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1.0 INTRODUCTION

1.1 General

This report provides the results of a hydrogeological assessment carried out by GSS Engineering
Consultants Ltd. (GSS) for H. Bye Construction Ltd. (the Applicant) in support of an application
under the Aggregate Resources Act for an above the groundwater table pit, identified as the Hogs
Back Pit, to be located in part of Lot 31, Concession 3 in the geographic Township of Proton, now
in the Township of Southgate (the Site). The property on which the pit would be located (the
Property) consists of Lot 31, Concession 3 and is owned by the Applicant. Information on Grey
County Maps indicated that the area of the Property was 41.17 hectares (101.74 acres), and the
municipal address was identified as 046365 Southgate Road 04. The proposed licensed area,
referred to in this report as the Site, is irregular in shape and has an area of 13.71 ha (33.9 acres).

The Property is located in the southeast corner of Grey County, approximately 2 kilometres north
of Highway 89 and 2.5 km west of Grey Road 8. The hamlet of Keldon is located 4 km southeast
of the Site. The location and limits of the Property and the Site are shown on Figure 1.

1.2 Background

The proposed extraction would occur within an esker that crosses the Site from north to south.
The esker is part of the Keldon Esker, which has been identified by the Ministry of Natural
Resources and Forestry (MNRF) as a provincially significant earth science Area of Natural and
Scientific Interest (ES-ANSI). The mapped limits of the ES-ANSI on the Property are shown on
Figure 1.

GSS contacted representatives of the MNRF in September 2019 to initiate a pre-consultation
process on the feasibility of, and most suitable approach for, obtaining approval for extraction of
sand and gravel from within the identified ES-ANSI on the Site. GSS was advised to submit
preliminary information on the proposed gravel pit at the Site and the associated ES-ANSI to the
MNREF for the Ministry to consider and then provide comments.

GSS prepared a technical memorandum dated February 27, 2020 that described the local
physiography, aggregate resources, available information on the designation of the ES-ANSI, and
preliminary plans for the proposed pit at the Site. A copy of this memo and the February 27, 2020
covering letter to the MNRF requesting comments is included in Appendix A of this report. A
summary of the information that was considered to be relevant with respect to potentially obtaining
approval for extraction of sand and gravel from within the identified ES-ANSI on the Site is
provided below.

e The Keldon Esker was one of seven relatively long eskers on the Dundalk Till Plain that were
identified from a review of physiographic and geological mapping. GSS could find no record
of detailed information on the characteristics of the Keldon Esker that supported designation
of portions of the esker as a provincially significant ES-ANSI.
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The Ontario Geological Survey (OGS) Aggregate Resources Inventory for the geographic
Township of Proton (ARIP 51, 1981) noted that the eskers currently identified as the Keldon
Esker and Egerton Esker, which has also been designated as a provincially significant ES-
ANSI, constituted the only source of crushable aggregate in the township and were an
important component of the local resource base. The report concluded that these deposits
should be protected as much as possible to preserve the remaining material for future
extraction.

The Keldon Esker on the Site was identified as a primary sand and gravel resource in the
Southgate Township and Grey County Official Plans.

Only limited information on the Keldon Esker ES-ANSI was obtained. GSS was uncertain if
an ANSI report as described most recently in the 2011 MNRF Identification and Confirmation
Procedure exists. No formal documentation of the reasoning and process for the ES-ANSI
designation was identified.

Information obtained from the MNRF noted that the area having the best potential to represent
the Keldon Esker ES-ANSI was where the ridge straddled the boundary separating
Concessions 1 and 2 in the former Proton Township. The proposed licensed area on the Site
is located in Concession 3 of the former Proton Township, approximately 1.8 km northwest of
the location where the Keldon Esker straddles the boundary between Concessions 1 and 2.

A 1990 study of the depositional and deformational structures of the Keldon Esker, together
with the Egerton and Mountview Eskers, noted that fresh exposures in active pits provided
the most detailed information for assessment of the eskers.

A portion of the Keldon Esker on the Site was previously extracted from a wayside pit that
was located on the Site prior to 1981.

A portion of the Keldon Esker ES-ANSI located in an area of provincially significant wetlands
southeast of the Site, on the south side of Southgate Road 04, was previously approved by
the MNRF for a below-water pit. The site plans obtained indicated that approval was provided
in 1993.

In addition to stating that development and site alteration shall not be permitted in significant
ANSIs where there will be significant impacts to the natural features, the Provincial Policy
Statement (2014) also stated that aggregate resources shall be protected for long-term use
and as much of the resources as is realistically possible shall be made available as close to
markets as possible.

At the time of preparing this report, GSS had received no comments from the MNRF on the
submission provided in February 2020. Follow-up inquiries regarding the status of the submission
were made to the MNRF on May 21 and September 8, 2020. On May 22, 2020, GSS was notified
that the submission had been forwarded on that date to the MNRF Integrated Aggregate
Operations Section (IAOS). In a response to the September 8 inquiry, the MNRF IAOS provided
no indication of when preliminary comments would be forthcoming. After discussion with the
Applicant, GSS proceeded with a subsurface investigation at the Site in November 2020 so that
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monitoring wells would be in place to measure groundwater levels during the spring freshet in
2021.

1.3 Purpose and Scope of Work

The purpose of the hydrogeological assessment was to identify the elevation of the water table
on the Site and to assess the potential for impacts from the proposed pit on local water resources
and surface water features. The study included the following:

e a reconnaissance visit to observe conditions on the Site and surrounding Property, to
identify suitable locations for installation of monitoring wells, and to install staff gauges in
surface water features on the Site and Property;

¢ borehole drilling and installation of four monitoring wells for monitoring groundwater levels;
e water level monitoring over the period from October 2020 to November 2021;

e a Site survey to establish the location and elevation of monitoring wells, staff gauges,
surface water features, and other relevant features; and

e preparation of a report including a description of the local geology and hydrogeology,
water level monitoring data, inferred water table contours indicating the high water table
at the Site, and comments on the potential for impacts to local water resources from the
proposed above-water pit.

The proposed work plan for the hydrogeological assessment was provided in a September 24,
2019 letter to Cuesta Planning Consultants Inc. Authorization to proceed with the work was
provided by the Applicant on October 4, 2019.
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2.0 SITE CONDITIONS

2.1 Site Description

The Site is 13.71 ha in area and is located in the northern and central portion of the Property.
The most prominent physical feature on the Site was the esker that crossed the Site generally
from north to south, undulating slightly. Based on a topographic survey of the Site, the top of the
esker varied in elevation from approximately 496 metres at the north end of the Site to 503 m
through the central portion of the Site. The width of the esker, based on topography, varied from
approximately 65 m at the north end of the Site to 100 m through the central portion of the Site.
South of the Site, in the southeastern corner of the Property, the esker width increased to
approximately 120 m. South of Southgate Road 04, the esker turned to the east. The esker on
the Site typically had a relatively flat crest and steep side slopes. Based on the survey data, in
some locations the existing slopes were steeper than 2 horizontal to 1 vertical, but typically the
side slopes were between 2H:1V and 4H:1V.

Beyond the esker, the ground surface on the Property was relatively flat. The highest ground was
located in the southwest portion of the Property, at approximate elevation 495 m and sloping
toward the northwest. East and west of the esker, the ground surface in the central portion of the
Property was at approximate elevation 491 m on the west side and 490 m on the east side, and
was occupied by wetlands, as discussed subsequently in Section 2.2.

Current municipal zoning for the Property is a mix of agricultural, wetland protection, and
environmental protection. The current land use consisted of a cultivated field in the south and
southwest portion of the Property, with the remainder a combination of vacant open space,
woodland, and/or wetland. Aerial imagery for the vicinity of the Property from 1954 showed what
appeared to be a cultivated field in the northwest portion of the Property, with additional cultivated
fields on the adjacent property to the west. In 2021, that area was overgrown with tall grasses
and other vegetation. The wetlands located east and west of the esker on the Property were
wooded. A description of the vegetation was provided in the Natural Environment Technical
Report (NETR) for the Site (SAAR, 2021). Much of the esker was also previously wooded,
although large sections had been cleared by a previous owner before the Property was acquired
by the Applicant in 2019. Many of the cut trees were placed on the east and west margins of the
esker, adjacent to the wetlands.

A former wayside pit was located on the esker in the east-central portion of the Property, near the
south end of the Site. Available information on the former wayside pit was summarized in the
memorandum in Appendix A. A gravel access road extended north from Southgate Road 04 to
the location of the former wayside pit, and a less-developed access lane extended further north
along the west side of the esker. Aerial imagery from 2010 indicated what appeared to be a small
house and the foundation for a small barn in the southeast portion of the Property, south of the
Site. There are currently no buildings on the Property, with the exception of a small shed placed
at a location on the west side of the access road, west of the former wayside pit.

To the east, west and south, the Property was bordered by undeveloped wooded properties. To
the north, the Property was bordered by an 82-hectare agricultural property with some wooded
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areas and no buildings. A pasture was located on that property in the area north and west of the
northwest corner of the Property. The remainder of the area immediately north of the Property
was wooded. An existing licensed gravel pit was located on Lot 32, Concession 2, diagonally
opposite the southeast corner of the Property. Available site plans indicated that property was
licensed for below-water extraction (MNRF ID 4875) by Gordon Townsend in 1993 and was
subsequently transferred to the Township of East Luther Grand Valley (now the Town of Grand
Valley). Available aerial imagery dating back to 2000 indicated the presence of a gravel pit pond
on that property, which was extended to the west and northwest over the years. North of the
current pond, the esker on that property had been removed to the approximate elevation of the
adjacent road.

2.2 Surface Water Features

The Property is crossed by a divide between the Saugeen Valley watershed to the north and west
and the Grand River watershed to the south and east. The location of the watershed boundary,
based on SVCA and GRCA mapping, is shown on Figure 1.

Surface water drainage features in the vicinity of the Site are shown on Figure 2. Topographic
mapping produced by the MNRF (Ontario Base Map (OBM), 2002, 1:10,000) and Grey County
(Grey County Maps, GIS platform) indicated the presence of wetlands on the Property both east
and west of the esker and extending off-Property to the east and west. A separate wetland was
indicated in the northwest corner of the Property and extending off-Property to the north and west.
GSS identified a small dugout pond located on the Site in the southeast corner of that wetland.
Review of aerial imagery indicated that the dugout pond was created between 2010 and 2015.

MNRF and Grey County topographic mapping indicated the presence of a watercourse flowing
easterly into the wetland located partially in the northwest corner of the Property and a
watercourse flowing out of that wetland in a northerly direction.

No watercourses were mapped within the wetlands located on the Property east and west of the
esker. A narrow surface water channel with multiple short tributaries was visible on 2010 and
2015 aerial imagery on Grey County Maps in the northern part of the wetland located west of the
esker in the central portion of the Property. This channel extended off-Property in a westerly
direction and appeared to turn south, but there was no discernible south-flowing channel in the
wetland located west of the Property. A subwatershed area generated using the MNRF Ontario
Flow Assessment Tool (OFAT) and shown on Figure 2 indicated that the north portion of the
wetland located west of the esker, and all of the Site, drained in a northerly direction into a
watercourse flowing northwesterly on the properties located north of the Site. Almost all of the
wetland located east of the esker, north of Southgate Road 04, was also shown to drain in a
northerly direction toward the same watercourse. This was not consistent with the watershed
boundary identified by SVCA and GRCA mapping. Subwatershed mapping generated with the
OFAT indicated that the remaining portion of the wetland located west of the Site drained in a
southerly direction. A visible drainage channel extending north and south of Southgate Road 04
at a location approximately 950 m west of the Site entrance suggested a hydraulic connection
between the wetlands north and south of the road at that location, although GSS did not observe
a culvert at that location in October 2020.
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Subcatchment boundaries shown on the GRCA Web-Map (GIS platform) indicated that the
wetland located on the Property east of the esker generally drained toward the east and the
wetland located in the central portion of the Property west of the esker generally drained toward
the southwest. Contour mapping at 0.5 m intervals on the GRCA Web-Map indicated that the
ground surface in the wetland east of the esker was relatively flat at an elevation between 490
and 489.5 m and the ground surface elevation in the wetland west of the esker was generally
between 491 and 490.5 m. In general, the east wetland was physically defined by the 490 m
contour and the west wetland was physically defined by the 491 m contour.

Mapping shown on the MNRF Make a Map: Natural Heritage Areas (GIS platform) identified much
of the wetland located on the Property east of the esker and the wetland extending onto the
northwest corner of the Property as provincially significant, as indicated on Figure 1. In addition,
a portion of the wetland located west of the esker in the central portion of the Property was also
identified as provincially significant. Based on the mapping reviewed for this assessment, the
identified limits of the wetlands in the vicinity of the Site were noted to vary somewhat between
reference sources, and in some locations the mapped limits of the wetlands were considered to
be inconsistent with the topographic information, in particular where the provincially significant
wetland was shown to extend onto the esker ridge. Site-specific ground truthing of the provincially
significant wetland limits in the vicinity of the Site was provided in the NETR (SAAR, 2021).

As noted in Section 2.1, a gravel pit pond was located on the south side of Southgate Road 04,
approximately 200 m southeast of the Site. The 1993 site plans for that gravel pit indicated that
the pond water level would be approximately 491.5 m. Current 0.5 m topographic mapping shown
on the GRCA Web-Map indicated that the gravel pit pond water level was at approximate
elevation 490.5 m.
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3.0 HYDROGEOLOGICAL SETTING

3.1 Physiography and Geology

The Site is located in the physiographic region of Ontario identified by Chapman and Putnam
(1984) as the Dundalk Till Plain. The till plain was formed by retreating glaciers and is a gently
rolling, partially drumlinized and fluted surface at an elevation ranging between 523 and 485 m
(Gwyn, 1975). A description of the glaciation processes that created the Keldon Esker that
crosses the Site, and other similar eskers in the region, was provided in the memorandum in
Appendix A.

Quaternary geology in the vicinity of the Site was shown on OGS Preliminary Map P.727 (Gwyn,
1972), and is reproduced on Figure 3. The mapping indicated the presence of the relatively
narrow esker crossing the Site in a predominantly north-south direction. The soils associated
with the esker were mapped as ice-contact stratified drift: sand and gravel (mainly gravel). The
esker was shown to extend approximately half-way across the property located north of the Site.
The soils associated with the wetlands located on the Property east and west of the esker were
mapped as bog deposits: peat, muck and marl. Soils in the northwest portion of the Site, north
of the west wetland, were mapped as glacial-outwash sand. The soils associated with the higher
ground in the southwest portion of the Property, in the area of the current cultivated field, were
mapped as till: mainly sandy silty till with some pebbly silty sandy till.

Mapping shown on the Quaternary Geology of Ontario, Southern Sheet, (Barnett et al, 1991,
1:1,000,000) indicated that the till in the vicinity of the southern portion of the Property and the
area south of the Property was Tavistock Till: sandy silt to silt matrix, silty clay matrix in the south
and in the north. In the area north of the Property, the till was identified as Elma Till: sandy silt to
silt matrix, clayey silt along the southern margin, moderately stony.

The sand and gravel resources at the Site were described in the February 27, 2020 GSS memo
in Appendix A. The OGS Aggregate Resources Inventory of Proton Township (ARIP 51, 1981)
indicated that the esker crossing the Site contained high-quality, crushable aggregate and was
an important component of the local resource base. The esker on the Site was included in the
identified Sand and Gravel Resource Areas of Primary Significance.

Review of available bedrock geology mapping and reports (AquaResource, 2008; Saugeen Valley
Source Protection Area, 2015) indicated that the upper bedrock beneath the Site consists of
Middle Silurian-aged, Guelph Formation dolostone. Drift thickness mapping for the vicinity of the
Property (Gwyn and Frazer, 1975) indicated that the depth to bedrock was between 15 and 23 m
(50 and 75 feet). There was a paucity of water well records in the vicinity of the Property on which
to base that mapping. Additional comments on the depth to bedrock are provided in the review
of water well records in Section 3.2.

3.2 Groundwater Use

Water well records for the vicinity of the Site were obtained from the Ministry of the Environment,
Conservation and Parks (MECP) water well record (WWR) database. In particular, the WWR
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database was searched for wells located within approximately 500 m of the perimeter of the
Property.

No water well records were identified for the area located within 500 m of the Property. The
closest well record for a property on Southgate Road 04 was located in Lot 35, Concession 3,
approximately 1.3 km east of the Property. That well (ID 2508540) was completed in the bedrock,
which was encountered at a depth of 17.4 m (57 feet). North of the Property, there was a well
record for Lot 29, Concession 4, at a location approximately 1.0 km north-northwest of the
Property. That well (ID 2507932) was completed in the bedrock, which was encountered at a
depth of 24.1 m (79 feet).

Based on review of 2019 aerial imagery, the closest buildings to the Site were a house and barn
located in Lot 33, Concession 3, approximately 700 m east of the Site. There was no mapped
well record for that property.
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4.0 PROCEDURES FOR FIELD INVESTIGATION

4.1 Subsurface Investigation

Four boreholes (designated BH1 to BH4) were advanced at the Site on November 16 and 17,
2020. Monitoring wells were installed in each borehole and were designated as MW1 to MW4,
corresponding to the borehole numbers. The locations of the monitoring wells are shown on
Figure 4. Two monitoring wells were located on each side of the esker that crosses the Site, at
locations on level ground near the outer margins of the esker, just beyond the anticipated area of
extraction so that the wells could be maintained for future monitoring, if necessary.

The boreholes were advanced with a track-mounted, power auger drill rig supplied and operated
by Orbit Garant Drilling of Newmarket, Ontario. The drill rig was equipped with 110-mm ID hollow
stem augers and the drilling was monitored on a full-time basis by GSS staff. Standard
penetration testing and soil sampling were carried out in the boreholes at regular intervals of depth
using 50-mm diameter split-spoon sampling equipment. The samples were logged in the field for
soil type and moisture conditions and returned to the GSS office for additional examination. The
subsurface conditions encountered in the boreholes are described on the borehole logs in
Appendix B.

The monitoring wells were constructed with 50-mm diameter PVC well screen and pipe, which
were pre-packaged by the manufacturer and transported to the Site by the drilling contractor. The
well screens were 3.0 m in length. The borehole annulus was backfilled with commercial filter
sand to approximately 0.6 m above the well screen. The remainder of the annulus was backfilled
with granular bentonite. The monitoring wells were covered at surface with lockable,
aboveground, steel protective covers. Details of the monitoring well installations are shown on
the borehole logs and relevant information is summarized in Table 4-1, below.

Table 4-1: Information on Groundwater Monitoring Wells

Ground Borehole Bottom Well Screen Interval Well Scregn Interval

Surface Depth (mbgs) Elevation (m)
MW ID El )

ez/at)lon Depth Elevation From To From To
m (mbgs) (m)

MW1 492.34 5.0 487.3 1.5 4.5 490.8 487.8
MW?2 491.48 5.0 486.5 1.4 4.4 490.1 487.1
MW3 492.24 4.6 487.6 1.5 4.5 490.7 487.7
MW4 492.46 4.6 487.9 1.5 4.5 491.0 488.0
Notes: 1. Elevations in metres relative to geodetic datum

2. mbgs = metres below ground surface

GSS Engineering Consultants Ltd.
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4.2 Water Level Monitoring

Groundwater

Following installation and monitoring of the monitoring wells in November 2020, manual
groundwater level monitoring at the Site was carried out in March, May, July, and November 2021.
Recorded groundwater level data are shown in Table C-1 in Appendix C.

In addition to the manual measurements, water levels were also monitored continuously at 1-hour
intervals at selected wells using a pressure transducer data logger. Continuous groundwater
level monitoring was carried out in MW3 from November 17, 2020 to November 8, 2021, in MW1
from November 17, 2020 to July 5, 2021, and in MW2 from July 5 to November 8, 2021. The
water level data were corrected for variations in barometric pressure using hourly barometric
pressure measurements recorded by a data logger placed at the Site. The recorded water level
data are shown graphically on Figure C-1, together with the manual groundwater level
measurements.

Observations of standing water in four partially open test pits identified at locations near the
margins of the esker at the north end of the Site were noted during the initial site visit on October
16, 2020, and in subsequent site visits. Those test pits were excavated by the Applicant in 2019
to assess the quality of the aggregate at the Site. The water levels were considered to be
indicative of the depth of the water table at the test pit locations. The locations of the test pits are
shown on Figure 4.

On November 8, 2021, GSS manually installed a temporary shallow piezometer (designated P1)
in a partially open test pit near the toe of the esker slope at a location approximately 115 m north
of MW1, as shown on Figure 4. The exposed soil in the test pit consisted predominantly of fine-
to medium-grained sand. The piezometer was constructed with a stainless steel, screened, drive-
point 0.41 m long, coupled to lengths of 19-mm diameter steel piping. The piezometer was driven
to a depth of approximately 2.4 m below the ground surface in the test pit, which was
approximately 0.6 m lower than the existing ground surface elevation on the west side of the test
pit. The elevation of P1 was surveyed by GSS relative to the elevation of MW1 and the location
of P1 was determined with a hand-held GPS device. The groundwater level in P1 was monitored
at approximately 0.5-hour intervals on November 8 until the level had stabilized. The stabilized
water level is recorded in Table C-1.

Surface Water

Three temporary staff gauges (SG1 to SG3) were established at selected locations at or in the
vicinity of the Site for the purpose of monitoring surface water levels. Staff gauges consisted of
a steel t-post manually driven to a depth of approximately 1.2 m into the shallow sails.

SG1 and SG2 were installed on October 16, 2020 at locations on the west side of the esker that
crossed the Site. SG1 was installed in a water-filled swale located in the west wetland and SG2
was installed in the dugout pond in the northwest portion of the Site. SG3 was installed in a
relatively small area of standing water in the east wetland on November 17, at the time of the Site
survey. The locations of the staff gauges are shown on Figure 4.
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Water levels were measured at the staff gauges in conjunction with groundwater level monitoring
events and the data are recorded in Table C-1. Elevations of standing water at selected locations
on the Property were also determined in conjunction with the November 17 site survey.

4.3 Surveying

The locations and elevations of the monitoring wells, staff gauges, and other selected features on
the Site and Property were determined on November 17, 2020 by a specialist survey firm (SMC
Geomatics Inc.) retained by GSS and using GPS-based survey equipment. The elevations were
determined relative to geodetic datum using the Leica Geosystems reference network. At the
same time, SMC Geomatics carried out a topographic survey of the Site for preparation of the
site plans.

Property bars at the southeast and southwest corners of the Property were established from a
legal survey in November 2020 by Wilson-Ford Surveying & Engineering, retained by the
Applicant. Locations for those bars were provided to GSS by Wilson-Ford and were incorporated
into the survey data for the Site.
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5.0 SUBSURFACE SOIL CONDITIONS

The subsurface soil conditions encountered in the boreholes advanced at the Site are shown on
the borehole logs in Appendix B. The soil conditions in each borehole were inferred from non-
continuous samples and observations of drilling resistance. Soil layers depicted on the borehole
logs typically represent a transition from one soil type to another and should not be interpreted to
represent exact planes of geological change.

Soil conditions between boreholes were inferred based on the conditions encountered at the
boreholes as well as observations of exposed soils on the esker crossing the Site, including at
the former wayside pit in the southern portion of the Site, and in open test pits from a 2019
investigation by the Applicant. It should be noted that soil conditions between and beyond the
boreholes may vary from the conditions depicted at the borehole locations.

All of the boreholes encountered surficial topsoil or silt with organic material, underlain by variable
strata of granular soils. BH1 encountered silty sand with some gravel to a depth of approximately
1.3 m, underlain by silt to a depth of 2.2 m. BH2 encountered silty sand underlain by sand and
gravel to a depth of approximately 2.2 m. BH3 encountered predominantly sand and gravel to a
depth of approximately 2.3 m. BH4 encountered sequential strata of silty sand, sandy silt, and
silt to a depth of approximately 1.8 m.

The granular soils at the borehole locations were underlain by a deposit of what was generally
described as clayey silt till. The till was encountered at depths ranging from approximately 1.8 m
at BH4 to 2.3 m at BH3, and at elevations ranging from 490.6 m at BH4 to 489.3 m at BH2.
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6.0 GROUNDWATER CONDITIONS AT THE SITE

6.1 Water Level Monitoring Data

Water level monitoring data for the period of this assessment from October 2020 to November
2021 are summarized in Table C-1 in Appendix C. To facilitate interpretation, the water level data
are also shown graphically on Figure C-1. Also shown on Figure C-1 are daily rainfall data
recorded at the Fergus Shand Dam station.

The continuous water level data for MW1 and MW3 indicated that the groundwater level at the
Site generally increased slightly in the period from mid-November to early January, and then
declined until the end of February. An increase in groundwater levels of approximately 0.6 m was
recorded on March 10 and 11. This increase did not coincide with a recorded rainfall event;
however, temperature data recorded at the Mount Forest (Aut) station showed recorded highs on
those days of 11.4 and 15.4 °C, after an extended period of sub-zero temperatures. GSS inferred
that much of the snow cover at the Site melted at that time. The highest groundwater levels at
the Site were recorded by the data loggers at the end of March, following recorded rainfall events
on March 25, 26 and 27. After the end of March, the recorded groundwater levels generally
declined, with relatively short-term increases following rainfall events. The highest manually
measured water levels at the Site were recorded by GSS during a site visit on March 23.

The continuously recorded water level data for MW2 and MW3 indicated that the seasonal low
groundwater levels at the Site occurred in late August or early September, after which the
recorded groundwater levels generally increased. Responses to recorded rainfall events were
more pronounced at MW2 than MW3, which was considered to be a result of the relatively shallow
water table at MW?2 relative to the surrounding ground surface. The measured groundwater levels
at the monitoring locations in November 2021 were similar to the levels recorded in November
2020.

Measured surface water levels in the wetlands located west and east of the Site (SG1 and SG3,
respectively) showed less variability than the measured groundwater levels. The measured
surface water level at SG1 on March 23, 2021 was 0.11 m higher than the measured level on
October 16, 2020 and the measured surface water level at SG3 on March 23 was only 0.03 m
higher than the measured level on November 17, 2020. For each monitoring event, the measured
surface water elevation at SG1 in the west wetland was approximately 1.2 m higher than the
measured surface water elevation at SG3 in the east wetland (approximately 490.9 m versus
489.7 m). In comparison to the closest groundwater monitor, the recorded surface water elevation
at SG1 was within 0.1 m of the recorded groundwater elevation at MW2 for each event, while the
recorded surface water elevation at SG3 varied from approximately 0.7 to 1.1 m lower than the
recorded groundwater elevation at MW3. On July 5, 2021, no surface water was present in the
wetlands at SG1 and SG3.

The recorded water level data were used to identify seasonal high water table elevations at the
locations of the monitoring wells and at SG2 in the dugout pond. These elevations are shown in
Table 6-1 on the following page. The high water table elevations at MW1 and MW3 were based
on the hourly water level data recorded by the data loggers placed in those wells. The high water
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table elevations at MW2, MW4 and SG2 were based on the measured water levels on March 23
and adjusted higher based on comparison to the continuous water level data for MW1 and MW3
and the surveyed ground surface elevations in the vicinity of the monitors.

Table 6-1: Identified High Water Table Elevations at the Monitoring Locations

Ground Identified Water

Monitor Surfape High Water Basis Table
Elevation | Table Elev. Depth

(m) (m) (mbgs)
MW1 492.34 492.2 Recorded on March 11, 26, and 28 0.14
MW?2 491.48 491.2 Estimated from March 23 water level data 0.28
MW3 492.24 491.1 Recorded on March 28 to 30 1.14
MW4 492.46 492.2 Estimated from March 23 water level data 0.26
SG2 489.52 490.1 Estimated from March 23 water level data -0.58

Notes: 1. Elevations in metres relative to geodetic datum.
2. mbgs = metres below ground surface.

The higher water table elevations at MW1 and MW4 were consistent with the higher ground
surface elevations and the thinner surficial sand and gravel strata at those locations. At MW1,
lower-permeability silt was encountered beneath the surficial silty sand with some gravel at a
depth of approximately 1.3 m and at MW4 silt was encountered beneath the upper silty sand and
sandy silt at a depth of 1.4 m.

6.2 Comparison to Regional Precipitation and Groundwater Level Data

Available precipitation data for the vicinity of the Site were reviewed to assess the conditions
when the water level data were collected relative to the precipitation in a typical year. The closest
Environment Canada meteorological station to the Site for which 30-year (1981-2010) climate
normal data were available was Proton Station, located 14.5 km north of the Site at elevation 480
m. The 30-year normal annual precipitation for that station was 1106.3 mm. However, daily and
monthly precipitation data were not available for the period after 2002. Four other stations with
1981-2010 normal data were identified at locations between 31.6 and 36.1 km from the Site
(Orangeville MOE, Ruskview, Durham, Fergus Shand Dam); however, only one of those stations
(Fergus Shand Dam, 36.1 km) had available daily or monthly precipitation data for 2020 and 2021.
The monthly 30-year normal precipitation data for Proton Station and Fergus Shand Dam are
shown in Table 6-2, on the following page.

The closest station to the Site with relatively recent precipitation data was the Mount Forest (Aut)
automatic station (26.1 km); although the daily precipitation data available for that station did not
differentiate between snow and rain and data were missing for a substantial period (12 days) in
October 2020. The closest station to the Site with both reasonably complete daily precipitation
data for 2020 and 2021 and 30-year normal data was Fergus Shand Dam (36.1 km). The monthly
precipitation data for Mount Forest (Aut) and Fergus Shand Dam for the period of study and the
antecedent period (July 2020 to July 2021) are summarized in Table 6-2.
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Table 6-2: Summary of Precipitation Data for Current Year

1981-2010 Normal
Total Precipitation | Total Precipitation Precipitation (mm)
Month and Year | Mount Forest (Aut) | Fergus Shand Dam Proton Fergus
(mm) (mm) Station Shand Dam
(Elev. 480 m) | (Elev. 418 m)
Annual Average -- 945.7 1106.3 945.7
July 2020 128.9 (<5 d)? 43.7 (<2 d) 77.9 89.2
Aug 2020 131.2 (<1d) 103.2 (<1 d) 91.9 96.6
Sep 2020 72.1(<1d) 90.6 104.4 93.1
Oct 2020 41.9 (<12 d) 78.3 92.3 77.2
Nov 2020 69.5 83.0 110.9 93.0
Dec 2020 97.3 93.2 102.1 68.6
Jan 2021 21.6 (<1d) 35.6 107.8 67.9
Feb 2021 46.6 62.8 84.3 55.9
Mar 2021 54.6 (<1d) 36.6 79.2 59.6
Apr 2021 50.9 54.5 72.1 74.1
May 2021 39.5 25.2 89.8 86.9
Jun 2021 77.9 (<2 d) 105.4 93.5 83.8
July 2021 137.2 (<2 d) 92.7 77.9 89.2
%JZUP”_OFST])T otal 832.0 812.1 - .

Note: 1. (<5 d) indicates five days of missing data for that month.

The data indicated that monthly precipitation in the vicinity of the Site was generally near normal
in the period from July to December 2020. Recorded monthly precipitation in the period from
January to May 2021 was less than normal, with January and May being particularly dry relative
to the 30-year norms. This was followed by near-normal precipitation in June and July. For the
12-month period from July 2020 to June 2021, the total recorded precipitation at the Fergus Shand
Dam station was approximately 14% less than the 30-year norm. For some months, the data
indicated considerable variation between the two nearby stations with records of daily
precipitation.

To evaluate the potential significance of below-average precipitation in the early part of 2021 on
the representativeness of the recorded water level data at the Site, a comparison was made to
available data for monitoring wells installed in similar conditions. The Provincial Groundwater
Monitoring Network (PGMN) is a partnership program between the MECP and the conservation
authorities to collect and manage ambient (baseline) groundwater level and quality information
for key aquifers located across Ontario. GSS examined the available well information for PGMN
monitors located in the vicinity of the Site to identify a representative well that was constructed in
conditions similar to those at the Site, i.e., a shallow well completed in a surficial (unconfined)
sand and gravel aquifer. The closest well with those characteristics was identified at a location
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24 km southwest of the Site, near Riverstown (south-southeast of Mount Forest) in the watershed
managed by the Maitland Valley Conservation Authority. That well (identified as W0000276-2)
was reportedly screened in sand and gravel at a depth of 4.0 to 5.2 m, with a ground surface
elevation of 439.6 m. The coordinates of the well indicated that it was located at the County of
Wellington Riverstown landfill site. Based on available geological mapping, the landfill was
located at a former gravel pit site owned by the Town of Arthur and located within the Riverstown
esker. Immediately west of the former gravel pit, the Riverstown Twin Eskers were identified as
an ES-ANSI. Based on its location, depth and geological setting, PGMN W0000276-2 (referred
to as Well 276-2) was considered to be a suitable reference well for comparing seasonal
variations in the water table level to the conditions at the Site.

Hourly water level data for Well 276-2 available for download from the PGMN datasets website
was current to March 1, 2018. To evaluate the 2021 conditions at the Site, GSS requested more
recent data for Well 276-2 from the MECP and subsequently received hourly water level data that
was current to July 6, 2021. A graph of water level data for Well 276-2 for the period from March
2003 to July 2021 is shown on Figure C-2 in Appendix C. Review of the data suggested that
there may have been a change in conditions at the monitored location after 2011 as the seasonal
high water levels recorded after 2011 were generally lower than the seasonal highs recorded in
prior years. Further, much of the data for 2013 was missing. For the purpose of evaluating the
conditions at the Site, GSS focused on the recorded seasonal high water table elevations at Well
276-2 in the 8-year period from 2014 to 2021. During that period, brief spikes in the water level
elevations were recorded on June 23, 2017, February 21, 2018, March 15, 2019, and January
12, 2020. Based on precipitation data for the Mount Forest (Aut) station (or the Wroxeter station
for January 12, 2020), the June 23, 2017 peak coincided with 159.6 mm of recorded rainfall on
June 22 and 23, the February 21, 2018 peak coincided with 40.2 mm of recorded rainfall on
February 19 and 20, the March 15, 2019 peak coincided with 17.2 mm of recorded rainfall on
March 14 and 15, and the January 12, 2020 peak coincided with 81.6 mm of recorded rainfall on
January 10 and 11. Excluding the March 15, 2020 peak, the other recorded water level spikes
were considered to be a result of relatively extreme rainfall events and were not considered to be
indicative of the typical seasonal high water table.

The recorded annual seasonal high water levels recorded at Well 276-2 for the period from 2014
to 2021, excluding the short-duration spikes on June 13, 2017, February 21, 2018, and January
12, 2020, are summarized in Table 6-3, below.

Table 6-3: Seasonal High Water Levels Recorded at PGMN Well 276-2 (2014 to 2021)

Recorded Groundwater Recorded Groundwater
Date . Date .
Elevation (m) Elevation (m)
Apr 10, 2014 436.21 Apr 22, 2018 436.11
Mar 16, 2015 436.15 Mar 15, 2019 436.51
Mar 28, 2016 436.09 Mar 20, 2020 436.13
May 7, 2017 436.10 Mar 11, 2021 436.19
Notes: 1. Elevations in metres relative to geodetic datum.
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The seasonal high water level of 436.19 m recorded at Well 276-2 on March 11, 2021 was higher
than the recorded seasonal high water levels in 2015, 2016, 2017, 2018, and 2020, slightly lower
than the seasonal high water level of 436.21 m recorded in 2014, and 0.32 m lower than the
seasonal high water level recorded in 2019. GSS interpreted this data to indicate that the
seasonal high water levels measured at the Site in 2021 were likely to be reasonably
representative of the typical high water table elevation at the Site.

6.3 Groundwater Flow Conditions

Inferred water table contours at the Site based on the identified high water table elevations are
shown on Figure 4. The highest water table elevations were indicated in the vicinity of MW1 and
MW4.

Within the esker, the sand and gravel was inferred to extend more than a metre, and likely as
much as several metres, below the ground surface elevation at the margins of the esker. Exposed
soils in test pits at the north end of the Site from a 2019 investigation by the Applicant indicated
the presence of sand and gravel to a depth of at least 1 metre. Also, as previously noted, sand
and gravel was being extracted from below the water table at a licensed gravel pit in the same
esker on the south side of Southgate Road 04, southeast of the Site, and that pit was approved
for extraction of material to a depth of approximately 6.5 m below the water table.

The hydraulic conductivity of the sand and gravel associated with the esker was expected to be
considerably higher than the hydraulic conductivity of the surrounding soils, and the
corresponding hydraulic gradient within the sand and gravel was expected to be relatively low.
For three recent groundwater investigations at sites in the southern portion of Grey County with
similar soil conditions, GSS identified horizontal hydraulic gradients ranging from 0.001 to 0.006,
with an average gradient of approximately 0.003 (equivalent to an increase in the water table
elevation of 0.3 m over a horizontal distance of 100 m).

Excluding MW1, the water level data were considered to be indicative of a south to north
groundwater flow direction within the sand and gravel associated with the esker. For monitoring
events on March 23, May 13, and July 5, the recorded groundwater elevation at MW4 near the
south end of the Site ranged from 2.1 to 1.5 m higher than the recorded water elevation at SG2
in the dugout pond at the north end of the Site. The dugout pond was located within a mapped
deposit of glacial-outwash sand and the surface water level at that location was considered to be
indicative of the local water table elevation. The recorded water table elevations at MW4 and
SG2 indicated a hydraulic gradient ranging from approximately 0.004 to 0.003 along the length of
the esker, which was considered typical for a continuous sand and gravel deposit.

Extending the hydraulic gradient of 0.004 southward from MW?2 indicated a high water table at
approximate elevation 493 m within the esker at the south end of the Site. GSS inferred that
there was a groundwater divide within the esker just beyond the south end of the Site, which
would be consistent with the local topography and the MNRF OFAT subwatershed drainage area
shown on Figure 2, and also with the indicated water level elevation of approximately 490.5 m in
the gravel pit pond located south of Southgate Road 04. The northwesterly-flowing watercourse
shown on topographic mapping to be located approximately 500 m north of the Site was
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considered to be the likely outlet for shallow groundwater flowing northerly within the sand and
gravel esker.

The recorded water level data for MW1 were considered to be somewhat inconsistent with the
other water level data and indicated the presence of a localized high in the water table at that
location. For each monitoring event, the inferred water table elevation at MW1 was approximately
0.7 to 0.9 m higher than the water table elevation in the wetland located approximately 60 m to
the southwest and 1.3 to 1.9 m higher than the water level in the dugout pond located
approximately 170 m to the north. For monitoring events in November, March, and May, the water
table elevation at MW1 was also higher than the surveyed ground surface elevation near the west
boundary of the Site approximately 60 m west of MW1. GSS considered it unlikely that the
recorded groundwater elevations at MW1 were indicative of the water table elevation within the
sand and gravel of the esker in that area. On November 17, 2020, the surveyed water level of
489.79 m in an open test pit on the east margin of the esker approximately 110 m northeast of
MW1 was 1.98 m lower than the measured groundwater level at MW1.

MW1 was located within a mapped deposit of glacial-outwash sand that was shown to extend
westerly for approximately 400 m from the west side of the esker, southerly to the wetland in the
west-central portion of the Property, and northerly to a low-lying wet area with a northwesterly
flowing watercourse on the adjacent property north of the Site. The soil conditions encountered
at MW1 consisted of approximately 0.2 m of topsoil underlain by silty sand with some gravel to a
depth of approximately 1.3 m. The silty sand was underlain by silt with clayey silt layers to the
top of the till at a depth of approximately 2.2 m.

The continuously recorded water level data for MW1 showed relatively strong reactions in
response to recorded rainfall events in the vicinity of the Site, with short-term increases of the
order of 0.4 m. These were substantially larger than the responses recorded at MW3. GSS
inferred that the higher water table elevation recorded in the vicinity of MW1 was likely to be
related to enhanced infiltration of precipitation on the relatively flat ground within the localized
sand deposit in that area. It was also noted that ground surface contours derived from the
topographic survey at the Site indicated the presence of a swale on the west side of the esker
adjacent to MW1 that would tend to capture and hold runoff, resulting in enhanced infiltration in
the area immediately east of MW1.

The high water table elevation identified in the vicinity of MW1 was used in establishing the bottom
elevations for the proposed gravel pit, but was considered to be indicative of a relatively localized
condition. To validate that interpretation, piezometer P1 was installed at a location approximately
115 m north of MW1 on November 8, 2021, as described in Section 4.2. The measured
groundwater elevation of 490.06 m at P1 on November 8 was 1.59 m lower than the groundwater
elevation at MW1, and was considered to be consistent with a groundwater flow direction of south
to north within the esker and the inferred groundwater contours shown on Figure 4.

6.4 Hydrogeological Setting and Water Budget

Grey County and GRCA mapping indicated that the Site is located on a divide at the top of the
watersheds for two major river systems, the Saugeen Valley watershed to the north and west and
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the Grand River watershed to the south and east. Watershed scale water budget assessments
were previously carried out as part of the provincial source water protection program. Results for
the Grand River watershed were presented in the Integrated Water Budget Report for the Grand
River Watershed (AquaResource, 2009). The results of the surface water assessment for the
Saugeen Valley watershed were presented in the Saugeen Valley, Grey Sauble, and Northern
Bruce Peninsula Tier 1 Surface Water Budget and Stress Assessment Report (AquaResource,
2008), and were subsequently incorporated into Chapter 3 of the Approved Assessment Report
for the Saugeen Valley Source Protection Area (2015). In the Grand River watershed report, the
southern portion of the Site was located within a subwatershed identified as "Grand Above Legatt"
and in the Saugeen Valley watershed report, the northern portion of the Site was located within a
subwatershed identified as "South Saugeen/Mount Forest". The average annual water budget
components from the model results for both subwatersheds are shown below.

Subwatershed Area | Precipitation | Evapotranspiration (ET) | Runoff | Recharge
(km?) (mm) (mm) (mm) (mm)
S. Saugeen/Mount Forest 547 1007 627 173 207
Grand Above Legatt 365 988 469 345 174

The annual precipitation values used in the models were similar; however, there was a substantial
difference in the evapotranspiration rates. The estimated evapotranspiration of 627 mm for the
subwatershed located within the Saugeen River drainage area would leave 380 mm of
precipitation as potential recharge, without the effects of runoff. The estimated evapotranspiration
of 469 mm for the subwatershed located within the Grand River drainage area would leave 519
mm of precipitation as potential recharge, without the effects of runoff. Within each subwatershed,
there would be variations in the estimated evapotranspiration, runoff, and recharge values based
on differences in surface topography, surface cover, and soil conditions. However, the average
evapotranspiration rate on the Site would be approximately the same for both watersheds. Based
on the availability of shallow groundwater, the evapotranspiration rate from the wetland portions
of the Site would be expected to be higher than the evapotranspiration rate from the esker portion.

The Grand River watershed report noted that provincial estimates of mean annual
evapotranspiration were documented in the Water Quantity Resources of Ontario (MNR, 1984),
and were calculated by subtracting mean annual streamflow from mean annual precipitation. For
the Grand River watershed, average annual evapotranspiration was estimated to be 400-500 mm
in the north, 600 mm in the extreme south, and generally 500-600 mm over the majority of the
watershed (AquaResource, 2009). The Saugeen Valley watershed report noted that the potential
evaporation rates used in the SVCA model were successfully used in the adjacent GRCA model
and only slight reductions were required for use within the SVCA model.

Watershed characterization information obtained from the MNRF OFAT for the generated
subwatershed shown on Figure 2 indicated that the mean annual precipitation was 991 mm,
consistent with the above-noted water budget reports. The mean annual streamflow for the 229.2
ha subwatershed was indicated to be 2,592 m®day, which would be equivalent to 413 mm of
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annual precipitation. That would imply an average annual evapotranspiration rate of
approximately 578 mm.

The major land surface/soil components that characterized the Property were the wetlands and
the sand and gravel esker. In addition, there was a relatively small area mapped as sandy silt till
in the southwest portion of the Site and a smaller area mapped as glacial-outwash sands located
on the west side of the esker, between the north and south wetlands. All of the proposed
extraction would occur within the sand and gravel esker on the Site. Table 4.6 in the water budget
report for the Grand River watershed indicated the range of simulated runoff and recharge rates
shown below for relevant hydrologic response units located across the study area, based on the
GAWSER surface water modelling.

Runoff (mm/yr) Recharge (mm/yr)

Hydrologic Response Unit
Min Max Avg Min Max Avg

Sand, Gravel (medium vegetation, non-hummocky) 4 8 8 351 402 355

Wetland 457 573 499 111 113 112

Similar information was not presented in the same way in the Saugeen Valley watershed report;
however, maps of modelled mean annual runoff and mean annual infiltration per response unit
indicated runoff of less than 50 mm for the sand and gravel deposit on the Site and recharge of
200 to 300 mm.

Based on the presence of relatively low-permeability till beneath the sand and gravel esker at the
Site, much of the infiltration from precipitation in the sand and gravel unit would be expected to
move laterally. As discussed in Section 6.2, the inferred direction of shallow groundwater flow in
the sand and gravel esker on the Site was primarily towards the north. In addition to flow within
the sand and gravel deposit, the identified hydraulic gradient also indicated the potential for
movement of shallow groundwater from the esker to the adjacent wetland to the east, although
flow in that direction would be limited by the presence of the near-surface, low permeability till
and the organic soils associated with the wetland. Groundwater level monitoring indicated that
on July 5, 2021, the groundwater level at MW3 was less than 0.2 m above the top of the till. The
inferred hydraulic gradient between the esker and the adjacent wetlands to the west and
northwest was smaller than the easterly gradient and suggested the potential for only very minor,
seasonal groundwater flow from the esker to those wetlands. It was considered that there was
also a potential for minor seasonal flow of shallow groundwater from those wetlands into the sand
and gravel of the esker.

Based on the size of the proposed area of extraction relative to the area of the wetlands and
associated drainage area, any groundwater flow from the proposed area of extraction would be
expected to be a very minor contributor to the water supply of the wetlands. The area of the
generated subwatershed shown on Figure 2 that contained the Site and much of the wetlands
located east, west and northwest of the Site was approximately 229 ha, of which 133 ha was
mapped as wetlands. The proposed area of extraction at the Site is 5.77 ha, which would
represent approximately 2.5% of the inferred drainage area.
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Mapping provided for the Saugeen Valley Source Protection Area and interactive GIS mapping
for the Grand River watershed indicated that the Site was not located in an area subject to source
water protection policies.
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7.0 PROPOSED AGGREGATE EXTRACTION

The identified high water table elevation at the Site and inferred water table contours were used
to identify the bottom elevations for the proposed gravel pit, based on a minimum separation
distance of 1.5 m between the pit bottom and the high water table. The proposed gravel pit bottom
is shown on the cross-sections on Figure 5. Spot elevations for the proposed gravel pit bottom
are shown at selected locations on Figure 4. The bottom elevations varied from 495.0 m near the
south limit of the former wayside pit, to 493.7 m at the south end of the intact esker, to 491.5 m
at the north end of the Site.

The proposed pit bottom elevations were used to identify the limits of extraction, as all of the
excavation would occur within the raised esker at an elevation higher than the surrounding ground
east and west of the esker. The proposed area of extraction is 5.77 ha in area and is shown on
Figure 4. At the location of the former wayside pit at the south end of the Site, the identified
bottom elevation was approximately 0.4 to 1.6 m below the bottom of the former wayside pit (i.e.
the current ground surface in that area). There is a potential for extraction of up to approximately
6 m of material in that area in the portion of the esker that remains intact. North of the former
wayside pit, the depth of extraction from the top of the esker would vary from approximately 6 to
11 m.

The volume of aggregate that would potentially be available for removal from the Site was
estimated by comparing the existing ground surface defined by the contours shown on Figure 4
to the proposed pit bottom elevations, as indicated on Figures 4 and 5. Assuming an average
topsoil thickness of 0.3 m, the estimated in situ volume of aggregate was estimated to be of the
order of 160,000 cubic metres (m®). Based on an assumed in situ density of 2.1 tonnes/m? for
sand and gravel, the estimated volume would equate to approximately 336,000 tonnes of
aggregate.

Extraction of sand and gravel would generally proceed from south to north, with a haul road
extended along the floor of the pit. Post-extraction, it is understood that the Site will be
rehabilitated for passive recreational use, including a potential campground, as well as a re-
forested area in the northern portion of the Site to create a wildlife corridor.

No aggregate washing is proposed for the Site. Fuel storage and equipment maintenance will
occur at a designated location near the south end of the Site. Any fuel storage, handling, and on-
Site use must adhere to all applicable regulations and standards, which reduces the potential for
related impacts to the environment. There are no proposed water diversion, storage or drainage
facilities for the Site.
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8.0 ASSESSMENT OF POTENTIAL IMPACTS FROM PROPOSED GRAVEL PIT

The proposed extraction of sand and gravel at the Site will occur at an elevation 1.5 m or more
above the typical high water table. Therefore, no direct effects on local groundwater levels are
anticipated.

No water supply wells were identified within 500 m of the Site. Therefore, no potential for impacts
on groundwater use were identified as a result of potential inadvertent changes to groundwater
quality from the proposed extraction. Further, the information reviewed indicated that the closest
water supply wells to the Site obtained groundwater from a confined bedrock aquifer.

The potential for indirect effects of aggregate extraction and subsequent rehabilitation at the Site
was evaluated with respect to changes in the Site water balance. During extraction, the existing
vegetation cover and topsoil would be removed to expose the underlying aggregate. The
temporary absence of vegetation and topsoil would be expected to result in a slight reduction in
losses from evapotranspiration, which would result in a slight increase in runoff and/or infiltration.
After rehabilitation, the evapotranspiration losses at the Site would be expected to be similar to
pre-extraction conditions.

During extraction, runoff from areas of exposed soils should be contained so that solids-laden
water does not flow into the adjacent wetlands. Appropriate measures would be employed to
restrict runoff from stripped areas from flowing down the slopes outside the area of extraction and
to promote infiltration of runoff on the pit floor. This is anticipated to result in a reduction in runoff
from the Site, which would be offset by a corresponding increase in infiltration. As the Site will be
progressively rehabilitated, with runoff restored in rehabilitated areas, the area with temporary
reduced runoff is anticipated to be less than half of the proposed extraction area.

After the Site is rehabilitated, it is considered that there would be a potential for reduced runoff
from the Site relative to the pre-existing conditions as a result of reduced slopes on the esker.
This would be offset by a corresponding increase in infiltration. No net reduction in water input to
the adjacent wetlands from the Site was indicated.

Guidance for water balance infiltration factors provided in the MECP Stormwater Management
Planning and Design Manual (2003) indicated that the proposed change in topography at the Site
could potentially result in a reduction in runoff in the extracted area of the order of 50%, with a
corresponding increase in infiltration of the order of 12.5%. Based on an average annual
precipitation rate of 991 mm and an average annual evapotranspiration rate of 578 mm (derived
from the MNRF OFAT subwatershed mapping described in Section 6.3 and generally consistent
with the regional water budget modelling results), the potential recharge rate for the Site was
estimated to be approximately 413 mm. Most of this water would be considered to represent a
potential input to adjacent wetlands via runoff or infiltration and lateral movement, although the
timing of those inputs would be different. Under existing conditions, the runoff component from
the esker was estimated to be approximately 83 mm, leaving approximately 330 mm for
infiltration. A 50% reduction in the estimated runoff would be approximately 41 mm, and there
would be a corresponding increase in infiltration to approximately 372 mm. For the proposed
area of extraction of 5.77 ha, a reduction in runoff of 41 mm would equate to approximately 2,370
m3 annually.
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In areas beyond the sand and gravel esker, expected runoff from the lower-permeability soils in
the vicinity of the Site would be considerably higher, closer to approximately 190 mm per year
based on the water budget modelling results for the Saugeen Valley watershed described in
Section 6.3. As described in Section 6.3 and shown on Figure 2, the inferred drainage area
containing the Site was approximately 229 ha in area, of which approximately 133 ha was mapped
as wetlands. Based on an estimated runoff component of 190 mm from the lands located outside
the mapped wetlands, the estimated annual runoff to the wetlands would be approximately
182,000 m3. The estimated annual input of water to the wetlands from direct precipitation would
be approximately 1,318,000 m3. A reduction in the annual runoff from the Site of approximately
2,370 m?® post-extraction would represent approximately 1.3% of the estimated total runoff input
to the wetlands, and approximately 0.25% of the estimated total water input. Further, the
estimated reduction in the runoff input to the wetlands would be accompanied by a corresponding
increase in the input from shallow groundwater flow.

In summary, no reduction in the net water input to the adjacent wetlands as a result of the
proposed above the water table pit at the Site was indicated. The estimated potential reduction
in the seasonal runoff input to the wetlands as a result of the proposed extraction represented a
small fraction of the estimated water inputs to the wetlands and it was considered that it would
have a negligible effect on the hydroperiod of the adjacent wetlands. No potential for the
proposed gravel pit to negatively affect water levels in the adjacent wetlands was identified.
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9.0 MONITORING PLAN

No effects on local groundwater and surface water resources from the proposed extraction at the
Site are anticipated. Therefore, the monitoring program is limited to water level monitoring for
one year following issuance of this report to confirm that the seasonal high water table identified
in this report is generally representative of typical conditions at the Site. This would be followed
by water level measurements three times per year in the first three years of extraction to document
groundwater conditions.

The following monitoring program is recommended to be shown on the site plans.

o Water level measurements at the existing on-Site monitoring wells (MW1, MW2, MW3,
MW4), staff gauges (SG1, SG2, SG3), and piezometer (P1) shall be carried out for one
year following issuance of the hydrogeological report, with a minimum of three events in
the spring (March, April, May) and one event each in the summer and fall.

¢ Following approval of aggregate extraction at the Site, water level measurements at the
existing monitoring wells, staff gauges, and piezometer shall be carried out at a minimum
frequency of three times per year in the spring, summer, and fall for the first three years
of extraction operations.

e At the end of three years, the monitoring data shall be summarized in a report prepared
by a qualified professional and submitted to the MNRF, with a recommendation to either
discontinue the monitoring program or to continue the monitoring program for a specified
minimum number of additional years.

e |If it is recommended that monitoring be discontinued, and the MNRF concurs with the
findings of the report, then the monitoring wells shall be properly abandoned in accordance
with the requirements of O.Reg. 903 and amending regulations.
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10.0 SUMMARY AND CONCLUSIONS

Based on the results of this hydrogeological assessment, the following summary of findings is
provided.

Four monitoring wells were installed at the Site in November 2020. Groundwater levels in two
wells were monitored continuously (1-hour intervals) from November 2020 to November 2021.
Groundwater levels in all of the monitoring wells were measured at approximately monthly
intervals from March to July 2021. Surface water levels were measured in adjacent wetlands
located east and west of the Site and in a dugout pond located in the northwest portion of the
Site.

The seasonal high water table elevation at the monitoring locations occurred in late March
2021, with identified elevations ranging from 492.2 to 490.1 m. Contours considered to be
representative of the high water table at the Site are shown on Figure 4 of this report.

To maintain a minimum separation of 1.5 m above the identified high water table, pit floor
elevations ranging from 495.0 m at the south end of the Site to 491.5 m at the north end were
identified.

The proposed pit floor elevations were used to identify the limits of extraction on the Site, as
all of the extraction would occur within the existing raised esker at an elevation higher than
the surrounding ground surface beyond the esker. The proposed area of extraction is 5.77
ha and is shown on Figure 4 of this report.

Based on the results of this assessment, no potential impacts to local groundwater and
surface water resources from the proposed above the water table pit were identified.

Respectfully submitted,

GSS ENGINEERING CONSULTANTS LTD.

ﬂr"I:
2/& -/

W. Brad Benson, P.Eng.
Senior Hydrogeologist

WBB/MRS/bb

GSS Engineering Consultants Ltd. 19-047 26



Hydrogeological Assessment for Proposed Above-Water Hogs Back Pit
H. Bye Construction Ltd., Part Lot 31, Concession 3 (Proton), Township of Southgate December 2021

11.0 REFERENCES

AquaResource, Inc. (2008a). Saugeen Valley, Grey Sauble, Northern Bruce Peninsula Tier 1
Groundwater Budget and Subwatershed Stress Assessment.

AquaResource, Inc. (2008b). Saugeen Valley, Grey Sauble, and Northern Bruce Peninsula Tier
1 Surface Water Budget and Stress Assessment Report.

AquaResource, Inc. (2009). Integrated Water Budget Report, Grand River Watershed.

Barnett, P.J., Cowan, W.R., and Henry, A.P. (1991). Quaternary Geology of Ontario, Southern
Sheet, Ontario Geological Survey, Map 2556, Scale 1:1,000,000.

Chapman, L.J., and Putnam, D.F. (1984). The Physiography of Southern Ontario, 3" Edition,
Ontario Ministry of Natural Resources.

Gwyn, Q.H.J. (1972). Quaternary Geology of the Dundalk Area, Southern Ontario, Ontario
Department of Mines and Northern Affairs, Preliminary Map P.727, Scale 1:50,000.

Gwyn, Q.H.J. (1975). Quaternary Geology of the Dundalk Area, Southern Ontario, Ontario
Division of Mines Open File Report 5132, 138 p., Accompanied by Maps P.727, P.1023,
Scale 1:50,000.

Gwyn, Q.H.J., and Frazer, J.Z. (1975). Drift Thickness of the Dundalk Area, Southern Ontario,
Ontario Division of Mines, Preliminary Map P.1023, Scale 1:50,000.

Ontario Geological Survey (1981). Aggregate Resources Inventory of Proton Township, Grey
County, Ontario Geological Survey Aggregate Resources Inventory Paper 51, 31 p., 3
maps.

Ontario Ministry of the Environment (2003). Stormwater Management Planning and Design
Manual.

SAAR Environmental Limited (2021). The Hogs Back Above Water Pit Application, Lot 31,
Concession 3, Township of Southgate, County of Grey, Final Draft December 2021.

Saugeen Valley Source Protection Area (2015). Approved Assessment Report, Chapter 2
Watershed Characterization.

Saugeen Valley Source Protection Area (2015). Approved Assessment Report, Chapter 3 Water
Quantity Stress Assessment.

GSS Engineering Consultants Ltd. 19-047 27



FIGURES

GSS Engineering Consultants Ltd. (19-047)
December 2021



T
7

p
/XK

N\

TN

LT\

g‘

..-l“‘\‘L-.‘nl

SAUGEEN
VALLEY
WATERSHED

GRAND RIVER
WATERSHED

Metres
120 240

e M e B

Lot 31, Concession 3 (Proton)
EARTH SCIENCE ANSI (MNRF NATURAL HERITAGE MAPPING) _ VIRS
WETLAND (MNRF 1:10,000 ONTARIO BASE MAP, 2002) Township of Southgate, Grey County

PROVINCIALLY SIGNIFICANT WETLAND (MNRF NATURAL HERITAGE MAPPING) DEC. 2021
Scale:

5m CONTOURS <y 5000

MONITORING WELL LHG'HLLRl HG FILE No.

SURFACE WATER STAFF GAUGE 19-047

Site Plan wB
.

: B
PROPERTY OWNED BY APPLICANT . . Drawn:
FORMER WAYSIDE PIT (MNRF 1:10,000 ONTARIO BASE MAP, 2002) H. Bye ConStrUCtlon Proposed HOgS Back Pit

REFERENCES
WATERSHED BOUNDARY (GREY COUNTY MAPS) 1. GREY COUNTY PARCEL MAPPING AND CONTOURS

2. GOOGLE EARTH IMAGE (OCT. 7, 2019)

CONSULTANTS LTD FIG. No.
1



AutoCAD SHX Text
PROPOSED LICENCE BOUNDARY (SITE)

AutoCAD SHX Text
EXISTING PIT (ID 4875)

AutoCAD SHX Text
SOUTHGATE ROAD 04

AutoCAD SHX Text
SG2

AutoCAD SHX Text
SG1

AutoCAD SHX Text
SG3

AutoCAD SHX Text
MW1

AutoCAD SHX Text
MW3

AutoCAD SHX Text
MW2

AutoCAD SHX Text
MW4

AutoCAD SHX Text
AREA OF EXTRACTION

AutoCAD SHX Text
SAUGEEN  VALLEY  WATERSHED

AutoCAD SHX Text
GRAND RIVER  WATERSHED

AutoCAD SHX Text
LEGEND

AutoCAD SHX Text
FORMER WAYSIDE PIT (MNRF 1:10,000 ONTARIO BASE MAP, 2002)

AutoCAD SHX Text
EARTH SCIENCE ANSI (MNRF NATURAL HERITAGE MAPPING)

AutoCAD SHX Text
WETLAND (MNRF 1:10,000 ONTARIO BASE MAP, 2002)

AutoCAD SHX Text
PROVINCIALLY SIGNIFICANT WETLAND (MNRF NATURAL HERITAGE MAPPING)

AutoCAD SHX Text
5m CONTOURS 

AutoCAD SHX Text
500

AutoCAD SHX Text
PROPERTY OWNED BY APPLICANT

AutoCAD SHX Text
MONITORING WELL

AutoCAD SHX Text
SURFACE WATER STAFF GAUGE

AutoCAD SHX Text
WATERSHED BOUNDARY (GREY COUNTY MAPS)

AutoCAD SHX Text
FIG. No.

AutoCAD SHX Text
Drawn:

AutoCAD SHX Text
Date:

AutoCAD SHX Text
APPROVED:

AutoCAD SHX Text
Design:

AutoCAD SHX Text
Scale:

AutoCAD SHX Text
1:5000

AutoCAD SHX Text
DEC. 2021

AutoCAD SHX Text
MRS

AutoCAD SHX Text
TDL

AutoCAD SHX Text
WBB

AutoCAD SHX Text
FILE No.

AutoCAD SHX Text
19-047

AutoCAD SHX Text
1

AutoCAD SHX Text
REFERENCES 1. GREY COUNTY PARCEL MAPPING AND CONTOURS GREY COUNTY PARCEL MAPPING AND CONTOURS 2. GOOGLE EARTH IMAGE (OCT. 7, 2019)GOOGLE EARTH IMAGE (OCT. 7, 2019)

AutoCAD SHX Text
N


o T 1
\ 3 \ i : \
\ & Vo i |
o | e | |
I'. 459 ‘lll- \ Ao \I
\,! . i H‘. r
\ 0 \ o \
] .:f_&'l:a
.
‘I'Julu\
“_1‘ A91.0
i .-‘. --:- II | |
\ N o Sl ® ] I" 6 by 'I g : I'u
e \ S N ) \34 i // \ \
Az l|£ \I = 2 ~E0 ll( \ i: ! '|. ) :: :
V[ L fia ) | 1 S\
\ _,f) \ | AVEA -\\ ' :‘._ e _.I \_\- :
28 A amn \ N\ ! > \ \ | ) .
.]"En_n . |_ e 1', Avin M | g \ \J ] % : . _I.‘ A
Ser) AT v > <O\
\ = T ; = A
/ ) ‘r/ . V\\\I"._ 90 ' e e 5
P

i A
s L S

Map Point for Subwatershed
Boundary

Area of Marsh. __ ___ Subwatershed Boundary

from MNRF OFAT

| Access Road.

Beaver Dam.

Reference: MNRF Ontario Base Map
(Air Photography 1982, Published 2002, 1:10,000)

'! l'lll_-lulm A -III_.-:/ !
! L | J
\ LoT 3 7\ ; %
e goNZ & |
| g \ ,' \ Ay
: \ = b L
Area of Vegetation, O

Surface Drainage Plan
H. Bye Construction Proposed Hogs Back Pit
Lot 31, Concession 3 (Proton)
Township of Southgate, Grey County

Design:
WBB

Drawn:

TDL

APPROVED:
MRS

ENGINEERING

CONSULTANTS LTD

@

Date:
DEC. 2021

cale:
1:15,000

FILE No.
19-047

FIG. No.

2



AutoCAD SHX Text
Tuesday, December 7, 2021 1:36:38 PM

AutoCAD SHX Text
FIG. No.

AutoCAD SHX Text
Drawn:

AutoCAD SHX Text
Date:

AutoCAD SHX Text
APPROVED:

AutoCAD SHX Text
Design:

AutoCAD SHX Text
Scale:

AutoCAD SHX Text
FILE No.


Reference: Gwyn, Q.H.J., 1972. Quaternary Geology
of the Dundalk Area, Ontario Department of Mines
and Northern Affairs, Map P.727 Scale 1 50, OOO

Bog deposits.  Peat, muck, .nndul
Glacial-outwash sand.

Ice-contact stratified drift.  Sand and g’t avel, mclude
some till and silc.

a) Mainly gravel.

b) Mainly sand.

Ti 11 Mainly sandy silty till with some pebbly silty
sandy till. 7 5 ¥

- Sand or gravel pit.

P

EY hm. i
lhl c\:rrcnt dir.’r.(on) *T

Quaternary Geology Mapping
H. Bye Construction Proposed Hogs Back Pit
Lot 31, Concession 3 (Proton)
Township of Southgate, Grey County

ENGINECRING

CONSULTANTS LTD



AutoCAD SHX Text
Tuesday, December 7, 2021 1:37:07 PM

AutoCAD SHX Text
FIG. No.

AutoCAD SHX Text
Drawn:

AutoCAD SHX Text
Date:

AutoCAD SHX Text
APPROVED:

AutoCAD SHX Text
Design:

AutoCAD SHX Text
Scale:

AutoCAD SHX Text
FILE No.


L¥0—61\610Z\Uowwo) ssa\ :>

uoQL:s — 1202 ‘0L %00 BmMp'/¥0—61\(020Z LI AON) Aening\sBuimoig\e1BLinos id pesodoid ‘g H

OHWUHV

}_{

|

—

LICENCE BOUNDARY
PROPERTY OWNED BY APPLICANT
PROPERTY LINE

LOT/CONCESSION LINE

EXISTING CONTOURS

SPOT ELEVATION

EXISTING FENCE (P&W)

EXISTING TREE LINE

TREE

ACCESS ROAD

WET AREA (FROM AVAILABLE MAPPING)
WETLAND LIMITS (FROM NETR, SAAR 2021)

POND FEATURE

WATERCOURSE

CROSS—SECTION LOCATION

\

433.0

\

6287+*$7( 528"

L jiiiiiii_ii_i\%x_*_bi .............

HVLIQ
LEGEND *URXQGZDWHU ORQLWRULQJ /REDWI
SI\D/Z
& woNTORNG WELL + %\H &RQVWUXFWLRQ 3URSRVAG +RJ
4 SURFACE WATER STAFF GAUGE IRW &RQFHVVLRQ SURMRO
# PREVIOUS TEST PIT (2019) 7RZQVKLS RI 6RXWKJDWH *UH®PRRIXC
° SHALLOW PIEZOMETER DWIFE&
—— —— LIMIT OF EXTRACTION 55T
491.04 WATER ELEVATION (m) (MARCH 23, 2021)
(491.2) INFERRED HIGH WATER TABLE ELEVATION (m) )./( 1R
— —— — INFERRED HIGH WATER TABLE CONTOURS (m) -l;erG|LH-1[—;E-BI lHTg
UNSULIANTS LI U ),* 1R
494.5 PROPOSED PIT BOTTOM ELEVATION (m)



AutoCAD SHX Text
495

AutoCAD SHX Text
494

AutoCAD SHX Text
493

AutoCAD SHX Text
489.9

AutoCAD SHX Text
490.4

AutoCAD SHX Text
491.3

AutoCAD SHX Text
491.1

AutoCAD SHX Text
489.6

AutoCAD SHX Text
489.6

AutoCAD SHX Text
490.8

AutoCAD SHX Text
489.5

AutoCAD SHX Text
489.8

AutoCAD SHX Text
490.8

AutoCAD SHX Text
490.8

AutoCAD SHX Text
490.8

AutoCAD SHX Text
490.5

AutoCAD SHX Text
493.7

AutoCAD SHX Text
502.6

AutoCAD SHX Text
MW3

AutoCAD SHX Text
MW4

AutoCAD SHX Text
MW1

AutoCAD SHX Text
SG1

AutoCAD SHX Text
SG2





APPENDIX A

Copy of February 27, 2020 GSS Technical Memo to MNRF

and Cover Letter

GSS Engineering Consultants Ltd. (19-047)
December 2021



APPENDIX B

Records of Boreholes

GSS Engineering Consultants Ltd. (19-047)
December 2021



APPENDIX C

Water Level Monitoring Data

GSS Engineering Consultants Ltd. (19-047)
December 2021



	19-047-Fig. 1.pdf
	Sheets and Views
	Fig. 1


	19-047-Fig. 2.pdf
	Sheets and Views
	Fig. 2


	19-047-Fig. 3.pdf
	Sheets and Views
	Fig. 3





