laboratory testing. Index and
classification tests, consisting of water content determinations, Atterberg limits and grain size distribution, were
carried out on selected soil samples. The results of the geotechnical laboratory tests are included in Appendix B
and on the Record of Borehole sheets in Appendix A.

The borehole locations were determined in the field using a GPS instrument based on UTM coordinates.
Geodetic ground surface elevations at the borehole locations were derived from the site grading plan provided
by GSAI, “Snell's Hollow Contour Plan, Town of Caledon” dated December 2018. And as such, the elevations
and borehole locations given on the Record of Borehole sheets and referred to herein should be considered as
approximate.

6.0 SUBSURFACE CONDITIONS

The subsurface soil and shallow groundwater conditions encountered in the boreholes and the results of the
field and laboratory testing, are shown on the Record of Boreholes sheets, in Appendix A. Method of Soil
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Classification and Symbols and Terms Used on Records of Boreholes are provided to assist in the interpretation
of the borehole logs. It should be noted that the boundaries between the strata have been inferred from drilling
observations and non-continuous samples. They generally represent a transition from one soil type to another
and should not be inferred to represent an exact plane of geological change. Further, conditions will vary
between and beyond the boreholes. The following is a summary of the subsurface conditions of the boreholes
advanced during this investigation followed by a more detailed description of the major soil strata and
groundwater conditions.

In general, the subsurface conditions encountered at the boreholes advanced at the site typically consist of a
surficial topsoil/silty clay layer underlain by native soil deposits of glacial till composed of silty clay to clayey silt
containing varying amounts of sand and gravel. Deposits of silty sand to sand were found below and in between
the till deposits in one of the boreholes. The presence of cobbles and/or boulders in the till deposit are inferred
from auger grinding, effective refusal of the SPT, and/or rock fragments collected within the SPT sampler.

Details of the observations of the groundwater conditions during and upon completion of drilling are included on
the Record of Borehole sheets. Shallow ground water was encountered at depths ranging from 0.4 m to 14.5 m
below existing ground surface or between Elev. 252 m to Elev. 262.8 m upon the completion of drilling activities.

6.1 Topsoil and (CL-ML) Silty Clay / Clayey Silt (possibly re-worked)

Topsoil materials were encountered in all the boreholes and extended to depths ranging from 0.23 m to 0.41 m.
A summary of topsoil thickness in each of the boreholes is outlined in the table below.

Table 2: Approximate Topsoil Thickness

Borehole No. Approximate Topsoil Borehole No. Approximate Topsoil
Thickness (m) Thickness (m)
BH/MW19-04 0.20 BH19-15 0.30
BH/MW 19-05 0.28 BH19-16 0.33
BH/MW19-06 0.41 BH19-17 0.33
BH19-14 0.30

Materials identified as topsoil in this report were classified based on visual and textural evidence as no other
testing for organic content or other nutrients was carried out. As such, the ability for these materials to support
vegetation has not been assessed.

A layer of silty clay/clayey silt soil was encountered in the relevant boreholes (with exception of BH19-14 and
BH19-17) below the surficial topsoil. The silty clay / clayey silt resembled a disturbed till or reworked soil, likely
the result of past agricultural or re-grading activities, with an interpreted thickness ranging from about 0.3 m to
1.0 m. Variable amounts of organics (rootlets), sand and gravel were observed in the silty clay / clayey silt soils.

SPT ‘N’ values within the reworked material was found to be 4 blows to 12 blows per 0.3 m of penetration
indicating a firm to stiff consistency.

The natural water content of the reworked material was measured at 19 to 21 percent.

The results of grain size distribution tests carried out on one selected sample from this deposit is presented in
Figure B1. Atterberg limits tests that were carried out on the same sample from this deposit measured liquid
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limit value of about 25 and plastic limit value of about 15; yielding corresponding plasticity index value at about
10. These results are plotted on the plasticity chart as shown in Figure B2.

6.2 (CL) Silty Clay to sandy Silty Clay (Upper Glacial Till)

A till deposit consisting of cohesive silty clay to sandy silty clay was generally encountered directly underneath
the topsoil and clayey (reworked till) deposit to depths ranging from about 0.3 m to 6.7 m below ground surface
(Elev. 259.8 m to Elev. 269.7m). The upper till deposit is mottled light brown to brown with oxidation staining,
about 1.6 m to 4 m in thickness and contains various amounts of sand and gravel. Silt and sand seams / layers
were encountered within the till and a strata of silty sand (about 3 m thick) was found within the till in BH19-14
(as described in section 6.3). Based on previous experience with glacial tills in this area and frequent auger
grinding during the advancement of the augers during this investigation, the presence of cobbles and/or possible
boulders are inferred within the till deposit.

The SPT ‘N’ values measured in these till materials range from 6 blows to 44 blows per 0.3 m of penetration,
but typically are greater than 7 blows and less than 30 blows, suggesting that the silty clay till is firm to hard in
consistency, but generally stiff to very stiff.

The results of grain size distribution tests carried out on three samples of the silty clay till are presented in
Figure B2.

Three Atterberg Limits tests carried out on selected samples of this till deposit measured liquid limits ranging
between 21 and 27, and plastic limits between 14 and 15; yielding a corresponding plasticity index between 8
and 11. These results are plotted on the plasticity chart as shown in Figure B3.

The water content measured on selected samples of the upper till ranged from about 7 percent to 19 percent.

6.3  (SMto ML) SILTY SAND to sandy SILT

A deposit of silty sand to sandy silt was encountered within and below the silty clay till deposit in Boreholes
BH/MW19-04 and BH19-14 and within the clayey silt till deposit in borehole BH19-15. In Borehole BH/MW19-
04, the gravelly silty sand to sand deposit was encountered at depths ranging from 10.7 m to 17 m, and Borehole
BH/MW19-04 was terminated within this deposit. In Borehole BH/MW19-14 the silty sand deposit was
encountered at depths ranging from about 4 m to 7 m below ground surface and about 8 m to 10 m below
ground surface. Borehole BH/MW19-14 was terminated within this deposit. In Borehole BH19-15, the silty sand
was about 1 m in thickness, found at a depth of about 10 m to 11 m below ground surface. The silty sand to
sand to gravelly sandy silt contains various amounts of gravel, clay nodules, is light brown to grey in colour, and
is considered non-cohesive in nature with slight plasticity. Similar layers/seems were also found in other
boreholes.

The SPT ‘N’ values measured in the silty sand to sandy silt deposit range from 19 to over 120 blows per 0.15
m of penetration; however, most of the SPT ‘N’ values measured were greater then 30 blows per 0.3 m of
penetration, indicating a compact to very dense, but generally dense to very dense compactness.

The results of grain size distribution tests carried out on selected samples from this deposit are presented in
Figure B5. Atterberg Limits tests that were carried out on one sample of this deposit measured a liquid limit
value about 19, a plastic limit value about 15; yielding a corresponding plasticity index value about 3. These
results are plotted on the plasticity chart as shown in Figure B6, Appendix B.

The water content of selected samples ranged from about 4 percent to 19 percent.
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6.4  (CL-ML) Clayey Silt (Lower Glacial Till)

A clayey silt to sandy clayey silt till deposit was generally encountered directly underneath the silty clay till in all
boreholes (with exception of BH19-14) between a depth of 2.1 m to 14.3 m below existing ground surface. The
till deposit is cohesive and contains various amounts of sand and gravel, is grey in colour and is believed to
contain cobbles and/or possible boulders which have been inferred in this deposit as a result of auger grinding
and limestone fragments within the SPT sampler. Silt/sand layers were encountered within BH/MW19-05,
BH19-15 and BH19-16 at depths of 6.1 m to 7.6 m below ground surface as noted above.

The SPT ‘N’ values measured in the of this till deposit range from 14 blows per 0.3 m of penetration to 100
blows per 0.3 m of penetration; however, most of the SPT ‘N’ values measured within the till were greater
between 13 blow to about 34 blows per 0.3 m of penetration, suggesting a stiff to hard consistency. The higher
blow counts are possibly attributed to the presents of the cobbles/boulders within the till deposit.

The results of grain size distribution tests carried out on a sample of this till deposit are presented in Figure B7.
One Atterberg Limit test was carried out on a selected sample of clayey silt till deposit and measured a liquid
limit of about 15, plastic limit of about 10; yielding a corresponding plasticity index of 4. These results are plotted
on the plasticity chart as shown in Figure B8, Appendix B.

The water content of selected samples ranged from about 4 percent to 18 percent.

6.5 Groundwater Conditions

Groundwater level measurements were recorded immediately following drilling procedures. The groundwater
level measurements in the drilled boreholes are summarized in Table 3, below.

Table 3: Groundwater Level Measurements (CDL Property)

Measurements Upon Completion of

Measurements in Monitoring Wells

Drilling
LI, LS Approximate Approximate
Groundwater Depth Groundwater Depth
(begs)* (begs)*
BH/MW19-04 N/A March 29, 2019 3.8 m (Elev. 262.8 m) April 17, 2019
(Shallow)
BH/(I\SZ\;?_M 14.8 m (Elev. 251.7 m) | March 29, 2019 14.5 m (Elev. 252 m) April 17, 2019
BH/MW19-05 Dry March 28, 2019 8.3 m (Elev. 262.2 m) April 17, 2019
BH/MW19-06 | 2.5 m (Elev. 259. 5 m) March 28, 2019 0.4 m (Elev. 262.4 m) April 17, 2019
BH19-14 Dry April 5, 2019 N/A N/A
BH19-15 6.0 m (Elev. 257.5 m) April 1, 2019 N/A N/A
BH19-16 1.4 m (Elev. 257.0 m) March 26, 2019 N/A N/A

*begs- below existing ground surface.
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It should be noted that the groundwater level in the area is subject to seasonal fluctuations and precipitation
events and should be expected to be higher during wet periods of the year.

7.0 GEOTECHNICAL ENGINEERING DISCUSSION

This section of the report provides preliminary geotechnical engineering recommendations on the geotechnical
aspects of the proposed development based on our interpretation of the limited borehole information and on our
understanding of the project scope and requirements. The information in this portion of the report is provided
for the guidance of the design engineers and professionals.

Based on the results of this investigation, the subsurface soil conditions encountered at the site are considered
to be generally suitable for the proposed residential development.

As noted above, at the time of this report, proposed design grades (i.e., finished floor slab elevation, pavement
subgrade and utility invert levels) were not available for the proposed development. The following engineering
recommendations regarding the geotechnical design aspects of the project including underground services,
pavements and building foundations should be considered as preliminary only, and should be reviewed when
the final design grades and utility invert levels have been finalized.

Where comments are made on construction, they are provided only in order to highlight aspects of construction
which could affect the design of the project. Contractors bidding on or undertaking any work at the site should
examine the factual results of the investigation, satisfy themselves as to the adequacy of the information for
construction and make their own interpretation of the factual data as it affects their proposed construction
techniques, schedule, equipment capabilities, costs, sequencing and the like.

This report addresses only the geotechnical (physical) aspects of the subsurface conditions at this site. The
geo-environmental (chemical) aspects, including the consequences of possible surface and/or subsurface
contamination resulting from previous activities or uses of the site and/or resulting from the introduction onto
the site of materials from off-site sources, are outside of the terms of reference for this report.

71 Site Preparation
711 Subgrade Preparation

Based on the existing site topography, it is assumed that only minor cut and/or fill site grading operations of less
than 2.0 m will be required to establish subgrade levels and permit the construction of the proposed residential
development.

Any filling carried out at the site in conjunction with regrading (with the exception of future green spaces) should
be carried out as engineered fill. Recommendations for the placement of engineered fill are outlined in
Section 7.1.2 of this report, titled “Engineered Fill Requirements”.

In general, the existing site vegetation, surficial topsoil/organics, surficial asphalt/concrete or any other near-
surface soils containing significant amounts of organic matter or construction debris are not considered to be
suitable for the subgrade support of engineered fill, building foundations, floor slabs, or other settlement
sensitive structures. These materials should be completely stripped prior to placing any engineered fill or
construction of foundations or interior or exterior slab-on-grade(s), following appropriate environmental
procedures. Furthermore, excessively wet soils should be dried before reuse as engineered fill.

Furthermore; excessively-wet soils should be suitably dried before reuse as engineered fill.

Following the stripping of the surficial topsoil and soils containing significant amounts of organics and/or
soft/disturbed surficial soils, the exposed subgrade should be heavily proof-rolled with suitable equipment, in
conjunction with inspection by qualified geotechnical personnel to confirm that the exposed soils are competent
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and have been adequately stripped of ponded water and all disturbed, loosened, softened, organic and other
deleterious material. Remedial work (i.e., further subexcavation and replacement) should be carried out on
poorly-performing areas identified during the proof-rolling activities, as directed by Golder.

71.2 Engineered Fill Requirements

As described above, the anticipated site grading activities may include both cutting and raising (filling) the
original grade to meet the final design site grades. At the time of this report, the design cut and fill depths were
not available for review. As such, for the purposes of this report, it has been assumed that cuts will not exceed
2 m and grade raises will not exceed more than 2 m.

In general, the existing native material is considered to be acceptable for reuse as engineered fill. Based on
the laboratory test results, the water content of soils present at the site are considered to be generally near or
above their optimum water content for compaction, and therefore may require minor drying prior to placement,
in general.

It should be noted that the native materials at the site are silty in nature, and as such are susceptible to over-
wetting and subsequent freezing during inclement weather. Therefore, it is recommended that site grading
activities not be carried out during late fall, winter, early spring seasons or any periods of inclement weather
conditions. All oversized cobbles (i.e., greater than 150 mm in size) and boulders, if present, should be removed
from excavated material that will be used as engineered fill material.

If imported material is required for the engineered fill process, the material that is proposed for use as
engineered fill should be approved by the geotechnical engineer at its source, prior to importing the material to
the site. Suitable soils, free of topsoil, organic matter or other deleterious materials can be used as engineered
fill provided that the water content of the soil at the time of placement does not vary by more than 2 percent
above or below its optimum water content for compaction. Otherwise, the soils may require treatment (i.e.,
drying or wetting) prior to placement.

Following the inspection and approval of the subgrade as described previously in this report, engineered fill
materials should be placed in maximum 300 mm-thick loose lifts and uniformly compacted to 98 percent of the
Standard Proctor maximum dry density (SPMDD). Filling should continue until the design elevations are
achieved.

Full-time monitoring and in-situ density testing should be carried out by Golder during placement of engineered
fill.

The final surface of the engineered fill should be protected as necessary from construction traffic and should be
sloped to provide positive drainage for surface water during the construction period. If the engineered fill
materials will be left exposed (i.e. uncovered) during periods of freezing weather, additional soil cover should
be placed above final subgrade to provide some level of frost protection. Prior to placing the granular subbase
and/or base courses within pavement areas, the surface of the engineered fill/subgrade should be inspected by
Golder.

7.2 Installation of Underground Services

7.21 Temporary Excavations

Details of the underground servicing for the proposed development are unknown at the time of this investigation;
as such, for the purpose of this report, the maximum depth of the underground services was assumed to be
about 3 m below the existing ground surface. Once detailed design is completed, review of the underground
services should be completed by this office for compliance with the recommendations contained herein.
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The founding soils are anticipated to generally consist of the native sandy silty clay or engineered fill. These
materials are considered to be suitable for supporting the underground services provided that the integrity of
the base of the trench excavations is maintained during construction. Where softened or disturbed native soils
or other deleterious materials are encountered at the base of excavations for settlement-sensitive services,
these materials should be subexcavated and replaced with compacted fills approved by the geotechnical
engineer.

Care should be taken to direct surface water away from any open excavations and all temporary excavations
should be carried out in accordance with the Occupational Health and Safety Act (OHSA) and Regulations for
Construction Projects.

In general, the groundwater level in the open boreholes, upon completion of drilling, was measured to be at
depths ranging from about 1.4 m to 14.8 m below existing ground surface (Elev. 251.7 m to 261.6 m)Whereas,
the groundwater level in the monitoring wells within close proximity, was measured to be at depths ranging from
0.4 m to 14.5 m below existing ground surface, (Elev. 252.0 m to Elev. 262.8 m).

In general, groundwater in the excavations within the native deposits, are likely to be handled by collection via
properly constructed and filtered sumps, located within the excavations, and then pumping and discharging the
water to a suitable discharge point. However, should excavations deeper than 3m below existing ground surface
be required, the following recommendations will need to be review and revised to determine if some form of
active dewatering, such as well points, may have to be implemented.

Excavations for the site servicing would generally extend through the native sandy silty clay deposit.
Conventional excavation equipment should be suitable to excavate through these materials.

The stiff to hard native silt clay till soils are classified as a “Type 2” soils under the OH&S Act. As such, all
conventional temporary trench excavations should consist of open cuts with side slopes not steeper than 1
horizontal to 1 vertical in the overburden soils to within 1.2 m of the base of the excavation and then may be
made vertical to the base. Where engineering fill (based on silty clay material) is used or the native silty clay
exhibits signs of water seepage, the soil is classified as a “Type 3”, as such all conventional temporary trench
excavations should consist of gradient of 1 horizontal to 1 vertical.

Where the side slopes of excavations are required to be steepened to limit the extent of the excavation, then
some form of trench support may be required. Some trench excavations could be carried out using a vertically-
excavated, unsupported excavation (using a properly-engineered trench liner box for protection, certified by an
experienced engineer); or by a supported (sheeted) excavation if conditions warrant so; such as in wet areas
and/or in close proximity to adjacent underground services

7.2.2 Pipe Bedding and Cover

The bedding for the sewers and watermains should be compatible with the size, type and class of pipe and the
surrounding subsoil and the requirements of the City of Caledon. If granular bedding is deemed to be
acceptable, then Ontario Provincial Standard Specifications (OPSS) Granular A should be used from at least
150 mm below invert to springline. Clear stone should not be used as bedding material. From springline to
300 mm above the obvert of the pipe, sand cover could be used. All bedding and cover material should be
placed in 150 mm loose lifts and uniformly compacted to at least 100 percent of SPMDD. Where variable fill
materials, softened or disturbed native soils or other deleterious materials are encountered at the base of
excavations for settlement-sensitive services, these materials should be subexcavated and replaced with
compacted fills approved by the geotechnical engineer.
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7.2.3 Trench Backfill

The excavated materials from the site will consist predominantly of silty clay till materials. Based on the
measured water contents, in general, the native materials encountered at the site are estimated to be near or
above their optimum water contents for compaction, and therefore, will probably require only minor drying prior
to placement.

Care should be taken to maintain the water content of the soils close to/at the optimum water content for
compaction during the construction operations, as difficulties with compaction and/or backfill performance would
be anticipated with fine-grained soils where the water content is significantly above the optimum for compaction
purposes. Soils that contain significant quantities of organics or debris are also not suitable for use as trench
backfill within settlement-sensitive areas. In addition, all boulders and cobbles greater than 150 mm in size
should be removed from the trench backfill materials. If there is a shortage of suitable in-situ material, an
approved imported material such as Ontario Provincial Standard Specifications Select Subgrade Material should
be used for trench backfill. Again, as noted above, the trench backfill materials are silty in nature and are very
susceptible to wetting/freezing temperatures. Backfilling trenches during cold or wet weather is not
recommended.

Trench backfill should be placed in maximum 300 mm loose lift thickness and uniformly compacted to at least
98 percent of the SPMDD of the material. Soil that is frozen should not be used as backfill.

Normal post-construction settlement of the compacted trench backfill should be anticipated with the majority of
such settlement taking place within about 12 months following the completion of trench backfilling operations.
If the trench backfill operations are completed during the winter months, post-construction settlements may
increase beyond typical anticipated values. These settlements will be reflected at the ground surface. If the
asphalt binder course is laid shortly following the completion of the trench backfilling operations, any settlement
that may be reflected by subsidence of the surface of the binder asphalt should be compensated for by placing
an additional thickness of binder asphalt or by padding. If possible, the surface course asphalt should not be
placed over the binder course asphalt for about 12 months. Where scheduling requires that the surface course
be placed over the binder course asphalt before this period, trench backfill settlement would be reflected by
subsidence and possible cracking of the finished pavement surface in these areas which, depending upon the
extent and magnitude, may require local repairs.

7.3 Building Foundations

As previously indicated, the existing site vegetation, surficial topsoil/organics and other near-surface soils
containing significant amounts of organic matter are not considered to be suitable for the subgrade support of
engineered fill, building foundations, floor slabs, or other settlement sensitive structures. These materials should
be completely stripped prior to placing any engineered fill or construction of foundations or interior or exterior
slab-on-grades.

Based on the subsurface conditions encountered in the boreholes, strip and spread footings that may be used,
provided that the footings are founded on the native sandy silty clay deposit or on engineered fill (based on
existing site soils) placed in accordance with the recommendation outlined in Section 7.1, and maintained a
minimum depth of soil embedment below finished adjacent ground surface and top of slab of 1.2 m.

For such strip and spread footings, a factored geotechnical resistance at Ultimate Limit States (ULS) of 225 kPa
and a geotechnical reaction at Serviceability Limit States (SLS) of 150 kPa may be assumed for design
purposes, provided that the strip footings dimensions of 0.45 m in width and 10 m in length or spread footings
have a minimum width of 0.60 m and a maximum width of 1.0 m.

Where spread footings are constructed at different elevations, the difference in elevation between the individual
footings should not be greater than one half the clear distance 650 mm between the footings. In addition, the
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lower footings should be constructed first so that if it is necessary to construct the lower footings at a greater
depth than anticipated, the elevation of the upper footings can be adjusted accordingly. Stepped strip footings
should be constructed in accordance with the Ontario Building Code (2012), Section 9.15.3.9.

The maximum total and differential settlements are expected to be less than 25 mm and 20 mm; respectively,
for footings designed, constructed and inspected as outlined above.

All exterior footings, and interior footings in unheated areas, should be founded at a minimum depth of 1.2 m
below finished grade level in order to provide adequate protection against frost penetration.

The native soils are susceptible to disturbance from construction activity, especially during wet or freezing
weather. Care should be taken to preserve the integrity of the materials as bearing strata. It is essential that
the founding surface for the footings be inspected by qualified geotechnical personnel prior to placing concrete.
If the concrete for the footings cannot be placed immediately after excavation and inspection of the subgrade,
it is recommended that a working mat of lean concrete be placed in the excavation to protect the integrity of the
bearing stratum.

Resistance to lateral forces/sliding resistance between the concrete footings and the subgrade should be
calculated in accordance with Section 6.7.5 of the CHBDC. The unfactored coefficient of friction, tan 6, for the
interface between the cast-in-place concrete footing and the properly-prepared subgrade can be assumed to
be 0.35.

7.3.1 Below Grade Walls

The exterior perimeter of all housing basement walls should be backfilled with an imported free draining,
non-frost susceptible granular material approved by a geotechnical engineer, carefully placed and compacted
in 200 mm thick loose lifts. The design of the foundation walls for the below-grade walls should take into account
the horizontal soil loads as well as surcharge loads that may occur during or after construction and should be
designed using a lateral (at-rest) earth pressure coefficient of 0.5 and a unit weight of backfill of 20 kN/m3,

The wall backfill layers should be compacted to at least 95 per cent of the materials’ standard Proctor maximum
dry density. Light compaction equipment should be used immediately adjacent to the foundation wall, otherwise
compaction stresses on the wall may be greater than that imposed by the backfill material. With the exception
of the driveway area, the upper 0.3 m of backfill should consist of clayey material to provide a low permeability
cap and the exterior grade should also be shaped to slope away from the building.

Provided that the excavations adjacent to foundation/basement walls are backfilled with free-draining granular
materials and a drainage collection system is provided around the perimeter of the building, the design of below-
grade walls does not need to take into account hydrostatic forces acting on the walls. However, it is
recommended that the exterior of the below-grade walls be damp-proofed.

All foundation elements in unheated areas must be provided with at least 1.2 meter of earth cover for frost
protection purposes. In addition, the bearing soil and fresh concrete should be protected from freezing during
cold weather construction.

7.4 Pavement Design within the Proposed Development

Following site grading operations, as noted previously, the proposed pavement subgrade will generally consist
of either re-compacted engineered fill or native silty clay till. These materials are considered to be frost
susceptible, and as such, the pavement design provided in Table 4, below has taken this condition into
consideration.
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Based on the proposed pavement usage, (i.e. residential development type traffic and loads/frequencies) frost
susceptibility and strength of the subgrade soils, the following pavement component given are recommended
for the proposed development of access roads and streets, however the Town of Caledon/Region of Peel design
standards should be followed:

Table 4: Pavement Design

Minimum Thickness of Pavement Components (mm)

9.5 m Neighbourhood

i Local R
el ocal Road Collector
(7.9m Road Pavement
Width) (8.9 m Road Pavement
Width)

Asphaltic  Concrete | HL 3 Surface Course 40 40
(OPSS 1150)

HL 8 Binder Course 65 90
Granular Materials | Granular A Base 150 150
(OPSS.MUNI 1010)

Granular B Type | 350 500

Subbase
Total Pavement Thickness (mm) 605 780

Prepared and Approved Subgrade

As part of the subgrade preparation, proposed access roads should be stripped of topsoil and other obviously
unsuitable fill or organic materials. Fill required to raise the grades to design elevations should conform to the
engineered fill requirements outlined previously in the report. Soft or spongy trench backfill areas should be
sub-excavated and properly replaced with suitable approved backfill compacted to 98 percent SPMDD. Prior
to placing pavement subbase and/or base materials, the exposed soil subgrade should be heavily proof-rolled
in conjunction with an inspection by Golder. The granular subbase and base materials should be placed in loose
layers no thicker than 200 mm and uniformly compacted to 100 percent of their SPMDD. The binder course
and surface course asphalt materials should be compacted to minimum 92.0 percent of their Marshall Maximum
Relative Density according to OPSS 310, as measured in the field using a nuclear density gauge.

Where new pavement abuts existing pavement (e.g. at the development limits), proper longitudinal lap joints
should be constructed to key the new asphalt into the existing asphalt surface. The existing asphalt edges
should be provided with a proper sawcut edge prior to keying-in the new asphalt. It should be ensured that any
undermining or broken edges resulting from the construction activities are removed by the sawcut.

It should be noted that in some cases, even though the compaction requirements have been met, the subgrade
strength may not be adequate to support heavy construction loading especially during wet weather or where
backfill materials wet of optimum have been placed. In this regard, the design subbase thickness may not be
sufficient for a construction haul road and additional subbase (in the order of 450 mm) may be required. In
any event, the subgrade should be proofrolled and inspected by Golder prior to placing the subbase and any
additional material, as required, consistent with the prevailing weather conditions and anticipated use by
construction traffic.
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7.41 Subgrade Drainage

In order to preserve the integrity of the pavement, continuous subdrains should be placed at the concrete curb
lines along both sides of the proposed streets. The invert of the subdrains should be at least 300 mm below
the bottom of the Granular “B” subbase and should be sloped to drain to catchbasins. The subdrains should
consist of perforated pipe wrapped in a suitable geotextile and surrounded on all sides with a minimum thickness
of 150 mm of OPSS.PROV 1002 Concrete Fine Aggregate (i.e. concrete sand).

8.0 SEISMIC SITE CLASSIFICATION

Seismic hazard is defined in the 2012 Ontario Building Code (OBC) by uniform hazard spectra (UHS) at spectral
coordinates of 0.2 second, 0.5 second, 1.0 second and 2.0 seconds and a probability of exceedance of 2% in
50 years. The OBC method uses a site classification system defined by the average soil/bedrock properties
(e.g. shear wave velocity, Standard Penetration Test (SPT) resistance, undrained soil shear strength, etc.) in
the 30 m below the foundation level. There are six site classes from A to F, decreasing in ground stiffness from
A, hard rock, to E, soft soil; with site class F used to denote problematic soils (e.g. sites underlain by thick peat
deposits and/or liquefiable soils). The site class is then used to obtain acceleration and velocity-based site
coefficients Fa and Fy; respectively, used to modify the UHS to account for the effects of site-specific soll
conditions in design.

Based on the results of the preliminary geotechnical investigation and assuming soils below the maximum depth
investigated exhibit similar properties / strengths, a Site Class D is estimated for planning purposes. The Site
Class will need to be verified, and adjusted as necessary, during detail design.

9.0 INSPECTION AND TESTING

During construction, full-time observation should be carried out during engineered fill and site servicing backfill
placement, and sufficient foundation inspections, subgrade inspections and in-situ materials testing should be
carried out to confirm that the condition