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Statement of Limitations

This report has been prepared by SLR Consulting (Canada) Ltd. (SLR) for Sunray Group
(Client) in accordance with the scope of work and all other terms and conditions of the
agreement between such parties. SLR acknowledges and agrees that the Client may provide
this report to government agencies, interest holders, and/or Indigenous communities as part of
project planning or regulatory approval processes. Copying or distribution of this report, in whole
or in part, for any other purpose other than as aforementioned is not permitted without the prior
written consent of SLR.

Any findings, conclusions, recommendations, or designs provided in this report are based on
conditions and criteria that existed at the time work was completed and the assumptions and
qualifications set forth herein. SLR may have used Al in the preparation of this document.

This report may contain data or information provided by third party sources on which SLR is
entitled to rely without verification and SLR does not warranty the accuracy of any such data or
information.

Nothing in this report constitutes a legal opinion nor does SLR make any representation as to
compliance with any laws, rules, regulations, or policies established by federal, provincial
territorial, or local government bodies, other than as specifically set forth in this report. Revisions
to legislative or regulatory standards referred to in this report may be expected over time and,
as a result, modifications to the findings, conclusions, or recommendations may be necessary.
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1.0 Introduction

SLR Consulting (Canada) Ltd. (SLR) was retained by Watters Environmental Group Inc.
(Watters) on behalf of Sunray Group Inc. to complete an updated Hydrogeological Investigation
for the proposed Marsville Estates site (also referred to as the “site” or “study area”) located at
063076 County Road 3 in East Garafraxa Township, Ontario (Figure 1). The site is to be
developed as a residential subdivision which will consist of seventy-eight (78) estate sized lots,
a swale and a Stormwater Management (SWM) Facility. Municipal water servicing will be
provided from Marsville water supply wells, which are completed in the bedrock Guelph
Formation Aquifer. As there is no Municipal sewage system in Marsville, each lot will be
serviced by an individual on-site septic system. Understanding of the proposed development
was based on the Concept Plan prepared by Innovative Planning Solutions (IPS), provided in
Appendix A.

The site is approximately 26.89 hectares (ha) in size and is bordered on the north by County
Road 3, on the east by Highway 24, on the south by agricultural land use, and on the west by
East Garafraxa Public School. The town of Marsville is located approximately 700 m southwest
of the site. The study area currently hosts agricultural fields, with a wooded area in the southern
portion of the site (Figure 1). As depicted on the GRCA’s Crop Inventory Mapping (Appendix B),
agricultural land use on site consists of soybean and corn production.

A drainage feature is present on site, running from the north edge of the site through the
woodlot in the southwest of the site. A floodplain associated with the drainage feature is
present, intersecting the northern edge of the site (Figure 1). A topographic survey was
conducted by GRCA in 2013 with a resolution of 0.5 m. A topographic map of the site is shown
in Appendix B. The site gradually slopes towards the northwest, and the lowest elevations on
site correspond to the drainage feature. Elevations on site range from 491.5 masl at the
southern boundary of the site to 485.5 masl at the northern boundary of the site. A tributary of
the Grand River is present approximately 500 m north of the site (Appendix B).

The assessment of septic sewage capacity for the proposed development was assessed based
on the MECP document titled, “D-5-4 Individual On-Site Sewage Systems: Water Quality Impact
Risk Assessment. This document applies to developments with 5 or more units with individual
on-site septic sewage systems. This report will also draw on hydrogeological data kindly
provided by Thomasfield Homes and GMBIluePlan Engineering for their proposed Graham
Property Subdivision to help support the hydrogeological study for the Marsville Estates site.

1.1 Scope of Work

To characterize the hydrogeological conditions at the site, the following scope of work was
conducted by SLR (formally Palmer):

e Literature review of background geology and hydrogeology data from published maps
and reports, the Ministry of the Environment, Parks and Conservation (MECP) water well
database, and previous environmental studies in the area, including:

o WSP Hydrogeological Assessment: “Proposed Marsville Heritage Estate
Development” (WSP, 2014);

o WSP Memo: “Estimated Soil Percolation Rates — Marsville Heritage Estate
Development” (WSP, 2017)

o GeoKamp Technical Memo #1: “Nitrate Isotope Testing BH3, BH5, and BH9”

(GeoKamp, 2018a);
3
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GeoKamp Technical Memo #3: “Water Table Slope and Deep Borehole Performance

Testing (BH1d, BH8 and BH12)" (GeoKamp, 2018b);

o GeoKamp Technical Memo #4: “Marsville Heritage Estates Development regarding
Additional Hand Auger Holes” (GeoKamp, 2018c);

o Alston Geotechnical Consultants Inc. (Alston) Technical Memorandum: “Preliminary
Geotechnical Information, Marsville Estates, 063076 County Road 3, East
Garafraxa” (Alston, 2020);

o Watters Phase 1 Environmental Site Assessment (ESA) (Watters, 2020);

o GMBIluePlan Engineering (GMBP) Hydrogeological Study for Graham Property
Subdivision Part of Lot 5, Concession 13, Geo. Twp of Garafraxa (2020);

o V.A. Wood Inc. (Wood) Geotechnical Investigation: “Marsville North Subdivision,
Maple Street, Township of East Garafraxa (Marsville), Ontario” Ref No. G4223-20-2.
(WSP, 2017)

Site visit to measure water levels, develop wells, complete hydraulic testing of wells, and
take four (4) groundwater samples;

Compiletion of long-term, continuous groundwater level monitoring using Solinst
dataloggers installed at six (6) monitoring well locations for 9 months (August 2020 to
April 2021) and at three (3) locations for three years (Aug 2020 to August 2023);

Additional low-flow sampling of each well to supplement geochemical data;
Completion of a road-side water well survey to characterize local water usage;

Assessment of the geological and hydrogeological conditions at the site to determine
shallow hydrostratigraphy, groundwater table elevation, groundwater flow direction,
hydraulic conductivity of the soils, and baseline groundwater chemistry compared
against Ontario Drinking Water Standards;

Completion of nitrate loading calculations for the proposed development;

Determination of the soil percolation rate through testing using a combination of grain
size and in-situ hydraulic testing;

Completion of a hydrogeological assessment of the site to characterize the soil and
groundwater conditions to support a septic waste system assessment with the MECP;

Completion of a water balance assessment for the site under pre- and post-development
conditions;

Completion of an aquifer vulnerability and transport pathways assessment; and,

Completion of a Hydrogeological Investigation Report.

In addition, potable water well yield testing for the site and Marsville area was completed by
Palmer in the report “Groundwater Servicing Assessment — Pumping Test Results: Marsville
Estates, 063076 County Road 3, East Garafraxa Township, dated April 23, 2021” (Appendix H),
as well as by R.J. Burnside in the Marsville Water System Expansion Municipal Class
Environmental Assessment Study completed in 2023 where TW2-22 was installed and tested
on the Marsville Estates site.

: e
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2.0 Regional Conditions

2.1 Geological and Hydrogeological Setting

211 Physiography

The site is located within the Dundalk Till Plain physiographic region (Figure 2)
(Chapman & Putnam, 1984). The Dundalk Till Plain is a gently fluted till plain which forms
the headwaters of the Grand, Maitland, Nottawasaga, and Saugeen Rivers. The plain is
characterized by poor drainage and swamps, bogs, and depressions are common
(Singer, et al., 2003).

The Dundalk Till Plain is a gently rolling, partially drumlinized and fluted surface at an elevation
ranging between 485 meters above sea level (masl) and 523 masl on its eastern border and
492 masl along the western margin of the map area. As well as the glacially formed features
there are three eskers, a number of kames, and a network of shallow meltwater channels.
Both the glacial and associated features give the surface its gently rolling appearance

(Gwyn, 1975). The Dundalk Till Plain also contains localized southeast-trending low flutes and
drumlins (Chapman & Putnam, 1984).

21.2 Overburden Geology

Based on Ontario Geological Survey (OGS) surficial geology mapping, the site is underlain

by clay to silt-textured till derived from glaciolacustrine deposits or shale (Figure 3). The gently
rolling plains of the Dundalk Till Plain are made up of fine-textured Tavistock Till, which was
deposited by the southeast-flowing Huron — Georgian Bay ice lobe (Cowan, 1979). During the
Late Wisconsinan Substage the Laurentide ice sheet reached its maximum extent
approximately 18,000 years ago. This major advance, occurring between 23,000 and

15,000 years B.P., deposited the Maryhill Till and formed the Orangeville Moraine, and has
been called the Nissouri Stadial (Dreimanis & Karrow, 1972). The ice then re-advanced from the
northeast and northwest depositing Tavistock Till. A concurrent advance in Lake Ontario and
Erie basins deposited Port Stanley Till, during the Port Bruce Stadial (Gwyn, 1975).

Tavistock Till is described by Cowan (1974) as a silt or clayey silt till that may vary locally to clay
till or sandy in texture, depending on local substrates. The till becomes progressively sandier
from south to north which is a continuation of a trend noted by Cowan (1974). Drilling in the
Waterloo area indicates that the Tavistock Till directly overlies the Catfish Creek Till where the
Maryhill Till is not present. Otherwise, it overlies the Maryhill Till (Karrow, et al., 1993). With the
exception of a small area along the western boundary of the Grand River Conservation
Authority (GRCA) to the southwest of New Hamburg, the geologic logs of the majority of water
wells that have been constructed in areas where this till outcrops at the surface do not show any
sand or gravel deposits at depth (Singer, et al., 2003).

The Orangeville Moraine is composed of a large central deposit with broad bands of sediment,
referred to as limbs, extending to the north and northeast as well as isolated deposits located in
the southeast (Cowan, 1976). The sediments consist of beds of cobbles, gravel, sand, and silty
sand deposited by subaqueous fans (Burt, 2018).

The Maryhill Till consists of typically stone-poor, silt- to clay-rich diamicton, occasional beds of
silt and sandy silt diamicton, and glaciolacustrine rhythmically bedded silt and clay with rare
beds of silty sand (Burt, 2018). A cross-section presenting the overburden geology at the site is

provided in Figure 4.
3
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213 Bedrock Geology

The bedrock underlying the site consists of the middle Silurian aged Guelph Formation, which is
characterized by tan/brown to grey, medium- to very thick-bedded dolostone having a dense to
sugary texture (Gwyn, 1975). Its outcrop-subcrop belt runs parallel to and west or south of the
Niagara Escarpment. It is generally not well exposed, except on the Bruce Peninsula and at a
few localities in the Guelph-Cambridge area. The bedrock surface has a regional slope from
about 500 masl in the northern part of the GRCA to less than 140 masl| near Lake Erie.
Superimposed on the regional slope are many rises and depressions. The most notable of
these are the buried valleys which appear to be abandoned valleys of earlier water courses
(Singer, et al., 2003). Ontario water well records were used to assess the depth to bedrock at
this location, which was found to be approximately 60 m, or 200 ft.

214 Hydrostratigraphy

Groundwater is the most important source for water supplies within the GRCA watershed, of
which Marsville is located. The area of Kitchener-Waterloo, Cambridge and Guelph is the
largest urban area in the province that depends almost exclusively on groundwater for municipal
supplies. In addition, other small communities within the Authority depend wholly on
groundwater for their domestic, commercial and industrial needs. These communities are
Arthur, Ayr, Baden-New Hamburg, Caledonia, Dundalk, Elmira-St. Jacobs, Elora, Fergus,
Maryhill, Milverton, Paris, Plattsville, Rookwood, and St. George (Singer, et al., 2003), as well
as Marsville.

Hydrostratigraphic units can be divided into two distinct groups based on their capacity to allow
groundwater movement. An aquifer is classically defined as an underground water bearing layer
of permeable rock or unconsolidated material which groundwater can be usefully extracted
using a water well. Conversely, an aquitard is a layer of soil that inhibits groundwater movement
due to its low permeability. Groundwater flow at the site is controlled by four (4)
hydrostratigraphic units: The Tavistock Till Aquitard, the Orangeville Moraine Aquifer, the
Maryhill Till Aquitard and the Amabel-Lockport-Guelph Formation Aquifer. Each of these units is
described below and presented in cross-section on Figure 4.

The Tavistock Till consists of low-permeability silts and clays and is part of a package of upper
tills deposited during the Port Bruce Stadial which form a regional aquitard. Locally, high
permeability sand lenses may occur within the unit which act as a surficial aquifer. This aquitard
underlies the Wentworth aquifer, Paris moraine and outwash aquifer and overlies the
Orangeville moraine aquifer, Maryhill aquitard, valley fill aquifer and Catfish Creek Till

(Burt, 2018). Generally, groundwater flow through this surficial aquitard unit is predominantly
downwards (vertical), providing limited recharge to deeper aquifers. Shallow groundwater flow
within surficial aquitard units is expected to mimic site topography and generally flow towards
topographic depressions, such as the Grand River.

The Orangeville Moraine Aquifer consists of highly permeable sediments which form a thick,
unconfined aquifer. The permeable sediments in the upper moraine facilitate significant
groundwater recharge, which is limited by fine-textured glaciolacustrine sediments present
within the mid- to lower-moraine. Within this unit, thick gravels are present at surface in
well-defined channels within valleys. These gravel channels allow recharge of the aquifer from
rain and meltwater, as well as runoff from less permeable uplands and streams.

The Catfish Creek Till was deposited in the Late Wisconsin glaciation during the Nissouri
Stade (Singer, et al., 2003). The Catfish Creek Till is widespread in the subsurface throughout
Southern Ontario and forms a deep impermeable aquitard, limiting recharge to lower units.

4 e
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The Catfish Creek Till is typically a calcareous grey dense pebbly sandy-silt to silty sand till.
It consists of several till layers, interstratified with sand, gravel, and silt.

The Guelph Formation Aquifer: The Guelph formation, along with the Amabel and Lockport
formations constitute a high-capacity aquifer in the area between Hamilton and Owen Sound.
The permeability of the Guelph aquifer is highly variable and is due primarily to a fracturing and
chemical dissolution of the upper few meters of dolomites. Most domestic wells obtain
adequate water supplies with penetrations of less than 3.0 m and the potential for developing
high-capacity wells in the aquifer is good (Singer, et al., 2003). The Guelph Formation is made
up mainly of dolostones and limestone. Singer et al. (2003) completed an analysis of the
hydraulic properties of the Guelph, Amabel and Lockport formations and found that due to the
similarities between their specific yield and transmissivity distributions, it is possible to treat the
three formations as one hydrogeologic unit.

2.2 MECP Well Records

Based on the MECP well records database, there are eight (8) MECP water well records within
500 m of the site (Figure 5). These wells are summarized in Table 2-1. The Town of Marsville
has two production wells, PW1 and PW2, that service 33 homes in the Thunderbird Subdivision.
PW1 is the active production well (under PTTW 0601-88MKJ7) and PW2 is the backup well.
The Marsville Production Well PW1 has a documented yield of 757.1 L/min.

All wells in the area obtain potable water from the dolostone bedrock of the Guelph and Gasport
Formations. A roadside well screening revealed that all existing domestic wells in the area are
6-inch wells drilled to the bedrock; either finished with steel casing or over-drilled through
shallow dug wells with cement casing. The overburden near the site consists of Orangeville
Moraine deposits, and on average the depth to bedrock is 68.9 m (Table 2-1). The bedrock
aquifer consists of the upper weathered bedrock and the middle, more competent portion.

The static water level ranges from 11.9 meters below ground surface (mbgs) to 19.8 mbgs, with
an average of 15.3 mbgs (Table 2-1). The yield of the bedrock aquifer near the site ranges from
37.9 to 94.6 L/min with an average yield of 62.5 L/min.

Table 2-1: MECP Water Well Records within 500 m of sites

Well ID Well Depth Diameter Depth to Static Water Yield
(m) (m) Bedrock Level (L/min)
(m) (m)

1700166 88.4 0.127 71.6 19.8 94.6
1701562 86.9 0.102 70.1 16.2 37.9
1702257 86.6 0.102 69.5 16.2 37.9
1704529 68.6 0.127 65.2 12.8 56.8
1704532 73.2 0.127 68.0 11.9 56.8
7333565 - 0.102 0 - -
7333569 - 0.102 0 - -
7487348 71.6 0.102 - 15.0 91.0
Averages 79.2 - 68.88 15.3 62.5
Marsville PW1" 91.7 0.203 61.3 15.2 7571
Marsville PW2? 91.7 0.203 60.4 15.5 -
Notes: 1 — located greater than 500 m from the site.
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3.0 Site-Specific Conditions

3.1 Borehole Drilling and Test Pitting Programs

Alston Geotechnical Consultants Inc. was responsible for digging five (5) test pits on

January 7, 2020 (Alston, 2020). The test pits were excavated to a depth of 4 mbgs using an
excavator. Test pit lithology was logged by Alston, and the completed test pit logs are provided
in Appendix C. Water content was measured for eight (8) samples from TP1 and nine (9)
samples from TP5, and grain size analyses were completed for two (2) samples each from
TP1 and TP5 (Appendix C).

Watters was responsible for drilling four (4) boreholes on February 18, 2020 (Watters, 2020).
The boreholes were drilled to depths ranging from 5.18 to 9.75 mbgs using hollow stem augers.
All four boreholes were completed as monitoring wells (MWSs) with a casing diameter of

50.8 mm (2”). Two of the boreholes (BH20-1 and BH20-2) were completed as nested wells with
one shallow and one deep well each. Borehole lithology was logged by Watters, and the
completed borehole logs are provided in Appendix C. Water Content was measured for

nine (9) samples each from BH20-2 and BH20-4, and grain size analyses were completed for
four (4) samples from BH20-2 (Appendix C). A summary of borehole and monitoring well
installation details, including details of surface elevation, depth, and the screened geology is
provided in Table 3-1. Locations of the installed MW’s are shown on Figure 1.

Table 3-1: Borehole and Monitoring Well Installation Details

BH/MWID Elevation Total Depth | Stick Up (m) Screened Screened
(masl) (mbgs) Interval Geological
(mbgs) Unit
BH20-1s / MW20-1s 490.28 5.18 0.93 2.13-5.18 |Sandy Silt
BH20-1d / MW20-1d 490.28 9.75 0.95 7.38-8.90 |Silty Clay
BH20-2s / MW20-2s 486.67 5.18 0.74 2.13-5.18 |Sandy Silt
MW20-2d / MW20-2d 486.67 9.75 0.81 7.38-8.90 |Sand
MW20-3 488.98 5.18 0.97 1.55-4.60 |Sandy Silt
MW20-4 490.96 5.18 0.68 1.55-4.60 |Sandy Silt

3.2 Local Stratigraphy

Borehole drilling and test pit results by Watters (2020) and Alston (2020) are consistent with
OGS surficial geology mapping (Figure 3). Local to the study area, borehole drilling and test pit
results by Watters and Alston, respectively, found the surficial Tavistock Till to be present on
site, underlain by Orangeville Moraine sediments and the Maryhill Till. The stratigraphy as
described by Watters (2020) and Alston (2020) is summarized below:

Topsoil — A surficial layer of topsoil was encountered in all five test pit locations with a

thickness of 150 mm (BH20-1) to 1.02 m (BH20-3).

Sandy Silt — A layer of brown, weakly plastic, sandy silt was found underlying the topsoil in all
test pits. The sandy silt includes a trace to some clay and a trace of gravel. The layer is
intersected by fissures with oxidation being present on fissure faces, and sand seams and
lenses of sandy soil. This unit transitioned from brown to grey at a depth of approximately

3.9 mbgs in BH20-3 and at a depth of approximately 4.0 mbgs in BH20-4.
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The sandy silt layer was encountered at the base of all the test pits excavated by Alston, as well
as at the base of BH20-3 and BH20-4, where the thickness of the unit is at least 3.6 m (TP1) to
4.78 m (BH20-4). The unit was penetrated in BH20-1 and BH20-2, where the thickness was
7.47 m and 4.07 m, respectively. The sandy silt layer includes occasional thin seams and lenses
of sandy soils which were observed to produce water in the course of excavation. The depth of
water strike was at depths ranging from 1.2 m to 1.5 m in Test Pits 1, 3 and 5. Test Pits 2 and 4
remained dry and open for the period prior to backfill (Alston, 2020).

Silty Clay — A layer of stiff to very stiff, grey silty clay was found underlying the sandy silt in
BH20-1. The layer was not penetrated, and has a thickness of at least 2.13 m.

Sand - A layer of dense to very dense, brown sand with trace gravel was found underlying the
sandy silt in BH20-2. The unit was not penetrated, and has a thickness of at least 5.18 m.

3.21 Water Level Monitoring and Groundwater Flow

Groundwater levels were measured manually at installed MWs at the site by SLR on

March 2, August 25, and October 8, 2020, January 7, 2021, and April 15, 2021. Measurements
were made using a water-level tape and recorded to the nearest centimetre. Groundwater level
monitoring results are summarized in Table 3-2. The highest manually measured groundwater
level occurred at MW20-4 and the lowest manually measured groundwater level occurred at
MW20-2d, where the measured groundwater elevations were 489.80 masl and 479.07 masl,
respectively. MW20-2s was dry during all site visits in 2020. Dataloggers were installed in all
existing wells in August 2020 and were programmed to record the water level every hour

and were removed on August 16, 2023. Continuous water level data collected from

August 2020 — August 2023 is presented in Figure 6.

Table 3-2: Groundwater Level Monitoring Results

MW ID | Elevation| Units Water Level
(masl) 2-Mar-2020 | 25-Aug-2020 |8-Oct-2020 |7-Jan-2021 | 15-Apr-2021
MW20-1s | 490.28 |mbgs 0.80 1.75 1.19 0.52 0.61
masl| 489.48 488.53 489.09 489.76 489.67
MW20-1d | 490.28 |mbgs 3.85 4.60 4.16 3.67 3.67
masl 486.43 485.68 486.12 486.61 486.61
MW20-2s | 486.67 |mbgs dry dry dry 4.68 4.70
masl dry dry dry 481.99 481.97
MW20-2d | 486.67 |mbgs 7.35 7.40 7.52 7.60 7.47
masl| 479.32 479.27 479.15 479.07 479.20
MW20-3 | 488.98 |mbgs 1.02 2.05 1.49 0.88 073
masl 487.96 486.93 487.49 488.10 488.25
MW20-4 | 490.96 |mbgs 1.87 3.09 1.49 1.30 1.16
masl| 489.09 487.87 488.71 489.66 489.80

: e
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Piezometric surface and groundwater flow direction are shown in Figure 7. Based on the
hydraulic head measurements and geology, it is interpreted that there are two groundwater flow
systems: (1) a perched water table within the Tavistock Till with groundwater elevations ranging
from 0.52 to 1.16 mbgs or 489.80 to 489.76 masl, and (2) a deeper water table within the
underlying Orangeville Moraine as encountered in BH20-2d with a water level at approximately
7.35 mbgs (478.32 masl). These results are consistent with the groundwater seepage noted
during the test pitting program completed by Alston in January 2020.

The shallow horizontal hydraulic gradient through the perched water table on the site
(calculated between MW20-1s and MW20-3) is approximately 0.017 m/m and the direction of
shallow groundwater flow follows topography and is towards the north-northwest (Figure 7).
The interpreted groundwater flow direction in the deep-water table is towards the northwest.
The vertical hydraulic gradient (calculated between MW20-1s and MW20-1d) is approximately -
0.8 m/m, i.e., groundwater flows downwards from the perched water table to the sand aquifer.
Within the sand, horizontal groundwater flow is expected to dominate.

3.2.2 Hydraulic Conductivity

Single Well Response Tests (SWRT) were performed by SLR at all monitoring wells to measure
the hydraulic conductivity of the soil materials surrounding the well screen at each location.
Tests were completed by lowering a 1 m long slug into each well to create a change in hydraulic
head. Hydraulic conductivity values were estimated by measuring the rate of change in recovery
of the water level once the slug was inserted into the well (also known as a Falling Head Test).
Once the Falling Head Test was terminated, the slug was removed and the subsequent rate of
change in the water level was recorded (also known as a Rising Head Test). Water levels in
each well were recorded using a datalogger. Tests were terminated once either 80% recovery
had been attained, or 30 minutes of elapsed time.

Hydraulic conductivity values were calculated from the displacement-time data using the
Bouwer and Rice (1976) method for unconfined aquifers, and the Hvorslev (1951) method for
confined aquifers, as modeled by Agtesolv™ software. The analysis results are presented in
Appendix D and summarized in Table 3-3. Based on the results of this analysis, the calculated
hydraulic conductivity of the perched water table within the sandy silt Tavistock Till is

4.5x10° m/s, the hydraulic conductivity of the silty clay is 4.8x108 m/s, and the hydraulic
conductivity of the Orangeville Moraine sand at BH20-2d is 1.9x10° m/s.

Hydraulic conductivity was additionally calculated using Hazen’s Method and Puckett’'s Method
on the grain size analyses completed by both Alston (2020) (Appendix C1) and Watters (2020)
(Appendix C2). Hazen’s Method is typically used for calculating the hydraulic conductivity of
high permeability sand and gravel soils from grain size data (Hazen, 1911). This method utilizes
the effective diameter at which 10% of the grains are finer, or d10. This method was utilized on
the sand sample from BH20-2. Using Hazen’s Method, the resulting K value for the Orangeville
Moraine sand is approximately 1.3x10* m/s (Table 3-3). Puckett’s Method is typically used for
calculating the hydraulic conductivity of low permeability clay and silt soils from grain size data
(Puckett, et al., 1985). This method utilizes the percentage of the total sample that is finer than
0.002 mm by weight. This method was utilized on the sandy silt soil samples from TP1, TP5,
and BH20-2. Using Puckett’'s Method, the resulting K value for the sandy silt Tavistock Till is
approximately 4.4x10° m/s (Table 3-3).

Based on the combined results of the SWRTs and grain size analyses, the geometric mean
hydraulic conductivity (K) value of the sandy silt Tavistock Till is 5.2x10-® m/s, geometric mean
K value for the Orangeville Moraine sand is 5.1x10° m/s, and geometric mean K value for the
silty clay Maryhill Till is 4.8x10® m/s (Table 3-3).
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The hydraulic conductivity value of 5.2x10¢ m/s for the sandy silt till is higher than typically
expected for till. This high hydraulic conductivity value is due to the presence of numerous
high-permeability sand seams throughout the site, as noted in the Watters (2020) borehole logs
and Alston test pit logs (Appendix C).

Table 3-3: Summary of Hydraulic Conductivity and Percolation Rates

Stratigraphic | MW/ BH | Sample | Test Type | Analysis | KValue | Geomean Average
Unit /TP ID Method (ml/s) K Value | Percolation
(ml/s) Rate
(min/cm)
Sandy Silt TP1 S2 Grain Size | Puckett 1.5x10°% | 5.2x10° 27.5
(Tavistock Till) | TP1 S5 Grain Size | Puckett 4.1x10%
TP5 S2 Grain Size | Puckett 5.0x10-6
TP5 S5 Grain Size | Puckett 2.2x10°
MW20-1s SWRT: Hvorslev: 3.8x10%
Falling Confined
Head
BH20-2 |SS5 Grain Size | Puckett 8.4x10”7
BH20-2 | SS3A Grain Size | Puckett 2.2x10®
BH20-2 | SS3B Grain Size | Puckett 8.4x10”7
MW20-3 SWRT: Hvorslev: 2.2x10°
Falling Confined
Head
SWRT Hvorslev: 1.7x10%
Rising Confined
Head
MW20-4 SWRT: Bouwer- 4.8x10°
Rising Rice:
Head Unconfined
Sand MWwW20-2d SWRT: Bouwer- 1.9x10-° 5.1x10° -
(Orangeville Rising Rice:
Moraine) Head Unconfined
BH20-2 |SS8 Grain Size | Hazen 1.3x10*
Maryhill Til MW20-1d SWRT: Hvorslev: 4.8x108 | 4.8x108 -
Rising Confined
Head

3.2.3 Percolation Rates

An estimation of the percolation rate of the soils within the study area was produced empirically
using the method developed by Toronto and Region Conservation Authority (TRCA) and Credit
Valley Conservation (CVC) (2010) and the results of the grain size analyses for the surficial
sandy silt unit. The average percolation rate of the surficial sandy silt till is expected to be
approximately 70.64 mm/hr, and the resulting percolation time is approximately 27.5 min/cm.
This estimated percolation time is consistent with the geotechnical study by Alston (2020) that
assessed the percolation time for the sandy silt as 25 min/cm. Results are summarized in
Table 3-3.
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3.24 Groundwater Flow Velocity

Groundwater velocity was calculated using the following equation:

Ki
v=—
n
where:
v = is the groundwater velocity, in [m/s]

= is the hydraulic conductivity = 5.2x10° m/s
[ = is the horizontal hydraulic gradient = 0.0004 m/m

n = is the effective porosity, assumed to be 0.2 for till (Terzaghi, et al.,
1996)

Therefore, the horizontal groundwater velocity within the Tavistock Till, or sandy silt, on site is
calculated to be approximately 1.0x10® m/s.

3.25 Groundwater Chemistry

3.2.5.1 March 2020 Sampling Event

Four (4) water samples were taken from site on March 2, 2020, to test groundwater quality
against Ontario Drinking Water Quality Standards (ODWS). Samples were taken from
MW20-1s, MW20-1d, MW20-2d, and MW20-4, and the exceedances are summarized in
Table 5.

The sample from MW20-1s exceeded Schedule 1 (Microbiology) and 2 (Chemical) Standards
for Total Sodium (Na) and exceeded Aesthetic and Operational (AO) Guidelines for Apparent
Colour, Total Dissolved Solids (TDS), Turbidity, Chloride (Cl), Hardness (as CaCO3), and Total
Sodium (Na). The sample from MW20-1d exceeded Schedule 1 and 2 Standards for Total
Coliforms and Total Na, and exceeded AO Guidelines for Apparent Colour, TDS, Turbidity,
Hardness (as CaCO3), and Total Manganese (Mn). The sample from MW20-2d exceeded
Schedule 1 and 2 Standards for Nitrate (as N) and exceeded AO Guidelines for Apparent
Colour, Turbidity, and Hardness (as CaCO3). The sample taken from MW20-4 exceeded
Schedule 1 and 2 Standards for Total Coliforms and Total Na, and exceeded AO Guidelines for
Apparent Colour, TDS, Turbidity, Cl, Hardness (as CaCO3), and Total Na.

The detection limit exceeded the Schedule 1 and 2 Standards for E. Coli and Total Coliforms in
the samples from MW20-1s and MW20-2d, and therefore an assessment for these samples
cannot be made against these standards. The analysis report by ALS (2020) is provided in
Appendix E.

3.2.5.2 Low-Flow Sampling Event

Five (5) water samples were taken from site on October 8, 2020, to supplement existing
geochemical data and test groundwater quality against ODWS. Sampling was conducted using
the low-flow method. A peristaltic pump was used to draw water from the well at a rate of

100 mL per minute or less. The pump intake was placed at the approximate centre of the well
screen, and a flow-through cell was used to monitor the parameters. Once the well had been
purged and parameters stabilized, the well was sampled. MW20-1s, MW20-1d, MW20-2d,
WM20-3 and MW20-4 were sampled, and the exceedances are summarized in Table 6.
MW?20-2s was not sampled as it was dry at the time of the sampling event.
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The samples from MW20-1s, MW20-1d, and MW20-4 exceeded AO Guidelines for Apparent
Colour and Total Dissolved Solids, and the samples from all wells exceeded AOG for
Turbidity and Hardness (as CaCO3). The samples from MW20-1s and MW20-4 exceeded
AOG for Chloride (Cl) and Sodium (Na). In addition, the sample from MW20-4 exceeded
AOG for Total Iron (Fe), and the samples from MW20-1d, MW20-3 and MW20-4 exceeded
AO Guidelines for Total Manganese (Mn).

The sample from MW20-2d exceeded Schedules 1 and 2 Standards for Total Nitrate (as N).
The samples from MW20-1s, MW20-2d, and MW20-3 exceeded Schedule 1&2 for Total
Coliforms, and the samples from MW20-1s, MW20-1d, and MW20-4 exceeded Schedule 1&2
for Total Sodium (Na). The analysis report by ALS (2020) is provided in Appendix E.
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Table 3-4: Groundwater Chemistry Results

Parameter Guideline Limit Lowest Units MW20-1s MW20-1d | MW20-2d MwW20-4
(Schedule 1&2 / Detection
AO) Limit
Physical Tests (Water)
Colour, Apparent -/5 2.0 CcuU 46.7 27.2 10.2 42.5
Conductivity - /- 3.0 umhos/cm 1960 1100 628 2890
pH -/6.5->8.5 0.10 pH units 7.50 7.80 7.85 7.43
Redox Potential -/- -1000 mV 240 228 230 246
Total Dissolved Solids - /500 20 mg/L 1240 701 365 1840
Turbidity -/5 0.10 NTU 1960 84.2 30.5 213
Anions and Nutrients (Water)
Alkalinity, Bicarbonate (as CaCO3) -/- 2.0 mg/L 443 232 236 331
Alkalinity, Carbonate (as CaCO3) -/- 2.0 mg/L <2.0 <2.0 <2.0 <2.0
Alkalinity, Hydroxide (as CaCO3) -/- 2.0 mg/L <2.0 <2.0 <2.0 <2.0
Alkalinity, Total (as CaCO3) -/30->500 2.0 mg/L 443 232 236 331
Ammonia, Total (as N) -/- 0.010 mg/L 0.011 0.060 0.011 <0.010
Bromide (Br) -/- 0.10 mg/L <0.10 <0.10 <0.10 <0.10
Chloride (Cl) -/ 250 0.50 mg/L 479 204 20.5 760
Computed Conductivity -/- uS/cm 1810 1010 572 2490
Conductivity % Difference -/- % -8 -8 -9 -15
Fluoride (F) 1.5/- 0.020 mg/L 0.051 0.089 0.048 0.042
Hardness (as CaCQ3) -/80->100 mg/L 502 382 316 807
lon Balance -/- % 90 104 112 105
Langelier Index -/- - 1 1 1 1
Nitrate (as N) 10/ - 0.020 mg/L 5.09 1.28 11.5 2.37
Nitrite (as N) 1/- 0.010 mg/L <0.010 0.418 <0.010 <0.010
Saturation pH -/- pH 6.73 717 7.14 6.75
Orthophosphate-Dissolved (as P) -/- 0.0030 mg/L <0.0030 <0.0030 <0.0030 <0.0030
TDS (Calculated) -/- mg/L 1180 598 358 1590
Sulfate (SO4) -/ 500 0.30 mg/L 13.5 415 28.0 35.9
Anion Sum -/- me/L 21.5 10.6 5.88 27.8
Cation Sum -/- me/L 19.3 10.9 6.57 29.1
Cation - Anion Balance -/- % -5 2 5 2
Inorganic Parameters (Water)
Silica - /- 0.21 | mg/L | 7.26 16.9 11.4 16.4
3
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Parameter Guideline Limit Lowest Units MW20-1s MW20-1d | MW20-2d | MW20-4

(Schedule 1&2 / Detection
AO) Limit
Bacteriological Tests (Water)
E. Coli 0/- 0 CFU/100mL <2 0 <10 0
Total Coliform Background -/- 100 CFU/100mL 5000 14200 6900 64000
Total Coliforms 0/- 10 CFU/100mL <1000 200 <10 100
Metals (Water)
Sodium Adsorption Ratio | -/- | 0.10 | SAR | 4.11 | 163 | 013 | 457
Total Metals (Water)

Aluminum (AD)-Total -/0.1 0.010 mg/L <0.010 0.011 0.016 <0.050
Antimony (Sb)-Total 0.006 / - 0.00010 mg/L <0.00010 0.00029 <0.00010 <0.0010
Arsenic (As)-Total 0.01/- 0.00010 mg/L 0.00013 0.00127 0.00017 <0.0010
Barium (Ba)-Total 1/- 0.00020 mg/L 0.0597 0.144 0.0372 0.175
Beryllium (Be)-Total -/- 0.00010 mg/L <0.00010 <0.00010 | <0.00010 <0.0010
Bismuth (Bi)-Total -/- 0.000050 mg/L <0.000050 | <0.000050 | <0.000050 | <0.00050
Boron (B)-Total 5/- 0.010 mg/L 0.011 0.026 <0.010 <0.10
Cadmium (Cd)-Total 0.005/ - 0.000010 mg/L 0.000012 <0.000010 | <0.000010 | <0.000050
Calcium (Ca)-Total -/- 0.50 mg/L 152 91.0 85.5 218
Cesium (Cs)-Total -/- 0.000010 mg/L <0.000010 | <0.000010 | <0.000010 | <0.00010
Chromium (Cr)-Total 0.05/ - 0.00050 mg/L 0.00062 <0.00050 0.00056 <0.0050
Cobalt (Co)-Total -/- 0.00010 mg/L <0.00010 0.00043 <0.00010 <0.0010
Copper (Cu)-Total -/1 0.0010 mg/L 0.0014 0.0016 0.0013 <0.0050
Iron (Fe)-Total -/0.3 0.050 mg/L <0.050 <0.050 <0.050 <0.10
Lead (Pb)-Total 0.01/- 0.00010 mg/L <0.00010 0.00014 <0.00010 | <0.00050
Magnesium (Mg)-Total -/- 0.050 mg/L 29.7 37.5 24.9 63.5
Manganese (Mn)-Total -/0.05 0.00050 mg/L 0.0160 0.152 0.0152 0.0499
Molybdenum (Mo)-Total -/- 0.000050 mg/L 0.000130 0.00397 0.000299 | <0.00050
Nickel (Ni)-Total -/- 0.00050 mg/L <0.00050 0.00093 <0.00050 <0.0050
Phosphorus (P)-Total -/- 0.050 mg/L <0.050 <0.050 <0.050 <0.50
Potassium (K)-Total -/- 0.050 mg/L 1.12 4.35 1.03 1.98
Rubidium (Rb)-Total -/- 0.00020 mg/L 0.00036 0.00096 0.00035 <0.0020
Selenium (Se)-Total 0.05/ - 0.000050 mg/L 0.000204 0.000595 | 0.000293 | <0.00050
Silicon (Si)-Total -/- 0.10 mg/L 3.39 7.88 5.32 7.7
Silver (Ag)-Total -/- 0.000050 mg/L <0.000050 | <0.000050 | <0.000050 | <0.00050
Sodium (Na)-Total 20/200 0.50 mg/L 212 73.3 5.11 298
Strontium (Sr)-Total -/- 0.0010 mg/L 0.274 0.254 0.150 0.441
Sulfur (S)-Total -/- 0.50 mg/L 5.45 15.0 10.1 11.9
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Parameter Guideline Limit Lowest Units MW20-1s MW20-1d | MW20-2d MW20-4
(Schedule 1&2 / Detection
AO) Limit
Tellurium (Te)-Total -/- 0.00020 mg/L <0.00020 <0.00020 | <0.00020 <0.0020
Thallium (TI)-Total -/- 0.000010 mg/L <0.000010 | <0.000010 | <0.000010 | <0.00010
Thorium (Th)-Total -/- 0.00010 mg/L <0.00010 <0.00010 | <0.00010 <0.0010
Tin (Sn)-Total -/- 0.00010 mg/L 0.00106 0.00252 0.00134 <0.0010
Titanium (Ti)-Total -/- 0.00030 mg/L <0.00030 <0.00030 | <0.00030 <0.0030
Tungsten (W)-Total -/- 0.00010 mg/L <0.00010 <0.00010 | <0.00010 <0.0010
Uranium (U)-Total 0.02 /- 0.000010 mg/L 0.000214 0.00250 0.000302 0.00068
Vanadium (V)-Total -/- 0.00050 mg/L <0.00050 <0.00050 | <0.00050 <0.0050
Zinc (Zn)-Total -/5 0.0030 mg/L <0.0030 0.0036 <0.0030 <0.030
Zirconium (Zr)-Total -/- 0.00030 mg/L <0.00030 <0.00030 | <0.00030 <0.0020
bold = sample concentration exceeds guideline
italic = detection limit exceeds guideline
3
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3.2.5.3 Discussion of Groundwater Chemistry Results

Exceedances of criteria were consistent between the two sampling events, which indicates that
samples taken from site were representative of stable sitewide conditions. Apparent Colour for
AO Guidelines was exceeded by all samples during the March 2020 sampling event and by
MW20-1s, MW20-1d, and MW20-4 during the October 2020 sampling event. Total Dissolved
Solids (TDS) was exceeded by MW20-1s, MW20-1d, and MW20-4 during both sampling events.
Both turbidity and hardness (as CaCO3) exceeded AO Guidelines for all wells sampled during
both sampling events. The consistent failure across all wells for parameters dependent on
hardness (i.e., apparent colour, TDS, turbidity, hardness) indicates that the shallow groundwater
present on site is extremely hard in nature. The persistence of these water quality issues
despite low-flow sampling methods used during the October sampling event indicate that the
high TDS and turbidity of the samples are due to the hardness of the water, and not sediment
content or sampling error.

Both Sodium and Chloride exceeded AO Guidelines for MW20-1s and MW20-4 during both
sampling events, and sodium exceeded Schedule 1 and 2 Limits for MW20-1s, MW20-1d and
MW20-4 during both sampling events. Most exceedances occurred in wells MW20-1s,
MW20-1d, and MW20-4, and parameters typically failed across all 3 wells. This indicates that
both MW20-1s/d and MW20-4 are susceptible to the same sources of contamination.

These well are located closest to the road and are screened within the shallow Tavistock Till
unit. Road runoff is typically high in sodium and chloride due to salting of roads in the winter.
Therefore, road runoff and the susceptibility of the Tavistock Till unit to contamination are likely
the causes of low water quality in these wells. Furthermore, both MW20-1s and MW20-1d failed
for many contaminants, indicating that even at depth, the Tavistock Till unit is susceptible to
surface contamination.

Iron exceeded AO Guidelines in MW20-4 during the October sampling event. All other wells
were below the detection limit for iron during both sampling events, and therefore it is
anticipated that this exceedance is due to contamination of the sample and not representative of
shallow groundwater conditions. Manganese exceeded AO Guidelines for MW20-1d during the
March sampling event and MW20-1d, MW20-3, and MW20-4 during the October sampling
event. Manganese is considered a typical contaminant in groundwater and may be easily
treated by standard drinking water treatment systems.

Nitrate exceeded Schedule 1 and 2 Limits in MW20-2d during both the March and October
sampling events. Total coliforms exceeded Schedule 1 and 2 limits in MW20-1d and MW20-4
during the March sampling event and in MW20-1s, MW20-2d, MW20-3 during the October
sampling event. The past and present land use of agriculture is a source of elevated nitrate and
coliforms which are derived from fertilizer applications. Overall, the concentration of nitrate in
the groundwater was higher during the March sampling event than during the October sampling
event. During the August 25 monitoring event, it was noted by SLR staff that no crops had been
planted on the property. Therefore, no fertilizer would have been applied during the growing
season in 2020. It is interpreted that high nitrate levels in the spring of 2020 were due to
fertilizer applications the previous year or runoff from surrounding fields, and over the course of
the year nitrate conditions in the shallow groundwater declined with no continued application of
fertilizer. Conversely, the nitrate concentration in the deep well MW20-2d increased from

March to August 2020. This may be explained by the transport of existing nitrogen with
groundwater as it percolates down into the lower aquifer. The Orangeville Moraine forms an
extensive aquifer in the area, and therefore surrounding agriculture likely contributes to the
nitrate concentration in this lower aquifer. The March 2020 nitrate concentrations are considered
to be more representative of on-site conditions during a normal farming year.
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The concentration of nitrate in the groundwater in the Tavistock Till decreased uniformly across
all wells by approximately 2 mg/L from the March 2020 sampling event to the October 2020
sampling event. Therefore, the buffering capacity of the on-site soils is considered to be good,
and capable of reducing nitrate concentrations by approximately 2 mg/L over the course of

7 months.

4.0 Water Balance
4.1 Water Budget Methodology

411 Water Surplus

The water surplus describes the difference between precipitation and evapotranspiration (ET) to
estimate the amount of water or surplus that is available to contribute to infiltration and runoff.
The surplus was calculated using the monthly soil-moisture balance approach as described in
Thornthwaite and Mather (1957). Surplus on impermeable surfaces is assumed to be 90% of
the precipitation. A soil moisture storage value of 200 mm was used, which is appropriate for silt
loam and moderately — deep rooted crops. Data for average monthly precipitation and
temperature was derived from the 1981 — 2010 climate normals from the Orangeville
Meteorological Station. Actual evapotranspiration is calculated based on a potential ET (or PET)
and soil-moisture storage withdrawal. Monthly PET is estimated using monthly temperature data
and is defined as a water loss from a homogeneous vegetation-covered area that never lacks
water (Thornthwaite, 1948).

41.2 Infiltration Factors

The partitioning of the water surplus between runoff and infiltration depends on soil type,
topography and vegetation cover. Water will infiltrate more easily through sands compared to
clays, on flat slopes compared to steep slopes, and through natural vegetated soils compared to
agricultural crops or urban areas. The method developed by Bernard (1932) and described by
the Ministry of the Environment and Energy (MOEE) (1995) was used to estimate infiltration for
the site. The infiltration factors are described in the MOEE manual and are reproduced here for
reference (Table 4-1). The infiltration factor is calculated by adding the individual sub-factors at
the site. The water surplus is then multiplied by the total infiltration factor to determine the
partitioning between the amount of runoff and the amount of infiltration that occurs annually.
The runoff is the total amount of surplus remaining after taking into account infiltration or

(1) — (infiltration factor) = (runoff factor).
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Table 4-1: MOEE (1995) Infiltration Factors

Description of the Area Value of Infiltration Factor

Topography
e Average slope factor of 0.5% 0.25
e Average slope factor of 1% 0.20
Soil
e Till Clay to silt-textured till (derived from glaciolacustrine 0.20'

deposits or shale)
Cover
e Forest 0.15
e Agriculture 0.10
Note: 1 - Modified from MOEE (1995), Technical Guidelines for the Preparation of Hydrogeological Studies for Land
Development Applications to be consistent with site-specific conditions.

4.2 Water Budget

421 Pre-Development Conditions

The total yearly precipitation recorded by the Orangeville Meteorological Station was

901.6 mm/year. The calculated actual ET (or AET) based on the Thornthwaite and Mather
monthly water balance model is approximately 555 mm within the study area. The result for ET
is consistent with the average ET calculated over the entire Grand River Watershed, determined
to be approximately 519 mm/year (Shifflett, 2014). The calculated PET for the study area is

577 mm/year, or about 64% of the total precipitation. There is a total soil moisture deficit of
about 80 mm/year, equivalent to 9% of the total precipitation in the study area. The estimated
water surplus for the site area is approximately 345 mm/year (38% of the total precipitation).
This surplus amount is consistent with the average surplus calculated over the entire Grand
River Watershed, reported as 355 mm/year (Shifflett, 2014).

Based on OGS surficial geology mapping, borehole and test pit data, the site is underlain by
sandy silt-textured Tavistock till (infiltration factor of 0.20 modified to suit the higher than typical
permeability of the unit at this site) and the site has a flat topography (infiltration factor of 0.25)
but is slightly steeper within the wooded area (infiltration factor of 0.20). Based on the NHIC
mapping (Appendix B2) and observations by SLR staff during site visits, the land use is
dominated by agricultural fields (infiltration factor of 0.1) and a wooded area (infiltration factor of
0.15). Table 4-2 presents the interpreted soil infiltration factors used for the site-wide water
budget. The selection of these values is based on the MOEE (1995) values shown in Table 4-1.

Using the method in the MOE stormwater management (SWM) manual and MOEE (1995) for
guidance, it is estimated that approximately 45% (156 mm/year) of the surplus runs off, and the
remaining 55% (191 mml/year) infiltrates. Based on a site area of 26.89 ha, it is estimated that
51,280 m?/year of rain infiltrates and 41,948 m3/year runs off. Results are summarized in

Table 4-3 and Table 4-4 below.

Table 4-2: Infiltration Factors for the Site

Description of Area Agriculture Forest
Topography 0.25 0.20
Soils 0.20 0.20
Vegetation 0.10 0.15
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Description of Area Agriculture Forest

Infiltration Factor 0.55 0.55

Runoff Factor 0.45 0.45

4.2.2 Post-Development Conditions

The proposed development on site will include low density residential units, a swale, roads,
open space, and a SWM pond. The site plan, prepared by IPS, is given in Appendix A.

Based on discussions with Valdor Engineering regarding the stormwater design the roads and
walkways will be constructed with an impervious factor of 0.50. Full details regarding the
stormwater design are given in Valdor Engineering’s Functional Servicing and Stormwater
Management Report. The proposed development will increase the area of impermeable
surfaces to approximately 9.36 ha (Table 4-4). It is estimated that post-development,

30,390 m®/year (113 mm/year) of precipitation will infiltrate (a decrease of 41%), and

106,361 m®/year (396 mm/year) of precipitation will run off (an increase of 154%). As much

of the runoff will be collected in the SWM system, this will not be available for recharge
post-development. A 1.23 ha swale is proposed across the western portion of the site.
Through the use of this Low Impact Development (LID) measures such as infiltration trenches or
swales, particularly focused along the drainage feature channel, the percent reduction to
groundwater recharge could be decreased.
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Table 4-3: Pre-Development Water Balance

Land Use Area | Impervious | Impervious | Water Surplus | Runoff from | Pervious | Water Surplus Runoff Runoff Volume | Infiltration Infiltration Total Total Total Runoff Total
(ha) Factor Area on Impervious | Impervious Area on Pervious | Coefficient | from Pervious | Coefficient | Volume from Runoff Infiltration Volume Infiltration
(ha) Surfaces Area (ha) Surfaces (mlyr) Area Pervious Area | Volume Volume (m?3/yr) Volume
(mlyr) (m3/yr) (m3lyr) (m3lyr) (mmlyr) (mmlyr) (m3/yr)
Agriculture 23.59 0.00 0.00 0.811 0.00 23.59 0.347 0.45 36,800 0.55 44,986 156 191 36,800 44,986
Wooded 3.30 0.00 0.00 0.811 0.00 3.30 0.347 0.45 5,148 0.55 6,294 156 191 5,148 6,294
Area
Total 26.89 - 0 - 0 26.89 - - 41,948 55% 51,280 156 191 41,948 51,280
Table 4-4: Post-Development Water Balance
Land Use Area | Impervious | Impervious | Water Surplus | Runoff from | Pervious | Water Surplus Runoff Runoff Volume | Infiltration Infiltration Total Total Total Total
(ha) Factor Area on Impervious | Impervious Area on Pervious | Coefficient | from Pervious | Coefficient | Volume from Runoff Infiltration Runoff Infiltration
(ha) Surfaces Area (ha) Surfaces Area Pervious Area | Volume Volume Volume Volume
(mlyr) (m3lyr) (mlyr) (m3/yr) (m3lyr) (mml/yr) (mmlyr) (m3lyr) (m3/yr)
Residential 19.75 0.29 5.73 0.811 46,475 14.02 0.347 0.50 24,313 0.50 24,313 358 123 70,788 24,313
Swale 1.23 0.00 0.00 0.811 0 1.23 0.347 0.50 2,133 0.50 2,133 173 173 2,133 2,133
SWM Pond 1.75 1.00 1.75 0.811 14,200 0.00 0.347 0.50 0 0.50 0 811 0 5,204 2,445
Open Space | 0.39 0.00 0.00 0.811 0 0.39 0.347 0.50 676 0.50 676 173 173 676 676
Roads & 3.77 0.50 1.89 0.811 15,296 1.89 0.347 0.50 3,268 0.50 3,268 492 87 18,564 3,268
Walkway
Total 26.89 - 9.36 - 75,971 17.53 - - 30,390 - 30,390 396 113 106,361 30,390
Runoff Infiltration
Pre — to — Post Development Change (%) +154% -41%
Pre — to — Post Development Change (m3/yr) +64,413 -20,890
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5.0 Septic System Servicing Assessment

5.1 On-Site Sewage Systems

Based on a previous Concept Plan provided by IPS, each lot will have an individual septic
system to manage domestic waste. At total of 78 lots are proposed on the 26.89 ha Marsville
Estates site, which is a lot density of 2.90 lots/ha. The assessment of septic sewage capacity for
the proposed development was assessed based on the MECP document titled, “D-5-4
Individual On-Site Sewage Systems: Water Quality Impact Risk Assessment”. This document
applies to developments with 5 or more units with individual on-site septic sewage systems.

Every proposed development involving on-site sewage systems requires an assessment of the
groundwater impact potential. The purpose of the assessment is to ensure that the combined
effluent discharges from all the individual on-site sewage systems in a development will have a
minimal effect on the groundwater and the present or potential use of the adjacent property.

For the purposes of this Guideline, the ODWS of 10 mg/L of nitrate/nitrogen is used as an
indicator of groundwater impact potential. Since the proposed lot sizes are less than 1 ha, a
detailed risk assessment is required to ensure concentrations of nitrate in groundwater will not
exceed 10 mg/L at the downgradient site boundary. For the purposes of this Study, a Monitoring
Based Septic Assessment approach will be applied, per Section 5.6.1 of Procedure D-5-4
(MECP, 1996).

SLR has utilized the nearby Thunderbird Subdivision to apply a Monitoring Based Septic
Assessment for the Marsville Estates site. The existing Thunderbird subdivision is located
immediately northwest of County Road 3, approximately 900 m southwest of the Marsville
Estates site (Figure 1). The Thunderbird Subdivision is an on-site sewage system based
development in a similar hydrogeological environment to the Marsville Estates site. Since the
Thunderbird Subdivision has been in place for a lengthy period of time, information on existing
groundwater quality can be used to demonstrate the combined effect of all available attenuative
processes (i.e. infiltration, and dilution). This empirical information may then be used to help
predict the impact of the proposed development. SLR would like to thank Thomasfield Homes
and GMBIluePlan Engineering for sharing their long-term monitoring data from the Thunderbird
Subdivision and the proposed Graham Property Subdivision. This includes the following reports
that have been used by SLR to compare hydrogeological conditions and assess the long-term
attenuation capabilities of the local aquifer to support a Monitoring Based Assessment of
potential nitrate impacts under MECP Procedure D-5-4, Section 5.6.1:

e WSP Hydrogeological Assessment: “Proposed Marsville Heritage Estate Development”
(WSP, 2014);

o WSP Memo: “Estimated Soil Percolation Rates — Marsville Heritage Estate
Development” (WSP, 2017);

e Geo Kamp Technical Memo #1: “Nitrate Isotope Testing BH3, BH5, and BH9”
(GeoKamp, 2018a);

o Geo Kamp Technical Memo #3: “Water Table Slope and Deep Borehole Performance
Testing (BH1d, BH8 and BH12)” (GeoKamp, 2018b);

e Geo Kamp Technical Memo #4: “Marsville Heritage Estates Development regarding
Additional Hand Auger Holes” (GeoKamp, 2018c);
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¢ GMBIluePlan Engineering (GMBP) Hydrogeological Study for Graham Property
Subdivision Part of Lot 5, Concession 13, Geo. Twp of Garafraxa (2020);

e V.A. Wood Inc. (Wood) Geotechnical Investigation: “Marsville North Subdivision,
Maple Street, Township of East Garafraxa (Marsville), Ontario” Ref No. G4223-20-2.
(WSP, 2017)

5.1.1 Test Site Description

The Thunderbird Subdivision is a residential subdivision 10.3 ha in area with a total of

40 residential lots and therefore a lot density of 3.9 lots/ha. The Thunderbird Subdivision is
serviced by the Marsville Supply Well and private on-site sewage systems. The property
immediately northwest of the Thunderbird Subdivision is the site of the proposed Marsville
Heritage Estates subdivision (Appendix F). The Marsville Heritage Estates property is located
downgradient of the Thunderbird Subdivision and has been monitored extensively, and the
results of this monitoring will be used to assess the impact of the Thunderbird Subdivision on
neighbouring properties.

5.1.2 Test Site Hydrogeological Environment

Surficial geology mapping indicates that the Thunderbird Subdivision is underlain by the
Tavistock Till (Figure 3). This is the same formation encountered at surface within the Marsville
Estates property. Geotechnical assessments have been completed by WSP (2017), V.A. Wood
(2020) and GeoKamp (2018) for the Heritage Estates property adjacent to the Thunderbird
Subdivision. These studies have found the stratigraphy underlying the Heritage Estates property
consists of the surficial Tavistock Till aquitard underlain by the Orangeville Moraine Aquifer.
This same stratigraphy was encountered at the Marsville Estates site and is shown on Figure 4.
Grain size distribution curves reported by WSP (2017) show similar characteristics to those
reported by Alston (2020) (Appendix C) are given in Appendix F. Cross sections created by
WSP (2016) show the subsurface stratigraphy extending from the Thunderbird Subdivision to
the Marsville Estates property. WSP cross sections are given in Appendix F and have been
colorized to show the formations present below the site.

Groundwater level monitoring completed at the Heritage Estates property by WSP has shown
that a downwards hydraulic gradient exists on site (i.e., shallow groundwater levels are higher
than deep groundwater levels) (WSP, 2014). SLR concluded that a downwards hydraulic
gradient (i.e., recharge condition) also exists on site at the Marsville Estates site. Also, both
sites show groundwater levels in the Orangeville Moraine aquifer to be more stable over time
than in the surficial Tavistock Till aquitard. Hydrographs created by WSP are provided in
Appendix F.

Both GeoKamp (2018) and WSP (2014) reported that the dominant direction of groundwater
flow at the Heritage Estates site is towards the northwest. This is consistent with the direction
of groundwater flow at the Marsville Estates site, which SLR determined to be to the northwest
(Figure 7). Additionally, the water levels measured at the Heritage Estates test site by GMBP
are consistent with the water levels measured at the Marsville Estates study site by SLR;
GMBP measured a water table elevation of 478.86 — 479.09 masl within the Orangeville
Moraine Aquifer (GMBP, 2020), and SLR measured a water table elevation of

479.15 — 479.32 masl. Since the Marsville Estates study site has a slightly higher
groundwater table elevation within the Orangeville Moraine aquifer, it can be deduced that
groundwater flow within the Orangeville Moraine aquifer is towards the west.
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The on-site recharge rate for the Thunderbird site was estimated by GMBP (2020) to be
approximately 126 mm/yr. This is consistent with the on-site recharge rate for the Marsville site,
which was estimated by SLR to be 191 mm/yr. Based on these findings, the Test Site is
deemed to be similar to the Site in terms of hydrogeological characteristics and therefore

is suitable to support evaluation of sewage system impacts for the purpose of the
Monitoring-Based Assessment.

51.3 Test Site Septic Conditions

Both the Thunderbird Subdivision test site and the Marsville Estates study site are residential
subdivisions with private on-site sewage systems. The Thunderbird Subdivision is municipally
serviced for water supply, whereas the proposed Marsville Estates development will rely on
individual private wells. Since both sites have the same land use and subsurface conditions,
the septic effluent quality and quantity is expected to be the same across both sites.
Furthermore, the Thunderbird Subdivision test site has a higher lot density than the proposed
Marsville Estates study site, and therefore the Thunderbird Subdivision is expected to provide a
conservative assessment of any off-site impacts due to septic systems used on site.

514 Monitoring of the Test Site

Groundwater monitoring has been primarily conducted by WSP for the Heritage Estates
monitoring site. A total of eleven (11) monitoring wells were installed at the monitoring property.
Six (6) of the MWs were screened within the Tavistock Till and five (5) of the MWs were
screened within the Orangeville Moraine. Water levels on site were monitored by WSP between
November 2013 and April 2018 and by Geo Kamp between November 2017 and April 2018.
Therefore, both spring high and summer/fall low water levels on site have been measured for a
total of 5 years at the Heritage Estates monitoring site.

The Heritage Estates monitoring site was sampled a total of eight (8) times over four (4) years;
in April 2014, May and December 2015, and March 2016 by WSP, and in December 2017, and
February, April, and May 2018 by Geo Kamp (GeoKamp, 2018a; GeoKamp, 2018b; GeoKamp,
2018c). Sampling occurred in both spring and winter and took place across an extensive period
of time. Therefore, the monitoring completed by WSP and Geo Kamp at the Heritage Estates
monitoring site has produced results which accurately represent water quality conditions
beneath the existing development.

5.1.5 Test Site Monitoring Results

The results of monitoring by WSP and Geo Kamp have been summarized by GMBP (2020) as
follows:

“The results among the “near-side” wells (BH1D, BH2, MW5, HA8S), closest to the sewage
systems, indicate shared characteristics, such as low ammonia, low nitrate (highest reading
being 2.16 mg/L at MW5). Moderate Total Kjeldahl Nitrogen (TKN) concentration (except at
BH1D where TKN was below detection) and organic nitrogen exceeding the ODWS
[Operational Guidelines] (except at BH1d).

Regarding the “far-side” wells (MW1, BH3, BH45, BH9, and MW?2), furthest from the sewage
systems and in the agriculture lands, it is readily apparent that this group of wells shows
significantly different hydrogeochemistry. TKN and Total Ammonia register below the detection
limit in all of the wells in this group, while nitrate concentrations are elevated, exceeding 10
mg/L in all four of the aquitard wells and reaching 9.48 mg/L in the one sand well in this group.

[.]
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It is noted that organic nitrogen has been detected in the group of wells on the “near-side” of the
Monitoring Parcel (i.e., immediately downgradient of the shared boundary with the Test Site)
and screened within the aquitard. Organic nitrogen in groundwater is a common occurrence in
groundwater that is affected by sewage system effluent. As such, these low concentrations of
organic nitrogen in the group of “near-side” wells indicate minor influence of the Test Site
sewage systems on the groundwater within the aquitard. It is deemed a minor influence
because if all of the available nitrogen (i.e., TKN plus nitrate and nitrite) were effectively
converted to nitrate and no denitrification occurred to remove existing nitrate from the system,
the nitrate concentration would remain about or below 3 mg/L.

When this result is viewed alongside the much higher concentrations measured in the
downgradient (i.e., “far-side” wells), it is clear that the source of nitrate must be due to a source
other than the septic systems. Prior study by GeoKamp (2018a, 2018c as mentioned in Section
6.1.3) has set forth a detailed case, including stable isotope analysis of 815N of nitrate in
groundwater, which indicates that where elevated nitrate concentrations were found
downgradient of the Test-Site it was most likely due to the application of synthetic fertilizers on
that area (i.e., Lot 5). This finding is corroborated by the findings of the present study because
of the low levels of organic nitrogen found in the wells, thereby ruling out manure/agricultural
source material as well as effects from septic system effluent.

[.]

From a practical perspective, the Test Site has been shown to support long term use of on-site
sewage systems at a density of 3.9 lots/ha.”

5.1.6 Site Capacity Effects Assessment

Since the hydrogeological system at the Heritage Estates Test Site is capable of providing
significant attenuation of nitrate from the septic system, these results can be used to determine
the capacity of the Marsville Estates study site.

“Predictive Assessment” calculations as outlined in MECP Procedure D-5-4 can be applied to
the Marsville site and its proposed development to determine the “unattenuated” or potential
nitrogen concentration in groundwater in the post-development condition. This is done by
calculating the total nitrogen load and water input (by sewage effluent and hydrologic recharge)
following the same methodology used by GMBP to complete the analysis for the Test Site. It is
noted that the hydrologic input at the Marsville site is slightly more than that which has been
estimated for the Test Site: this is understood primarily to be due to the effect of slight
differences in soil texture and topographic relief.

The proposed development consists of 78 lots with an average size of 0.34 ha per lot.

The post-development infiltration was calculated to be 30,390 m®/yr based on the proposed
development plan. The average background nitrate concentration in the shallow groundwater
was measured to be 3.73 mg/L. It is expected that the background nitrate concentrations are
from normal farming practices of fertilizer applications, which will not be applied upon
conversion to a residential subdivision. Shallow groundwater flow in the perched water table is
towards the north-northwest with topography.
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The following calculations are conducted as a conservative estimate of potential nitrate loading
(based on MECP procedure D-5-4) for the specific property area:

Calculation of Nitrate (NO3) Concentration in Groundwater:

(NO4] = (Septic NO; + Supply Aquifer Input NO3) X Number of Lots
3 Available Dilution + Volume of Septic Ef fluent

(40L +3.73 L) x 78 lots
day day

m3 m3
83 7oy + "8 ay

myg
=2119—
L

Where:

Septic input NO; [d‘%y] = [Ef fluent NOs] X Ef fluent Volume
o [Effluent NOs] = 40 % = 0.04% (as per regulation)
o Effluent Volume = 1000 d%y (standard)

Supply aquifer input NO; [d%y] = Background [NOs] X Ef fluent Volume
o Background [NOs] = 3.73% = 0.0373%(standard)

, m3 1m3
Volume of Septic Ef fluent (@) = Ef fluent Volume X Number of Lots X (1000 L)
o Number of Lots =78

. oL m3] _ m3 1 year
Available Dilution [@] = (30,390year) X (365 days)
o Daily infiltration over the entire site

o Determined using a Thornthwaite & Mather Water Balance (1957) (Section 4)

Based on the above calculation, the anticipated “unattenuated” concentration of nitrate at the
site boundary is 21.19 mg/L.

By conservatively assuming a reduced attenuation factor for the site of 75% compared to the
test site, which was 88%, it is estimated that a development composed of up to 78 lots would
result in attenuated nitrogen concentrations of approximately 5.3 mg/L.

It is noted that existing moderate nitrate concentrations within the silt/till aquitard have been
identified at the site. It has been interpreted that these concentrations are due to agricultural
land use and associated fertilizer usage. Following the development of the site, the nitrate
concentrations from agriculture will decrease with time due to the cessation of agricultural use
and the associated application of fertilizer. Furthermore, the elevated nitrogen concentrations
are not seen as an impediment to development because the site is proposed to be serviced by
the public water distribution system, which draws from the bedrock and not the overburden.

From a practical perspective, the test site is able to support approximately 3.9 lots/ha without
impact to the groundwater system. Therefore, it is reasonable to expect that the proposed
development property will be able to support 2.9 lots/ha, that is, 78 lots for the 26.89 ha site
area.
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The shallow groundwater system is hydraulically separated from the deep bedrock aquifer water
supply system through the presence of more than 60 m of overburden including the clay rich
Maryhill Till aquitard. No impacts to local groundwater supply wells or Guelph Formation
bedrock aquifer are anticipated from this project.

5.1.7 Suitability of Site Soils for Leaching Beds

Based on the grain size analyses collected as part of the test pitting (Alston, 2020) and borehole
drilling programs (Watters, 2020), the shallow soils appear to be suitable to allow for the
construction of in-ground leaching beds. The t-time, or percolation time for shallow soils was
reported to be 25 min/cm by Alston (2020) and calculated to be 27.5 min/cm by SLR for the
surficial sandy silt till.

In order to use in-ground systems, a water table separation of approximately 1.2to 1.5 m s
required to meet the requirements under the Ontario Building Code (OBC). Based on the
“high” perched water table elevations measured at site in the range of 0.8 — 1.87 mbgs, the use
of partially raised beds is recommended.

Additional confirmation of soil and shallow water table conditions is recommended at each
leaching bed location prior to construction.

5.2 Groundwater Quality Impact Assessment

ODWS Guidelines mandate that nitrate concentrations in drinking water must be less than

10 mg/L. Based on the septic assessment completed in Section 5.1.6, the proposed lot density
of 2.90 lot/ha will result in a nitrogen concentration of approximately 5.3 mg/L at the site
boundary. Therefore, the ODWS Guideline will be maintained for groundwater available to
surrounding users.

Septic systems will discharge to the shallow subsurface, within the Tavistock Till aquitard.

This unit limits recharge and contamination to lower aquifers. While the lower Orangeville
Moraine aquifer has shown elevated nitrate concentrations, this aquifer is underlain by the
Catfish Creek Till (Figure 4). This extensive aquitard is impermeable and acts as a secondary
barrier to contamination. All wells in the area obtain potable water from the dolostone bedrock of
the Guelph and Gasport Formations. On average the depth to bedrock is 68.9 m (Table 2-1),
and therefore septic discharge to the shallow subsurface is not expected to impact the bedrock
aquifer.

Additionally, the dominant groundwater flow direction on site is to the northwest, and only

one property is located adjacent to the northwest site boundary. Based on the search of MECP
well records in Section 2.2, this property obtains potable water from a deep bedrock aquifer at a
depth of 68.6 mbgs. Any septic discharge in the shallow subsurface is not expected to impact a
well at this depth. One other property is located approximately 500 m downgradient from the
site, and no well record is available for this property. No well was observed during the roadside
well screening, and therefore no details are known about water servicing to this property.

To manage potential impacts to the two properties located downgradient of the site, it is
recommended that connection to the public system be extended to them and, if they continue
using wells, that they be invited to participate in a well water monitoring program to establish
baseline conditions and to provide early identification of impacts in the unlikely event that the
development of the site causes negative effects to the local aquifers.
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6.0 Potable Water Supply

Potable water servicing for the proposed Marsville Estates development will be provided
through the Marsville Municipal Supply wells which are located approximately 900 m west of
the site. These municipal wells are completed in the bedrock Guelph Formation Aquifer.

The Guelph Formation is a regionally significant, high-yield bedrock aquifer that supplies
potable water to numerous municipalities and rural properties throughout the Grand River
watershed. R.J. Burnside completed a Municipal Class Environmental Assessment (MCEA)
Study in 2023 for the Marsville Water System Expansion. Further details on the municipal
servicing can be found in the R.J. Burnside report.

7.0 Wellhead Protection Area Assessment

71 Source Protection Plan

The study area is situated within the Grand River Source Protection Area (GRSPA) and is
subject to the Grand River Source Protection Plan (SPP). The objectives of the SPP, as
established under the Clean Water Act, 2006 are as follows:

o To protect existing and future drinking water sources in the protection region; and,

o To ensure that, for every area identified in the assessment report as an area where an
activity is or would be a significant drinking water threat:

o The activity never becomes a significant drinking water threat; or,

o If the activity is occurring when the SPP took effect, the activity ceases to be a
significant drinking water threat.

The SPP identifies four vulnerable areas: Wellhead Protection Areas (WHPA), Intake Protection
Zones (IPZ), Highly Vulnerable Aquifers (HVA), and Significant Groundwater Recharge Areas
(SGRA). An intrinsic vulnerability of the underlying aquifer of an area is also assigned as low,
medium or high. A Wellhead Protection Area (WHPA) is the area around the wellhead where
land use activities have the potential to affect the quality or quantity of water that flows into the
well. These areas are delineated into zones of vulnerability (A, B, C, and D) based on the time
of travel of water into the well, and zones around a surface water body influencing a
Groundwater Under Direct Influence (GUDI) well (E, F). Other zones (Q1, and Q2) are defined
as the areas where new water takings or reduced recharge could impact the quantity of water to
municipal supply wells. The delineation requirements for each WHPA are outlined in Table 7-1.

Table 7-1: WHPA Zone Delineation Requirements

WHPA Zone Area of Vulnerability Delineation Requirement
WHPA-A Quality 100 m radius from wellhead
WHPA-B Quality 2 years travel time
WHPA-C Quality 5 years travel time
WHPA-D Quality 25 years travel time
WHPA-E Quality From point of interaction between aquifer and
surface water body influencing a GUDI well
WHPA-Q1 Quantity Area affected by groundwater use
WHPA-Q2 Quantity Area affected by recharge reduction

3%
26



Sunray Group April 17, 2026
Hydrogeological Investigation Report SLR Project No.: 243.024879.00001

The study area is partially within a WHPA-B with a Vulnerability Score of 6. The site is also
within an SGRA with a vulnerability score of 2 and an area with a low intrinsic vulnerability.
The regulated areas of the site are shown in Figure 8.

7.2 Aquifer Vulnerability Risk Assessment

A risk assessment works to establish levels of vulnerability of the municipal drinking water
systems, categorize uses and activities which could present significant threats to those systems,
and identify any existing drinking water quality and quantity issues. Vulnerability scores are
assigned to each WHPA to determine whether the risk from a drinking water threat is significant,
moderate, or low. The vulnerability score is calculated based on factors such as land cover, soil
type, permeability, slopes, hydrological conditions, depth of the well, and historical water quality
concerns. The methodology used to assign a vulnerability score based on the level of
vulnerability is shown on Table 7-2.

Table 7-2: Vulnerability Score Assessment Methodology

Zone Vulnerability Level Vulnerability Score

WHPA-A/B High
Medium
Low

WHPA-C High
Medium

-
o

Low

WHPA-D High
Medium

N DO | O OO ©

Low

The Clean Water Act, 2006 identifies nineteen (19) potential chemical and pathogen threats
set out in Ontario Regulation (O.Reg.) 287/07, and two (2) potential water quantity threats.
The circumstances of each threat and related risk level are described in the 2017 Tables of
Drinking Water Threats for Pathogens and Chemicals. The following activities are included in
the list:

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

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

(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.

3%
27



Sunray Group April 17, 2026
Hydrogeological Investigation Report SLR Project No.: 243.024879.00001

The application of pesticide to land.
The handling and storage of pesticide.
The application of road salt.

The handling and storage of road salt.

14) The storage of snow.

The handling and storage of fuel.
The handling and storage of a dense non-aqueous phase liquid.
The handling and storage of an organic solvent.

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

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)

15
16
17
18
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, and outdoor confinement area
or a farm-animal yard.

The nearest municipal well, Marsville Subdivision Well Supply (PTTW No. 8328-BQNRXE), is
approximately 900 m from the northwest corner of the site and is tapped into the underlying
Guelph Formation Aquifer. Mapping of local aquifer vulnerability was collected from two
sources; Dufferin County and the GRSPA. Based on the more conservative well vulnerability
model by Dufferin County, a very small portion of the site along the southern boundary is
designated as a “Significant Groundwater Recharge Area”, with areas approximately south of
the site designated as a “Highly Vulnerable Aquifer”. The basis for this is the relatively thin
aquitard created by the glacial till, and the degree of weathering of the till. Thus, it will be
important to maintain recharge characteristics of the site, and for this reason a water balance
has been conducted and is presented in Section 4.0 above. The use of the land as residential
land is not high risk, and commensurate with other residential land development in the area
(Thunderbird Subdivision).

The Site is also located within the Well Head Protection Area (WHPA) for the Marsville
Subdivision Well Supply (Figure 8). WHPA'’s are based on the time of travel for a contaminant to
the wellhead. For example, WHPA-B encompasses areas where the time of travel is 2 years or
less, which implies a two year reaction time to rectifying any unforeseen contaminant issue.

The northern part of the site is designated as a WHPA-B with a vulnerability score of 6.

As the site is partially located within WHPA-B and has a vulnerability score of 6, the storage and
use of regulated dense non-aqueous phase liquids (DNAPL) is classified as a significant threat
and are not allowed on the site. Provincial Table 9 from the Clean Water Act (2006) lists the
regulated DNAPLs and is given in Appendix G. In addition, given the site location in a WHPA-B
consideration should be given to maintaining the pre-development groundwater recharge to the
extent practical. The use of LID measures such as grassed swales or infiltration trenches is
recommended to increase the post-development infiltration rate. Management of septic sewage
effluent to 10 mg/L at the site boundary, particularly within the WHPA-B boundary is expected to
be achieved.
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7.3 Source Water Protection Transport Pathways Assessment

A transport pathway is a human-introduced feature that could allow contaminants to move
more easily toward a municipal drinking water source. Under the Clean Water Act and the
Grand River Source Protection Plan, development within WHPAs is reviewed to confirm that
proposed works do not create unacceptable risk to municipal water supplies. The review
considers site hydrogeologic conditions and how subsurface works interact with the municipal
well capture zone.

The Marsville Estates site is partially located within a WHPA-B with a Vulnerability Score of 6
(Figure 8), where groundwater travel time to the municipal supply well is approximately

two years. Each rural residential lot will be serviced by an individual on-site septic system.

This servicing approach is typical for estate residential development outside municipal servicing
areas and is consistent with surrounding land use.

Based on the current subdivision layout, it is estimated that 46 of the 78 proposed lots will

be serviced by individual on-site septic systems within the WHPA-B area (Figure 9).

These systems represent low-intensity, distributed subsurface discharge to the shallow
overburden and are common across WHPA areas. Private septic systems are regulated as
shallow works under O. Reg. 903 and must meet established design and setback requirements,
including separation distances to wells and property boundaries.

Site hydrogeologic conditions provide strong natural protection of the municipal supply aquifer.
The aquifer is overlain by multiple low-permeability till aquitards, and vertical separation
between the shallow subsurface and the municipal supply aquifer exceeds approximately 60 m.
Shallow groundwater flow systems are localized and do not provide a direct hydraulic
connection to the municipal supply well. These conditions limit the potential for surface-derived
contaminants to reach the municipal aquifer.

Low-density residential development with compliant on-site servicing is common within WHPA-B
areas and is generally compatible with Source Water Protection objectives. Based on the
above, it is our opinion that the proposed development can proceed within the Source Water
Protection framework, subject to standard and routine groundwater protection measures.

8.0 Construction Dewatering

8.1 Stormwater Pond Dewatering

Although the final layout and design of stormwater management facilities was not complete at
the time of this report, given the consistency of the geological and hydrogeological conditions
across the site, a preliminary assessment of construction dewatering and permitting
requirements can be made.

The site hosts a high groundwater table measured at approximately 0.5 mbgs at BH20-1s. z
The geomean hydraulic conductivity of the sandy silt Tavistock Till was estimated to be
5.2x10° m/s, which is higher than would typically have been expected interpreted to be due to
the presence of frequent sand seams and lenses. The SWM pond block is approximately

1.74 ha and assuming 1:3 slopes, the excavation area below the water table would be around
65 x 186 m, or 1.15 ha. For the purposes of this calculation, we have assumed a 4 m deep
SMW pond, that would therefore be 3.5 m below the water table.
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For preliminary considerations, the dewatering rate (Q) or the steady-state groundwater inflow in
L/day into an excavation that is 186 m long by 65 m wide and 3.5 m below the water table can
be calculated using the Jacob’s modified non-equilibrium equation for an unconfined aquifer
(Powers et al., 2007):

2 2 2 2
Qswm = R R?) h) +2 [xK(HZL— h )] m3/s
n )
Where:
K = hydraulic conductivity (m/s) — 5.2x10° m/s
H = saturated thickness (m)— 3.5 m
h = saturated thickness after dewatering (m) — 0.6 m
Ro = radius of influence estimated using the Sichardt equation:
Ro = re + 3000 * (H-h)*NK (m) — 86.8 m
le = equivalent radius of influence estimated by:
o = a:[x (m)
Where:
a = width (m) — 110 m

length (m) — 55 m
line source distance (m)
the greater of Ro/2 or 10 m —10.9 m

Based on the above example, the steady state groundwater inflow rate for dewatering to 4 mbgs
for a 55 m by 110 m excavation in the sandy silt Tavistock Till is estimated to be 125,280 L/day.
Using Sichardt’s empirical relationship (Powers et al., 2007), the estimated radius of influence of
dewatering at this rate is 19.8 m from the edge of the SWM pond.

Water taking in Ontario is governed with Section 34 of Ontario Water Resources Act and its
Regulation 387/04. Amendments to Ontario Regulation 63/16 under the Environmental
Protection Act permit proponents to self-register eligible construction dewatering activities
through the Environmental Activity and Sector Registry (EASR) with Ministry of the
Environment, Conservation and Parks (MECP). Dewatering rates exceeding 50,000 L/day
require a registration on the EASR.

Given the presence of potable water wells within the dewatering radius of influence, the
potential impact to these water users will need to be addressed as part of an EASR submission.
No groundwater supported natural features are expected to be present within the radius of
influence.
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8.2 Site Servicing

Similarly to the SWM pond, the design of the proposed site servicing is not yet known. For the
purposes of estimating dewatering and permitting requirements, it is expected that the storm
sewers and watermains will be completed in 2 m wide by 30 m long trenches, to a depth of

3 m below ground. Using the same methodology as Section 8.1 above, the estimated
dewatering rate for stormwater servicing is 17,160 L/day. This volume can be added to the
EASR volume for the SWM pond to permit dewatering for all site components. It is expected
that the site will be serviced by the existing Marsville well field via an extension of the 200 mm
watermain along County Road 3. It is recommended that a hydrogeology and geotechnical
study be completed along County Road 3 to assess soil and groundwater conditions for the
installation of the 200 mm watermain.

9.0 Stormwater Pond and Building Foundation Design
Considerations

9.1 Stormwater Pond

BH20-2s/d were drilled in the footprint of the proposed SWM Pond (Appendix A). Due to the
presence of a sand aquifer at 4.6 mbgs, located below the surficial till unit, and potentially,

the effects of tile drainage in the field, the perched water table within the Tavistock Till observed
elsewhere on the site, does not appear to be present at the SWM pond location. The shallow
well (BH20-2s) was found to have a groundwater depth of approximately 4.68 mbgs

(482.0 masl) and the groundwater level in the deep well (BH20-2d) was found to be at
approximately 7.35 mbgs (479.32 masl) within the sand. The water level within the shallow

well (BH20-2s) is representative of a perched water table at approximately 482.0 masl.
Elsewhere on the site the perched water table was encountered ranging from 0.5 to 1.3 mbgs or
488.10 to 489.76 masl within the surficial till unit.

The soils underlying the SWM pond have a hydraulic conductivity that range from 5.2x10 m/s
(sand lenses in the till) to 1.2x10° m/s (sand aquifer). These are considered to be high hydraulic
conductivity values that will promote infiltration of stormwater through the base of the pond.

As there is insufficient thickness of native low permeability materials and the expected presence
of a high perched water table at the SWM pond location, an impermeable clay liner should be
installed to seal the sides and the floor of the SWM pond to prevent mixing of a groundwater
aquifer with stormwater.

The impermeable clay liner should consist of natural clay materials that conform to OPSS1205
requirements. When compacted, it should have a coefficient of hydraulic conductivity of

1x10° m/s and be a minimum of 600 mm in thickness. A geotechnical engineer should be
consulted for further SWM pond design details and to determine if an underdrainage system is
required to reduce the potential for basal heave.

9.2 Building Foundations

Over the majority of the site, the perched water table ranges from 0.52 to 1.16 mbgs or

489.80 to 489.76 masl. Building foundations should be installed at least 1 m above this
elevation to reduce the risk of basement flooding. Due to the high permeability nature of the
surficial soils, significant groundwater seepage could occur should the perched groundwater
table intercept the basement level. Even for basement foundations installed at least 1 m above
the perched water table elevation, foundation drainage and sump pumps are recommended.
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The sump pumps could discharge to surface or to a shallow infiltration trench with an expected
percolation rate of at least 25 mm/hr.

10.0 Summary and Conclusions

This Hydrogeological Investigation Report has been prepared in support of a proposed
seventy-eight (78) lot development on the Marsville Estates site in East Garafraxa Township,
Ontario. The primary objective of this study is to characterize site conditions and prepare an
impact assessment for the use of individual on-site septic systems to manage sewage.
These assessments were undertaken based on the MECP document D-5-4.

The following provides a summary of the results of and conclusions of SLR’s Hydrogeological
Investigation:

e The site is approximately 26.9 hectares (ha) in size and is bordered on the north by
County Road 3, on the east by Highway 24, on the south by agricultural land use, and on
the west by East Garafraxa Public School. The town of Marsville is located
approximately 700 m southwest of the site. The study area currently hosts agricultural
fields, with a wooded area in the southern portion of the site.

e The site is located within the Dundalk Till Plain physiographic region. Based on OGS
surficial geology mapping, the site is underlain by clay to silt-textured till of the Tavistock
Till Formation. Below the Tavistock Till, sand deposits of the Orangeville Moraine are
present followed by the silty-clay rich Maryhill Till. The bedrock underlying the site
consists of the middle Silurian aged Guelph Formation

o A series of five (5) test pits and four (4) boreholes were completed on site in January
and February 2020 by Alston and Watters staff. All four (4) of the boreholes were
completed a 2” diameter groundwater monitoring wells, with two (2) of the locations,
completed a groundwater monitoring well nests with a shallow and deep groundwater
monitor (MW20-1s/d and MW20-2s/d).

e The results of the borehole drilling and test pitting were consistent with OGS mapping
and identified the Tavistock Till present at surface underlain by a sand aquifer at
MW20-2s/d.

e Groundwater level measurements were collected on March 2, August 25, and
October 8, 2020, January 7, 2021 and April 15, 2021 by SLR staff. Based on the
hydraulic head measurements and geology, it is interpreted that there are
two groundwater flow systems: (1) a perched water table with groundwater elevations
ranging from 0.52 to 1.16 mbgs or 489.80 to 489.76 masl, and (2) a deeper water table
within the underlying sand aquifer as encountered in BH20-2d with a water level at
approximately 7.35 mbgs (478.32 masl).

e Groundwater flow in the shallow perched aquifer was found to flow to the north-
northwest following topography. Deeper groundwater flow is interpreted to flow to the
west.
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¢ Through completion of single well response tests and grain size analysis the geometric
mean hydraulic conductivity (K) value of the sandy silt Tavistock Till is 5.2x10¢ m/s,
geometric mean K value for the Orangeville Moraine sand is 5.1x10° m/s, and geometric
mean K value for the silty clay Maryhill Till is 4.8x10® m/s (Table 3). The hydraulic
conductivity value of 5.2x10° m/s for the Tavistock Till is higher than typically expected
for this unit and is interpreted to be due to the presence of numerous high-permeability
sand seams identified during borehole drilling and test pitting.

e The percolation rate of the surficial units was estimated based on empirical methods to
be approximately 27.5 min/cm. This estimated percolation time is consistent with the
geotechnical study by Alston (2020) that assessed the percolation time for the sandy silt
as 25 min/cm.

¢ Groundwater chemistry samples were collected at four (4) locations in March 2020.
ODWS exceedances for health related parameters were found for sodium, nitrate and
bacteria. These are considered typical contaminants for an agricultural setting with road
salt application. The past and present land use of agriculture is the source of elevated
nitrate concentration which are derived from fertilizer applications. The average shallow
nitrate concentration based on the results from MW20-1s and MW20-4 is 3.73 mg/L.

¢ Low-flow sampling was completed in October 2020 to supplement existing geochemical
data. Groundwater chemistry samples were collected at five (5) locations in
October 2020. ODWS exceedances for health related parameters were found for
sodium, nitrate and total coliforms. The results were consistent across the site, and
consistent with previous sampling results. Turbidity was high for all samples despite
low-flow sampling methods and the clear appearance of samples. Therefore, the high
TDS and turbidity of samples are attributed to the hard nature of groundwater on site.
Chemistry results remained consistent between the two sampling events, aside from the
nitrate concentration which declined. It is expected the decline in nitrate is due to the
lack of fertilizer application on the property during 2020 and the natural attenuation of
nitrate loading in the previous year.

o A pre-to-post development water balance was completed for the site using the
Thornthwaite and Mather (1957) and MOEE (1995) methods. Under pre-development
conditions it is estimated that approximately 45% (156 mm/year) of the water surplus
runs off, and the remaining 55% (191 mml/year) infiltrates. Based on a site area of
26.89 ha, it is estimated that 51,280 m3/year of rain infiltrates and 41,948 m®/year runs
off. It is estimated that post-development, 30,390 m3/year (113 mm/year) of precipitation
will infiltrate (a decrease of 41%), and 106,361 m3/year (396 mm/year) of precipitation
will run off (an increase of 154%).

¢ A monitoring based septic assessment approach was applied as per Section 5.6.1 of
Procedure D-5-4. The Thunderbird Subdivision located approximately 900 m southwest
of the Marsville Estates Site was used as a test site due to the similarity of
hydrogeological conditions between the two sites and the availability of long-term
hydrological and geochemical monitoring data. It was found that septic discharge from
the Thunderbird Subdivision resulted in no offsite impacts with a lot density of 3.9 lots/ha
and the site has an attenuation capacity of 88%. A more conservative attenuation
capacity of 75% was applied to the Marsville Estates site, and it was found that nitrate
concentrations at the site boundary may be reduced to 5.2 mg/L for the proposed
development with a lot density of 2.90 lots/ha. Therefore, it is expected that
the proposed development property will be able to support 2.90 lots/ha (78 lots for the
26.89 ha site area) with no adverse impacts off-site due to septic discharge.
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