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1.0 Introduction

C.F. Crozier & Associates Inc. (Crozier) was retained by 2694893 Ontario Inc. (Fusion Homes) to
complete a hydrogeological investigation report to support an Engineering Master Servicing Plan for
the proposed development area. The study area (herein referred to as the Site) is located at the
south-east junction of Victoria Street South and Stone Road East in the City of Guelph (Figure 1). The
Hydrogeological Investigation has been prepared to characterize the existing hydrogeologic system
and provide preliminary analysis to support engineering design.

The following report has been prepared in accordance with the Grand River Conservation
Authority’s guidelines for Hydrogeological Assessments and has applied the applicable City of
Guelph and Wellington County standards to the analysis completed. The following background
studies and reports have been referenced in preparing this report:

e Physiography of Southern Ontario (Chapman and Putnam, 1984).

¢ The Hydrogeology of Southern Ontario, Second Edition (Singer et. al, 2003).

e Approved Assessment Report, Grand River Source Protection Area (GRSPC, 2015).
e Source Protection Information Atlas (MECP, 2023).

e Well Record Database (MECP, 2023).

e Preliminary Geotechnical Investigation, Future Development of Block Plan 3 (CVD,
September 2021).

e Terms of Reference, Guelph Innovation District Secondary Plan — Block Plan Area 3 (July
2025).

2.0 Site Description

The Site covers an area of approximately 23 ha and currently consists of the following municipal
addresses and uses:

Table 1: Municipal Addresses and Existing Land-use

Municipal Address Current Use

798 Victoria Road South Commercial — Bus Dispatching Facility and

Parking
760 Victoria Road South Commercial - Communications
527 Stone Road East Residential - Detached Two-Storey Dwelling
555 Stone Road East Commercial - Aggregate Material Dump
579 Stone Road East Residential - Detached Two-Storey Dwelling
707 Stone Road East Residential — Detached Two-Storey Dwelling
717 Stone Road East Residential — Detached Single-Storey Dwelling

Residential - Detached Two-Storey Dwelling
Natural Heritage Lands — Forest and Wetland
Municipal Lands — Board of Water
Commissioners

721 Stone Road East

Stone Road East (no municipal address)

C.F. Crozier & Associates Inc. Page 1 of 20
Project No. 2435-6648
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The site, known as Block 3 of the Guelph Innovation District, is bounded by Stone Road East and
Block Plan Areas 1 and 2 of the Guelph Innovation District to the north, a natural heritage area and
Torrance Creek to the south and east, and Victoria Road South to the west. Block 3 is currently
comprised of residential, commercial, and green space uses and will be developed to meet the
employment and housing targets consistent with Guelph’s Growth Management Strategy and

Official Plan.

As outlined on the Proposed Block Plan prepared by MHBC Planning Urban Design & Landscape
Architecture (MHBC) dated December 3, 2025; the proposed development will consist of the

following elements as summarized in Table 2.

Table 2: Proposed Land Use (MHBC, December 2025)

Land Use Area (ha)
Medium-Density Residential 3.677
High-Density Residential 5.463
Mixed-use Corridor 3.449
Parkland 0.880
Pumping Station 0.088
Stormwater Management Block 1.105
Significant Natural Areas & Natural Areas 6.209
Roads 1.736
Total Area 22.607

Upon full buildout of the proposed development, the existing commercial and residential buildings,
accessory buildings, and driveways will be demolished to accommodate the proposed mixed-use

development.

C.F. Crozier & Associates Inc.
Project No. 2435-6648
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3.0 Environmental Setting
3.1 Physiography, Topography & Drainage

The Site is situated within the physiographic region known as the Guelph Drumilin Field (Figure 2). This
physiographic region consists of broad oval type hills (drumlins), trending northwest to southwest and
fill plain (Chapman and Putnam, 1984). The fill plains consist of stony, calcareous till derived from
dolostone of the Goat Island Formation and the Gasport Formation. Gravel ridges or eskers are also
known to cut through the till plain in the same orientation as the drumlins. The drumlin groupings are
bordered by terraced spillway channels of sand and gravel in swampy valley areas.

The Site is located within the Torrance Creek Subwatershed (City of Guelph Tier Three Water Budget
and Local Area Risk Assessment, 2011) with Torrance Creek running adjacent to the south and
southeast corner of the Site. Shallow groundwater flow is interpreted to move through the
overburden towards Torrance Creek southeast of the Site, which is identified as a groundwater
discharge feature (City of Guelph Tier Three Water Budget and Local Area Risk Assessment, 2011)
Surface drainage is interpreted to follow topography from the northwest to southeast, in the
direction of the former glacial spillway containing Torrance Creek. Based on the topographic survey
prepared by Van Harten (April 5, 2023), the ground surface elevations on the Site range from
approximately 339 meters above sea level (masl) to 332 masl.

3.2 Surficial and Bedrock Geology
3.2.1 Regional Geology

The Guelph Formation is the fopmost layer of bedrock in the region, consisting of sandstone, shale,
fossilferous dolostone, and siltstone (OGS Earth) as shown on Figure 3. According to the City of
Guelph Tier Three Water Budget and Local Risk Assessment Report, the depth to bedrock is
approximately 321 masl in the area of the Site (Golder, 2011).

According to the Ontario Geologic Survey (OGS), the overburden geology at the Site consists of ice-
contact stratified deposits, spillway deposits and fill plains, as described below and shown on Figure
4,

¢ Ice-Contact Stratified Deposits: Mainly sand and gravel containing lenses of silt and clay. The
sediments were deposited by melfing ice blocks during the last ice age and are shaped like
ridge (eskers) or mounds (kames).

¢ Glaciofluvial Deposits: Glaciofluvial outwash and glaciolacustrine deposits of sand and
gravel with minor silt and clay.

e Till Plains: Till plains and drumlins made up of a stony, silty sand to sandly silt fill.

C.F. Crozier & Associates Inc. Page 3 of 20
Project No. 2435-6648
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3.2.2 Local Geology

Chung & Vander Doelen Engineering Ltd. (CVD) conducted a preliminary geotechnical
investigation across the Site in July 2021. This investigation included drilling eight (8) boreholes to
depths between 6.4 and 9.75 meters below ground surface (mbgs), five (5) of which were equipped
with monitoring wells. Further discussion of the 2021 drilling program is included in Section 4.1.

Borehole records and monitoring well consfruction logs can be found in Appendix A. In general, the
stratigraphy encountered during drilling consisted of:

o Alayer of topsoil (approximately 50 to 300mm thick) at all borehole locations, with the
exception of BH1 (MW1), BH2, and BH5 (MWSJ5), where a layer of fill was encountered from the
ground surface to approximately 2.9 to 3.6 mbgs. The fill at BH1 (MW 1) and BH2 consisted of
topsoil with some gravel and occasional cobbles. The fill at BH5 (MWJ5) consisted of silty sand
and gravel fill, with some asphalt and slag, followed by topsoil sandy silt fill.

e The topsoail or fill at BH2, BH3 (MW3), BH4, BH6 (MW6), and BH8 (MW8) was underlain by sand,
sandy silt, or silt with varying percentages of gravel and clay to depths of 0.65 to 5.4 mbgs.

e The topsoail or fill at BH1, BH5, and BH7, and the sand, sandy silt, or silt at BH2, BH3 (MW2-21),
BH4, BH6 (MW6), and BH8 (MW8) was underlain by granular deposits, with varying
composition of sand, gravel, and silty sand. The granular deposits extended to depths
between 5.6 and 9.6 mbgs. At BH3 (MW3), a 1.8 m thick layer of sandly silt fill was
encountfered within the granular deposits.

e The granular deposits were underlain by a sandy silt till at BHT and BH2, similar to the sandly silt
fill layer encountered within the granular deposits at BH3. The sandy silt till extended to a
depth of 9.6 mbgs.

e The granular deposits at BH7 were underlain by sand and silt, which extended to a depth of
9.6 mbgs.

Bedrock was encountered at BH3 (MW3) at a depth of 2 mbgs (322.03 mASL). The bedrock was
described as a cream/buff dolostone. Auger refusal/inferred bedrock was encountered at BHS
(MWS5), BH6 (MW6), and BH8 (MW8) to depths between 6.4 mbgs (325.8 mASL) to 8.99 mbgs (322.96
mASL). Overall, these findings are generally consistent with the geological mapping in the area.

C.F. Crozier & Associates Inc. Page 4 of 20
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3.3 Regional Hydrogeology

The general hydrostratigraphy of the general area around the Site is detailed in the Tier Three Water
Budget and Local Area Risk Assessment Characterization Report for the City of Guelph (Golder,
2011). A summary of the hydrostratigraphy is shown in Table 3 below.

Table 3: Hydrostratigraphy of the Study Area

System Layer Name Function Material WL
Supply
Youngest — 1 Grand River Outwash aquifer gravel, sand domestic
2 Wentworth Till aquitard/aquifer | silt, sand, clay
Glaciolacustrine,
Overburden 3 Glaciofluvial aquifer silt, sand, clay domestic
Sediments
Port Stanley Till, . .
4 Catfish Creek Til aquitard sit, clay
Older Glaciofluvial . .
5 Sediments aquifer sand, gravel domestic
. . weathered domestic,
6 Contact Aquifer aquifer bedrock Cambridge
medium fo
7 Guelph Formation aquifer ’rh|ck.t.>edo|ed domestic
fossiliferous
dolostone
dolomitic
8 Eramosa Formation aquitard limestone,
Bedrock Shm?.
. dolomitic
9 Goat Island aquifer -
limestone
Upper Gasport dolomitic
10 PP 5P aquifer limestone, Guelph
Formation
dolostone
. dolomitic Guelph,
11 M'ig':ﬂgﬁéﬁo” aquifer limestone, Puslinch,
dolostone Cambridge
dolomitic
12 Lower Gqspor’r aquifer limestone, Guglph,
Formation Puslinch
dolostone
Oldest - 13 Cabot Head aquitard shale
Formation

The majority of domestic and commercial/industrial water users in the general area surrounding the
Site draw groundwater from the upper bedrock system within the Guelph Formation. The municipal
groundwater supply wells generally draw water from the Guelph and Gasport Formations.

C.F. Crozier & Associates Inc. Page 5 of 20
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3.3.1 MECP Well Records

A review of the MECP well record database was completed for wells within 500 m of the Site
boundary. There are 76 identified well records within 500 m of the Site and the records can be
summarized below and are shown on Figure 5.

e In stratigraphic order, topsoil, sand, gravel, silt, dolostone and limestone was encountered in
most wells.

e Most of the records indicated that the wells were installed for domestic purposes.

e There are municipal wells known as the 3 Carter wells located within the Site area — wells
6715257, 711066 and 7390944. The only functioning Carter Well (Observation Well) is Well
6715257. The remaining wells were deemed ‘abandoned’ and ‘empty’ according to the
well records.

¢ Within the general Site area, well records display an occurrence of brown sand, silt and
gravel occurring from 3 mbgs fo 22 mbgs. Depth fo bedrock fluctuates between 3 mbgs to
67 mbgs. Bedrock in the area is described as black, brown and grey rock with occurrences
of dolostone, limestone and shale.

o There are 14 wells located within the Site boundaries, 8 of 14 wells are used for domestic
water supply. The well records indicate a frequency of brown to black rock, with a depth to
bedrock ranging from 17 mbgs to 61 mbgs.

3.4 Source Protection

The Province of Ontario’s Source Protection Information Atlas designates the Site as being part of
the Grand River Source Protection Area (GR SPA). Therefore, the Grand River Source Protection Plan
(GR SPP) and the policies contained within all have legal effect in the province per Section 31 of the
Clean Water Act.

The GR SPP applies a Vulnerability Score / Threats-Based Approach in which the product of two
factors (vulnerability and circumstance) is combined to determine if a specific area and
incorporated activity will be considered a Low, Moderate or Significant Drinking Water Threat (LDWT,
MDWT, or SDWT).

Related to the Drinking Water Threat classification, The Clean Water Act (2006) employs various
levels of policy tools ranging from “Softer” tools such as Education and Outreach to “Part IV Powers”
such as Restrictive Land Uses (S. 59), Risk Management Plans (S. 58) and Prohibition (S.57). In general,
only SDWTs incur the application of “Part IV Powers”.

C.F. Crozier & Associates Inc. Page 6 of 20
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3.4.1 Vulnerability / Threats Based Approach

In general, there are four types of vulnerable areas where activities may incur risks to drinking water
sources. These areas are assigned vulnerability index scores ranging from 0 to 10 where the score is
derived from numerous factors related to the physical setting. The following list constitutes the four
types of vulnerable areas: Wellhead Protection Areas (WHPA), Intake Protection Zones (IPZ), Highly
Vulnerable Aquifers (HVA), and Significant Groundwater Recharge Areas (SGRA). Additionally, Event
Based Areas (EBA) are delineated to address threats to systems drawing water from larger surface
water bodies where the vulnerability scores are generally low.

Activities incurring threats to drinking water sources through impacts to quality and quantity within
the region’s Source Protection Plan are evaluated based on a hazard rating, also ranging from 0 to
10, and organized into Main and Subcategories.

The GR SPA provides a corresponding set of Tables of Drinking Water Threats that show where in a
vulnerable area an activity must be located, and under what circumstances, the activity is to be
considered a Significant Drinking Water Threat (SDWT). SDWTs typically incur the enactment of policy
tools either through mitigation of impacts by applying Restrictive Land Uses and Risk Management
Plans or prevention of future impacts through Prohibitfion.

Drinking Water Threats associated with proposed activities on the Site should be reviewed with the
municipality’s Risk Management Official (RMO) to ensure that proper policy instruments are
considered.

3.4.2 Current Conditions

A review of provincial Source Protection Mapping (Source Protection Information Aflas, 2023) shows
the Site is located within a mapped Wellhead Protection Area B (WHPA-B) of the Carter Wells
PW2/62 and PW1/89 with a vulnerability score of 8. The Site is also located within a Significant
Groundwater Recharge Area (SGRA), and an Issue Confribufing Area (ICA) for frichloroethylene
and other dense non-aqueous phase liquids (DNAPLs).

The Carter Wells are municipal water supply wells constructed in the shallow portion of the Guelph
Formation. They have been designated as groundwater under direct influence of surface water
(GUDI) and occupy a very small area of influence. A vulnerability score of 8 was assigned as the
groundwater vulnerability (due to contamination and the presence of nitrate) is rated as high. The
Carter Wells are located southeast of the Site.

C.F. Crozier & Associates Inc. Page 7 of 20
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3.4.3 Development Considerations

The following activities may have the potential fo be classified as Drinking Water Threats, according
to the GR SPP, based on the proposed use of the Site under certain scenarios:

2. The establishment, operation or maintenance of a system that collects, stores, fransmits,
treats, or disposes of sewage.

a. Stormwater management facilities and drainage systems: Outfall from a storm water
management facility or storm water drainage system.

b. Stormwater management facilities and drainage systems: Storm water infiltration
facility.

c. Wastewater collection facilities and associated parts: Sanitary Sewers.
12. The application of road salt.
13. The handling and storage of road salt.
14. The storage of snow.
20. An activity that reduces the recharge of an aquifer.

Due to the presence of WHPA-B with a vulnerability index score of 8, activities 2, 12, 14, and 14 have
the potential to be classifies as Low to Moderate Drinking Water Threats to quality by way of
Chemical and/or Pathogen impacts. This Site should therefore be dealt with using a Best
Management Practices (BMP) approach. Since the Site is within an Issue Contributing Area for
frichloroethylene and other DNAPLs, a Risk Management Plan may need to be developed in
collaboration with the City if these are to be used or stored on the property. The need for a Risk
Management Plan shall be determined in collaboration with the City of Guelph and/or Wellington
County Risk Management Official at later stages of development planning.

Since the Site is located atop a significant groundwater recharge area, a detailed water balance
for the proposed concept has been prepared and is included in Section 6.

40 Field Study

4.1 2021 Monitoring Well Installation

As described in Section 3.2.2, a preliminary geotechnical investigation was conducted by CVD in
July 2021 which included the installation of five (5) monitoring wells (MW1, MW3, MW5, MW6, and
MWS8) as shown on Figure 6.

Construction details from these monitoring wells are presented in Table 4. All wells were installed with
a 50 mm diameter Schedule 40 PVC pipe with #10 slot PVC screens complete with a sand pack at
the screened interval and bentonite plug to the ground surface. Borehole and monitoring well
construction logs are included in Appendix A.

C.F. Crozier & Associates Inc. Page 8 of 20
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Table 4: 2021 Monitoring Well Construction Details (CVD)

Monitoring Borehole Depth Screened Interval .
Screened Material
Well (mbgs) (mbgs)
MW1 9.10 6.10-9.10 Sand, sandy silt fill
MW3 9.75 6.75-9.75 Sand and gravel, bedrock
MW5 8.23 5.23-8.23 Sand and gravel
MWé 8.99 5.99-8.99 Sand and gravel
MWS 6.40 3.40-6.40 Sandy silt to silt, sand and
gravel

4.2 2023 Monitoring Well Installation

Three (3) monitoring wells were installed (MW 15-23, MW 1d-23, and MW2-23) on May 11 and 12, 2023
by Geo-Environmental Drilling Inc under the supervision of Crozier staff at locations shown on Figure
6. The monitoring wells were installed to depths ranging from 6.10 to 17.06 mbgs.

The purpose of installing the additional monitoring wells was to capture groundwater level and flow
information in the central portion of the Site near the proposed stormwater management block. A
deep bedrock monitoring well was also installed and equipped with a screen in the general depth
of the Carter Wells to monitor groundwater flow in the shallow bedrock and potential interactions
between the overburden aquifer and shallow bedrock aquifer.

The stratigraphy encountered at the new monitoring well locations were generally consistent with
the CVD's borehole logs from the 2021 preliminary geotechnical investigation. The stratigraphy
encountered during the 2023 program consisted of topsoil underlain by layers of sand and sandly silt.
Bedrock, identified as a light grey dolostone, is characterized as highly weathered to slightly
weathered, laminated, and thinly bedded. Weathered limestone was encountered at a depth of
13.7 mbgs (316.3 mASL) in MW1d-23 and at a depth of 9.2 mbgs (320.6 mASL) at MW2-23

Monitoring well construction details for MW 1s-23, MW 1d-23, and MW2-23 are presented in Table 5
and well logs are attached in Appendix B. The monitoring wells were completed as 50 mm PVC pipe
monument monitoring wells. Each well was screened with a 3.0 m #10 slot well screen.

Table 5: 2023 Monitoring Well Construction Details (Geo-Environmental Drilling)

Monitoring Screened Interval .
well Well Depth (mbgs) (mbgs) Screened Material
MW 1s-23 6.09 3.05-6.09 Sandy silt fill and sand
MW1d-23 17.06 14.02-17.06 Limestone bedrock
MW2-23 10.68 7.64-10.68 Sand, weathered limestone
C.F. Crozier & Associates Inc. Page 9 of 20
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4.3 Piezometer Installation

Two (2) piezometers (PZ1-D and PZ1-S) were installed by Crozier staff in October 2023 to assess the
hydrogeological function of the existing wetland and evaluate its potential hydraulic connection o
the shallow groundwater system. The piezometers consisted of 1 4" diameter, 30" long well points,
equipped with steel risers. The piezometers were installed by hand using a manual post-pounder.
One (1) deep (PZ1-D) and one (1) shallow (PZ1-S) piezometer was installed in the southern portion of
the wetland area, as shown on Figure 6.

4.4 Groundwater Monitoring

Crozier has completed a total of five (5) manual groundwater level measurements using a Solinst
water level meter at the time this report was issued. Automatic water level loggers were deployed
into select wells to collect a comprehensive dataset and predict long tferm groundwater trends.
Groundwater monitoring results are presented in Section 5.1 and Appendix C.

4.5 Groundwater Sampling

Groundwater samples were collected from MW1d-23 and MW2-23 on July 24, 2023 using hand-
purging methods to establish baseline groundwater quality information for both the shallow
overburden and shallow bedrock aquifers. Three (3) well volumes were removed in each monitoring
well prior to sample collection, and one (1) sample was collected from each of the two (2) wells
and submitted to ALS Laboratories for an analysis for general water quality parameters.
Groundwater sampling results are presented in Section 5.2.

5.0 Results

5.1 Groundwater Levels

Groundwater elevations measurements collected by Crozier to date are presented in Appendix C.
From the manual groundwater levels collected from February 2023 to present, peak groundwater
levels were measured in the spring of 2023 and 2024 at most monitoring wells with the exception of
MW 1D-23. Peak groundwater levels measured at each monitoring well are summarized in Table 6
below.

Table é: Peak Manual Groundwater Measurements (February 2023 - June 2025)

Monitoring Well Peak Groundwater Peak G.roundwqier Date
Level (mbgs) Elevation (mASL)
MW1 7.02 329.85 March 2023
MW3 7.12 323.91 March 2024
MWS5 DRY DRY Spring 2023/2024
MW 46 7.83 324.12 March 2024
MW8 DRY DRY Spring 2023/2024
MW1S-23 DRY DRY Spring 2023/2024
MW1D-23 6.57 323.43 March 2024
MW2-23 4.44 325.56 May 2023
C.F. Crozier & Associates Inc. Page 10 of 20
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Automatic level loggers were deployed in select monitoring wells across the Site and set to collect
water levels on an hourly basis. Loggers have been collecting continuous data in MW1, MW3, MW5
and MW6 since March 2023. MW1 was noted to be destroyed in October 2023 and the logger was
not recovered. Loggers were deployed in MW1D-23 and MW2-23 in May 2023 and have been
collecting continuous data since then. Please refer to Appendix D for water level hydrographs.
Please note that the logs have been corrected for barometric pressure using Site specific data.

The water levels at MW 1D-23, MW3, and MW all display a variable pattern, responding rapidly to
rainfall events represented by sharp spikes in the hydrographs. MW2-23 is installed in the shallow
bedrock and sandy unit with silt above from approximately 7.7 mbgs to 10.7 mbgs. The fines within
the sandy unit act as an infiliration limiter, slowing the response to precipitation in monitoring well
MW2-23. MW5 and MW8 remained dry the entfire monitoring period; both wells are installed within a
sand and gravel unit, representing well drained soils. MW 1 is installed within sandy silt fill and
demonstrate a muted response to precipitation and seasonal change.

The fill unit observed at MW1 and MW?2 is believed to be representative of the lower confined
aquitard, known regionally as the Port Stanley Till. This unit is discontinuous across the Site and is not
observed in all borehole locations. Where the Port Stanley Till is absent, the Upper Sand and Gravel is
hydraulically connected to the fractured Guelph Formation below and therefore, the shallow
overburden and shallow bedrock aquifers on Site are sensitive to seasonal change.

Annual total precipitation from 2023 to 2024 rose from 825 mm to 850 mm in the City of Guelph
(Environment Canada, 2025) shown in the hydrographs in Appendix D. Peak groundwater levels
were captured in the April 2024 in all monitoring wells apart from MW2-23. This reading comes after
an almost 30 mm storm event in July of 2024 and is atypical for that fime of year; this is not expected
to be a seasonally high reading at MW2-23. Table 7 below summarizes the seasonal high
groundwater levels across the Site. Please refer to Figure 6 for interpreted groundwater contours and
groundwater flow direction.

Table 7: Seasonally High Groundwater Levels

Monitoring Well Peak Manual Level Peak Automatic Level
March , | March April April
MWI1 7.02 2023 330.31 2023 6.35 2023 330.98 2023
March March April April
MW3 7.12 2024 323.58 2024 6.80 2024 323.90 0024
MW5 DRY - DRY - DRY - DRY -
March March April April
MWé 7.83 2024 324.00 2024 7.42 2024 324.41 2024
MW8 DRY - DRY - DRY - DRY -
March March April April
MW1D-23 6.57 0024 324.54 2024 6.25 0024 324.86 0024
MW1S-23 DRY - DRY - DRY - DRY -
March March July July
MW?2-23 4.71 0024 322.23 2024 4.11 0024 322.83 0024

1. Ground elevations are estimated using the Ontario Digital Terrian Model, Lake Erie Project (2017-2018),
vertical accuracy ~5cm.
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Seasonally high groundwater elevations range from approximately 331 masl at MW1 to
approximately 322 masl at MW2-23. Groundwater flow is interpreted to be from the north towards
the southeast towards the Torrance Creek Wetland Complex and northwest fowards the Guelph
Arboretum.

5.2 Surface Water Levels

Surface water monitoring was conducted at the mapped wetland community (SWD4-1) as shown in
the Environmental Impact Study (2024) completed by Natural Resource Solutions Inc. (NRSI)
submitted under separate cover. The furthest eastern wetland community located on the Site is
noted to form a portion of the Torrance Creek Provincially Significant Wetland (PSW) (NRSI, 2024).

As noted in Section 4.3 above, two (2) piezometers were installed within the staked wetland to
evaluate the groundwater-surface water interaction within this area. Table 8 below displays the
surface water manual measurements collected from October 2023 to present.

Table 8: Piezometer Water Level Measurements

Estimated Oct 2023 | Nov 2023 | Mar 2024 | Jun 2025 | Aug 2025
Piezometer Ground Depth
# Elevation (mbgs) Water Level (mbgs)
(masl)
PZ1-D 325.4 1.07 -0.13 0.25 0.55 0.31 1.06
PZ1-S 325.4 0.50 -0.10 0.35 0.55 0.30 1.00

Level loggers were deployed in both piezometers to record continuous water levels at the wetland.
Hydrographs are provided in Appendix D. Note that the level loggers experienced an error in the
2025 monitoring season. The loggers have since been replaced and are recording additional data.
The data captured from March 2024 to August 2025 is not included within this discussion.

The water levels in the wetland generally are higher following significant rainfall and in spring and fall
seasons. Observations from both Crozier and NRSI staff have noted standing water in the wetland
location in the spring visits. For the majority of the monitoring period, water levels in the deep
piezometer (groundwater) have remained below the water levels within the shallow piezometer
(surface). However, in January 2024, following a period of significant rainfall, it is interpreted that
groundwater levels responded quickly in the area of the wetland and rose above the base of the
wetland causing periodic discharge. The period of discharge appears to be short, surface water
levels rising above groundwater levels within about a month.

Groundwater discharge at the wetland is interpreted to be periodic and seasonal, only occurring
when groundwater levels are higher in the spring and fall following a rainfall. Minor groundwater
discharge at the wetland supports groundwater indicator species such as Eastern White Pine,
Common Boneset and Yellow Sedge observed during the 2023 flora surveys conducted by NRSI
(NRSI, 2024). For the maijority of the year, the wetland is interpreted to be supported by surface
water runoff, typical of a hummocky topography.

53 Groundwater Quality
Table 9 summarizes the analytical results from the groundwater samples collected from MW 1d-23

and MW2-23 in July 2023 compared to the Guelph Sewer Use By-Law outlined in By-Law Number
(1991)-13791. The certificate of analysis is presented in Appendix E.
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Table 9: Summary of Groundwater Quality Results
Guelph Sewer | Guelph Sewer Resulis Resulis
Parameter Unit Use By-Law Use By-Law (MW1d- | (MW2-23)
(Sanitary) (Storm) 23)

pH 55-95 6.0-9.0 8.07 7.82
Chloride mg/L 1500 1500 51.6 56.5
Fluoride mg/L 10 10 0.481 0.092

Phosphate (PO4) mg/L 10 10 0.0337 <0.0010
Sulfate (SO4) mg/L 1500 1500 51.1 42.7
Aluminum, Total mg/L 50 50 4.6 41.7
Arsenic, Total mg/L 1 1 <0.01 0.038
Bismuth, Total mg/L 5 5 <0.01 <0.01

Cadmium, Total mg/L 1 1 0.0023 0.0063
Chromium, Total mg/L 5 5 0.0164 0.067
Cobalt, Total mg/L 5 5 <0.005 0.034
Iron, Totall mg/L 50 50 8.20 100.0
Lead, Total mg/L 50 0.05 0.157 0.379
Manganese, Total mg/L 5 5 0.332 7.91

Molybdenum, Total mg/L 5 5 <0.01 0.0132
Total Suspended Solids mg/L 350 15 504 494

(TSS)

Tin, Total mg/L 5 5 <0.01 <0.01
Titanium, Total mg/L 5 5 0.015 0.091
Vanadium, Total mg/L 5 5 <0.01 0.093
Zinc, Total mg/L 3 0.05 0.202 0.220

RED - Exceedance of the Guelph Sewer Use By-Law (Sanitary)
BLUE - Exceedance of Guelph Sewer Use By-Law (Storm).
YELLOW — Exceedance of Guelph Sewer By-Law (both).

As shown in Table 9, exceedances of the City of Guelph storm parameters for iron, lead,

manganese, and zinc, and exceedances of both the sanitary and the storm parameters were

noted foriron, TSS and zinc in the groundwater samples submitted for analysis.

The presence of elevated manganese and iron in groundwater in Guelph is common and is
interpreted to be naturally occurring due to the chemical composition of the underlying bedrock.
Elevated total suspended solids in the sampiles is likely a function of the manual purging methods
used for water sampling and is not believed to be representative of true groundwater quality;
purging the well stirs settled sediments in the water column during sampling and samples are likely to
have elevated TSS concentrations as a result.

C.F. Crozier & Associates Inc.
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Based on the groundwater quality results above, short-term or long-term groundwater discharge to
the Guelph Sanitary or Storm sewers would not be permitted without prior treatment and/or filiration.
Pre-tfreatment design for short-term and long-term groundwater discharge is beyond the scope of
this report and is within the purview of the dewatering contractor. A detailed dewatering
assessment should be conducted further in the planning process when final footing elevations and
other Site specifics are determined. If dewatering and discharge to the sewer system is required
during construction, the monitoring wells should be resacmpled to confirm the initial results and
compared to the Sewer Use By-Law in effect at that time.

6.0 Water Balance Assessment

A Site-wide water balance assessment was completed to determine the effect of the proposed
development on pre-development infiltration conditions and overall Site water balance. Table 10
summarizes the results of the assessment. Detailed calculations are described in the following
sections and are provided in Appendix F.

Table 10: S ummary of Site-Wide Water Balance Assessment

Pre-Development Infiliration Post-Development Infiliration S—— . .
Infiliration Deficit
Volume Volume (m3/year)
(m3/yr) (m3/year) 4
32,670 21,933 10,737
6.1 Background Information

The water balance assessment was conducted in accordance with the accepted Site condition
values from Table 6.3 of the Urban Storm Drainage Criteria Manual: Volume 1 (Urban Drainage and
Flood Control District, 2016) and Table 3.1 of the Stormwater Management Planning and Design
Manual (MECP, 2003). The appropriate reference tables are provided in Appendix F.

The water balance on Site can be estimated from the following equation:

= S+R+I+ET

= precipitation

change in groundwater storage
surface water runoff

infiltration
evapoftranspiration/evaporation

Where:

m=— A W TV T
1l

T =

The components of the water balance equation can be estimated using field observations of
drainage conditions, land cover, soil types, groundwater conditions and local climate records. The
Site-specific components of the water balance are discussed in detail in the sections below.

6.1.1 Precipitation

The nearest climate station to the Site is located about 1 km west of the study area and is

known as the Guelph Arboretum Climate Station Number 6143069 (43°55'00.00" N, 80°22'00.00" W,
elevation of 327.7 masl). The climate normals were created from the last 20 years of data to prepare
the water balance calculations for the Site. The long-term monthly average for precipitation and
temperature is shown in Table 11.

C.F. Crozier & Associates Inc.
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Table 11: Climate Normals for the Guelph Arboretum Climate Station

Parameter Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec | Total

Precipitation
(mm)

T t

TGy | 74| 65|17 ] 56 (120 (171|196 187|146 85 | 2.5 | -37 | 6.62

1. Total average annual precipitation from 2000-2020.

2. Average annual temperature from 2000-2020.

57.7 1509 | 61.8 | 73.4| 750 | 752 | 80.4 | 80.5 | 75.4 | 71.0 | 76.2 | 66.8 | 844.3"

Therefore, based on the data above, the long-term annual average precipitation for the
area is 844.3 mm/yr and the average annual temperature is 66°C.

6.1.2 Storage (S)

Long-term groundwater storage is assumed fo be negligible as groundwater impact on significant
groundwater pumping or withdrawal are expected to balance annually.

6.1.3 Evapoftranspiration/Evaporation (ET)

The rate of evapotranspiration is a function of the water holding capacity of the soil, soil and
vegetation type and land cover. Through the Thornthwaite and Mather method or a soil moisture
balance approach and local climate data, the Potential Evapotranspiration (PET) and the Actual
Evapotranspiration can be calculated (see Appendix F). PET refers to a loss of water to the
atmosphere given unlimited water supply. The AET is generally found to be less than the PET due to
local climate effects such as soil moisture deficit in the summer months.

6.1.4 Water Surplus (R + 1)

The difference between mean annual P and mean annual ET outputs the amount of water surplus
for the Site. The water surplus either infiltrates (I) info the soil or tfravels across the Site as runoff (R).

The distribution of water that infilfrates into the soil is a function of an infiltration factor as described in
the MECP Stormwater Management Planning and Design Manual (MECP, 2003). The calculated
water surplus available for infiltration or runoff is dependent on each catchment/area and is
described in detail in Appendix F.

6.2 Methodology

Using annual soil-moisture calculations, the pre-development infilfration and runoff volumes
were determined for the existing area conditions. This method assumes that the soil does not
release water as potential recharge while a soil moisture deficit exists. In the wet season, excess
precipitation first restores soil moisture than infilirates through the soil as indirect runoff or saoil
recharge.

C.F. Crozier & Associates Inc. Page 15 of 20
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A soil moisture capacity was assigned to each catchment/area using Table 3.1 of the Stormwater
Management and Design Manual (MECP, 2003). This value was chosen based on the soil type and
land use. For forested areas with sandy soils, a retention volume of 300 mm was used and for the
urbanized areas a soil moisture retention of 75 mm was used. The monthly potential
evapotranspiration was calculated using latitude and climate conditions and the actual
evapotranspiration and water surplus were calculated based on monthly average precipitation and
soil moisture conditions. The water balance components were used to estimate the pre-
development and post-development water balance scenarios for the entire study area. Detailed
water balance calculations for the Site are presented in Appendix F.

6.3 Pre-Development Infiliration

The pre-development water balance components were determined using the pre-development
catchment areas shown in Figure 7 of the Master Engineering Servicing Plan submitted under a
separate cover. The areas and percent imperviousness are presented in Table 12 below.

Table 12: Pre-Development Catchment Summary

Pre-Development Catchment Approximate Land Area (m?2) P Im(l;srviousness
101 17,060 39
101 — Forested 6,940 0
102 25,241 16
102 - Forested 1,759 0
103 120,277 25
103 - Forested/Wetland 63,723 0

Using the areas and the methodology presented above, the pre-development infiliration volume is
estimated to be 32,670 m3 or 139 mm/yr.

6.4 Post-Development Infiltration

The post-development water balance components were determined using the post-development
catchment areas as shown in Figure 8 of the Engineering Master Servicing Plan submitted under
separate cover. The areas and percent imperviousness are presented in Table 13 below.

Table 13: Post-Development Caichment Summary

Post-Development Catchment Approximate Land Area (m?2) S Im(;:a)rviousness
201 152,300 75
202 11,340 50
203 10,834 45
204 8,489 0
204 - Forest/Wetland 51,842 0
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The post-development water balance calculations are presented in Appendix F. Based on the
water balance components above, the post-development infiliration value for the Site is estimated
to be approximately 21,933 m3/yr or 93 mm/year. Therefore, the proposed redevelopment of the
property will decrease the overall infiltration on the Site by 46 mm/year.

The Guelph Innovation District Stormwater Management Study (Wood Ltd., April 1, 2020) included
an annual water balance within the Guelph Innovation District that should be maintained (or
improved in existing developed areas) through the implementation of 27 mm capture. The water
balance conditions for existing, future uncontrolled, and future controlled were determined in the
PCSWMM continuous simulation model completed by Wood Lid.

Contrary to the Guelph Innovation District Stormwater Management Study (Wood Ltd., April 1, 2020),
it is recommended that infiltration features be sized to capture and infiltrate stormwater runoff for
the 5 mm rainfall event over the impervious area for each block to overcome the infiliration deficit
of 10,737 m3/yr (46 mm/yr). The water balance objectives for the site will need to be met by way of
infiltration LIDs which will be implemented within each block during the functional and detailed
design stages of each block.

6.5 Feature-Based Water Balance

A feature-based water balances ensures that the hydrology of a feature (i.e. wetland, stream,
groundwater recharge area) is maintained once a development occurs. Due to the presence of
wetland features observed on the south-east portion of the Site, a feature-based water balance will
likely be required. This water balance will be completed within a future submission of the EMSP.

7.0 Dewatering Considerations

At this stage, civil engineering designs are still preliminary. However, based on the seasonally high
groundwater data presented in Section 5 above, shallow groundwater may be a development
constraint dependent on the proposed depths of footings, underground parking levels, and
ufilities/infrastructure. As the planning process continues, buildings and services should be designed
to provide sufficient separation from the seasonal groundwater highs or alternative groundwater
confrol methods may be recommended.

7.1 Dewatering Requirements

Discussion on the potential for future dewatering is based on the interaction between the
groundwater surface and proposed design elements for the Site.

If proposed building footings are to be extended below or within 0.5 m of the reported seasonally
high groundwater conditions, it can be expected that short-term groundwater dewatering will be
required during construction. Discharge of any dewatering flows should be analyzed against
applicable criteria (e.g., Guelph Sewer Use By-Law or the Provincial Water Quality Objectives) to
ensure that they are within the allowable discharge limits. It should be noted that dependent on the
required discharge volumes during and post-construction, additional permitting requirements may
apply. If construction volumes are expected, registration with the MECP Environmental Activity
Sector Register is required. If daily permanent dewatering volumes are to exceed 50,000 L/day post-
construction, a Permit to Take Water will be required for the groundwater discharge. Local
permitting will also likely be required prior to any groundwater discharge.
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Groundwater dewatering volumes should be evaluated once final footings for the proposed
buildings are determined. A dewatering plan, dewatering design and obtaining of any permits is the
responsibility of the dewatering contractor.

7.2 Groundwater Impacts

Impacts to both private and municipal water supplies in the area are anticipated to be negligible
due to potential dewatering. Drinking water wells in the area are generally installed within the
shallow bedrock whereas any short-term or long-term dewatering will occur within the shallow
overburden. If dewatering is required during construction, further analysis would be required to
determine the anficipated zone of influence and the determination of a mitigation and monitoring
plan to ensure the groundwater resources off Site, in partficular the nearby Carter Wells, are not
impacted.

It is interpreted that the existing wetland on-site is fed by groundwater seasonally and is a local
groundwater discharge location in the Spring and Fall. It is anticipated that any dewatering
operations will be temporary and no permanent negative impacts to the wetland are expected.
Dewatering runoff shall be managed such that no negative impact to the groundwater is
anticipated. Best management practices should be implemented during construction dewatering
such as a monitoring plan to ensure the wetland inputs are maintained post-development.

8.0 Conclusions & Recommendations
Based on the findings above, Crozier is prepared to make the following conclusions:

e The source protection approach on the Site should follow a best management practices
approach and respect the risks associated with the following activities, mitigating where
possible. Consultation with the Municipality’s Risk Management Official may be necessary at
further stages of planning:

o The establishment, operation or maintenance of stormwater management facilities.
o The handling, storage, or application of road salt.
o The storage of snow.

o The geologic materials on the Site were found to be a cream/buff dolostone bedrock
overlain by sand and:silt to a sandy silt fill layer with gravel. Granular deposits were found
across the Site varying in composition from sand and gravel to silty sand.

¢ Seasonally high groundwater elevations range from approximately 331 masl at MW1 fo
approximately 322 masl at MW2-23. Groundwater flow is interpreted to be southeast fowards
Torrance Creek and northwest towards the Guelph Arboretum. A groundwater flow divide is
located on the site, separating the east and west.

e Groundwater sampling results reveal exceedances of the Guelph Sewer Use By-Law for lead
and manganese (storm) and exceedances of both the sanitary and the storm parameters
were noted for iron, TSS and zinc. Based on the groundwater quality results, short ferm or
long-term groundwater discharge to the City's sanitary or storm sewers is not permitted
without prior freatment and/or filtration. Pre-treatment design for short-term and/or long-term
groundwater discharge is beyond the scope of this report and is within the purview of the
dewatering confractor.
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