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1.0 INTRODUCTION

Strohvest Ontario Inc. (Applicant) retained Stantec Consulting Ltd. (Stantec) to complete a
hydrogeological assessment of a land parcel located to the north of Gerber Road within the Village of
Wellesley. The Lands Owned by the Applicant (Applicant Lands) cover an area of 16.4 hectares (ha) in
size; however, the portion of these lands currently being proposed for development at this time (Stage 1)
cover an area of 10.2 ha and are legally described as Plan 1148, Part Lot 80, Registered Plan 58R-3548,
Part 1, Township of Wellesley, Regional Municipality of Waterloo (Subject Lands) (Figure 1). The Subject
Lands are bounded to the south by Gerber Road, to the west and north by active agricultural lands, and
to the east by existing low-rise residential development. The Site will be developed with full municipal
servicing.

This hydrogeological assessment has been prepared to support Zoning By-law Amendment and Draft
Plan of Subdivision applications, with proposed development for the Subject Lands to be residential
development consisting of 66 single detached lots, 17 semi-detached lots, and 12 multi-family blocks for a
total of 166 units (Appendix A). A stormwater management block is currently planned for the south end of
the Subject Lands fronting Gerber Road.

The hydrogeological work performed for the Subject Lands follows the Conservation Authority Guidelines
for Development Applications - Hydrogeological Assessment Submissions (2013), as well as drawing
upon Stantec’s experience with the completing of hydrogeological assessments in support of land
development projects throughout the Regional Municipality of Waterloo. Specifically, the objectives of the
hydrogeological assessment are to:

1. Characterize the geological and hydrogeological conditions at the Subject Lands, including identifying
hydrostratigraphic / aquifer units, seasonal position of the groundwater table, groundwater flow
regimes, groundwater recharge and/or discharge zones / features, and the hydraulic conductivity of
the subsurface deposits.

2. Identify local groundwater uses near the Subject Lands (i.e., municipal and private water well uses)
and evaluate the potential for quantity and/or quality interference to these existing groundwater uses
because of the proposed site development.

3. Assess whether proposed buildings and associated servicing infrastructure on the Subject Lands will
intercept the groundwater table, evaluative the potential need for temporary construction dewatering
and/or installation of a permanent drainage system (for long-term dewatering), and identify what
mitigation measures could be employed at the site to minimize any potential disturbances to the
groundwater flow system and, subsequently, groundwater availability to local water supply wells and
surface water features.

4. Conduct a pre- and post-development water budget assessment to evaluate potential changes on
local groundwater recharge.

1.1
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5. Evaluate whether proposed land use activities conform to Source Water Protection requirements as
stipulated in the Clean Water Act, S.0. 2006, Chapter 22.

The report is arranged into seven sections, including this introduction (Section 1.0). Section 2.0 presents
the physical setting of the Applicant Lands at a regional scale, with Section 3.0 outlining the methods
utilized to evaluate existing hydrogeological conditions within these lands. Section 4.0 presents the
results of the hydrogeological field investigation and Section 5.0 provides an assessment of potential
hydrogeological constraints associated with the proposed Site development and recommended mitigation
measures to address these constraints. Report conclusions and references are listed in Sections 6.0 and
7.0, respectively.

Appendix A provides a copy of the Draft Plan of Subdivision, with all figures and tables referenced in this
report being presented in Appendices B and C, respectively. Appendices D to | include Regional
Groundwater Mapping, Source Water Protection Plan Mapping, Region of Waterloo Source Water
Protection Land Use Categories, Borehole Logs, Hydraulic Conductivity Analytical Solutions, and
Laboratory Certificates of Analysis, respectively.

1.2
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2.0 PHYSICAL SETTING

2.1 PHYSIOGRAPHY, SURFACE WATER FEATURES, AND TOPOGRAPHY

The Applicant Lands are situated within the physiographic region referred by Chapman and Putnam
(1984) as the Stratford Till Plain, with these lands sitting upon undrumlinized till plains composed
predominantly of silty clay. Spillways lie immediately to the south of the Site (Figure 2).

The Applicant Lands are located within the Bamberg Creek-Nith River subwatershed. As shown in

Figure 2, the closest surface water features to the Applicant Lands include Wellesley Pond and Firella
Creek, which lie approximately 250 m to the northeast of the site, and a tributary positioned approximately
180 m to the southwest of the site. These previously mentioned watercourses flow into the Nith River,
which generally flows southward and eventually discharges to the Grand River near Paris. Two wetlands
exist to the northwest of the Applicant Lands: Firella Creek Swamp (660 m from site) and the Wellesley
West Wetland Complex (830 m from site).

In the region containing the Applicant Lands, a topographic high point of 368 m AMSL exists near the
T-intersection of Queens Bush Road and Hutchison Road, with the lands sloping to the east, south and
west towards Wellesley Pond, Firella Creek, the Nith River, and the tributaries associated with these
watercourses from this point (Figure 3). Within the Applicant Lands (Figure 1), a surface water drainage
divide is shown to run in a southwest to northeast direction in the northern portion of the property. The
lands slope from an elevation of 363.5 m AMSL at the divide to 360.2 m AMSL near MW03-21, with this
area of the property draining overland to the north towards Queens Bush Road. To the south of the
divide, the lands slope from an elevation of 363.5 m AMSL to 353 m AMSL along Gerber Road, with most
of the Applicant Lands (including the full area of the Subject Lands) draining overland to the south to an
existing culvert that crosses the road and ultimately discharges to the Nith River. Some external flows
also enter the Applicant Lands through the existing agricultural fields located to the west of the property.

2.2 REGIONAL GEOLOGY AND HYDROGEOLOGY

The Applicant Lands are located immediately to the north of the Waterloo Hills (Figure 2), also commonly
known as the Waterloo Moraine, a kame moraine formed between ice lobes extending from the Lake
Ontario-Erie, Huron, and Georgian bay areas (Karrow 1993). Numerous advances and retreats of the ice
lobes during the Wisconsinan glaciation resulted in a complex deposit of ice-contact and glacial outwash
sands and gravels separated by silt- and clay-rich tills. The conceptual hydrogeologic model for the
Waterloo Moraine comprises four main aquifers and aquitards after Terraqua Investigations Ltd. (1995),
which was broken down further into 19 hydrostratigraphic units after Bajc and Shirota (2007). The model
generally does not include more recent deposits shown on surficial geology mapping such as modern
alluvial deposits (Figure 4, unit 19), which are found in wetlands and creek / river valleys.

21
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The hydrostratigraphic units expected to be encountered in the subsurface where the Applicant Lands
occur are described below. The units are described from ground surface downward, with Bajc and Shirota
(2007) unit names shown in parentheses.

Outwash Deposits (AFA2): Referred to as the Grand River glaciofluvial deposits and equivalent aquifers
that consist of well bedded sands and gravels restricted to the valleys of the Conestogo, Grand, and Nith
rivers (Figure 4, Unit 7).

Aquitard 1 (ATB1): Surficial and spatially discontinuous glacial till units found predominantly along the
flanks of the Waterloo Moraine. Along the western flank of the moraine Aquitard 1 corresponds to the
Mornington Till (silty clay till; Figure 4, Unit 5d), Stratford Till (sandy silt till; Figure 4, Unit 5b), and
Tavistock Till (clayey silt till); whereas along the eastern flank of the Moraine this unit corresponds to the
Upper Maryhill (clay till) and Port Stanley Tills (sandy to silty till) (Bajc and Shirota, 2007). Aquitard 1 is
characterized by low permeability and forms a relatively impermeable barrier that effectively limits the
downward movement of groundwater to the deeper aquifer systems. Perched aquifer conditions are often
present within this unit

Aquifer 1 (AFB1/ATB2/AFB2): This hydrostratigraphic unit represents the main water supply aquifer in
the core areas of the Waterloo Moraine. Depending on the depositional environment, the composition of
Aquifer 1 varies from a layered silt and fine sand to coarse sand and gravel. Throughout the core areas of
the moraine, Aquifer 1 corresponds to a thick, laterally extensive sand and/or gravel aquifer overlying
Aquitard 2 and is often exposed at surface. In some areas, Aquifer 1 is interpreted to be bisected by the
Middle Maryhill Till (ATB2), which effectively separates Aquifer 1 into two units: AFB1 and AFB2. Where
Aquifer 1 is overlain by Aquitard 1, the aquifer behaves as a confined to semi-confined aquifer system.
Where Aquitard 1 is absent and the sediments of Aquifer 1 are exposed at ground surface, these deposits
represent an important source of groundwater recharge to this aquifer system.

Aquitard 2 (ATB3): Aquitard 2 corresponds to the Lower Maryhill Till, an overconsolidated, stony, clayey
silt till, that represents one of the primary regional hydrostratigraphic units (Bajc and Shirota, 2007). Along
the flanks of the Waterloo Moraine, the Lower Maryhill Till is often found to be discontinuous.

Aquifer 2/3 (AFB3/AFD1): Associated with reworked layers of gravel, sand and silt associated with the
Catfish Creek Till (Aquifer 2) and Pre-Catfish Creek sand and gravel (Aquifer 3), with these aquifers being
separated by the Catfish Creek Till (stony, silty to sandy till) (Aquitard 3, ATC1/ATC2). These units are
discontinuous through the Waterloo Moraine. The municipal production wells of the Wellesley Wellfield
(i.e., WY1, WY5 and WY®6; Figure 5) are partially screened within these aquifer units (LERSPC, 2021a).

Bedrock: Bedrock in this region is comprised of limestone, dolostone, and sandstone corresponding to
the Bois Blanc Formation (Armstrong and Dodge 2007). According to available MECP water well records,
bedrock is encountered between 295 m AMSL and 307 m AMSL. Municipal production wells in Wellesley
are screened partially within this unit (LERSPC, 2021a).

2.2
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The regional study completed by the Grand River Conservation Authority (2001) indicates that
groundwater flow through the overburden deposits of the unconfined aquifer (i.e., using static water levels
in wells constructed less than 25 m deep) is generally from northwest to southeast and moves towards
the Nith River, which is identified as a potential groundwater discharge feature (Figure ST-7, Appendix D).

Mapping created using the Grand River Information Network (GRIN) (GRCA, 2021) indicates that annual
groundwater recharge rates across the Applicant Lands range between 100 to 200 mm/year, for an
average of 139 mm/year (Figure D-1, Appendix D), in those areas where silty to sand till is mapped as
occurring at ground surface (Figure 4). However, in the southern portion of the Applicant Lands where
silty to clayey till is exposed at ground surface (Figure 4), annual recharge rates are identified as being
lower with values ranging from 50 to 100 mm/year, for an average of 52 mm/year (Figure D-1,

Appendix D).

2.3 SOURCE WATER PROTECTION
2.3.1 Ontario Clean Water Act

As established under the Ontario Clean Water Act, 2006, S.O., 2006, c. 22, source protection areas and
associated land use restrictions exist for all municipal drinking water sources located throughout the
Lake Erie Source Protection Area.

The Ontario Ministry of the Environment (now the MECP) introduced the Clean Water Act as a means of
ensuring the protection of drinking water sources within the Province. The Clean Water Act requires that a
detailed Assessment Report be prepared for each municipal drinking water system, with this Assessment
Report incorporating numerous components as outlined in the document “Technical Rules: Assessment
Report, Clean Water Act (2006), November 16, 2009”. This legislation provides a basic framework for
communities to follow in developing an approach to protecting their municipal water supplies, with the key
components of this approach being as follows:

¢ |dentification and assessment of risks to the quality and quantity of municipal drinking water sources
and determine which risks are significant and require immediate action, which risks need monitoring
to ensure they do not become significant, or which pose low to negligible risk. This information is
presented in a detailed Assessment Report, with the content of this report consisting of (i) the defining
of Well Head Protection Areas (WHPA) for groundwater drinking water sources and Intake Protection
Zones (IPZ) for surface water drinking water sources, (ii) completion of a vulnerability assessment for
each WHPA and IPZ, and (iii) identification of drinking water issues and threats.

e Preparation of a Source Protection Plan (SPP) that addresses identified drinking water threats,
particularly significant threats.

e Carry out the SPP through existing land use planning and regulatory requirements.

e Perform ongoing monitoring and reporting to measure the effectiveness of the actions taken to protect
drinking water sources and ensure that they are protected in the future.

23
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Within the Lake Erie Source Protection Area and specifically the Grand River Source Protection Area, the
MECP has designated the following types of vulnerable areas that apply to drinking water sources:

Wellhead Protection Area (WHPA): an area delineated on the ground surface that represents the
capture zone for the underlying aquifer in which a given municipal well draws its water. The zone
represents the total amount of time it would take for groundwater to flow through the aquifer system and
reach the intake of a given municipal well. The zones are defined as follows:

¢ WHPA-A: 100 m radius around the municipal well.
o WHPA-B: Horizontal time-of-travel to the municipal well is two years or less.

¢ WHPA-C: Horizontal time-of-travel to the municipal well is equal to or less than five years and greater
than two years.

e WHPA-D: Horizontal time-of-travel to the municipal well is equal to or less than 25 years and greater
than five years.

o WHPA-E: Area where groundwater is under the direct influence of surface water (GUDI), where
horizontal time-of-travel of this groundwater from the surface water body to the municipal well is two
hours or less.

The water supply for the Village of Wellesley is obtained from production wells of the Wellesley Wellfield,
which are located approximately 250 m to the east of the Applicant Lands (Figure 5). These wells draw
their groundwater supply from Aquifer 2 (AFB3) and Aquifer 3 (AFD1), and potentially from the Bedrock
Aquifer (Paragon Engineering Limited 1991; LERSPC, 2021a; MECP, 2021a). Based on a review of the
online MECP Source Water Protection Information Atlas (2021b) and as shown in Figure 5, most of the
Applicant Lands are located within the WHPA-B of the Wellesley Wellfield, with the northern and southern
extents of these lands occurring within WHPA-C and WHPA-D of the same wellfield. The vulnerability
scoring for WHPA-B to WHPA-D that intercepts the Applicant Lands is 6 (Map A1, Appendix E).

Intake Protection Zone (IPZ): An IPZ is a zone established around a drinking / surface water intake
within which a spill or leak may get to the intake too quickly for the operators of the municipal water
treatment plant to shut the intake down until the pollutant passes by. These zones also include land
adjacent to streams and storm sewers where surface water runoff can quickly reach the intake. Based on
a review of the online MECP Source Water Protection Information Atlas (2021b) and as shown in

Figure 5, the proposed Applicant Lands do not intercept any surface water system IPZs.

Significant Groundwater Recharge Area (SGRA): Groundwater recharge represents the proportion of
precipitation and/or surface water run-off that infiltrates to the subsurface and reaches the groundwater
table. Recharge areas are classified as “significant” when they supply more water to an aquifer used as a
drinking water source than the surrounding area. The volume of water that infiltrates to the subsurface is
largely influenced by site topography, the physical properties of the soil, and land cover characteristics.
The LERSPC (2021a) defines a significant groundwater recharge area (SGRA) to be an area where the
annual recharge rate is greater than the average plus 15% or more across the source protection region.

24



HYDROGEOLOGICAL ASSESSMENT, STROHVEST SUBDIVISION, TOWNSHIP OF WELLESLEY,
ONTARIO

Physical Setting
January 2022

As per the Assessment Report (LERSPC, 2021a), lands within the Grand River Source Protection Area
(i.e., the Grand River Watershed) are deemed to be SGRA when the annual recharge rate is greater than
176 mm/year. Based on a review of the online MECP Source Water Protection Information Atlas (2021b)
and as shown in Figure 5, the Applicant Lands are not designated as SGRA.

Highly Vulnerable Aquifer (HVA): Defined as subsurface, geologic formations that are sources of
drinking water, which could be easily affected by the release of pollutants on the ground surface. The
HVA is identified using variables that include depth to the aquifer, physical properties of the overlying soil
and/or rock, and the aquifer composition. In general, an HVA will consist of granular aquifer materials
(i.e., sands and gravels) that are exposed near the ground surface and where a relatively shallow water
table is present. Based on a review of the online MECP Source Water Protection Information Atlas
(2021b) and as shown in Figure 5, the Applicant Lands do not occur within an area designated as HVA.

Water Quantity Vulnerable Area: Water quantity vulnerable areas are determined through a tiered
process of water budget analyses as set out in the Technical Rules under O. Reg. 287/07. WHPA-Q is
defined as an area where an activity can occur and pose a threat to drinking water quantities. Any activity
that takes water without returning it to the same source or an activity which reduces recharge may be a
threat in WHPA-Q. Based on a review of the online MECP Source Water Protection Information Atlas
(2021b) (Figure E-1, Appendix E), the Applicant Lands do not occur within an area designated as
WHPA-Q.

2.3.2 Region of Waterloo Official Plan

In the Region of Waterloo, sensitivity rankings were developed for the municipal well fields, with these
rankings being based on modeled time-of-travel capture zones and the vulnerability of the groundwater to
contamination at each individual well head. A Sensitive Area 1 designation represented an area
surrounding the well head that has the highest potential for groundwater contamination, whereas a
Sensitivity Area 8 designation represents the lowest. As per the Region of Waterloo Official Plan (ROP)
(2015), Wellhead Protection Sensitivity Areas (WPSA) are categorized under eight categories (WPSA 1
to WPSA 8). This range of classifications allows for varying degrees of management relative to the
vulnerability of the underlying groundwater to contamination, the importance of the subject well to the
capacity of the municipal drinking-water supply system, and the length of time groundwater within the
WPSA will take to reach the municipal well.

As shown in Figure 6, the Applicant Lands are located within what appears to be the WPSA of the
Wellesley Wellfield. The specific WPSA include:

WPSA-4: Where covering the Applicant Lands, this WPSA indicates that groundwater
takes less than two years to flow to the intake of a given municipal production
well. As per the ROP (2015) Schedule B, Category ‘A’ (Very High Risk) land uses
are not permitted in this zone, whereas Category ‘B’ (High Risk), ‘C’ (Moderate
Risk) and ‘D’ (i.e., underground parking garages, individual wastewater treatment
systems, pipelines, sewers, stormwater management ponds (or other ponds),
and plans of subdivision or vacant land condominiums) land uses may be
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WPSA-5:

permitted subject to further study in accordance with Policy 8.A.4". A copy of
Schedule B from the ROP (2015) that lists the various land uses associated with
each Category is provided in Appendix F.

Where covering the Applicant Lands, this WPSA indicates that groundwater
takes between two to 10 years to flow to the intake of a given municipal
production well. Category ‘A’ land uses are not permitted in this zone, nor are
Category ‘B’ and ‘C’ land uses located outside of the Built-Up Area (note that the
Applicant Lands do not fall within this area). However, Category ‘B’ and ‘C’ land
uses already permitted by existing Area Municipal official plans may be permitted
subject to further study in accordance with Policy 8.A.4. Category ‘D’ land uses
and plans of subdivision or vacant land condominiums may also be permitted
subject to further study in accordance with Policy 8.A.4.

' Policy 8.A.4 states that studies submitted in support of a development application must be completed in accordance
with the Regional Implementation Guideline for Source Water Protection Studies to the satisfaction of the Region.
Studies submitted by the owner/applicant will demonstrate that the proposed use will not negatively impact the
quantity and/or quality of drinking-water resources in Source Protection Areas for the development application to

receive approval.

2.6
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3.0 METHODOLOGY

Section 3.0 provides the methodology used to obtain the data required to complete the hydrogeological
investigation. The key components of the investigation included:

e borehole drilling

¢ installation and development of monitoring wells
e monitoring of groundwater levels

e performing hydraulic response (hydraulic conductivity) testing

e collection of groundwater samples from onsite monitoring wells and offsite private wells for quality
testing

The methodology for these tasks is described in Sections 3.1 to 3.5 below.
3.1 BOREHOLE DRILLING

From May 5 to 6, 2021, boreholes were advanced at eight locations across the Applicant Lands (Figure 1)
using a CME track-mounted drilling rig equipped with hollow-stem augers operated by a licensed drilling
subcontractor (Geo-Environmental Drilling Inc.). The depth of the boreholes extended to 5.2 mto 6.7 m
below ground surface (BGS), with six of the eight boreholes being equipped with a single monitoring well
(i.e., MWO1-21 to MWO06-21). Soil sampling occurred using a 0.6 m long stainless-steel split spoon
sampler at 0.75 m (2.5 feet) intervals for the first 3.6 m (12 feet) of drilling depth, followed by sample
collection occurring at approximately every 1.5 m (5 feet) to the termination depth of the borehole.
Stantec personnel directed the drilling, soil sampling operations, and logging of the borehole stratigraphy.
The borehole logs contain descriptions (where relevant and possible) of soil type, texture, colour,
structure, consistency, plasticity, moisture content, and other visual and olfactory observations as per the
procedures outlined in American Society for Testing and Materials (ASTM 2009) specification D2488-09a.
Overall, the boreholes were strategically positioned throughout the Applicant Lands to confirm shallow
soil conditions, seasonal groundwater depths, and the direction of horizontal groundwater flow. Further
details on the borehole drilling and monitoring well installations are provided in the Geotechnical
Investigation Report (Stantec, 2021a). Copies of the borehole logs are provided in Appendix G.

3.2 MONITORING WELL INSTALLATION AND DEVELOPMENT

Stantec observed the installation of monitoring wells in six of the eight boreholes advanced within the
Applicant Lands (i.e., MW01-21 to MW06-21), with the wells being installed to allow for the measurement
of groundwater levels / elevations, completion of in-situ hydraulic conductivity testing, and the collection of
groundwater samples for quality analysis. The drilling contractor installed the monitoring wells adhering to
the construction requirements as outlined under Ontario Regulation 903 (O. Reg. 903) (MECP, 1990).
Installation details for each of the monitoring wells are summarized in Table 1. Each monitoring well is
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constructed of 50 mm inside diameter, Schedule 40 polyvinyl chloride (PVC) pipe, having a No. 10 slot
screen (0.01-inch slot) measuring 3.0 m in length. Backfilling of the screened interval consisted of silica
sand to a height of approximately 0.3 m above the top of screen, followed by granular bentonite to ground
surface prevent a hydraulic connection from occurring between the screened formation and overlying
soils. The completion of each monitoring well involved encasing the pipe stick-up within a lockable steel
casing. Stantec Geomatics surveyed the ground surface and top-of-pipe elevations at each monitoring
well location to a geodetic benchmark using Global Positioning System (GPS) having a spatial accuracy
of £ 0.03 m and £ 0.02 m in the vertical and horizontal plane, respectively.

Following installation, Stantec personnel developed each monitoring well to remove drilling fluids, solids,
or other particulates that may have been introduced during drilling. Stantec personnel purged each
monitoring well using dedicated 16 mm inside diameter high density polyethylene (HDPE) tubing
connected to a D-25 Waterra™ foot valve. Stantec personnel purged at least three standing column
volumes from each monitoring well to clear out the drilling residues and any fine-grained sediments to
establish a proper hydraulic connection with the native saturated material.

3.3 GROUNDWATER LEVEL MONITORING

Stantec personnel manually measured water levels in the monitoring wells in June and August 2021
using a battery operated Heron™ water level meter. Equipped with an electrode connected to a
graduated polyethylene tape, Stantec personnel used the meter to measure the depth to water by slowly
lowering the electrode into the well until the buzzer sounded. Stantec personnel recorded the water level
measurements in meters to the nearest 0.01 m. A summary of the manual water level measurements
measured at the monitoring wells by Stantec personnel throughout the investigation is provided in

Table 2.

The continuous recording of groundwater level fluctuations occurred in each onsite monitoring well from
June to August 2021 using a Solinst® Levelogger 5° (Levelogger). Suspended into the water column at
each monitoring well, the Levelogger was programmed to record water levels at 60-minute intervals.
Leveloggers are not vented to the atmosphere and, therefore, record total pressure (where total pressure
is the sum of the atmospheric pressure and the height of water column). To obtain an accurate
measurement of the groundwater level at each well, the water level data obtained from the Leveloggers
are corrected for atmospheric pressure using data obtained from a Solinst® Barologger 5® (Barologger),
which was suspended in the air column within one of the onsite monitoring wells (i.e., MW01-21).
Hydrographs showing groundwater level fluctuations in the monitoring wells over time are presented in
Figures 7 to 9.
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3.4 HYDRAULIC RESPONSE TESTING

To estimate the horizontal hydraulic conductivity of the deposits beneath the Applicant Lands, Stantec
performed in-situ hydraulic response testing on MW01-21 to MW05-21 on May 31, 2021. The testing
performed for this investigation consisted of creating an instantaneous change in the monitoring well
water level by removing a known volume of water from the well (i.e., rising head / bail test), followed by
recording the time taken for the resulting water level to return to static conditions using a combination
manual and continuous (i.e., Levelogger) measurements. The testing results were analyzed using the
Bouwer and Rice (1976) / Bouwer (1989) solution provided in the software package AQTESOLV™ Pro
Version 4.5 (Duffield, 2014) to calculate the horizontal hydraulic conductivity of the aquifer sediments
within the immediate vicinity of the screened interval of each monitoring well. Table 1 provides a summary
of the calculated horizontal hydraulic conductivities, with the analytical solutions for the data being
presented in Appendix H.

Stantec also used the in-situ hydraulic response testing results obtained from the monitoring wells to
provide preliminary estimates of infiltration rates for the overburden soils (i.e., at depths between 2.8 m
and 6.2 m BGS). Since hydraulic conductivity in the horizontal direction is generally an order (potentially
two orders for clay-based deposits) of magnitude higher than hydraulic conductivity in the vertical
direction (Todd 1980; Freeze and Cherry 1979), the vertical hydraulic conductivities for overburden
deposits surrounding the well screens were assumed to be one order of magnitude lower than in-situ
measured horizontal hydraulic conductivities. The Credit Valley Conservation-Toronto and Region
Conservation (CVC-TRCA) (2010) method for converting vertical hydraulic conductivity to an infiltration
rate was then applied to these data, with the results being presented in Table 3.

3.5 GROUNDWATER SAMPLING AND QUALITY TESTING
3.5.1 Onsite Monitoring Wells

On May 27, 2021, Stantec personnel collected groundwater samples from monitoring wells MW01-21,
MWO03-21, and MWO05-21 for analysis and comparison against the Ontario Drinking Water Quality
Standards (ODWQS) (MECP, 2018). One field duplicate sample was collected at MW05-21 for quality
control purposes.

Groundwater collected from the three previously mentioned monitoring wells involved using the same
dedicated tubing to develop the monitoring wells (Section 3.2). Prior to collecting the sample, Stantec
personnel measured in-situ field parameters of pH, temperature, and specific conductivity using a Hanna
HI 98129 waterproof pH/conductivity/TDS tester. The meter was calibrated prior to use according to the
manufacturer’s specification with the appropriate clabration standards. Sampled groundwater was poured
directly from the HDPE tubing into lab supplied sample bottles. All groundwater samples were packed into
coolers with ice, which was added to maintain sample temperatures below 10°C during transit to the
analytical laboratory. Samples were delivered to an accredited laboratory (i.e., Bureau Veritas
Laboratories) for the analysis of general inorganic chemistry, nutrients, and metals. Samples collected for
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metals were filtered in the field using dedicated disposable 0.45 ym in-line filters and, subsequently,
reported concentrations represent dissolved metals.

Chain of custody forms were completed and included with the samples at the time of the laboratory
submission. The quality results for groundwater sampled from the onsite monitroing wells are summarized
in Table 4. A copy of the laboratory Certificate of Analysis is presented in Appendix .

3.5.2 Offsite Private Wells

The Village of Wellesley primarily receives their drinking water from the municipal system (i.e., Wellesley
Wellfield); however, there are residential properties on the surrounding edges of the Village that obtain
their potable water supply from private wells. Stantec personnel delivered letters to homes surrounding
the Applicant Lands that were identified as potentially having a private well, inviting the residents to
participate in a voluntary, pre-construction well water quality monitoring program. The letter detailed that
the monitoring program would consist of the completion of a well survey questionnaire, collection of a
water quality sample, and an inspection of the well head, with the well water quality results being provided
to the resident. Four letters were delivered to properties near the Applicant Lands, with two homeowners
responding to the letter expressing their interest in participating in the pre-construction monitoring
program. The locations of the properties participating in the program (i.e., RW01 and RW02) are shown
on Figure 1.

e Water samples were either collected from an outdoor tap attached to the house or garage, or from a
kitchen faucet. Prior to collecting the water sample, the aerator, if present and easily accessible on
the tap spout, was removed. Stantec personnel disinfected the tap spout with a dilute (10%) sterilene
solution and allowed the water to run for a minimum of 10 minutes. While the water was running,
Stantec personnel recorded quality parameters such as temperature, pH, specific conductivity, and
turbidity using a Hanna pen® and the Hach 2100Q® turbidity meter. Once these parameter values
stabilized, Stantec personnel proceeded to collect the water sample.

Water samples were collected directly into labelled, laboratory supplied containers (as per MECP, 2009),
and placed in coolers on ice for storage for transport and submission to Bureau Veritas Laboratories for
analysis. Water samples collected from the private wells were analyzed for microbiological parameters
(i.e., total coliform and E.coli), general inorganic chemistry, nutrients, and metals. The samples were not
filtered in the field and, subsequently, metals results represent total concentrations (versus dissolved).

Chain of custody forms were completed and included with the samples at the time of the laboratory
submission. The results of the groundwater quality testing are summarized in Table 5. A copy of the
laboratory Certificate of Analysis is presented in Appendix .
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40 LOCAL GEOLOGY AND HYDROGEOLOGY

41 GEOLOGY AND HYDROSTRATIGRAPHY

Figure 4 presents the surficial geology within and surrounding the Applicant Lands as mapped by the
OGS (2010). Deposits of stone-poor, sandy silt to silty sand till, which is interpreted to represent the
Stratford Till, covers most of the Applicant Lands with these deposits also covering the northern portion
of the Subject Lands (Figure 4, Unit 5b). The remainder of the Subject Lands are covered with
glaciolacustrine-derived deposits of silty clay till, which is interpreted to represent the Mornington Till
(Figure 4, Unit 5d). Surrounding the Applicant Lands are glaciofluvial deposits of sand and gravel (AFA2),
modern deposits of alluvium associated within the corridors of the Nith River and its associated
tributaries, and ice-contact stratified deposits of gravel, sand, and silt that are potentially associated with
Aquifer 1 (AFB1). Overall, the onsite drilling results completed as a part of this investigation support the
OGS interpreted distribution of surficial soils that cover the Applicant Lands.

Figure 4 shows the locations of Cross Sections A-A’ (Figure 10) and B-B’ (Figure 11), which were
constructed using the results of the onsite drilling investigation. A summary of these drilling results is
shown on the borehole logs provided in Appendix G. The investigation results indicate thata 0.3to 1.5 m
thick mixture of fill and topsoil (sandy silt to silty sand) covers the Applicant Lands, with the fill being
encountered mostly along the eastern and southern limits of these lands (e.g., MW01-21, MW04-21,
MWO06-21, and MWO07-21). In general, these surficial deposits overlie a combination of sandy silt, silt, silty
clay, and clay tills (i.e., Aquitard 1; ATB1), which form a horizontally and vertically contiguous unit that
extends up to the termination depth of the boreholes (i.e., 4.7 m BGS to 6.7 m BGS; approximately 350 m
AMSL). Local MECP water well records (Appendix G) suggest that the Aquitard 1 unit extends to a depth
of up to 50 m BGS near the Applicant Lands. Layers and seams of sand, silt, and sand and gravel are
also present in the glacial till at variable depths, with notable pockets of these deposits being encountered
at MWO03-21 and MW05-21 (Figure 11).

42 HYDROGEOLOGY
4.2.1 Groundwater Levels

Figures 7 to 9 and Table 2 present the continuous and manual water levels recorded within the
monitoring wells between June and August 2021. Groundwater levels across the Applicant Lands ranged
from 0.5 m BGS (at MW03-21) to 2.9 m BGS (at MW02-21) over the monitoring period, equating to
elevations ranging from 353.2 m to 361.3 m AMSL. Stantec notes that the observed groundwater levels/
elevations presented in this report represent a period outside of typical high groundwater conditions and
that higher water table positioning is likely to occur throughout the Applicant Lands from the late fall to
early spring.
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As shown in Figure 7, the groundwater table demonstrated a similar pattern in fluctuations across the
Applicant Lands. Traditionally, high groundwater elevations in southern Ontario occur in the spring, with
groundwater elevations typically beginning their steady rise in the late fall. This groundwater table rise is
attributed to a reduction in soil moisture losses to evapotranspiration that occurs over the late fall to
spring together with a melting snowpack that occurs during the spring, which in turn provides a greater
volume of water available to infiltrate and recharge the groundwater system. In contrast, during the
summer months the groundwater table is at its lowest elevation due to more water being drawn from the
subsurface to meet an increased evapotranspiration demand. In 2021, the region experienced a drier
than normal winter and spring where total precipitation was 117 mm lower than the corresponding the
30-year normal as recorded at the Kitchener-Waterloo Climate Station. In June, rainfall exceeded the
30-year normal for this month by 54 mm (136 mm vs. 82 mm, with 93 mm of this precipitation falling
between June 25 and 29) and, as such, the groundwater table experienced a notable rise between June
25 and 29, 2021, with groundwater levels increasing by 0.5 to 0.9 m at the monitoring wells over this
period.

In general, the groundwater table within Aquitard 1 (ATB1) demonstrates a restricted response to
precipitation events as evidenced by the absent to minor spikes observed in groundwater levels within
the onsite monitoring wells (screened within this unit) following such events (Figures 8 and 9). Although
infiltration to the subsurface is occurring, the volume of this infiltration appears to be restricted by the
fine-grained deposits of the glacial tills. This restricted response is not surprising, given that the deposits
of Aquitard 1 (ATB1) are characterized by a geometric mean hydraulic conductivity of 8.0 x 108 m/s
(Table 1; Appendix H). The groundwater table is observed to respond more quickly to larger precipitation
events at MW01-21 and MWO03-21 (Figure 7), given that higher permeability deposits of sandy silt to silty
sand (not glacial till) occur at ground surface at these locations (Figures 10 and 11). Overall, these results
are in general agreement with regional GRCA (2021) mapping, which indicates average annual
groundwater recharge rates across the Applicant Lands where Aquitard 1 (ATB1) occurs at ground
surface ranges from 52 mm to 139 mm, with the lower values of groundwater recharge potential occurring
within the Subject Lands (Figure D-1, Appendix D).

4.2.2 Groundwater Flow

Figure 12 presents groundwater elevation contours and the interpreted direction of horizontal flow through
the groundwater system beneath the Applicant Lands using water level measurements collected from the
onsite monitoring wells in June 2021. In general, groundwater contours generally mimic the prevailing
topography of the Applicant Lands, with an interpreted localized groundwater divide occurring somewhere
in the northern portion of these lands and potentially being in line with the surface water flow divide that
separates Catchments 100 and 101. Within the Subject Lands, groundwater flows in a southern direction
towards Gerber Road, with this interpretation being in general agreement with regional groundwater flow
patterns (Figure ST-7, Appendix D).

4.2



HYDROGEOLOGICAL ASSESSMENT, STROHVEST SUBDIVISION, TOWNSHIP OF WELLESLEY,
ONTARIO

Local Geology and Hydrogeology
January 2022

Available horizontal hydraulic conductivity estimates calculated from onsite hydraulic response testing
completed at the monitoring wells completed within the shallow overburden deposits of the Subject Lands
(i.e., MW01-21 to MWO04-21) ranged from 7.3 x 10 m/s to 5.8 x 10° m/s (Table 1; Appendix H), for an
estimated bulk (i.e., geometric mean) horizontal hydraulic conductivity of 7.8 x 10-8 m/s (Table 1).

The velocity at which groundwater horizontally flows through the subsurface is calculated through the
application of Darcy’s law, where:

v=KV
0
where: v = velocity (m/s)
= hydraulic conductivity (m/s)
V= hydraulic gradient (m/m)

= effective porosity (unitless)

As discussed in Section 4.1, the Subject Lands are covered by the deposits of Aquitard 1 (ATB1; sandy
silt, silt, silty clay, and clay tills) that vertically extend to a confirmed depth of up to 6.7 m BGS
(approximately 350 m AMSL) but potentially up to a depth of 50 m BGS based on local MECP water well
records, with the groundwater table being positioned within this unit. Assuming an effective soil porosity of
0.20 for glacial till (Fetter, 1994), a calculated average horizontal hydraulic gradient of 0.02 m/m, and
geometric mean hydraulic conductivity of 7.8 x 108 m/s (Table 1), the estimated velocity of groundwater
flowing in a southward direction through Aquitard 1 (ATB1) beneath the Subject Lands is calculated to be
approximately 0.26 m/year (i.e., one meter every 3.9 years).

4.2.3 Infiltration Potential

Estimated infiltration rates for the overburden deposits are provided in Table 3. Infiltration rates were
calculated based on an established relationship between vertical hydraulic conductivity and infiltration
rate presented in CVC-TRCA (2010), with vertical hydraulic conductivities being estimated based on
in-situ hydraulic response testing completed at MW01-21 to MW05-21 (Section 3.4).

Vertical hydraulic conductivities for overburden deposits screened at depths between 2.8 m to 6.1 m
beneath the Applicant Lands and tested via in-situ hydraulic response testing completed at the previously
mentioned monitoring wells is assumed to be one order of magnitude lower than in-situ measured
horizontal hydraulic conductivities at these locations (Todd, 1980; Freeze and Cherry, 1979). For the
deposits of Aquitard 1 (ATB1), vertical hydraulic conductivities are estimated to range from 7.3 x 107 m/s
to 5.4 x 10-'° m/s, equating to infiltration rates ranging from 6 mm/hour to 42 mm/hour (Table 3).
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4.2.4 Groundwater Quality

Onsite Monitoring Wells

Groundwater samples were collected from MWO01-21, MW03-21, and MW05-21 on May 27, 2021, for the
analysis of general inorganic chemistry, nutrients, and metals. The samples were compared to Ontario
Drinking Water Quality Standards (ODWQS) for health and non-health related parameters (MECP, 2018).
Groundwater sampled from across the Applicant Lands is identified as calcium-bicarbonate type water
(Figure 13), which is typical of fresh shallow groundwater in southern Ontario. Overall, no analyzed
parameters in the groundwater samples had concentrations detected above applicable ODWQS health
related objectives (i.e., maximum acceptable concentrations) (Table 4), although some parameters did
exceed their corresponding Aesthetic Objective (AO), Operational Guideline (OG), and/or Medical Officer
of Health Reporting Limit (MOH) concentrations as outlined below.

o Hardness exceeded the ODWQS OG (80 to 100 mg/L) at all sampling locations with concentrations
of 350 mg/L (MW05-21), 370 mg/L (MWO01-21), and 450 mg/L (MWO03-21). Overall, the presence of
elevated hardness is typical of groundwater in southern Ontario and not considered to be a concern.

e Turbidity exceeded the ODWQS AO (5 mg/L) at all sampling locations with concentrations of
1,800 mg/L (MWO01-21), 2,100 to 3,500 mg/L (MW05-21), and 4,700 mg/L (MWQ03-21). This
parameter is often elevated in groundwater samples collected from monitoring wells due to the
presence of sediment in the samples from the sampling process.

e Manganese slightly exceeded the ODWQS AO (0.05 mg/L) at MWO01-21 (0.052 mg/L) and MW03-21
(0.065 mg/L). Overall, the presence of elevated manganese is typical of groundwater in southern
Ontario and not considered to be a concern.

e Sodium exceeded the ODWQS MOH reporting limit (20 mg/L) with a concentration of 33 mg/L at
MWO01-21. If the groundwater is utilized as a potable drinking-water source, the local Medical Officer
of Health should be notified when the sodium concentration exceeds 20 mg/L so that this information
may be communicated to local physicians for their use with patients on sodium restricted diets.

Offsite Private Wells

Groundwater quality results for those samples collected from the offsite private wells (i.e., RwW01 and
RWO02; Figure 1) indicate that the groundwater is calcium-sulfate type water (Figure 13), suggesting that
these wells draw their water supply from a deeper confined aquifer system (e.g., Aquifer 2/3 and/or the
Bedrock Aquifer — refer to Section 2.2). Overall, no analyzed parameters in the groundwater samples had
concentrations detected above applicable ODWQS health related objectives (i.e., maximum acceptable
concentrations) (Table 5), although some parameters did exceed their corresponding Aesthetic Objective
(AO) and Operational Guideline (OG) concentrations as outlined below:

e Hardness exceeded the ODWQS OG (80 to 100 mg/L) with concentrations of 420 mg/L (RWO01) and
580 mg/L (RW02). The presence of elevated hardness is typical of groundwater in southern Ontario
and not considered to be a concern.
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¢ lron exceeded the ODWQS AO (0.3 mg/L) with concentrations of 0.4 mg/L (RW01) and 5.9 mg/L
(RWO02). Manganese was also detected in the well water sample collected from RW02 at a
concentration of 0.08 mg/L, exceeding the corresponding ODWQS AO of 0.05 mg/L. Elevated
concentrations of iron and manganese in well water are often indicative of groundwater that is drawn
from an aquifer that is characterized by anaerobic (i.e., reducing) conditions, which is often
characteristic of a confined aquifer system.

e Total dissolved solids (TDS) exceeded the ODWQS AO with concentrations of 530 mg/L (RWO01) and
780 mg/L (RW02). The presence of elevated TDS is typical of groundwater drawn from confined
bedrock aquifer systems in Ontario and not considered to be a concern.

e Turbidity exceeded the ODWQS OG (5 mg/L) with a concentration of 49 mg/L at RW02.
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5.0 IMPACT ASSESSMENT AND MITIGATION MEASURES

5.1 WATER BALANCE AND INFILTRATION

Proposed development for the Applicant Lands will consist of future residential development and with this
development will come the introduction of impervious surfaces (e.g., rooftops, concrete/asphalt roadways,
parking lots, and walkways) and, subsequently, a corresponding reduction in the volume of water
infiltrating to the subsurface.

As documented in Stantec’s (2021b) Stormwater Management Report, results of the water balance
analyses indicates that the total volume of infiltration occurring across the Applicant Lands under the pre-
development condition is approximately 23,360 m3/year, with this volume declining to 9,800 m3/year
under an unmitigated post-development condition (i.e., infiltration deficit of 13,560 m3/year). To address
this situation, the primary post-development infiltration augmentation measure proposed for the Applicant
Lands will be to capture rooftop runoff and return this clean stormwater to the subsurface via a series of
soakaway pits designed to infiltrate and retain a 25 mm storm event, where possible.

Overall, the utilization of the post-development low impact development (LID) infiltration augmentation
option throughout the Applicant Lands will be evaluated further during the detailed design stages of the
development. However, post-development water balance calculations indicate pre-development
infiltration volumes can be maintained, if not enhanced, based on the volume of precipitation that can be
captured by proposed residential rooftops (i.e., 22,890 m3/year). Assuming that this total volume of
stormwater can be returned to the subsurface using onsite soakaway pits, a resulting infiltration surplus of
9,330 m3 will be realized at the Applicant Lands.

A key constraint to the implementation of post-development infiltration augmentation measures is the
positioning of a seasonally high groundwater table. As per CVC-TRCA (2010), the recommended vertical
separation between the base of a given infiltration augmentation option and the high groundwater table is
at least one meter; however, distances of less than one meter of separation in soils having higher
infiltration potential may still be effective. Based on groundwater monitoring data presented in this report
(i.e., from June to August 2021), groundwater levels are shown to fluctuate between 0.5 m BGS to 2.9 m
BGS throughout the Applicant Lands (Figures 8 and 9) with the subsurface deposits having estimated
infiltration rates ranging from 6 mm/hour to 42 mm/hour (Table 3). Stantec notes that the observed
groundwater levels / elevations presented in this report represent a period outside of typical high
groundwater conditions and that higher water table positioning may occur throughout the Applicant Lands
during the late fall to early spring. Overall, the implementation of post-development infiltration
augmentation measures across certain areas of the Applicant Lands may be challenging based on the
high groundwater level and low soil permeability conditions mentioned above.
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5.2 GROUNDWATER DEWATERING

With the construction of below ground structures (e.g., basements) and servicing infrastructure (e.g.,
sewer and watermain, SWM pond facilities) comes the potential of intercepting the groundwater table
and, consequently, the need for short-term construction dewatering and/or the installation of permanent
drainage systems (in the absence of waterproofing). Where required, dewatering will result in the lowering
of the groundwater table to the base of a given excavation and/or underground structure. The effects of
local dewatering in general cannot be mitigated, since dewatering deliberately seeks to create an effect
(i.e., lowering of groundwater levels).

For dewatering occurring in the moderate to low permeability deposits associated with ATB1, the
dewatering zone of influence (ZOl) (i.e., horizontal extent of groundwater level declines / drawdown
caused by dewatering activities at a point source) is expected to remain within relatively short distances
around excavations and/or subsurface structures, given that these deposits are characterized by
horizontal hydraulic conductivities ranging from 7.3 x 106 m/s to 5.4 x 10-° m/s (geometric mean of

8.0 x 108 m/s) (Table 1; Appendix H). At these hydraulic conductivities, low volumes of groundwater are
expected to discharge into temporary construction excavations, with conventional pumping from filtered
sumps being capable of removing these anticipated volumes from a given excavation area.

Under O. Reg. 64/16 and O. Reg. 63/16A, if construction dewatering volumes are projected to exceed
50,000 L/day, registration of an MECP Environmental Activity and Sector Registry (EASR) or Permit to
Take Water (PTTW) will be required for dewatering to occur. A PTTW is required when groundwater
volumes for construction dewatering are expected to exceed 400,000 L/day or when groundwater
collected and discharged from a permanent drainage system exceeds 50,000 L/day. An EASR is required
when construction dewatering volumes are projected to range from 50,000 L to 400,000 L/day.

Stantec notes that recent amendments made to EASR requirements by the MECP (as of July 1, 2021) for
construction dewatering include the following:

The ability to register multiple dewatering pits for a single project under the same EASR.

e Allowing construction dewatering of up to 400,000 L/day for each dewatering pit as long as the
dewatering area of influence do not overlap.

e Stormwater will no longer be counted in the 400,000 L/day water taking limit, however, registrants will
at a minimum be required to keep a record of precipitation events, or if determined by a Qualified
Person, detailed monitoring/documentation.

o EASRSs will apply to linear projects including transit and pipelines.

¢ Registrants will be required to notify the local municipalities and conservation authorities if the water
taking is intended to continue for more than 365 days.

Dewatering assessments are recommended for completion during detailed design to specifically
determine anticipated dewatering volumes and associated water taking permitting requirements.
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When dewatering volumes are projected to be greater than 50,000 L/day, the following mitigation
measures are likely to be required for either an EASR or PTTW application:

e Groundwater Discharge Management — Establishment of an appropriate dewatering system that
will dissipate the energy and reduce the sediment content of discharging water for the purpose of
limiting potential erosion effects if groundwater is to be discharged to a receiving surface water
feature. Common measures include the use of sediment control basins, erosion pads, geotextile filter
bags, and the positioning of straw baleffilter cloth barriers downgradient of the discharge point. The
quality of the groundwater discharge must also meet Provincial Water Quality Objectives (PWQOQO)
(MECP, 1994). If groundwater is to be discharged to the regional sewer system for disposal, the
quality of this water must not exceed parameter concentrations as listed under Regional Municipality
of Waterloo Sewer Use By-Law No. 1-90.

¢ Private Well Monitoring — The monitoring of private wells expected to be located within the
dewatering ZOI (as estimated from the dewatering assessment) for drawdown interference, which
could potentially affect the operation of private wells with regards to water quantities. The providing of
affected well owners with temporary potable water supplies or reducing dewatering rates and/or
duration would be required if notable interference effects are observed.

A review of the MECP water well records for wells located within 500 m of the Applicant Lands
indicates that there are 37 wells identified as being utilized for water supply (i.e., domestic,
commercial, livestock, or municipal). One well is located within 20 m of the Applicant Lands (i.e.,
MECP Well 7318145; Figure 4), with the remaining 36 wells being positioned between 170 m to 500
m away from these lands (Appendix G). The average constructed depth of these private wells is 53 m
BGS, indicating that groundwater drawn into these wells originates from the deeper confined Aquifer
2/3 (AFB3/AFD1) and/or the Bedrock Aquifer. As such, construction dewatering activities potentially
occurring at the Applicant Lands are highly unlikely to interfere with the yields of these local private
wells, given that the shallow overburden where these activities will occur is hydraulically separated
from these previously mentioned deeper aquifer systems by the low permeability silt to clay-based
glacial tills of Aquitard 1 (ATB1).

5.3 SOURCE WATER PROTECTION

A drinking-water threat is an activity or condition that adversely affects or has the potential to adversely
affect the quality or quantity of any water that is or may be used as a source of drinking water. The
following activities are prescribed by the province of Ontario under O. Reg. 287/07 to be drinking water
threats (i.e., Significant Drinking Water Threat Policy Categories):

1. The establishment, operation, or maintenance of a waste disposal site within the meaning of Part V of
the Environmental Protection Act.

a) Untreated sewage
b) Waste disposal
¢) Mine tailings
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2. The establishment, operation, or maintenance of a system that collects, stores, transmits, treats, or
disposes of sewage.

Stormwater management
Wastewater treatment plants/sewer systems
On-site sewage systems

a
b
c
d) Industrial effluent

)
)
)
)
3. The application of agricultural source material to land.

4. The storage of agricultural source material.

5. The management of agricultural source material.

6. The application of non-agricultural source material to land.

7. The handling and storage of non-agricultural source material.

8. The application of commercial fertilizer to land.

9. The handling and storage of commercial fertilizer.

10. The application of pesticide to land.

11. The handling and storage of pesticide.

12. The application of road salt.

13. The handling and storage of road salt.

14. The storage of snow.

15. The handling and storage of fuel.

16. The handling and storage of a dense non-aqueous phase liquid (DNAPL).

17. The handling and storage of an organic solvent.

18. The management of runoff that contains chemicals used in the de-icing of aircraft.

19. An activity that takes water from an aquifer or a surface water body without returning the water taken
to the same aquifer or surface water body.

20. An activity that reduces the recharge of an aquifer.

21. The use of land as livestock grazing or pasturing land, an outdoor confinement area or a farm-animal
yard.

22. The establishment and operation of a liquid hydrocarbon pipeline as per O. Reg. 385/08, s. 3.
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As shown in Figure 5, the Applicant Lands are largely intercepted by the WHPA-B, and to a lesser extent
WHPA-C and WHPA-D, of the Wellesley Wellfield (Wells WY1, WY5, and WYG6). The vulnerability score
assigned to these WHPA is 6 (Map A1, Appendix E), indicating that the threat of an activity or condition
occurring at ground surface within this area and subsequently adversely affecting the quality and/or
quantity of the aquifer system in which these municipal production wells draw their groundwater supply is
medium to low.

As per the SPP (LERSPC, 2021b) Map A1 (Appendix E), the Applicant Lands are only subject to the
protection policies specified under Significant Drinking Water Threat Policy Category 16 (DNAPLs). Since
the planned use for the Applicant Lands will not involve the onsite handling and storage of DNAPLs, the
SPP policy under Category 16 does not apply.

Policies in the SPP that address significant threat activities that pose a risk to the quantity of source water
available for municipal well use (i.e., Significant Drinking Water Threat Policies 19 and 20) only apply to
WHPA-Q. As mentioned previously, no WHPA-Q intercepts the Applicant Lands (Figure E-1,

Appendix E).

5.4 SERVICING ALIGNMENTS AND GROUNDWATER FLOW

Proposed development for the Applicant Lands will include the installation of servicing (i.e., storm /
sanitary sewers and watermains), with preliminary designs indicating that this servicing will be installed at
depths ranging from 1.5 to 3.0 m BGS. Given that preliminary monitoring results indicate that the
groundwater table ranges from 0.5 to 2.9 m BGS across the Applicant Lands (Section 4.2.1), these
servicing installations are likely to intercept the groundwater table. In areas where site servicing extends
below the groundwater table, Stantec recommends that anti-seepage (cut-off) collars be installed to
prevent the preferential movement of groundwater along the servicing alignments. The use of anti-
seepage collars will likely be required given that the subsurface of the Applicant Lands is characterized by
low permeability deposits where groundwater movement is more restricted (e.g., silt to clay-based soils).
An assessment for the need, total number, and exact placements of anti-seepage collars along the
servicing alignments can be explored in more detail during the detailed design phase of the project.

5.5 SPILL CONTAINMENT AND RESPONSE

The potential exists for spills during any construction activity, with the most probable type of spill occurring
being attributable to the refuelling of major construction equipment that cannot readily leave the Applicant
Lands (e.g., earth movers). The potential impacts of a spill could be the contamination of soils,
groundwater and/or surface water. By implementing proper protocols for the handling of fuels and
lubricants during construction, the risk of a spill occurring will be greatly reduced. The procedures to be
implemented to prevent onsite spills are as follows:

e All trucks or other road vehicles would be refuelled and maintained offsite, where practicable.

o Refuelling and lubrication of other construction equipment would not be allowed within 30 m of a
drainage system or dewatering excavation.
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¢ Regular inspections of hydraulic and fuel systems on machinery, with leaks being repaired
immediately upon detection or the equipment being removed from Site.

e Spill kits containing absorbent materials would be kept on hand; and
o Implement best management practices and develop an emergency spill response plan.

Given that anticipated construction activities at the Applicant Lands are not expected to involve the
storage or use of bulk chemicals or fuels, a potential spill that may occur would be localized and involve a
small volume of material. If there were to be an accidental release of a deleterious substance, the low to
moderate permeability of the soils that cover the Applicant Lands will prevent the rapid infiltration and
movement of these substances through the subsurface, allowing response personnel sufficient time to
contain and clean-up such a release before it causes potential harm to the quality of the groundwater
system. Overall, standard containment facilities and emergency response materials are to be maintained
onsite as required, with refuelling, equipment maintenance, and other potentially contaminating activities
being confined to designated areas. As appropriate, spills are to be reported immediately to the MECP
Spills Action Centre.
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6.0 CONCLUSIONS

The following conclusions are provided based on the completed hydrogeological assessment:

1. Stratigraphic conditions beneath the Applicant Lands consist of a 0.3 m to 1.5 m thick mixture of
topsoil and pockets of fill and topsoil (sandy silt to silty sand) that is predominantly underlain by a
combination of sandy silt, silt, silty clay, and clay glacial till (i.e., Aquitard 1; ATB1), which form a
horizontally and vertically contiguous unit that extends up to the termination depth of the boreholes
(i.e., 4.7 m BGS to 6.7 m BGS; approximately 350 m AMSL). Local MECP water well records suggest
that the Aquitard 1 unit extends to a depth of up to 50 m BGS near the Applicant Lands. Layers and
seams of sand, silt, and sand and gravel are also present in the glacial till at variable depths.

2. Groundwater elevations across the Site ranged from 0.5 m BGS (at MW03-21) to 2.9 m BGS (at
MWO02-21) over the monitoring period (i.e., June to August 2021), equating to elevations ranging from
353.2 mto 361.3 m AMSL.

3. In general, groundwater contours generally mimic the prevailing topography of the Applicant Lands,
with an interpreted localized groundwater divide occurring somewhere in the northern portion of these
lands and potentially being in line with the surface water flow divide that separates Catchments 100
and 101. Within the Subject Lands, groundwater flows in a southern direction towards Gerber Road,
with this interpretation being in general agreement with regional groundwater flow patterns.

4. The horizontal movement of groundwater through Aquitard 1 (ATB1) is calculated to be in the range
of 0.26 m/year (i.e., one meter every 3.9 years) beneath the Subject Lands, due to the low hydraulic
conductivity associated with these deposits (i.e., 10 to 10-° m/s, for a geometric average of 10-% m/s).

5. Estimated vertical hydraulic conductivities for the deposits of Aquitard 1 (ATB1) range from
7.3 x 107 m/s to 5.4 x 10-9 m/s, equating to infiltration rates ranging from 6 mm/hour to 42 mm/hour.

6. Groundwater sampled from the onsite monitoring wells (screened in the upper deposits of Aquitard 1)
is identified as calcium-bicarbonate type water, which is typical of fresh shallow groundwater in
southern Ontario. Groundwater sampled from the offsite private wells is identified as calcium-sulfate
type water, suggesting that these wells draw their water supply from a deeper confined aquifer
system (e.g., Aquifer 2/3 and/or the Bedrock Aquifer). Overall, no analyzed parameters in the
groundwater samples collected from the onsite and offsite wells had concentrations detected above
applicable ODWQS health related objectives.
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7. As documented the Stormwater Management Report (Stantec, 2021b), proposed development of the
Applicant Lands is expected to result in an infiltration deficit of approximately 13,560 m3/yr. However,
post-development water balance calculations indicate pre-development infiltration volumes can be
maintained, if not enhanced, based on the volume of precipitation that can be captured by proposed
residential rooftops (i.e., 22,890 m3/year). Assuming that this total volume of stormwater can be
returned to the subsurface using onsite soakaway pits, a resulting infiltration surplus of 9,330 m?3 will
be realized at the Applicant Lands. Overall, the implementation of post-development infiltration
augmentation measures across certain areas of the Applicant Lands may be challenging based on
the high groundwater level and low soil permeability conditions.

8. The Applicant Lands are intercepted by WHPA-B to WHPA-D of the Wellesley Wellfield, which are
assigned with a vulnerability score of 6. As per the Source Protection Plan (SPP) (LERSPC, 2021b)
Map A1 (Appendix E), the Applicant Lands are only subject to the protection policies specified under
Significant Drinking Water Threat Policy Category 16 (DNAPLs). Since the planned use for the
Applicant Lands will not involve the onsite handling and storage of DNAPLSs, the SPP policy under
Category 16 does not apply.

9. Construction dewatering will likely be required at the Applicant Lands due to an elevated groundwater
table; however, for dewatering occurring in low permeability deposits such as Aquitard 1 (ATB1), the
dewatering zone of influence (ZOlI) (i.e., horizontal extent of groundwater level declines / drawdown
caused by dewatering activities at a point source) is expected to be low and isolated to a small
distance around excavations and/or subsurface structures, given that these deposits across these
lands are characterized by hydraulic conductivities ranging from 106 m/s to 10-° m/s. Dewatering
assessments are recommended for completion during detailed design to specifically determine
anticipated dewatering volumes and associated water taking permitting requirements for the
proposed future development.

10. A review of the MECP water well records for wells located within 500 m of the Applicant Lands
indicates that there are 37 wells identified as being utilized for water supply (i.e., domestic,
commercial, livestock, or municipal). One well is located within 20 m of the Applicant Lands, with the
remaining 36 wells being positioned between 170 m to 500 m away from these lands. The average
constructed depth of these private wells is 53 m BGS, indicating that groundwater drawn into these
wells originates from the deeper confined Aquifer 2/3 (AFB3/AFD1) and/or the Bedrock Aquifer. As
such, construction dewatering activities potentially occurring at the Applicant Lands are highly unlikely
to interfere with the yields of these local private wells, given that the shallow overburden where these
activities will occur is hydraulically separated from these previously mentioned deeper aquifer
systems by the low permeability silt to clay-based glacial tills of Aquitard 1 (ATB1).
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11. In areas where site servicing extends below the groundwater table, Stantec recommends that anti-
seepage (cut-off) collars be installed to prevent the preferential movement of groundwater along the
servicing alignments. The use of anti-seepage collars will likely be required given that most of the
subsurface throughout the Site is characterized by deposits where groundwater movement is more
restricted (e.g., silt to clay-based soils). An assessment for the need, total number, and exact
placements of anti-seepage collars along the servicing alignments can be explored in more detail
during the detailed design phase of the project.
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Legal Description

Plan 1148, Part Lot 80,

Registered Plan 58R-3548, Part 1,
Township of Wellesley,

Regional Municipality of Waterloo

Information Required

Under Section 51(17) of the Planning Act,
R.S.O0 1990 c.P 13 as Amended

a) - As Shown

b) - As Shown

c) - As Shown

d) - As Listed Below

e) - As Shown

f) - As Shown

g) - As Shown

h) - Municipal Water

i) - As Shown

i) - Municipal Sanitary and Storm Sewers
k) - None

Surveyor's Cerfificate

| hereby certify the boundaries of the subject lands and their relationship to the
adjoining lands have been accurately and correctly shown.

Signed

O.LS Name
Company Name

Date

Owner's Certificate

| hereby authorize Stantec Consulting Ltd. to submit this Draft Plan of
Subdivision on my behalf.

Signed
Owner Name
Company Name

Date
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