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1.0 INTRODUCTION

Azimuth Environmental Consulting, Inc. (Azimuth) was retained by LCP Quarry Limited
(the Applicant) to undertake a hydrogeological and hydrological assessment for a
potential mineral aggregate quarry on part of Lots 11, 12, and 13, Concession 1
(southwest of the settlement of Brechin) in the Township of Ramara (the “Township”),
County of Simcoe (the “County”). A map illustrating the proposed quarry and adjacent
lands which constitute the Study Area is shown on Figure 1 (Appendix A).

The Applicant is applying for a new aggregate resource application with the Ministry of
Natural Resources and Forestry (MNRF) for an Aggregate Resources Act (ARA) Class A
Licence for an Aggregate Quarry Below the Ground Water Table. As such, Azimuth has
prepared a combined Level I and 2 Hydrogeological and Hydrological Assessment
(Water Resources Report) for the proposed aggregate expansion and operation. WSP
Canada Inc. (WSP) (formerly Golder Associates Ltd. [Golder]) also provided support to
Azimuth with respect to completing a Geologic Report for the project, which included
detailed core logging and geophysical testing at the existing boreholes which was used to
define the proposed quarry hydrostratigraphy (Golder, 2021). WSP also completed
numerical modelling for this application to define potential drawdown effects and
impacts to neighbouring ground water users (WSP, 2023).

Both Azimuth and WSP have considerable experience completing aggregate license
applications for quarry operations across Southern Ontario, including those on the Carden
Plain. The following report has been prepared for the MNRF aggregate resource
application, in addition to addressing the various land use planning requirements
pertaining to hydrogeology and hydrology.

1.1 Site Description and Proposed Layout

The entire LCP Quarry Limited property holdings include several large parcels that have
a land area totaling about 161 hectares (ha). The Municipal Addresses for the four (4)
parcels are listed below:

1646 Highway 12, Township of Ramara — Part of Lot 11, Concession 1

1506 Highway 12, Township of Ramara — Part of Lot 11, Concession 1

2440 Concession Road 1, Township of Ramara — Part of Lot 12, Concession 1

2530 Concession Road 1, Township of Ramara — Part of Lot 13 Concession 1

The lands are separated by an abandoned raised bed rail alignment that is oriented in a

north-south direction located between Part of Lots 12 and 13, Concession 1 (Mara). The
eastern two-thirds of the holdings (~120 ha) is comprised of fallow pasture lands that had
been primarily used for cattle grazing up to 2022. It is accessed through four (4) existing
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farm entrances located along Highway 12 (2-total) and Concession Road 1 (2-total).
These parcels have been historically farmed since the turn of the century, which is
evidenced through historical aerial photographs and the presence of on-site derelict
structures (i.e., barns, silos, foundations, efc.).

The western parcel of the holdings (~41 ha) was also historically farmed; however, it was
more recently developed for use as a small recreational air strip with hanger (known as
the Rama Flying Club). It is understood that the air strip was used by both light aircraft
and remote-control aircraft. One (1) gated entrance exists along Concession Road 1
which permits access to the western lands. There are also several constructed internal
roads/ trails. Based on historical aerial photographs, the air strip was first developed
sometime between 1954 and 1978; however, anecdotal information suggests that the air
strip has not been in regular use for nearly 20 years.

The area proposed to be licensed under the ARA is 151.4 ha with a proposed extraction
area of 91.5 ha. The total property has an area of approximately 161.2 ha. In terms of
the proposed quarry operation, the operations and extraction are to occur on the eastern
lands while the western lands will used for monitoring and ecological enhancements.
The primary entrance/ exit for the quarry is proposed to be from a new entrance
constructed at the northern property boundary along Concession Road 2 which has
preferred access to Highway 12. Current site features for the site and Licence Boundary
and Extraction Limit are shown on Figure 2. The figures in this report refer to the site
plans prepared by MHBC for licencing, which are submitted under separate cover.
Please refer to Appendix B for a simplified Site Operations Schematic.

1.2 Aggregate Resources

As per MNRF and the County information sources, there are two (2) ARA licenced sites
within 5 km of the proposed quarry (Lafarge Brechin Quarry — Licence 3582 and James
Dick Gamebridge Quarry — Licence 3717). Both of these operations are licenced by the
MNREF as Class A Licences. There are two (2) additional ARA licenced quarries situated
within 10 km from the proposed quarry boundary, however, outside of the Study Area.
According to County of Simcoe and Township of Ramara Official Plan mapping, the
proposed quarry is situated within a high potential mineral aggregate resource area
(HPMARA), which includes lands north, south and west of the proposed quarry. The
location the HPMARA and nearby aggregate operations are shown on Figure A
(overleaf).
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1.3  Policy
1.3.1 Aggregate Resource Act

The MNRF regulate aggregate resources in Ontario through the Aggregate Resources Act
(ARA). The application process is regulated under O.Reg. 244/97 (as amended) which
was recently updated through the adoption of four (4) new standards:

1. Aggregate Resources of Ontario: Site Plan Standards, August 2020;

2. Aggregate Resources of Ontario: Technical Reports and Information Standards,

August 2020;
3. Aggregate Resources of Ontario: Amendment Standards, August 2020; and
4. Aggregate Resources of Ontario: Circulation Standards, August 2020.

The standards detailed in the abovementioned documents have been applied to a new

aggregate application for Class A Licence for an Aggregate Quarry Below the Ground
Water Table.

In addition, the information detailed in this Level I and 2 Hydrogeological and
Hydrological Assessment (Water Report) have been prepared in accordance with the
Technical Reports and Information Standards (August, 2020). This report outlines the
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methodology, data and any mitigation measures/ contingency plans required as a result of
the proposed quarry. Details and/or conclusions from this report have also been
incorporated into other supporting documents (i.e., Site Plans, monitoring programs,
other technical reporting, efc.) as required.

1.3.2 County of Simcoe - Official Plan

The County of Simcoe (County) has regard for aggregate resources within their Official
Plan (OP) framework, which includes specific policies and schedules (mapping). This
includes the protection of these resources for potential extraction in certain geographic
areas within their boundary. While proposed new and/or expansions of aggregate
operations require approval from the Province and the Township of Ramara, the County
has an interest in these aggregate applications, as they relate to the protection of these
resources and potential impacts to natural heritage features, ground water resources and
the public. Section 4.4 (Aggregate Developments) and Section 4.5 (Resource
Conservation) of the County's OP details the specific requirements for proposed
aggregate applications and protection of resources, respectively.

The County's Land Use Designation (Schedule 5.1) shows that the proposed quarry is
mainly split into two (2) designations "agricultural" (north) and "rural" (south), although
a small, internal patch is included in the County's "greenlands" designation. Schedule
5.4.1 illustrates the land areas that are identified as high potential mineral aggregate
resource, which includes the majority of the lands (Figure A). Lands with this
designation are afforded protection by the County for potential long-term use, subject to a
number of policies.

The policy is clear that supporting studies (including impact assessments, monitoring and
mitigation) for ground- and surface water resources are required for a new proposed
quarry. In the County’s Official Plan, the site is not situated within a Wellhead
Protection Area and Surface Water Intake Protection Zone (Schedule 5.2.4), nor the Oak
Ridges Moraine, Niagara Escarpment and Greenbelt Plan Area's, and as such, those plans
or policies do not apply. The proposed quarry is within a highly vulnerable aquifer
(HVA) area (Schedule 5.2.5) and is adjacent to a significant ground water recharge area
(SGRA) (Schedule 5.2.6). Therefore, this Level 1 and 2 Hydrogeological and
Hydrological Evaluation has regard for the County's OP and policies with respect to
ground- and surface water resources, which includes an impact assessment on natural
features (i.e., wetlands, watercourses, etc.) and potable water users within the Study Area.

1.3.3 Township of Ramara - Official Plan

The Township of Ramara (Township) is the lower-tier municipality responsible for
overseeing planning (and zoning) applications related to the proposed quarry. Current

AZIMUTH ENVIRONMENTAL CONSULTING, INC.



land use designations presented on Schedule A of the OP indicate that the north portion
of the proposed quarry is designated as "agricultural", while the southern portion is
designated as "rural". The OP indicates that the goal of the Township is to identify
aggregate resource areas for the economic development of the Township. The
Township’s Mineral Aggregate Resource policies are described in Section 5.3.4 of the
OP which promote the protection of Mineral Aggregate Resource Areas and High
Potential Mineral Aggregate Resource Areas (HPMARA), as shown in Schedule D of the
OP.

As per the OPs schedule, the LCP Quarry Limited lands are identified as a HPMARA.
The lands identified as a HPMARA do not entitle those lands to be developed as a pit or
quarry; however, it protects these lands for mineral aggregate purposes subject to the
policies of the Official Plan. The policies of the Official Plan require consideration for
ground water resources and surface water features. As such, a hydrogeologic and
hydrologic study is required for an Official Plan amendment and Zoning By-Law
amendment with the Township to permit the land use as a Mineral Aggregate Extraction
Area. This Level 1 and 2 Hydrogeological and Hydrological Evaluation has regard for
the Township's OP policies with respect to ground- and surface water resources, which
includes an impact assessment on natural features (i.e., wetlands, watercourses, efc.) and
potable water users within the Study Area.

2.0 REGIONAL SETTING
2.1 Topography, Drainage and Hydrology

The proposed quarry is situated within the Lake Simcoe watershed, which is regulated by
the Lake Simcoe Region Conservation Authority (LSRCA). From a regional perspective,
the proposed quarry and adjacent area are primarily positioned within the Ramara Creeks
Subwatershed area (LSRCA, 2015). This subwatershed encompasses a broad area of
about 137 km? to the northeast of Lake Simcoe, including ~33% of the entire Township.
It includes two (2) creeks, eight (8) small tributaries and ten (10) municipal drains that
flow directly to Lake Simcoe. Of the ten (10) municipal drains, the McNabb Drain is
located on the north side of the proposed quarry. The subwatershed has a drainage
density about 1.6km/km?, which is relatively low and reflects the subtle topographic
relief. A small portion of the proposed quarry (southeast segment) occurs within the
Talbot River Subwatershed, which drains to the southeast toward the Talbot River.
Ultimately, all discharge from this watercourse also enters Lake Simcoe southwest of the
proposed quarry near Gamebridge.

Locally, the proposed quarry's topography follows a similar pattern to the regional
description above, as there is a drainage divide that crosses the extraction footprint in a
northeast to southwest orientation. This divide directs surface water runoff overland to
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either the north or southeast. The proposed quarry has a maximum elevation of about
240 meters above sea level (masl) near the proposed quarry's centre and falls to an
elevation of about 231 masl at the southeast and north corners of the proposed quarry.
Several surface water features and drainage swales occur at the proposed quarry (and
along its perimeter outside of the proposed Licenced Boundary), which intercept and
transport surface water runoff off-site in the flow paths noted above. There are no
Provincially Significant Wetlands (PSW) on-site or within the 1 km Study Area boundary
used in this assessment. The closest PSWs are the Lagoon City (RM5) and Talbot
Rivermouth Wetland Complex which are situated about 5 km north and 3km south of the
proposed quarry, respectively.

A number of wetlands and pond features are evident within the proposed quarry. In
particular, three (3) distinct pond features are present on-site (all on the eastern portion).
These include dug-out ponds located in the northeast and southeast corners of the
proposed quarry (which are referenced as Pond 1 and Pond 3, respectively), and a third
dug-out pond (Pond 2) located centrally along the western limit of the proposed
extraction area adjacent to the former rail corridor. The location of each pond and the
drainage features are shown on Figures 2 and 9. All are man-made dugout ponds
constructed in the overburden and serve as watering sources for cattle. Pond 1 was
constructed within a natural low-lying area (or area of poor drainage) that collects surface
water runoff (snow melt and precipitation) from an ephemeral drainage feature (Tributary
A). Pond 2 is an irregular shaped dug-out feature that is also positioned within an area of
poor drainage and is surrounded by naturalized wetland along its eastern extent and abuts
the former rail corridor to the west. Pond 3 is isolated from any direct drainage features
(i.e., swales, tributaries, drains, efc.) and receives surface water runoff from overland
sheet flow and does not have an outlet (i.e., contained on-site).

The regional topography is presented on Figure 3.

2.2 Physiography

The proposed quarry is situated within the physiographic region referred to as the
"Simcoe Lowlands" (Chapman & Putnam, 1984). The Simcoe Lowlands represent areas
that were flooded by glacial Lake Algonquin and are bordered by shorecliffs, beaches,
and boulder terraces. This area covers approximately 2,850 square kilometres and is
separated into two areas: the Lake Simcoe basin and the Nottawasaga River basin. The
proposed quarry is located within the eastern extent of the Lake Simcoe Basin, which
borders the region known as the Carden Plain. The Simcoe Basin is generally associated
with sandy beach type deposits; however, the study area is situated within a distinct
"clay" and "limestone" plain which occurs along the northeast shoreline of Lake Simcoe.
This terrain is more indicative of the limestone plains of the Carden Plain, which suggests

AZIMUTH ENVIRONMENTAL CONSULTING, INC.



the proposed quarry is situated in a transition area between these two (2) distinct
physiographic regions.

The regional physiography is presented on Figure 4.

2.3  Surficial Geology

According to Ontario Geological Survey (OGS) (2021), the published surficial geology in
the Study Area is fairly complex. At the proposed quarry, surface soils consist of
bedrock drift complex overlain onto Paleozoic limestone. This drift is shallow (< 1.5
meters [m]) and is comprised of more fine-textured soils, including sandy silt to clayey
silt. The drift is associated with the consolidated Paleozoic bedrock which outcrops
locally. Stone poor, glacial till (sandy silt to silt till) deposits are also mapped locally.
Fine- and coarse textured glaciolacustrine and organic deposits are also mapped in the
Study Area.

Kassenaar and Wexlar (2014) provide additional context with respect to the surficial
geology in the Study Area. They note that surficial soils are relatively thin (or absent
entirely) throughout much of the Study Area; soils become appreciably thicker towards
Lake Simcoe and south of the proposed quarry. Regional OGS data indicate glacial
movement occurred through the northeast based on the orientation of a number of
drumlins that are evident north of the proposed quarry. Most of the Study Area deposits
would have originated directly from glacial meltwater runoff (tills and fluvial deposits) or
through glacial lakes (sands, silts and clays). Soils across the Study Area (and Ramara
Creeks Subwatershed) are mainly comprised of sandy silt to a stony silt till.

The overburden soils at the proposed quarry generally consist of a weathered sandy silt to
silt till with an area of lacustrine clay to the northwest. While there is a limited stone
content noted at the time of drilling (~ < 10%), evidence of some boulders (or glacial
float) is apparent in some areas of the property (in particular, the southeast portion).
Kassenaar and Wexlar (2014), suggest that these soils have a relatively low hydraulic
conductivity (K) on the order of ~107 to 10 m/s.

The regional surficial geology is presented on Figure 5.

2.4  Bedrock Geology

The regional bedrock geology in the Study Area is well understood and the Paleozoic
bedrock stratigraphy is well documented through numerous regional studies completed
on Ramara Creeks watershed. This watershed covers a large area that drains to Lake
Simcoe between the Talbot River and Atherley Narrows. In general, Paleozoic limestone
bedrock occurs beneath the shallow surficial soils (or at surface) and is Ordovician in
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age. The reader is referred to more detailed geological descriptions prepared for the
proposed quarry (Golder (2021), which states “The bedrock sequence consists of four
Paeleozoic Ordovician age formations, including in descending order the Verulam
Formation, Bobcaygeon Formation, Gull River Formation and the basal Shadow Lake
Formation which lies in unconformity upon the underlying crystalline Precambrian
basement.”. The following section provides a summary from that report.

According to OGS (2022), the Verulam Formation forms the uppermost Formation found
within the Ramara Creeks watershed and is found at or near surface at the proposed
quarry (and surrounding area). This formation is comprised of two (2) subunits (lower
unit 1 and upper unit 2) that range in thickness from 45 to 60 m regionally and is 6 to
19m thick on-site (Golder, 2021). Unit 2 is a fragmented unit that can be up to 10 m in
thickness (where present) and consists of dark grey shaley nodular micritic to calcarenitic
limestone and shale. Unit 1 is softer as it comprised of brownish grey shaley nodular
micritic to calcarenitic limestone with interbeds of shale. The shale content of Unit 1 is
10-20% and the shale content of Unit 2 is about 10% higher than Unit 1. The Verulam
Formation forms a subcrop belt in the study area, however, outcroppings are not often
observed due to the high shale content in the lower, which is easily weathered.

Below the Verulam Formation is the Bobcaygeon Formation which is described to
consist of four (4) units, with Unit 4 being the uppermost and Unit 1 being the lowermost.
In general, the Formation is approximately 26-27m in thickness, and is comprised of
fossiliferous limestone with varying shale content. Unit 4 is comprised of medium
brownish grey nodular to argillaceous nodular cacarenitic limestone with a limited shale
content that are usually observed in the form of thin partings in the bedding. Unit 3 is a
medium brownish grey argillaceous nodular micritic limestone with thin dark grey shale
partings. Unit 2 is comprised of thin to medium beds of argillaceous micritic limestone
with green shale interbeds and partings. The limestone in these units is thin to medium
bedded with flat bases with undulant tops, which is described as “storm beds”
(Armstrong & Carter, 2010). Golder (2021) indicates the Unit 1 consists of laminar
textured argillaceous micritic limestone characterized by dark grey shaley partings, some
that are bioclastic.

Below the Bobcaygeon Formation is the Gull River Formation, which is comprised of
primarily thin to thick bedded limestone with dolostone, and consists of four (4) informal
units, descending from Unit 4 to Unit 1. According to Golder (2021), Unit 4 is made up
of medium to thickly bedded lithographic limestone with fine argillaceous to stylolitic
bedding partings. Unit 3 is a medium grey to greenish grey medium bedded dolostone
overlying thickly bedded dolostone. This unit is known as the “Green Marker Bed” and
has a sharp basal contact. Unit 3 is often regarded as an aquifer and is targeted for
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potable water supplies in the general area. Unit 2 is a medium to thickly bedded
lithographic limestone with fine bedding partings, and interbeds of medium brown
modular lithographic limestone, according to Golder (2021). Unit 1 is medium bedded
dolostone with interbeds of calcareous dolostone, according to Golder (2021).

Below the Gull River Formation is the Shadow Lake Formation. This Formation is
middle Ordovician in age and is easily weathered. Its composition varies and is divided
into three (3) units, descending from Unit3 to Unit 1; Unit 3 is a medium grey quartz
sandstone and is about 2.5m in thickness. Unit 2 consists of 2.5-3m of green and red
shales with thin interbeds of quartz sandstone. Unit 1 is 2-3m thick and is primarily
arkosic sandstone and may have a pebble conglomerate at its base. The Shadow Lake
Formation is the basal unit and unconformably overlays the Precambrian basement rocks.
In the study area, the Precambrian basement is situated within the Grenville Structural
Province and more specifically within the Central Gneissic Belt. The rocks composition
is generally regarded as a quartz feldspar gneiss.

The regional bedrock topography for the Study Area is presented on Figure 6.

2.5 Karst

Karst features generally form in carbonate-based limestone, dolostone and marble, and
are caused by the dissolution of the rock by rainwater and ground water. The slight
acidity associated with these solutions creates enhanced dissolution of the bedrock. This
occurs where the infiltrating waters enter the rock along fissures and fracture planes. As
dissolution occurs, the fissures and fractures are widened, and can become “karstic
features” that enhance the permeability of the rock unit and become the primary pathway
for water movement (and recharge). This process is also more prevalent in shallow
bedrock with limited drift cover (< 1 m).

According to published OGS (2021) mapping, potential and inferred karst features are
mapped north of the proposed quarry and within the Study Area (Figure 7); however, the
closest known karst feature occurs about 3.5 km north of the proposed quarry towards the
Village of Brechin on the east side of Highway 12. Kassenaar and Wexler (2014) discuss
karst features in the Ramara Creeks Subwatershed. They indicate that the Gull River and
Bobcaygeon Formations are most susceptible to this process because of their high
carbonate content and limited (or thin) shale beds. Formations, such as the Verulam and
Lindsay, contain much more shale and are therefore less vulnerable to karstification. The
proposed quarry is located along the inferred extent between the Verulam and
Bobcaygeon Formations. The contact line between these formations forms the inferred
limit of potential karst as shown on the OGS mapping. Based on the proposed quarry’s
detailed geology (discussed in Section 8.0), the bedrock surface across the proposed
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quarry is that of the Verulam Formation. As such, there is a low potential for karst
features to occur here.

2.6 MECP Water Well Records

A review of the MECP Water Well Record database was undertaken as part of this
evaluation and a summary of all available wells within 3km of the proposed quarry is
provided in Appendix C (MECP, 2022) and the locations are shown on Figure 8. The
database also includes OGS drilled boreholes within the Study Area. These records are
particularly useful in gaining a sound understanding of the local hydrogeological and
geological setting. They also provide insight into the potential potable ground water
supply in the area (i.e., water quality and yield). In total, 194 records were present in the
database and the table below details the various uses (and percentage use in the area) as
indicated on the well logs (if available).

Table 1: MECP Well Record Use
Well Record Indicated Use n-wells Percent Use
Domestic 128 66%
School 2 1%
Communal 1 1%
Monitoring / Observation Well 12 6%
Other - Water Supply 1 1%
Other - Institutional 4 2%
Other - Construction 1 1%
Other - Industrial 1 1%
Geotechnical Testhole 8 4%
Municipal Exploration 4 2%
No data/ Unknown 32 16%
Total 194 100%

All wells are finished in the bedrock (where reported) and most of the wells were
constructed between 1948 and 2020, though the majority were constructed between 1970
and 1980. The total depth of wells varies between ~2.5 to 122 m below ground surface
(m bgs) with an average depth of ~22 m bgs; although, the majority of domestic use wells
are constructed between 15 and 60 m bgs. The shallower wells are generally related to
monitoring wells or abandonment records. The well depths in the dataset also correspond
with where useable quantities of ground water were encountered. In terms of reported
water quality, the majority of wells are being used for domestic drinking water.
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Within 500 m of the proposed quarry, five (5) wells were reported to be “fresh”, three (3)
were reported as “salty” and/or “sulphur”, and one (1) was listed as “untested”.
Recommended well yields range between 1.9 to 94.5 L/min (with a mean of 21.8 L/min).
While the mean suggests a rate that exceeds the minimum yield requirement for a
residential house (i.e., 13.7 L/min), this value is slightly high-biased due to the presence
of one (1) high yield well record (WWR. No.: 5727526). As such, the median value of
7.6 L/min is more representative of potable water supply yields in the area, which is
consistent with the terrain and shallow bedrock environment. As previously discussed,
overburden conditions on the driller’s logs described a relatively thin layer of brown to
grey clay and/or sand (sometimes containing gravel) at surface and overlying the
limestone bedrock. This geological description is consistent with published mapping
sources.

The well record database was further examined and vetted to ensure accuracy of the
database (to the best extent possible). This included adjusting well locations by
replotting records or removing records that were not within the Study Area. The finished
borehole depth was then used to determine which hydrostratigraphic unit they were
targetting. The results indicated that 65% of the wells were completed within the
Bobcaygeon Formation and 19% were completed in the Gull River Formation, which
represents the majority of the suitable water supply. Additionally, the remaining wells
are finished within the Verulam Formation (8%) or Shadow Lake Formation at the
Precambrian contact (8%).

Anecdotal evidence indicates that some domestic potable water supplies in the study area
may have historically targeted shallow overburden and/or shallow weathered bedrock
zones through the construction of "dug wells". Where appreciable depth of overburden is
present, a shallow unconfined aquifer may be encountered seasonally, although this is not
encountered close to the site. There are no examples of this well construction type in the
well record database included in Appendix C. Further review of the dataset (including
private well surveys) did not verify any dug wells within the Study Area, consistent with
the thin overburden layer at the site.

2.7  Hydrogeology

The hydrogeological conditions in the Study Area are well documented. As noted by
Kassenaar & Wexler (2014), the geologic conditions generally dictate the regional
hydrogeologic setting, which depends on the geologic formations ability to permit and/or
restrict ground water flow. Therefore, the Paleozoic formations are generally defined as
aquifers or aquitards depending on their hydraulic properties. Much of the underlying
formations display similar hydraulic characteristics, and as such, some are often
combined together in regional models (Kassenaar & Wexlar, 2014; Golder, 2011).

AZIMUTH ENVIRONMENTAL CONSULTING, INC.

11



Golder (2021) confirmed a slight southwestern dip in the bedrock surface, and as such,
ground water flow is expected to occur in a similar flow path within the laterally bedded
limestone formations toward Lake Simcoe. Ground water recharge is expected to occur
regionally in areas of greater permeability or hydraulic conductivity (K). According to
LSRCA (2015), significant ground water recharge areas are situated north, northeast and
east of the Study Area within karstic terrain associated with alvars on the Carden Plain
(Figure B). Karstic terrain is not generally observed in the immediate Study Area (or at
the proposed quarry) due to the low permeability surficial soils (sandy silt till and clay)
and limited recharge potential as shown on Figure B. In addition, these karstic features
are more associated with the carbonate-rich limestone of the Bobcaygeon Formation
which is noted to occur at surface within the Carden Plain, as opposed to the more shaley
Verulam Formation which makes up the uppermost bedrock surface within the Study
Area. While, the upgradient karst features (alvars) clearly play an important role in
conveying and replenishing ground water regionally, they are not expected to occur
locally.
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Figure B: Long-term Average Ground Water Recharge (Kassenaar & Wexler,
2014).

It is also recognized that the vertical downward movement of water is anticipated in areas
where coarse-textured sands and gravels are present as a result of the presence of
interstadial tunnel valleys at surface (Kassenaar & Wexler, 2014). Within the bedrock,
much of the intact formations are expected to have a fairly low permeability which would
limit the vertical movement of ground water in the Study Area. Head elevation data
collected as part of this hydrogeological assessment indicate that vertical gradients are
downwards on-site.

Higher hydraulic heads generally correlate to horizons with greater K-values, which are
often higher in the stratigraphic profile. These areas are most often observed within the
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Verulam Formation where ground water persists at between 237 to 231 masl (with
published K-values of ~10™ to 10 m/sec). Similar water levels are noted in the less
permeable Bobcaygeon and Upper Gull River Formations. Water levels within the
Bobcaygeon Formation occur at ~237 to 229 masl, while heads are typically lower in the
Upper Gull River (~229 to 217 masl). The water levels between the Upper Green Marker
Beds (GMB) and the Precambrian Basement are quite similar occurring at ranges
between 227 to 220 masl, suggesting some interconnectivity between these geologic
units. Notwithstanding, some variance is noted between the lower formations which is
likely a result of spatial variability.

Again, a review of the MECP Water Well Records was completed to compile supporting
hydrogeological data for the proposed quarry and adjacent lands within 3 km. From the
review, a total of 190 records with information were identified from a search the Oak
Ridges Moraine Groundwater Program databases (ORMGP, 2021). Of these wells,
excluding the abandonment well records, the majority of potable water supplies are
finished in bedrock aquifers associated with the Bobcaygeon Formation and Gull River
Formations (including the GMB), although a few records appear to correlate with
weathered bedrock zone and/or Verulam Formation and deeper Shadow Lake Formation/
Precambrian Contact. The depth of potable water wells range between 15 mbgs to 60
mbgs, which also correlates with depths where water was found. Reported well yields
within the database range between 1.9 to 94 L/min with an average flow rate of 22 L/min.
Golder (2012), also reports that the City of Kawartha Lakes (CKL) target a deeper
aquifer formation at the Shadow Lake/ Precambrian contact zone for a municipal supply
source.

Based on the available information, it is understood that three (3) reasonably permeable
zones (referred to herein as ‘aquifers’) are present within the Paleozoic limestone in
Study Area. These laterally bedded aquifers are separated by thick horizontally layered
beds of low permeable Paleozoic formations (aquitards). The detailed hydrostratigraphy
is presented in Section 5.3 and provides details about the monitoring intervals targeted for
this study. Notwithstanding, a simplified summary of the regional hydrostratigraphy is
presented below (and expanded on in a later section of the report):

e Overburden (clay and silty sand till) - Aquitard 1

e Weathered Bedrock Zone - Aquifer 1

e Verulam / Bobcaygeon / Upper Gull River Formations — Aquitard 2
e Upper Green Marker Bed (GMB) (Gull River Formation) - Aquifer 2
e Lower Gull River Formation — Aquitard 3

e Shadow Lake Formation/ Precambrian Contact Zone - Aquifer 3

e Precambrian — Aquitard 4
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3.0 METHODOLOGY
3.1 Study Overview

The work plan for the proposed quarry was undertaken by both Azimuth and WSP, with
Azimuth serving as the primary physical hydrogeological consultant responsible for
undertaking and managing the field programs and data analysis at the proposed quarry.
This included developing an extensive long-term water resource monitoring program that
was used to generate the conceptual site model (CSM) which serves as the basis for the
hydrogeological evaluation and provided input to the numerical ground water model
completed by WSP. WSP’s expertise includes completing several components that are
appended to this report, including: a detailed Geologic Report (Appendix D) and a
Groundwater Modelling and Private Well Impact Assessment Report (Appendix E).

All of the information collected through the literature review, monitoring program, and
supporting reports has been synthesized into this consolidated Level I and 2
Hydrogeological and Hydrological Assessment (Water Resources Report). The work
plan was intended to be dynamic in nature that allows for it to be altered as needed. It
has been divided into five (5) primary phases:

1. Borehole Drilling Program;
Physical Testing;
Borehole Instrumentation
Environmental Monitoring; and
Data Analysis and Reporting.

A

3.2  Borehole Drilling Program

The Borehole Drilling Program formed the initial phases of the field work plan that
established the on-site network of boreholes (and monitoring wells) that were used in the
hydraulic and geophysical testing and long-term monitoring programs. The program was
completed over two (2) phases referred to as Phase 1 Boreholes (BH-1 to BH-5) and
Phase 2 Boreholes (BH-6 to BH-9). The work aided in testing and evaluating the
bedrock environment using a variety of in-situ techniques, which were used to develop
the proposed quarry’s Conceptual Site Model (CSM). This first phase began in early
2019 as a desktop exercise that reviewed publicly available database information (i.e.,
Ontario Geological Survey [OGS] data, MECP well record summary, etc.), in addition to
reviewing existing/ shared hydrogeological reports from nearby quarry operations.

The information gathered during the initial background review was used to guide the
Phase I Drilling Program which consisted of HQ coring five (5) boreholes (BH-1 toBH-
5). This process recovers complete rock core sequences through the strata in order to log
the underlying rock formations. The drilling program was completed between August
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and September of 2019 by Orbit-Garant and supervised by Azimuth. Four (4) of the
cored boreholes fully penetrated the Paleozoic limestone through to the Precambrian
basement (all except BH-5). The recovered rock core was labeled, placed in core boxes,
and transported to the existing hanger building located on the western portion of the site
for safe storage. These boreholes were later subjected to various physical testing
programs (i.e., core logging, geophysical testing, packer testing, etc.) before being
instrumented to facilitate further hydraulic testing and long-term monitoring (ground
water elevation and geochemistry). The testing results from these programs were used to
determine the monitoring well instrumentation depths based on established
hydrostratigraphic intervals.

The Phase 2 Drilling Program was completed by Vinson Well Drilling (Vinson) using
water well drill rig, using air percussion drilling techniques. Due to this drilling
procedure, no core was recovered from these boreholes. The program was completed in
August 2020 and included the construction of four (4) 152.4 mm (6-inch) diameter
boreholes (BH-6 to BH-9). These boreholes were constructed shallower in the upper
limestone formations to an approximate depth of about 43 m below ground surface (bgs).
The driller listed that each of the boreholes as "dry" after completion, as no usable ground
water aquifer was encountered (i.e., potable water use). WSP logged each of the Phase 2
Boreholes using geophysical testing methods and the results of this testing was used to
correlate the formational geology with the previous dataset. The Phase 2 boreholes were
again instrumented to facilitate further hydraulic testing and monitoring (ground water
level and geochemistry).

The location of the on-site boreholes is shown on Figure 9.

3.3  Physical Testing
3.3.1 Detailed Core Logging and Geophysical Evaluation

As discussed, Golder was tasked with undertaking the detailed core logging of the
recovered rock core from the Phase 1 Boreholes and geophysical testing on all of the
established boreholes (BH-1 to BH-9).

The above-noted tasks were completed following the completion of the drilling phases.
In the late summer/ fall of 2019, the rock core lithology was logged in detail by R. Blair
Geoscience Consulting, Inc. (RBGC). In addition to identifying the stratigraphy,
physical parameters such as fracture type and frequency were also recorded to aid in
identifying any potential/ preferential flow zones. The presence of mineralization on
fracture surfaces was also noted, as an indication of secondary mineralization (i.e.,
calcite) and/or weathering (or dissolution zones). One (1) entire core sequence (BH-2)
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was analytically tested for its physical performance compared to aggregate specifications
(as arranged by Golder).

The geophysical evaluation included physically scanning the borehole for natural gamma
and apparent conductivity to aid in the geologic interpretation. An optical and acoustic
televiewer was used to identify any open fractures or partings that may represent areas of
increased permeability. The results was initially presented a technical memorandum
(December 2019), which included a preliminary hydrostratigraphic interpretation that
was later refined following the geophysical testing on the Phase 2 Boreholes. The results
of these programs are discussed in more detail in Section 5.1 of this report.

3.3.2 Packer Testing

Azimuth completed a downhole packer testing program during the late summer/ fall of
2019 on the Phase 1 Boreholes. The hydraulic properties were evaluated using a
downhole inflatable dual-packer system that isolates and assesses the underlying bedrock
at discrete intervals inside the borehole. To summarize, the dual packer system is
separated at a fixed width (i.e., 1 m, 3 m, etc.) and lowered into the borehole. The
packers are inflated with nitrogen gas and effectively seal and isolate the packed off
space between the packers. Dataloggers are used to monitor real-time water level
pressures inside the packed off space (between the packers) and annulus (upper zone).
The bottom zone is outfitted with a continuous recording datalogger; however, this is not
monitored in real time due to the apparatus set-up.

The annulus and bottom zones are used to monitor for leakage and pressure spikes
(bottom only) within the fractured material. A rising head test (or slug test) is then
performed on the packed off space to assess permeability and the static hydraulic head (if
possible). This is done by introducing a known volume of water into the space and
measuring the response near or entirely back to equilibrium (or little to no change). The
returned test curve was then analyzed using hydrogeology software (AQTESOLV) to
estimate the hydraulic conductivity (K-value) of the test interval within about a half to
full order of magnitude. Hvorslev (1951) was the chosen analysis method and was
consistently used based on the environment. The interval transmissivity was then simply
calculated for each test sequence.

Over the first two (2) boreholes tested (BH-4 and BH-5), the spacing between the packers
was 1.1 m (or isolated interval space). This detailed approach was undertaken at the first
two (2) boreholes tested in order to provide detailed assessment of the potential fracture
permeability within the underlying Paleozoic formations. While this approach produced
a large number of testing sequences, a larger packer spacing at the onset may not have
captured the variability of discrete fractures present in the formations. In order to ensure
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that the entire profile was covered, the packer system was only raised at 0.9 m
increments, which created about 0.2 m in overlap between test intervals. In order to
assess the potential permeability of the bottom 1.0 to 1.5 m of the borehole, a single
packer was lowered and a hydraulic test was performed below the packer. Ultimately,
the packer spacing interval was increased to 3.1 m for the remainder of the tests (MW-1,
MW-2 and MW-3) due to the low permeable bedrock encountered during the first two (2)
boreholes. The same procedure described above was followed for these testing
sequences, including overlapping. This was completed in order to eliminate the large
number of tests where low to no permeability intervals were encountered as this trend
consistently dominated the borehole profile in all locations.

The results of the packer testing is discussed in Section 5.2 and the results are provided in
Appendix F.

3.3.3 Pumping Test

A preliminary pumping test program was included as part of the hydraulic testing after
completing the Phase 2 Boreholes. As discussed above, Vinson indicated that each of the
constructed boreholes were "dry" at the time of construction; however, ground water was
present in BH-6 and BH-8 (static level of 3.8 m and 2.7 m, respectively) when site visits
were completed the following week. Ultimately, there was no expectation that any of the
wells would be suitable for testing based on the driller’s recommendations; however,
pumping tests were still attempted at the boreholes noted above using a temporary
submersible pump supplied by Azimuth. This preliminary testing program was attempted
on November 6, 2020.

The intention of the program was to undertake the testing in the spirit of the Procedure
D-5-5 — Technical Guideline for Private Wells: Water Supply Assessment (1996). This
procedure provides calculations for minimum well test rates and yields and is intended to
assess water supply for development on individual private water wells. For example, the
minimum well yield stipulated in the MECP procedure for residential development is
13.7 L/min (3 IGPM) to satisfy peak demand, which is suitable for a 3-bedroom
residential development. Guideline D-5-5 stipulates that a peak demand rate of 3.75
L/person be used for larger residences. In the specified calculation, the peak demand rate
is multiplied by the number of bedrooms (plus one extra person). While this procedure is
not intended for use in quarry applications, the procedure is a rational process in
assessing potential potable water supplies and is the standard frequently relied on by
approval agencies. As such, the procedure can be adapted to ensure that meaningful
dataset is produced and with reproducible results. In addition, the expectation was that
water takings were going to be less than 50,000 L, and as such, a temporary Permit To
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Take Water (PTTW) and/or Environmental Activity and Sector Registry (EASR)
registration would not be required for this testing program.

A step test was scheduled prior to completing the formal pumping test in order to confirm
a target test rate. The intention was to start at a lower test rate (i.e., 13.7 L/min) and
gradually increase it as required. Notwithstanding, due to the low yielding nature of the
boreholes, only one (1) testing sequence could be achieved at each location before the
wellbore was completely dewatered. The flow rate was regulated using a ball-valve and
measured using a stopwatch and graduated bucket. All efforts were made to ensure that a
constant flow rate was maintained throughout the testing sequence, and as such, minor
rate adjustments were made as needed. The water levels in each borehole were
monitored using an automatic pressure transducer datalogger that was set to record
measurements at 30-second intervals. All datalogger measurements were verified by
periodic manual measurements using an electronic water level tape. Also, an analytical
water quality sample was to be collected and assessed for a suite of general water quality
parameters, including major and minor ions.

The pumping test results are presented in Appendix G and discussed in detail in Section
5.4.

34 Borehole Instrumentation

The Phase 1 Boreholes were instrumented in December 2019 by Orbit-Garant and
supervised by Azimuth. Each borehole was instrumented with two (2), 25.4 mm (or 1-
inch) nominal PVC monitoring wells at two (2) deep intervals. Each monitoring well
was constructed at the base of the targeted hydrostratigraphic interval and the associated
sand pack was extended to the top of the target hydrostratigraphic interval to cover the
full sectional profile. A bentonite seal was then constructed above the interval to separate
the lower and upper intervals. As previously indicated, the Phase 1 Boreholes targeted
documented (or inferred) permeable zones within the lower formations. This included
the following hydrostratigraphic units:
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Table 2: Phase 1 Boreholes Hydrostratigraphic Intervals
Hydrostratigraphic Unit Hydrostratigraphic Boreholes
Unit Identifier
Bobcaygeon Formation, Verulam Formation and V4 BH-1, BH-2, BH-3,
Upper Weathered Zone (Bedrock) BH-4 & BH-5
Weathered Shale/ Clay Zone at Bobcaygeon - H BH-5
Gull River Contact Zone
Upper Green Marker Bed and Upper Gull River F BH-1, BH-2, BH-3,
Formation BH-4 & BH-5
Lower Green Marker Bed / Gull River Formation | D BH-3
Shadow Lake Formation C BH-2
Shadow Lake / Precambrian Contact Zone B BH-1 & BH4

Notes:
Complete list of Hydrostratigraphic Intervals and rationale presented in Geological Study Report prepared by Golder (June 2021).

The Phase 2 Drilling Program was completed in August of 2020 and included the
construction of four (4) 152.4 mm (6-inch) diameter boreholes (BH-6, BH-7, BH-8 and
BH-9). Again, these boreholes targeted the shallower limestone formations (i.e.,
Bobcaygeon Formation, Verulam Formation and upper weathered bedrock zone). The
geophysical testing completed on these boreholes was used to correlate the formational
geology with the established stratigraphic sequencing determined by WSP. These
boreholes were instrumented at three (3) depth intervals (Table 2 below) using 50.8 mm
(or 2-inch) nominal PVC riser and screens in the upper limestone formations.
Construction of the monitoring wells followed the same underlying principles discussed
above.

Table 3: Phase 2 Boreholes Hydrostratigraphic Intervals
Hydrostratigraphic Unit Hydrostratigraphic Boreholes
Unit Identifier

Verulam Formation L BH-6, BH-7, BH-8, &
BH-9

Upper Bobcaygeon Formation K BH-6, BH-7, BH-8, &
BH-9

Lower Bobcaygeon Formation I BH-6 & BH-7

Upper Gull River Formation G BH-8 & BH-9

Notes:
Complete list of Hydrostratigraphic Intervals and rationale presented in Geological Study Report prepared by Golder (June 2021).

Each well nest was surveyed using a differential GPS (dGPS) to a horizontal and vertical
accuracy level of +/- 0.05 m. This included obtaining horizontal positions (UTM
coordinates), and ground surface and top of well collar elevations. The location of each
borehole (and associated monitoring well nest) is illustrated on Figure 9 and the bedrock
surface profile is shown on Figure 10. Moreover, the borehole and instrumentation
details are summarized in Appendix H.
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3.5  Water Resource Monitoring
3.5.1 Ground Water Monitoring

Ground water elevations at each of the monitoring wells are actively monitored by
Azimuth. Each of the monitoring well locations (including two [2] annular space
locations at BH-1 and BH-5) are outfitted with a dedicated pressure transducer datalogger
(TD-Diver by Schlumberger Water Services). The datalogger is equipped to record head
pressure (m of water) and temperature (°C) every 60 minutes and the devices internal
time clock is set to match Azimuth's project schedule to ensure consistency between each
loggers measurement interval. A barometric datalogger has been placed inside the
protective well casing at MW-5 to allow barometric corrections to the water level
database. Prior to establishing each long-term monitoring well location, hydraulic testing
(or slug testing) was performed in order to confirm the interval’s hydraulic conductivity.

The dataloggers are downloaded quarterly. Manual ground water measurements are also
collected quarterly from all ground water monitoring wells and annular spaces. The
manual measurements are used in part to correlate the head pressure readings collected
from the datalogger to a water elevation (meters above mean sea level). Water levels and
elevations for each monitoring well are plotted on hydrographs and are discussed in more
detail in Section 6.2. In addition, ground water sampling is completed quarterly at all
monitoring wells and annular space locations and the results are discussed in Section 6.4.
Due to the small diameter (one-inch) wells used at the Phase 1 Borehole locations, new
HDPE waterra tubing and foot valves are used to collected the water quality sample
during each monitoring round. Dedicated waterra tubing and foot valves are used at the
Phase 2 Boreholes as these wells are larger diameter that permit the installation of both
dedicated tubing and a pressure transducer datalogger simultaneously.

All samples are collected using contemporary sampling protocols, and where possible, at
least three (3) borehole volumes are removed prior to sampling. In most instances the
wells "dry out", and therefore, samples are collected following adequate recovery to
permit the collection of a representative water sample. Samples are field-filtered using a
0.45um disposable filter for metals and dissolved organic carbon (DOC) and are
collected using a laboratory prepared bottles. The samples are stored on ice in coolers for
transportation to Caduceon Environmental Laboratory (Caduceon) in Barrie, ON.
Samples are typically submitted no later than 24 hours after collection.

3.5.2 Surface Water Monitoring

Monitoring of surface water features is completed at the proposed quarry through a
combination of staff gauges, continuous water level transducers, on-site climate station
and water quality sampling (completed by others). Surface water monitoring data is
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collected on a continuous basis using water level transducers at three (3) dedicated
monitoring stations (SW1, SW2 and SW3) and at two (2) on-site pond stations (Pond 1
and Pond 2). These locations are monitored throughout the hydroperiod/ ice-free
conditions (May to November) using dedicated pressure transducer dataloggers (Figure
9). All stations are supplemented with manual depth readings and flow measurements
(surface water stations only) in order to define rating curves. Runoff measurements are
supplemented with manual measurements at four (4) staff gauge stations (SG1 to SG4).
Dataloggers are not deployed at these stations as they are ephemeral and predominantly
dry, with the exception for immediate responses to large precipitation events. An
informal elevation survey was also completed around Pond 1 to better assess flood events
and determine overflow elevations.

On-site climate monitoring is also conducted using an ambient air temperature and
barometric pressure transducer year-round, and tipping bucket rain gauge from May to
December. The data are used in conjunction with climate data from Environment
Canada’s (EC) Orillia Brain station (Station ID 6115811), which shows a good
correlation.

The surface water monitoring data are discussed in more detail in Section 6.1.

4.0 SOURCE WATER PROTECTION

The Clean Water Act (CA S.0O. 2006, Chapter 22) primarily focuses on sources of water
that have been designated by a municipality as being a current or future source of
residential municipal drinking water for the community. The general goal of Source
Water Protection is protecting source water from overuse and contamination to ensure
safe municipal drinking water supplies.

When assessing the proposed quarry from a Source Water Protection perspective,
potential impacts to local municipal and private water supplies from the extraction of
aggregate are considered. The closest municipal water supplies are the South Ramara
Water Treatment Plant (WTP) and the Brechin & Lagoon City WTP situated about 2.2
km southwest and 4.7 km northwest of the proposed quarry, respectively. Both of these
WTPs rely on surface water with lake intakes located along the eastern shoreline of Lake
Simcoe. Based on the County's mapping, the proposed quarry does not fall within
WHPA boundary (Q1/Q2). The nearest Municipal ground water supply services the
Bayshore Village Subdivision and is located about 10 km north of the proposed quarry.
The location of these systems is provided in Figure C (overleaf).
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Figure C: Water Systems and Protection Zones Mapping (County of Simcoe, 2023)

Although the proposed quarry is located well outside of municipal WHPA and intake
protection zones, this assessment has included a review of the aquifer vulnerability in the
local area. This review has also been applied to domestic water wells, which are the
primary source of potable water for local residents. Specifically, an assessment of the
Significant Ground Water Recharge Areas (SGRASs) and Highly Vulnerable Aquifers
(HVAs) has been completed.

4.1 Significant Ground Water Recharge Areas / Highly Vulnerable Aquifers

In the Ramara Creeks subwatershed, SGRAs are defined as an area that has an average
annual recharge rate than is 15% greater than the average annual recharge rate for the
watershed; and an area that has a hydrological connection to a surface water body or
aquifer that is a source of drinking water for a drinking water system. The vulnerability
of SGRAs is categorized as high, medium or low based on their mapped intrinsic
susceptibility. The susceptibility of the overburden soil layers is classified based on how
readily each layer transmits water, and its thickness. Based on the local surficial geology
and physiography, the soils are considered to be shallow and comprised of a fine-textured
glacial till, which would not be considered hydraulically conductive. As shown in Figure
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D (below), a small SGRA, as delineated in the Lake Simcoe Source Water Protection
Plan (2021), is located at the eastern boundary of the site.
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Figure D: Significant Ground Water Recharge Areas (County of Simcoe, 2023)

As shown in Figure E (below), ground water vulnerability is considered “high” at the
proposed quarry, as delineated in the Lake Simcoe Source Water Protection Plan (2021).
The proposed change in land-use from agriculture to aggregate extraction has been
assessed relative to the ground water vulnerability rating (see Section 4.2).
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4.2 Source Water Protection and the Aggregate Industry

MNREF to assessed the role of the aggregate industry and associated lands in the context
of source water programs. The MNRF study (Applied Research on Source Water
Protection Issues in the Aggregate Industry; Blackport and Golder, 2006) did not link the
extraction and processing of stone, sand and gravel as a threat to drinking water sources.

The province of Ontario has identified 21 prescribed drinking water threats under the
CWA. Nineteen (19) of these relate to water quality and two (2) to water quantity. The
current land use at the proposed quarry is primarily agriculture, which may result in at
least five (5) potential prescribed drinking water threats, including:

e Agricultural source material — application to land
e Agricultural source material — storage

e Agricultural source material — management

e Commercial fertilizer — application
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e Pesticide — application

As previously discussed, the proposed quarry is located well outside of the protection
zones for any communal water supply wells and lake intakes. The proposed change in
land use (from agriculture to aggregate extraction) will reduce the number of prescribed
drinking water threats.

5.0 PHYSICAL TESTING RESULTS
5.1  Detailed Site Geology

In June 2021, Golder issued a final Geologic Report summarizing the results and analysis
of the detailed core logging and geophysical evaluation programs for the Phase 1
Boreholes and Phase 2 Boreholes (geophysical evaluation only). Their evaluation also
included a review of the results from the in-situ packer testing program (Azimuth).
Ultimately, the outcome of the reporting established the stratigraphic and
hydrostratigraphic profiles within the Paleozoic bedrock environment beneath the
proposed quarry and provided a defined hydrostratigraphic nomenclature for use in the
project. The report also discusses the rationale for selecting the particular monitoring
well and sand pack zones. The full Geologic Report is provided in Appendix D.

5.1.1 Stratigraphy

Based on the results of the drilling programs, the overburden depth is shallow across the
proposed quarry and ranges in thickness between 0.5 to 3.7 m bgs. The observed soils
consist of fine textured glacial sediments (i.e., till or lacustrine clays). The Paleozoic
limestone bedrock was fully explored during the Phase 1 drilling program. The laterally
bedded limestone has an observed southwest trending dip and the surface elevation varies
due to weathering/ erosion at the bedrock contact. The thickness of the Paleozoic
sequences explored at the proposed quarry ranges between about 59 m to 69 m. As
previously discussed in Section 2.4, the stratigraphy can be generalized into the following
regional formations and numerically labeled sub-units (in brackets) which are presented
in descending order below:

e Overburden (Unit 6)

¢ Verulam Formation (Units 5-2 & 5-1)

e Bobcaygeon Formation (Units 4-4, 4-3, 4-2 & 4-1)
e Gull River Formation (Units 3-4, 3-3, 3-2, & 3-1)
e Shadow Lake Formation (Unit 2)

e Precambrian Basement (Unit 1)
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The full Geologic Report in Appendix D presents the detailed geological descriptions,
cross sections and profiles for each of the formations and their associated sub-units.
Notwithstanding, a brief summary of the stratigraphic interaction of these formations and
rationale for each sub-unit is provided herein. One clear observation during the detailed
core logging is the consistent thickness and continuity of the identified formations across
the proposed quarry.

The Verulam Formation is generally described as a shaley limestone that varies in
thickness across the proposed quarry from 6 to 19 m. This formation occurs at the top of
the bedrock surface and is noticeably weathered within 0.5 to 1.5 m from the surface
contact (referred to as the upper weathered bedrock zone). The weathering is related to
shale content which ranges from about 20% to 40% in the five (5) boreholes and
differentiates the upper and lower units. The upper sub-unit (5-2) has a markedly higher
shale content (~30% amongst all boreholes) and was reported to be entirely absent in BH-
1, BH-5 and BH-8, which all occur in topographically lower portions of the Site. The
lower unit has notably lower shale content (10% to 20%) and a relatively constant
thickness of about 9 to 10 m in most boreholes. However, at BH-1 and BH-8, the
thickness was lessened to about 6 m due to surface weathering/ erosion. A transitional
contact between the two (2) sub-units is noted, while a transitional to sharp contact is
evident between the lower unit (5-1) and the Bobcaygeon Formation.

The Bobcaygeon Formation has a uniform thickness across the proposed quarry which
ranges between 26 to 27 m. This formation has been subdivided into four (4) distinct
lithological units. Golder indicates that the upper unit (4-4) is about 12.5 to 15 m thick
and consists of brown/ grey, thinly to thickly bedded nodular to argillaceous nodular
calcarenitic limestone. The shale component ranged by about 3% to 9% in this sub-unit
and the contact between the lower unit is observed to be gradational. Unit 4-3 is about
3.5 to 5.5 m and is comprised of medium to thickly bedded argillaceous nodular micritic
limestone. Also, a unique fossil sequence is found around the midpoint of this unit.
Argillaceous and shale content ranges between 5% to 10% throughout this unit and a
sharp basal contact is noted at its base. Unit 2 (4-2) is a markedly thinner sequence found
to be about 2 m in thickness across the Site. This thinly to medium bedded sequence of
argillaceous micritic limestone has a argillaceous and shale content of between 9.5% to
13%. This sequence is characterized by its numerous dark grey shale partings and a
sharp basal contact. Lastly, Unit 4-1 consists of thickly bedded nodular micritic
limestone that has a uniform thickness of about 6 m. The argillaceous/ shale content is
quite low (< 1%) in this sequence and the basal contact is noted by an abrupt colour
change from brown/grey to a light brown limestone of the Gull River Formation.
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Similarly, the Gull River Formation consists of four (4) stratigraphic units of interbedded
limestone (Units 2 & 4) and dolostone (Units 1 & 3) that are about 18.5 mto 19 m in
thickness. The upper unit (3-4) is comprised of brown, medium to thickly bedded
lithographic limestone that is about 5 m thick. The sequence includes a completely
weathered clayey shale parting (~10 cm) that was consistently found about 0.75 m below
the upper contact. A sharp basal contact occurs at the top of Unit 3-3, which is partly
made up of greenish grey medium bedded dolostone overlying a more brownish grey
medium to thickly bedded dolostone. This sequence is consistently about 3.4 m to 3.9 m
in thickness across the Site and is regional known as the “Green Marker Bed”. A sharp
contact separates the dolostones from the underlying limestone that make up Unit 3-2.
This stratigraphic unit is slightly thicker (4.7 m to 4.9 m) and is made up of brown to
white medium to thickly bedded lithographic limestone. A shale lamination marks a
sharp contact with Unit 3-1. Unit 3-1 is about 4.8 m to 5.2 m in thickness and is
comprised of greenish grey to brown medium bedded dolostone. Interbedded sequences
of thickly bedded calcareous dolostone are also found throughout this sequence. A
greenish-grey weathered shale sequence is found about 2 m below the contact. A
transitional basal contact is noted between the Gull River Formation and Shadow Lake
Formation.

The Shadow Lake Formation is the basal sequence noted in the Paleozoic profile and is
uncomfortably overlain onto the Precambrian Basement. This formation is about 7.5 m
to 8.5 m in thickness and has not been separated despite its fairly complex geological
composition. The upper portion of this stratigraphic sequence is marked by a 2.5 m thick
sequence of light grey to greenish-grey quartz sandstone. The mid-portion of the
sequence transitions to a dark green and reddish-brown green and red shales that contain
thin interbeds of sandstone. The lower portion of this stratum is marked by a2 m to 3 m
thick sequence of greenish grey to dark reddish-brown arkosic sandstone. The basal
contact was found to be mostly weathered at the Precambrian Basement which was
penetrated in four (4) of the boreholes (BH-1, BH-2, BH-3 and BH-4). These rocks were
found to consist of quartz feldspar gneiss.

The detailed borehole logs, cross sections and description are provided in Appendix D.

5.1.2 Structural Contacts

Golder provided structural contact elevations for each of the stratigraphic contacts as
interpreted from the results of the detailed core logging and geophysical evaluation.
According to their report, the structural contact at the Verulam - Bobcaygeon and the
Bobcaygeon - Gull River Formational contacts occurs between 224 to 216 masl and 198
to 190 masl, respectively. The surface contacts at both intervals’ slopes to the southwest
at about 0.4%. Cross sectional profiles and elevation contour plans were prepared and
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are included in their report (Appendix D). These profiles and plans demonstrate the
depositional consistency and gentle dip in the Paleozoic bedrock.

5.2 Packer Testing

The hydraulic testing data collected from the downhole packer testing program was
assessed and interpreted by plotting the interval transmissivity (T) with the elevation
depth in order to show the hydraulic testing results across the entire borehole. The
interpreted geologic stratigraphy is also plotted on each profile for conceptual purposes.
The plots produced from this assessment are provided in Appendix F and the most
transmissive zones based on the percent response are summarized in Table 4 (overleaf).
A brief discussion regarding each of the tested boreholes (BH-1 to BH-5) is provided
below. In addition, the relevant hydraulic conductivity estimates from this testing are
also plotted on the borehole profiles provided by Golder (2021), which is included in
Appendix D.

Downhole packer testing was used to aid in the instrumentation of the Phase 1 Boreholes,
in conjunction with the downhole geophysics and detailed core logging results. As such,
the most permeable zones encountered during this assessment were not necessarily
instrumented in the Phase 1 Boreholes, as efforts were made to target the lower zones
and/or formations. The upper zones and formations were subsequently targeted in the
Phase 2 Boreholes.
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Table 4: Packer Test Results Summary
Borehole ID | Top of Interval Bottom of Interval Percent Formation Name | Stratigraphic | Hydrostratigraphic
(masl) Interval (masl) | Transmissivity | Response Unit Identifier
(m?/sec)
BH-1 228.9 227.4 1.8E-04 76% Verulam 5-1
BH-1 210.9 208.2 4.2E-05 18% Bobcaygeon 4-4
BH-1 216.4 2134 3.1E-06 1% Bobcaygeon 4-4
Upper Gull River
- - 0 -4, 3-
BH-2 195 192.2 3.1E-04 97% / GMB 3-4,33 G/F
BH-2 178.5 175.8 9.2E-06 3% Shadow Lake 2
BH-3 2124 209.7 2.6E-04 97% Bobcaygeon 4-4 K
BH-4 227.6 226.7 1.6E-04 78% Verulam 5-1
Lower Gull River
- - 0 2.3
BH-4 178 170 4.7E-06 15% / Shadow Lake 3-2,3-1/2 E/D
Upper Gull River
- - Y - -
BH-4 191 190 1.7E-06 1% / GMB 3-4,3-3 G/F
BH-4 215 213 7.0E-07 1% Bobcaygeon 4-4 K
BH-5 227.1 226.2 3.3E-04 76% Verulam 5-2 L
BH-5 182 179 1.9E-05 4% Lower Gull River 3-1,3-2 E/D
BH-5 196.9 196 1.7E-05 4% Bobcaygeon 4-1,4-2 K
BH-5 209.7 208.8 1.0E-05 2% Bobcaygeon 4-4 K

Notes:

masl — meters above sea level
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5.2.1 BH-1 Results

According to the testing data the most transmissive fracture plain was found at an
elevation of between 228.9 to 227.4 masl and had an interval transmissivity of about
1.8x10* m?%/sec. The fracture occurs in the upper portion of the borehole and within the
Verulam Formation (subunit 5-2). Given that this interval accounts for about 76% of the
boreholes response this appears to be controlling fracture at this location. The televiewer
image below shows the 2 to 3 cm width shale parting associated with this fracture.

BH-1:3.59 - 3.62 m

A moderately transmissive zone (4.2x10” m?%/sec) was also encountered deeper in the
profile within the Bobcaygeon Formation between 210.9 to 208.2 masl. This interval
theoretically accounts for about 18% of the borehole response and appears to correlate
with weathered shale partings in stratigraphic subunit 4-4 (Golder, 2021). It is also worth
noting that a second minor fracture/ parting was also noted slightly higher in subunit 4-4
with an interval transmissivity of 3.1x10° m*/sec; however, it only accounted for about
1% of the borehole response.

5.2.2 BH-2 Results

Upon reviewing the results for BH-2 the most transmissive fracture was encountered
between 195 to 192.2 masl which overwhelmingly accounted for about 97% of the
borehole response and an interval transmissivity of 3.1x10™ m*/sec. This fracture
appears to straddle the upper portion of the Gull River Formation (subunit 3-4) and the
GMB (subunit 3-3) and is one of the most transmissive units found throughout the testing
program. The fracture most certainly straddles the contact between the two (2) distinct
subunits noted above. Golder (2021) indicates that this contact zone is comprised of a
“weathered shale cap” which suggests ground water movement. Televiewer images
provided in Golder (2021) are shown below at the GMB.
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BH-2: 44.86 - 44.88 m

A more modest zone (9.22x10°® m?/sec) was also noted within the Shadow Lake
Formation between 178.5 to 175.7 masl and accounting for about 2% of the borehole
response.

5.2.3 BH-3 Results

Essentially only one (1) transmissive fracture plain was encountered at BH-3. This
fracture occurred between 212.4 to 209.7 masl and had an interval transmissivity of
2.6x10™* m%/sec. This fracture accounted for about 97% of the entire borehole response.
The remainder of the rock profile tested consistently within about a half order of
magnitude of 107 m*/sec. Similar to the secondary fracture noted in BH-1, this fracture
also correlates with the weathered shale zone within the Bobcaygeon Formation (Golder,
2021). The televiewer image below illustrates the open parting noted above and
elsewhere on the Site.

BH-3: 25.57 - 25.62 m

5.2.4 BH-4 Results

BH-4 was one of the initial boreholes subjected to the downhole packer testing program,
and as such, a more detailed assessment was subsequently undertaken due to the
shortened packer spacing (i.e., one-meter interval). The most prominent fracture was
encountered between 227.6 to 226.7 masl at an interval transmissivity of about 1.5x10™
m?/sec, which accounted for about 78% of the borehole response. This fracture was
found within subunit 5-2 of the Verulam Formation and is shown below on the televiewer
image (Golder, 2021).
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BH-4:9.18-9.20 m

A fairly large zone of permeable rock (~3x10° m*/sec) was found toward the base of the
borehole between 178 to 170 masl. This zone accounted for about 15% of the borehole
response and straddles portions of the lower units of the Gull River Formation (subunits
3-1, 3-2) and the Shadow Lake Formation (subunit 2). Golder (2021) notes that the
contact between these horizons is gradational (though marked by a distinct gamma
signature). As such, this rather large zone of permeability is likely associated with
increase in shale partings and ground water interaction. These zones were regularly
encountered in the subsurface; however, most were not found to be overly permeable
with the exception of BH-4.

In addition, two (2) minor zones of increased permeability were also found between 191
to 190 masl and 215 to 213 masl; although each only contributing to less than 1% of the
borehole response. Notwithstanding, these zones stand out given the low permeability of
much of the borehole profile. The first zone was found between 191 to 190 masl and had
an interval transmissivity of 1.7x10°® m%/sec. This zone aligns with the structural contact
zones between the upper units of the Gull River Formation and the GMB. The second
zone occurs within the weathered shale zone within the Bobcaygeon Formation between
215 to 213 masl (interval transmissivity at 7x10” m*/sec).

5.2.5 BH-5 Results

The results for BH-5 provided the most variable results, although the most permeable
fracture zone was again encountered in the Verulam Formation (subunit 5-2) which was
found between 227.1 and 226.2 masl and an interval transmissivity of 3.3x10™* m%/sec.
This fracture contributed to about 76% of the boreholes response. The televiewer image
of this zone is provided below.

Y

BH-5: 7.57 - 7.59 m
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Several other moderately permeable zones were also found throughout the profile,
including two (2) zones within the Bobcaygeon Formation and one (1) in the lower
section of the Gull River Formation. The first occurs at the base of the borehole and
within the lower unit of the Gull River Formation (subunit 3-1, 3-2) between 182 to 179
masl and has an interval transimissivity of about 1.9x10”> m?%/sec. This interval accounts
for about 4% of the response within borehole. Based on the geological interpretation
provided by Golder this appears to be controlled by the lower green beds (subunit 3-1).

There are two (2) notable zones of increased permeability found within the Bobcaygeon
Formation. The more permeable occurs within subunits 4-1 and 4-2 at an elevation of
196.9 to 196.0 masl and an estimated interval transmissivity of 1.7x10~ m?sec, which
accounts for about 4% of the borehole response. A second less permeable zone (1.0x107
m?/sec) is also noted within the upper portion of this formation at depth consistent with
the weathered shale zone noted in previous boreholes. The fracture occurs at a depth of
209.7 to 208.8 masl and this interval accounts for about 2% of the borehole response.

5.3  Hydrostratigraphy

A preliminary hydrostratigraphy model was developed by Golder in consultation with
Azimuth at the completion of Phase 1 Drilling and Physical Testing Programs. This
model was later refined by Golder in 2020, following the physical testing of the Phase 2
Boreholes. This included splitting the Gull River Formation into four (4) subunits rather
than three (3). This is related to the identification of a lower “Green Marker Bed”
(referred to as subunit 3-1) found below the lower unit of this formation (3-2). In
addition, not all of the hydrostratigraphic units are instrumented at the proposed quarry
given the low permeability of the zones, as determined through the physical testing
programs. As such, only select formations or intervals have been instrumented which is
summarized in Table 5 (overleaf). Additional information pertaining to the determination
of the hydrostratigraphy and monitoring well instrumentation is provided in Golder
(2021) (Appendix D).

AZIMUTH ENVIRONMENTAL CONSULTING, INC.

34



Table S: Hydrostratigraphy and Monitoring Well Nomenclature Summary2
Hydrostratigraphic | Stratigraphic | Hydrostratigraphic | Monitoring Monitoring Well
Unit Unit Unit identifier Well Identifier
A
Verllgli)e})rrclgyﬁ; IllJ[;per z 5 BH-1Z°, BH-22", BH.
- A B B
Weathered Zone 32", BH-4Z", BH-5Z
Overburden 6 O 0 NA
Upper Weathered
Zone (bedrock) >-1,5-2 M 0 NA
Verulam Formation 5-2 N 0 NA
. BH-6L, BH-7L, BH-8L,
Verulam Formation 5-1 L 4 BH-OL
Bobcaygeon 44 K 4 BH-6K, BH-7K, BH-8K,
Formation BH-9K
Bobcaygeon 43 I 0 NA
Formation
Bobcaygeon
? 4-1,4-2 1 2 BH-61, BH-71
Formation
Bobcaygeon / Gull
River Formational 3-4/4-1 H 1 BH-5H
Contact
Upper Gull River 34 G 2 BH-8G, BH-9G
Formation
Green Marker Bed 33 F 5 BH-1F, BH-2F, BH-3F,
(upper) BH-4F, BH-5F
Lower Guu River 32 E 0 NA
Formation
Green Marker Bed 3.1 D 1 BH-3D
(lower)
Shadow Lake ) C 1 BH-2C
Formation
Shadow Lake
Formation / 12 B 2 BH-1B, BH-4B
Precambrian
Basement Contact
Precambrian 1 A 0 NA
Basement

Notes:

" “NA” — Not applicable as monitoring well not installed at specified interval

% Adapted from Section 6.2 of the Geology Study report prepared by Golder (2021).
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5.4  Pumping Test

As noted in an earlier section, a pumping test program was attempted in November of
2020 by Azimuth following the completing of the Phase 2 Boreholes. BH-6 and BH-8
were subjected to a relatively short duration pumping test with the idea of determining a
long-term test rate. The following discussion describes each testing sequence and
hydraulic analysis.

5.4.1 Pumping Test Sequences

Each borehole was tested using the same procedure and test rates, which was intended to
start out as a step test in order to assess various test rates. Hydrographs showing the
recorded water levels in BH-6 and BH-8 (blue line) and their respective total depths
(black, dashed line) are presented in Appendix G. The instantaneous pumping rate was
maintained throughout the pumping period at ~17 L/min (4 IGPM) through the use of an
adjustable ball valve installed on the primary discharge line. It is recognized that only
one (1) testing sequence could be performed as the water levels at both locations rapidly
declined to the pump intake at BH-6 and BH-8 after 35- and 45-minutes of pumping,
respectively. As such, further yield testing could not be completed and the wells were
allowed to fully recover.

Overall, the recovery period was prolonged. Recovery to about 90% at BH-6 and BH-8
was achieved after about 3 and 2 days, respectively. Ultimately, the information obtained
through this testing suggests that the water bearing fractures intersected at these two (2)
locations are not capable of supporting a water supply.

Water chemistry samples were collected prior to shutting off the pump, and show
elevated concentrations of most major ions, including: chloride, sodium, iron, and
calcium, indicating a mineralized ground water source. Notwithstanding, the results are
markedly more dilute than samples collected later during the monitoring program. As
such, it is expected that the initial results may been skewed from drilling fluid remaining
in the well bore during testing. This is plausible given its use during the borehole
construction and that parameter concentrations increased by about threefold after
instrumentation. While the results are not incorporated into the long-term database, the
laboratory report is appended (Appendix G).

5.4.2 Hydraulic Analysis

The recovery periods were assessed using hydrogeological software to estimate a
transmissivity for each well location. The results of the analysis are presented in
Appendix G. The estimated transmissivity (T) for both BH-6 and BH-8 is about 3.0x10™°
m?/sec using the late time recovery data, which represents the majority of the well’s
recovery. Since the analysis takes into account the length of the bore (or well depth) the
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estimated T is relatively low, but comparable to the packer testing results detailed earlier.
This is particularly relevant since most of the host limestone was found to be relatively
impermeable during this testing. The more permeable zones at this location occur within
the upper Formations (i.e., Verulam and Bobcaygeon), which were ultimately targeted
during the Phase 2 Borehole Instrumentation Program.

5.5 Borehole Hydraulic Testing

Following the instrumentation of each borehole a rising and/or falling head test was
performed to assess the hydraulic characteristics of each of the isolated intervals. In
general, rising head tests were performed by removing a known volume of ground water
and documenting the water level recovery back to its static head elevation to estimate the
formations hydraulic conductivity (K). A summary of the hydraulic testing results is
provided in Appendix I and a brief discussion is provided below.

Kassenaar & Wexler (2014) also completed a literature review of published hydraulic
conductivity values from nine (9) reports and regional studies’. The K-values included in
their Tier 2 Water Balance Report were obtained from either direct aquifer testing or
model calibration values used in previous regional modelling studies. The published
values are presented below in Table 6 (overleaf) and are used to compare with values
obtained during this study.

! The source material used in the literature noted above is presented in Kassanaar & Wexler (2014).
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Table 6: Published Hydraulic Conductivity (K) Estimates'

Formation Geometric Mean K-range Low K-range High

(m/sec) (m/sec) (m/sec)
Slxll)erburden (clay + silty sand 1.0E-07 2 0E-08 6.0E-07
x,eeﬂz;}?ff;g:;‘y)z‘me 5.0E-06 4.0E-07 5.0E-05
Verulam 4.0E-07 1.0E-10 6.0E-04
Upper Bobcaygeon 1.0E-07 5.0E-10 6.0E-03
Lower Bobcaygeon 1.0E-08 1.0E-11 1.0E-05
Upper Gull River 6.0E-07 5.0E-11 2.0E-03
Green Marker Bed 7.0E-06 4.0E-09 2.0E-03
Lower Gull River 6.0E-07 2.0E-11 1.0E-04
chadow Lake / Precambrian 5.0E-08 1.OE-11 6.0E-04
Precambrian 1.0E-09 1.0E-10 6.0E-08
Notes: " Hydraulic conductivity estimates from Kassenaar & Wexler (2014)

5.5.1 Hydraulic Properties — Phase 1 Boreholes

As previously noted, the hydraulic tests of the Phase 1 Boreholes include BH-1 to BH-5,
showed relatively similar results to that of the packer testing (within about one order of
magnitude).

Starting from the basement and moving upward, the Shadow Lake Formation/
Precambrian Basement Contact is monitored at two (2) locations (BH-1B and BH-4B).
The tested intervals had an estimated K-value of 5.9x10” m/sec and 2.3x10™ m/sec,
respectively. The values are slightly less conductive than what was encountered during
the packer testing, which is likely due to the increased surface area relative to the
“fracture zone” resulting from the larger “sand pack”™ length. Overall, the packer testing
profile found that the contact zone was not overly conductive throughout that section of
the rock (i.e., < 1% of the borehole response). This finding was consistent among all
boreholes as minimal weathering was noted. Therefore, the range of values are
considered representative of this formation and they are consistent with other published
values above.

The Shadow Lake Formation is currently monitored at one (1) location at BH-2C. The
estimated K-value was found to be 1.3x10” m/sec, which is consistent with the packer
testing of this interval at this location (and at other boreholes). While this formation is
considered to be moderately porous, most of the packer testing of this formation indicated
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that the conductivity was at the lower part of range between 107 to 10 m/sec.
Therefore, the estimate determined for this interval is considered representative and is
within the range of published values.

The lower Green Marker Bed within the lower unit of the Gull River Formation is
monitored at BH-3D only. The hydraulic testing indicates that the K-value at this
location is 5.9x10™ m/sec. This is about an order of magnitude lower than what was
shown by packer testing at this location and on-site. This unit was found to have low
permeability, except at BH-5. Overall, the estimated value is representative and
consistent with published values.

The upper Green Marker Bed interval is monitored at all of the Phase 1 Boreholes and is
denoted by the identifier “F”. The estimated K-value within this formation is 10® to 107
m/sec; with BH-2F being the most permeable location. With the exception of BH-2, this
zone has low permeability, which was somewhat unexpected given that it is often
regarded as a regional aquifer and used for domestic water supplies. While this was
somewhat unexpected, these results do fall within the lower end of the range of published
values (107 to 10 m/sec) (Kassenaar & Wexler, 2014). As such, this formation likely
functions as an aquitard rather than an aquifer locally.

Lastly, a relatively small interval marking the weathered clay shale contact between the
Bobcaygeon Formation and Gull River Formation is monitored at BH-5H. This zone had
an estimated K-value of 2.7x10™ m/sec, which is about a half order of magnitude lower
than what was derived during the packer testing of BH-5. Therefore, the similarity in
transmissivity indicates that it is representative of this formation, and is consistent with
published values.

5.5.2 Hydraulic Properties — Phase 2 Boreholes

The upper portion of the Gull River Formation (above the Green Marker Bed) is
monitored at BH-8G and BH-9G. Hydraulic testing indicates that this part of the
formation has low permeability with a K-value of about 1.0x10™ m/sec. While packer
testing was not completed on these boreholes, corresponding data collected during the
Phase 1 Boreholes testing indicates that the hydraulic properties occur within a similar
range (as do the published values). As such, the hydraulic data are representative.

The lower units of the Bobcaygeon Formation are monitored at BH-61 and BH-71. K-
value estimates of this interval were found to be 2.7x10™® m/sec. This value is consistent
with published K-values that are noted to range between 10! to 10~ m/sec and closely
match the geometric mean values shown in Table 5 (1 .0x10® m/sec). The value is also
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similar to packer testing results completed on-site. Therefore, the results are
representative.

The uppermost subunit (4-4) of the Bobcaygeon Formation is monitored at all four (4)
Phase 2 Boreholes and denoted with the identifier (K). This subunit contains a
moderately permeable weathered shale lateral fracture that was identified during the
detailed core logging, geophysical testing and downhole packer testing, and subsequently
correlated in the Phase 2 Boreholes during geophysical testing. Despite being found to
be moderately permeable (~10° to 10 m/sec) during previous testing, the K-values
estimates were found to be about an order of magnitude lower (or about 10 to 10”
m/sec). It is possible that there may be some spatial variance within this subunit.
Notwithstanding, the range of values align well with the published range of value (and
geometric mean) for the upper section of the Bobcaygeon Formation. As such, these
values are considered representative of this formation.

Finally, the lower subunit of the Verulam Formation (5-1) is also monitored at all four (4)
Phase 2 Boreholes and denoted with the identifier (L). Hydraulic testing was completed
at all locations with the exception of the BH-9L which continues to be dry. K-value
estimates ranged from 5.4x10® to 3.5x10” m/sec. These values suggest less permeable
conditions compared to the geophysical and downhole packer testing result on the Phase
1 Boreholes, which showed K-values on the order range of 10 to 10 m/sec. The
permeability of this unit appears to be spatially variable on-site. This suggests that the
thin (2 to 3 cm), laterally bedded fracture encountered in BH-1, BH-4 and BH-5 may
become less conductive and/or water bearing to the south and east. In addition, this same
fracture was not found to be overly permeable (or weathered) at BH-2 and BH-3. As
such, the K-value estimates obtained at the above noted boreholes are representative and
fall with the range of published values.

6.0 GROUND WATER RESULTS
6.1  Private Well Surveys

On July 30, 2019, an initial local water well survey within 750 m of the proposed quarry
was conducted by Azimuth. A letter containing details of the study and a voluntary
questionnaire requesting details about their well and property were distributed to
neighbouring properties. Details on well construction and location, septic bed location,
water treatment system, overburden/outcropping at the property, and water quality
information were requested. Attempts to contact neighbouring properties were also
completed on February 24, 2022 and June 18, 2022 leaving letter requests for information
each time.
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A desktop review of the MECP Water Well Record database and local parcel mapping
was completed that identified approximately thirty-six (36) parcels within the Study
Area. This included the parcels along the following roadways:

e Concession Road3 — 1 parcel

e Concession Road2 — 2 parcels
e ConcessionRoad 1  — 12 parcels
e C(Concession Road A — 1 parcel

e Ramara Road 47 — 9 parcels
e Highway 12 — 11 parcels

Azimuth attempted to directly contact property owners by knocking on the door prior to
leaving the letter and questionnaire. Well survey packages were left at each residence by
either dropping it in their respective mailbox or at the door and in total thirty-six (36)
surveys were distributed.

By August 2023, two (2) of the property owners on Highway 12 and Concession Road 2
close to the site had responded to our requests for information regarding their wells. Both
residences obtain their water supply from deep, drilled water wells; however, an MECP
well record could not be found for the subject wells. Azimuth was permitted to visit
PW4 in June 2022, which has a total measured depth of 41m and static water level of
12.1 m btoc. Follow up efforts to gather additional well information about PW2 have
been made via email; however, at this time permission to access the property has not been
granted. Well use information provided from the respondents is included in Table 7

below.
Table 7: Private Well Response Information
Well Street Munici]ﬁlleamer Well Uses # Of Treatment Well Type | Depth (m) ‘Well Construction | Historical [ Wellhead | Interestin

D Residents Details Date Issues Accessible | Monitoring

PW4 | Highway 12 no washing, cooking, garden 2 uv Drilled 41 NA none yes yes

PW2 (o]::zszlon no drinking, washing, cooking 4 NA Drilled NA > 35 Years none yes yes

6.2  Ground Water Monitoring

A long-term ground water monitoring program has been established at the proposed
quarry in order to track the trends of the ground water levels associated with the various
stratigraphic units. Overall, the water levels continue to demonstrate the spatial and
temporal differences between the specific formations and across the proposed quarry
property. Table 8 below presents the ranges of equilibrium water levels within the
geologic formations beneath the proposed quarry. Transient water levels are also shown
on the hydrographs below and are due to induced changes due to water sampling or
borehole testing.
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Table 8: Equilibrium Water Levels from on-site Monitoring Wells
Hydrostratigraphic | Stratigraphic | Hydrostratigraphic | Monitoring Range of Water
Unit Unit Unit identifier Points levels
(masl)
Verulam Formation (5-1), 5-2 M), L 229 - 238
Upper Bobcaygeon 4-4 K 227-238
Formation
Lower Bobeaygeon | 3) 41 4 a1 232-236
Formation
Bobeaygeon/ Gull |5 44 H 1 227.5-228
River Contact
Upper Gull River 3-4 G 2 220 -226
Formation
Upper Green
Marker Bed (GMB) 3-3 F > 220-232
Lower Gull River
Formation and (3-2), 3-1 (E),D 1 222.5-2235
Lower GMB
Shadow Lake 2 C 1 220-2225
Formation
Shadow Lake /
Precambrian 2/1 B (A) 2 218 - 235
Contact

Notes:

Identifier in parenthesis indicates interval assumed to be in relation to monitored hydrostratigraphic unit.

The water level data are plotted on hydrographs in order to visualize the trends
(Appendix J). The location of each borehole is shown on Figure 9. The tabulated data
and hydrographs are provided in Appendix J. A brief discussion of the water level trends
is provided below. This includes a comparison to regional precipitation data from the
Environment Canada (EC) Orillia Brain Climate Station (detailed further below). It is
noted that some of the water levels are also affected by transient conditions due to well
testing and water quality sampling.

6.2.1 Water Elevation —Verulam Formation

The water levels in the Verulam Formation are monitored directly at four (4) monitoring
well locations (BH-6L, BH-7L, BH-8L and BH-9L). Based on the downhole packer test
results, BH-1Z, BH-4Z and BH-5Z also monitor this interval. The range of equilibrium
water levels occurs between 229 masl to 238 masl, although the highest elevation also
occurs at BH-7L which is about 4 m higher than the expected maximum range of the
other monitoring wells. The observed water levels at the remaining monitoring intervals
and relevant precipitation data have been plotted on Figure F below.
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Figure F: Water levels - Verulam Formation

Water levels show temporal (or seasonal) trends when compared with corresponding
precipitation data. Declining water levels are observed during the warmer months of the
year, while higher levels are noted following larger rain events. This formation was
consistently the most permeable across the proposed quarry due to its weathered nature
and greater shale content. The spatial range and distribution in water levels indicates
heterogeneity within the bedrock environment.

6.2.2 Water Elevation — Upper Bobcaygeon Formation

The water levels in the upper units of the Bobcaygeon Formation are directly monitored
at four (4) monitoring locations on-site, including BH-6K, BH-7K, BH-8K and BH-9K.
Based on the downhole packer test results, BH-2Z and BH-3Z also monitor this interval.
The range of water levels occur between 237 masl to 224.2 masl (A 14.7 m) and shows
considerable spatial variation. The highest water levels occur at BH-7K which is about 4
m higher than the remaining monitoring wells. The water levels from the three intervals
of BH-7 suggest some interconnection between the monitoring wells, so that these water
elevations may not be representative of the formation. The observed water levels and
relevant precipitation data have been plotted on Figure G below.
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Figure G: Water levels — Upper Bobcaygeon Formation

Similar to the upper GMB observations, the water levels are higher in the western to
central portions of the proposed quarry and are lower towards the east. This trend is
contrary to the expected regional flow model, which is expected to be oriented westward
towards Lake Simcoe. The spatial range and distribution in water levels indicates
heterogenity within the bedrock environment, which is consistent with the hydraulic
testing results. It is possible that this eastward oriented gradient may be due to
dewatering activities at adjacent quarries.

6.2.3 Water Elevation — Lower Bobcaygeon Formation and Contact Zone with Gull
River Formation
The lower Bobcaygeon Formation is currently monitored at BH-6 and BH-7 and
annotated with the unit identifier “I”’, while the contact zone between the lower
Bobcaygeon Formation and upper Gull River Formation is monitored at BH-5H. The
water levels at BH-5H are quite stable over the period of record within a range of about
227.5 masl to 228 masl (A 0.5 m). The initial water level was also artificially elevated
following instrumentation by about 3 m and only stabilized following the initial sampling
event and well development. Drawdown and recovery sequences following sampling are
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also observed periodically throughout the dataset and full recovery generally occurs over
25 to 30 days, which is expected given the low K-value.

The water levels in the lower Bobcaygeon Formation are fairly stable and a seasonal
trend is observed at BH-61. Water levels are in the range of about 232 masl to 236 masl,
with abrupt drawdown and recovery sequences following ground water sampling. A
similar, but much slower response curves were noted at BH-71.

BH-7 was dry after drilling, although, the intervals were instrumented and transducer
dataloggers were installed upon observing ground water in the well in July 2021. The
recovery sequences take about 30 to 35 days to return to static conditions. Unlike other
borehole locations, the water level trends at BH-7 (units “I”, “K” and “L”) all follow a
similar pattern, suggesting some degree of interconnectivity. The observed water levels
and relevant precipitation data have been plotted on Figure H below.
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Figure H: Water levels — Lower Bobcaygeon Formation and Gull River Contact
Zone
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6.2.4 Water Elevation — Upper Gull River Formation

The upper portion of the Gull River Formation is currently monitored at two (2) locations
BH-8G and BH-9G. Datasets are available for this formation from April to January
2023). Overall, the water levels are quite stable with only minor temporal changes noted
at BH-8G. Both of these wells are located on the eastern limits of the proposed quarry.

The wellbore at BH-9 was initially found to be dry after drilling; however, specific
intervals were still instrumented in order to isolate any potential ground water seepage.
Transducer dataloggers were not deployed until water was observed in the wellbore in
July 2021. The water levels display a prolonged recovery that only reaches static
conditions after about six months. The observed water levels and relevant precipitation
data have been plotted on Figure I below.
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Figure I: Water levels — Upper Gull River Formation

6.2.5 Water Elevation — Upper GMB

The Upper GMB is monitored at all five (5) of the Phase 1 Boreholes and annotated with
the unit identifier “F”. Water elevations within this formation are spatially variable
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across the Site. Temporal (or seasonal) changes are not commonly observed as most of
the stabilized water levels do not vary by more than about one meter over the period of
record; with the exception of BH-5F. Water levels within this formation range from
between 220 masl to 232 masl and are higher within the western portion of the proposed
quarry and progressively becoming deeper towards the east. The observed water levels at
these monitoring intervals and relevant precipitation data have been plotted onto Figure J
below.
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Figure J: Water levels — Upper GMB
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This eastward trending gradient is contrary to the expected regional flow model which is
expected to be oriented more westward towards Lake Simcoe. Notwithstanding, the
spatial variance in water levels suggests heterogeneity within the bedrock, which is
consistent with the hydraulic testing results. It is also possible that the eastward trending
water levels may reflect that well locations are on opposite side of the on-site ground
water divide or may also result from the active Lafarge Brechin Quarry situated northeast
of the proposed quarry. Golder (2012) and WSP (2023) have suggested that drawdown
of about one meter may occur up to several kilometers from the extraction limit of the
quarry operations in the general area.
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Distinct drawdown sequences followed by recovery periods are noted as a result of
ground water sampling events. Extended recovery periods are noted at several locations
due to the low permeability of this unit, taking from several days to more than two
months. This trend is most prominent at BH-1F, BH-4F and BH-5F, which all had
estimated K-values of about 10” m/sec.

Water levels at BH-5F increased to about 231 masl in June 2021, which was not observed
elsewhere in the formation. From about late June through to early September several
frequent and/or large precipitation events were recorded at the EC Orillia Brain Station
(308.2 mm) and at the Site (~428 mm) over that time period. This is about 1 to 1.5 times
(respectively) greater than the expected climate normals for Orillia® over that same
period. As such, it is possible that these recent water levels may have resulted from more
localized recharge at this location.

6.2.6 Water Levels — Lower GMB and Lower Gull River Formation

The equilibrium water levels in the Lower GMB are monitored solely at BH-3D. These
elevations range between 222.5masl to 223.5 masl. The water level was artificially
elevated following instrumentation and only began to equilibrate following the initial
sampling events and well development. Abrupt drawdown sequences followed by a
recovery period of about several days are noted following sampling events. In general,
water levels are quite stable at this monitoring point compared to other zones and
formations found elsewhere on-site. For simplicity, the Lower GMB and the lower
portion of the Gull River Formation are presented together due to their inferred hydraulic
connection. The observed water levels at these monitoring intervals and relevant
precipitation data have been plotted onto Figure K below.

? Environment Canada’s 30-year Canadian Climate Normals Orillia Station Data is estimated to be about 288.1 mm between June 25th
to September 3 1st.
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Figure K: Water levels — Lower Gull River and Lower GMB

6.2.7 Water Elevation — Shadow Lake Formation and Precambrian Basement

The deepest interval at BH-1 monitors the Shadow Lake Formation and Precambrian
Basement contact zone identified as unit “B”. Over the period of record, water levels at
this location ranged between 218 to 221 masl and occurs on average at about 219.5 masl.
A moderate temporal (or seasonal) trend is evident despite the water bearing zone being
found quite deep (below 173.2 masl). While precipitation events are not directly
observed at this location, the seasonal trends suggest an atmospheric connection from a
regional recharge perspective.

This zone is also monitored at BH-4B where the water elevation range is much more
variable as water elevations ranged between 227 to 235 masl. The temporal (or seasonal)
trend is more pronounced at this location, which also includes more frequent changes in
water levels (or storm-type response curves). These water level spikes (followed by a
recession) appear to correlate with large precipitation events. These events appear to
cause an increase in head pressure within the formation. When plotted with precipitation,
the elevation increases appear to lag the initial precipitation events by about 3 to 10 days.
The water elevations at these monitoring intervals and relevant precipitation data have
been plotted onto Figure L to show these trends.
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BH-2C monitors water levels in the Shadow Lake Formation and is identified as unit
“C”. Atthis location, water levels range from 220 to 222.5 masl and have a muted
seasonal or climatic response. Water levels are transient following sampling and well
development and are followed by a slow recovery period (~10 to 14 days).
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Figure L: Water Levels — Shadow Lake Formation and Precambrian

6.3 Ground Water Flow

The ground water flow pattern beneath the Site was evaluated using a combination of the
MECP well record files from the ORMGP (2022) and monitoring data collected from the
on-site monitoring wells. While the location of the on-site monitoring wells is well
documented, there are inherent limitations with the MECP dataset. This includes
inaccuracies with the geospatial referencing and general measurement errors on bore
depth, static water levels, and lithology. Seasonality can also create variability between
the reported water level measurements depending on the aquifer or formation, and some
of the data are decades old. When properly vetted, estimates of the potentiometric
surface patterns are generally reasonable.
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For each MECP well log, the finished depth was used to estimate which geologic/ aquifer
formation the well draws water from. Average static water level measurements were
combined with the existing on-site monitoring database and partitioned into three (3)
subsets (shallow, intermediate and deep):

e Shallow Aquifer — Verulam and Bobcaygeon Formations;

¢ Intermediate Aquifer — Gull River Formation; and

e Deeper Aquifer — Shadow Lake Formation and Precambrian Basement

These subsets were contoured in order to obtain representative surfaces for each "aquifer"
beneath the proposed quarry. As previously discussed, a simple statistical analysis was
also used to remove any data outliers that were found to be outside of two (2) standard
deviations from the mean. Other locations were removed due to no data or incorrect
spatial data. In total fifteen (15) data points were removed as part of this analysis. The
final ground water plots are presented on Figures 11 to 13. A brief description is
provided in the following sections. The estimated ground water flow direction in the
listed aquifers is considered to be the best representations given the dataset available.

6.3.1 Shallow Bedrock Aquifer

The contoured shallow ground water surface is presented on Figure 11, based on water
levels from the MECP well log database. Similar to the topography of the proposed
quarry, the apex of the aquifer surface occurs at a maximum elevation of about 234 masl
just south of the proposed quarry. A ground water divide occurs in a northeast to
southwest orientation separating flow within the shallow bedrock to either the east or
west. The eastern flow converges to the south towards the Talbot River. To the west of
the divide, flow is towards Lake Simcoe.

6.3.2 Intermediate Bedrock Aquifer

The potentiometric surface in the Intermediate Aquifer is presented on Figure 12. The
contour mapping includes water levels from within the Gull River Formation and/or
associated Green Marker Bed, based on data from on-site monitoring wells and water
levels from the MECP well log database. The flow across the proposed quarry is
predominantly westwards towards Lake Simcoe along a similar trending pathway that
correlates with the structural contact observed by Golder (2021).

Measured water level data from the on-site wells (BH-1 to BH-5) indicate that water
levels are lower along the eastern limits of the proposed quarry. The data indicate the
presence of the northeast to southwest trending ground water divide that is evident in the
shallow system. The dominant flow pathway in the intermediate zone is still to the west
with ground water beneath the northeastern part of the proposed quarry flowing easterly
and then towards the south. This finding is representative of hydrogeological conditions
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within the intermediate formations beneath the Site and is consistent with published
resources.

6.3.3 Deep Bedrock Aquifer

The potentiometric surface in the Deep Aquifer is presented on Figure 13. The mapping
includes water levels from the Shadow Lake Formation and/or the Precambrian
basement. The general flow pattern is somewhat indistinct and appears to be more radial
from the proposed quarry. While this pattern is shown, the data used to produce this
surface is spatially limited, as there are few data points found toward the outer extent of
the Study Area. Regional trends are westward towards Lake Simcoe.

6.3.4 Maximum Predicted Water Table

As per the Aggregate Resources of Ontario: Technical Report Standards (2020), the
maximum predicted water table surface must be determined from an established long-
term dataset at the Site. This may be established through an existing monitoring program
or historical data provided in hydrogeological reports for the proposed quarry, and is also
documented in a stand-alone report. Water level monitoring has been on-going at the
proposed quarry since the end of 2019. The program has evolved in scope from five (5)
nested well locations (15 monitoring wells) at its inception to 27 monitoring wells at nine
(9) borehole locations. The highest water levels generally occur in the stratigraphic units
closer to ground surface (Verulam and Bobcaygeon Formation).

Ground water levels in these units occur within a range of between 227 to 238 masl,
which is quite variable. The western part of the lands east of the rail alignment has the
highest topographic conditions (236-241 masl), and also the highest ground water levels.
In this area in the Verulam Formation, ground water levels occur between 233.4 masl to
230.1 masl, while those in the Bobcaygeon Formation are between 234.6 to 232.4 masl.
These ranges represent ambient (or natural) conditions, including natural seasonal
variation. These highest predicted water levels are shown on Figure 14.

Under rehabilitated conditions, it is predicted that the quarry lake will rise to an elevation
of approximately 232 masl. This reflects the existing topographic elevations in the north
and south parts of the proposed quarry, and provides an appropriate elevation to control
the quarry lake outlet.

6.4 Ground Water Quality
6.4.1 Hydrogeochemical Characterization

Ground water samples have been collected quarterly from the instrumented monitoring
wells since construction. The purpose of this long-term sampling program was to provide
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a baseline characterization of the ground water quality from the various formations and
identify any trends (i.e., seasonal, formational, spatial, efc.). Piper diagrams have been
used to assess the hydrogeochemical signature of the ground water. Piper diagrams are
useful to show ion distribution and ratios as this method downplays the effect of dilution.
The general ion chemistry remain consistent unless it has been influenced by some
external source, which may include aquifer mixing. The hydrogeochemical database
(Appendix K), Piper Diagrams (Appendix L) and the laboratory reports (Appendix M)
are appended.

The Piper Diagram presented in Figure M (below) is a compilation of all samples
included in the geochemical database. The hydrogeochemical signature is halide-
dominated across the study area and within the several hydrostratigraphic intervals. The
signature consists of elevated chloride (CI") and sodium (Na") that are about an order of
magnitude (or more) above the applicable Ontario Drinking Water Standards (ODWS).
Modest contributions of calcium (Ca*"), bicarbonate (HCOj3") and sulphate (SOy4) are also
present, derived from the carbonate composition of the bedrock.

Piper Diagram - All Wells

Figure M:  Piper Plot — All Brechin Quarry Monitoring Wells
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Typically, ground waters sampled in a Paleozoic limestone bedrock environment are
often found to be carbonate-rich due to the calcium, magnesium, and carbonate rich
minerals occurring within the bedrock. While a halide signature is more atypical, it is
frequently associated with shale units. Colgrove and Hamilton (2018) provide a succinct
evaluation of natural water quality in southern Ontario bedrock, and show significant
areas of the province where various parameters, including chloride, are elevated due to
rock-water interaction. An excerpt from their report (Figure N below) shows elevated
chloride associated with, and derived from, specific bedrock formations that cover about
25% of southern Ontario. This includes areas along the eastern and southern limits of
Lake Simcoe (which include the study area for this report). These elevated
concentrations are attributed to connate seawater and/or formational brines.
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Figure N: Regions of Naturally Elevated Chloride in Southern Ontario (OGS, 2018).

6.4.2 Geochemical Trends and Drinking Water Standards

Other parameters of interest include hardness, total dissolved solids (TDS), electrical
conductivity (EC), iron, manganese, and other trace metals. All of the parameters have
been compared to the Ontario Drinking Water Quality Standards (ODWQS) and all
exceedances are shown on the analytical data summary provided in Appendix K. Many
parameters routinely exceed the applicable ODWQS standards including: alkalinity,
chloride, sodium, sulphate, dissolved organic carbon (DOC), aluminum, barium, iron,
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manganese, selenium, TDS and hardness. Turbidity and colour have also found to
exceed the ODWQS routinely, however, this more of a by-product of sampling and
precipitation of certain parameters like iron.

The most common exceedances noted in the dataset relate to chloride, sodium, TDS and
hardness concentrations which are routinely elevated by an order of magnitude or more
above the ODWQS. Based on the concentrations encountered, the halide signature
appears to be from a naturally occurring source within the Paleozoic limestone and shale
environment, rather than anthropogenic sources (i.e., road salt application). Active road
salting along Highway 12 may contribute in part to chloride and sodium concentrations,
however, the overall effect is expected to be minimal given the reported concentrations.
If the sodium and chloride levels were related to road salt, then the molar ratio of the

parameters would be close to unity. However, ratios are highly variant, with a range of
0.5 to 3.5.

While a number of major and minor ion parameters contribute to the concentrations of
TDS (and EC), sodium and chloride are the primary constituents causing TDS to be
elevated. A simple regression analysis was generated to demonstrate this trend and the
results are presented on Figure O. The trend analysis combined the reported
concentration for sodium and chloride and plotted them against TDS. The analysis shows
a strong correlation between the two (2) parameters (R*=99%). Again, sodium and
chloride dominate the analytical signature and between the various formations, so this
correlation is expected.
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Figure O: Regression Analysis: TDS vs. Chloride + Sodium

Hardness was also found to be elevated across the proposed quarry and commonly
exceeds the applicable ODWQS throughout Southern Ontario. Hardness is an
aggregation of polyvalent ions, though it is mainly caused from excess calcium and
magnesium (and to a lesser extent iron and manganese). These common earth elements
are present at the proposed quarry due to the abundance of various carbonate-based
minerals (i.e., calcite, dolomite, ezc.) found within the host bedrock. A regression
analysis was also prepared comparing the sum of calcium and magnesium to hardness to
assess the strength of the trend. The results of the analysis are presented overleaf in
Figure P. As would be expected the results show a near perfect trend (R*=99%),
concluding that nearly all of the hardness is due to the excess calcium and magnesium
found within the ground waters sampled.
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Figure P: Regression Analysis: Hardness vs. Calcium + Magnesium

Other trace elements, such as sulphate, aluminum, iron, manganese and selenium, are
common earth elements that are found in most ground waters throughout Southern
Ontario. These parameters are found within Paleozoic limestone formations and occur as
a result of the host bedrock and formation brines present at the proposed quarry. Various
trace metals (i.e., aluminum, iron, manganese, efc.) are common impurities in limestone/
dolostone. Therefore, many of these parameters are expected to occur even at slightly
elevated concentrations (depending on prevalence within the host bedrock). Again, the
cause of these parameter elevations is likely from dissolution of the host bedrock and
concentrating these parameters into formational brines due to the low permeable nature of
the underlying bedrock.

Overall, the hydrogeochemical signature within the Paleozoic bedrock beneath the
proposed quarry does not appear to be suitable for domestic use given the dominant
halide signature. If it were not for the halide signature, the ground water quality would
still be quite poor due to the elevated concentrations of hardness, iron, manganese, and
other trace metals.
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7.0 SURFACE WATER RESULTS
7.1  Climate Monitoring

Climate monitoring has been undertaken at the quarry since the start of the monitoring
period. This includes collecting hourly temperature (°C) and barometric data (kPa) via a
dedicated pressure transducer datalogger installed inside the protective casing at BH-5.
A rain gauge was added to the program in May of 2020 which monitors rainfall events at
the proposed quarry during the hydroperiod (May and November). The rain gauge was
installed in an open area on the western part of the Site near BH-6. While rainfall data
are collected, they are primarily used to confirm that data from the ECs Orillia Brain
Station are representative for the proposed quarry. The Orillia Brain station monitors
regional meteorological conditions, like precipitation, throughout the entire year
(including periods of snow cover). While some isolated rain events are noted, they are
generally noted to be marginal and are often < 10 mm/day and appear to be localized.
Regional rain events correlate quite well with the on-site data and generally fall within
the same magnitude range. The meteorological monitoring data are appended, which
include data from ECs Orillia Brain Station to supplement the dataset (Appendix N).

7.2 Surface Water Flow

Surface water at the proposed quarry is divided by the north-south oriented railroad
alignment. The rail alignment is comprised of a raised railbed of aggregate material and
forms a hydraulic boundary for surface water flow between the two lots. Inspections
along the alignment have been completed by Azimuth (and other associated consultants)
and no culverts crossing the alignment have been observed. In the southern part of the
property, the railbed is elevated by approximately 2 to 2.5 m above the surrounding
grade, while only being raised by about 0.2 to 0.5 m at the north end of the property.

On the eastern portion of the proposed quarry, there are three (3) main sub-watersheds
and one (1) smaller sub-watershed. Locally, the topography forms a broad, low ridge
formed within the surface overburden and oriented in a northeast to southwest
orientation. This ridge creates a drainage divide that directs surface water runoff
overland to either the north, northwest or southeast. Several surface water features and
drainage swales occur on-site and along its perimeter outside of the proposed licenced
boundary. These features intercept and transport surface water runoff off-site in the flow
paths noted above. Flows are primarily regulated by precipitation inputs rather than
baseflow contributions from ground water as the water table is within the bedrock. There
is one dugout pond (Ponds 1, 2 and 3) within each of the main sub-watersheds, which are
located in areas of poor drainage and intercept much of the on-site runoff. Generally,
these ponds only discharge when their respective water levels reach an overflow
elevation that is based on the features natural topography.
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The majority of the property drains northward to the McNabb Drain which is in the
regional Ramara Creeks subwatershed. Two (2) on-site catchments drain northward,
while the third drains southeast toward the Talbot River subwatershed. This catchment
drains by overland flow to the roadside ditching along Concession 1 and Highway 12.
The western part of the site (located west of the railbed) drains towards the north and
west. The proposed quarry's subwatershed areas (and associated drainage features and
watershed divides) are shown on Figure 15, and a more detailed discussion about surface
water flow at is provided below.

7.2.1 Tributary A/ Pond 1 Catchment - Northeast Area of Proposed Quarry

The Tributary A / Pond 1 sub-watershed is located in the northeast corner of the proposed
quarry and has a catchment area of approximately 63 hectares (ha), of which 43.7 ha is
on-site. The sub-watershed drains via an ephemeral drainage feature (Tributary A). At
the north property boundary, a dugout pond (Pond 1) was historically built for livestock,
between 1954 and 1978 according to historical air photos. The pond has a wetted area of
about 1,500m” and water levels fluctuate seasonally being more wet during the spring
freshet (> 1 m) and drier during summer drought period, when precipitation inputs are
limited.

Pond 1 is controlled by a “fill and spill” mechanism. Following a precipitation event or
snowmelt, the pond fills up and spills into the surrounding wetland fringe (combined area
of approximately 5,000m?). There is a broad saddle on the northeast side of the pond /
wetland that has an invert elevation of approximately 231.1 masl. When the water levels
in Pond 1 are higher than this elevation, water overflows and migrates to the Concession
2 roadside ditch. The Concession 2 roadside ditch (at this location) is the McNabb Drain.
Monitoring station SW1 is situated downstream of the confluence of Tributary A and the
McNabb Drain. In 2020, Pond 1 discharged to the McNabb Drain on 34 days out of a
175-day monitoring period. In 2021, Pond 1 discharged to the McNabb Drain on 71 days
out of a 203-day monitoring period. In this area, the surface topography is generally flat,
and water pools and remains within the hummocks and rills. This pooled water can
remain in place, instead of running off, which has the effect of increasing evaporation and
reducing the net surplus / runoff, although a standard water balance model would not
account for this effect. There is reasonable correlation between water level and rain
events, showing that runoff from precipitation is the primary control on pond water
levels.

7.2.2 Tributary C Catchment — North-central Area of Proposed Quarry

This sub-catchment includes the northwestern part of the proposed quarry area, east of
the rail alignment. It includes Tributary C, which is an intermittent tributary that is
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aligned along the west side of the property boundary. The property boundary in this area
follows rock piles of cobble and stone picked from the agricultural fields. This tributary
rarely flows but discharges to the south roadside ditch of Concession 2, which then
crosses to the north side via a culvert to the McNabb Drain (which is the north roadside
ditch).

7.2.3  Tributaries B+G/ Pond 2 Catchment - Northwest Area of Proposed Quarry

This sub-catchment includes the northwest part of the proposed quarry from the central
ridge to the property boundary. It includes Tributary B, which drains the north flank of
the ridge to Pond 2, and Tributary G which flows from Pond 2 north to the McNabb
Drain at Concession 2. Tributary G is oriented along the east side of the railbed. The
catchment for Pond 2 has an area of 26.5 ha which is entirely on-site.

Along Tributary B and Pond 2, the topographic slope is low, and Tributary B drains
through a swale and wetland along the flank of the ridge. In this area, water pools and
remains within the hummocks and rills. This pooled water can remain in place, instead
of running off, which has the effect of increasing evaporation, although the water balance
model does not account for this effect. From Pond 2 to the property boundary, Tributary
G also has low grade. In periods of greater runoff, flow is northward in Tributary G to
the McNabb Drain. In periods of minimal runoff, water pools within the wetland areas
on-site near Pond 2, and the upper section of Tributary G near the outlet of Pond 2.
Sections of Tributary G near the north property boundary have been observed dry at
times during the monitoring program (SG-4). This is often during the drier summer
months when precipitation inputs are limited. In addition, when there is a transition from
a wet period to a dry period, pooled water has been noted flowing in a reverse direction
back towards Pond 2. This was observed by Azimuth in the spring of 2020.

Tributary G drains into the McNabb Drain, entering the Drain approximately 250m west
of the Tributary A outlet. At this point, the McNabb Drain is ditched to the north, leaving
the Concession 2 roadside ditch. Surface water levels and flows from this point are
measured at SW-2. Discharge at SW-2 is noticeably greater than the upstream
monitoring location at SW-1. Presumably, this is largely a result of the inputs from
Tributary G to the drainage feature. The catchment for this sub-watershed has a total area
of 76.0 ha, of which 26.5 ha is the catchment for Pond 2 as described above. The
remaining area is 49.5 ha, and includes off-site farm fields downstream of the property
boundary but upstream of the McNabb Drain.

7.2.4 Southeast Area Catchment

The southeast corner of the proposed quarry (east of the rail alignment) is bounded by
Highway 12, Concession 1 and the central ridge. This catchment has an area of 62.4 ha,
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and an on-site area of 59.3 ha. There is no tributary in this catchment. Instead, drainage
is overland and is intersected by the Highway 12 and Concession 1 roadside ditches. In
some locations, drainage continues past the roadside ditches overland onto the adjacent
farm fields to the south, or the roadside ditches divert flow to Highway 12, and then to a
small tributary about 300m south of Concession 1. This small tributary flows
southeasterly to the Talbot River. Pond 3 is located in this subwatershed. Pond 3 is a
small dugout pond, and has no channel coming in nor leaving the pond. Pond 3 is
isolated from any direct drainage features (i.e., swales, tributaries, drains, efc.) as it
receives surface water runoff from overland sheet flow and does not outlet (i.e., contained
on-site). As such, water levels are regulated by precipitation events and evaporation (and
to lesser degree infiltration). Water levels may possibly breach the edge of the pond
seasonally during flood conditions; however, due to the area’s poor drainage, any
flooding is contained locally.

7.2.5 McNabb Drain Catchment Upstream from Proposed Quarry

Upstream of the proposed quarry, the McNabb Drain has a catchment that extends
easterly past Highway 12, and has a sub-catchment an area of approximately 125 ha
upstream from where Pond 1 discharges. These lands include the Brechin Industrial Park
stormwater controls, the western portion of the Lafarge Brechin Quarry, a larger wetland
on the east side of Highway 12 and some agricultural fields. This subwatershed is the
contributing section upstream of the discharge points from the subject lands.

7.2.6 McNabb Drain Catchment Downstream from Proposed Quarry

This subwatershed extends from the location where Tributary G enters the McNabb Drain
and extends downstream to Lake Simcoe, and also includes a small section in the
northwest corner of the property that drains to the roadside ditch of Concession 2. Water
level monitoring locations are located about 20m downstream of Concession 2 (SW2),
and at Ramara Road 47 (SW3). The water balance focuses on SW2, since lands
downstream cannot be potentially affected by the proposed quarry. The McNabb Drain
flows approximately 150 m northward from Concession 2 and then turns in a westerly
direction into a more naturalized channel feature. The banks of the McNabb Drain
become less incised after crossing Ramara Road 47. Based on the Ontario Flow
Assessment Tool (OFAT), this sub-watershed has an area of 400 ha. This sub watershed
is the receiving body downstream of the discharge points from the subject lands.

7.3 Surface Water Monitoring

As previously indicated, a surface water monitoring program was implemented in the
spring of 2020 to monitor on-site features such as ephemeral drainage features and
dugout ponds. Staff gauges and stilling wells are used to monitor the presence and
physical depth of water, in addition to qualitative details from visual inspections and
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photographs. The McNabb Drain, being off-site to the north, is also monitored using
stilling wells and dataloggers at three (3) strategic locations. Where possible, stream
discharge measurements have been collected from these stations during 2020, 2021 and
2022 to establish rating curves and estimate discharge volumes throughout the
hydroperiod. This engineered feature conveys the majority of overland run-off from the
proposed quarry (and adjacent fields) to Lake Simcoe. This feature also collects
discharged water from the stormwater controls at the nearby Lafarge Brechin Quarry.

Surface water stations are monitored on a continuous basis throughout the hydroperiod at
three (3) monitoring stations (SW1, SW2 and SW3) and at two (2) pond stations (Pond 1
and Pond 2). Runoff measurements are supplemented with manual measurements at four
(4) stations (SG1 to SG4). Dataloggers are not installed at these stations as they are
ephemeral in nature and predominantly dry, except for immediate response to
precipitation events. The various sampling stations are shown on Figure 9.
Representative photographs were captured over the monitoring period and selected
photos showing site conditions are provided in Appendix O. A summary of the collected
manual data and qualitative information are also included in Appendix O, along with
water level and discharge hydrographs for SW1, SW2 and SW3.

7.3.1 Monitoring Results — On-site Ponds

Hourly water level measurements are being collected at Pond 1 and Pond 2 given their
inferred connection to the McNabb Drain. Pond 3 is isolated with no inlet or outlet and
collects runoff via local overland flows from precipitation and snowmelt. As such, the
hydrologic trends of this feature are expected to follow a similar trend as Pond 1. Pond
details are provided below in Table 9.
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Table 9: Pond Monitoring Data

Monitoring Surface Depth Water Level (m)®
st Area (m’)' (m)” Minimum | Maximum | Average
Pond 1 1,570 2.1 <0.01 0.72 0.17
Pond 2 920 1.7 0.11 0.70 0.29
Pond 3 630 3.0 NA NA NA

Notes:

: Surface area estimates obtained from aerial imagery (FBS, 2018)

Pond depth estimates assumed from overburden depth determine from borehole drilling programs.
Based on datalogger measurements collected between 2020 and 2021.

Pond 3 not monitored due to no observable hydraulic connection to surface water features (isolated).

o

Pond 1

Pond 1 is ephemeral as it relies mainly on precipitation and snow melt to maintain water
levels rather than inputs from ground water. The hydrograph at Pond 1 (used as a
surrogate for Pond 3) displays a typical storm response curve during large precipitation
events, while a continuous decline in water levels is noted throughout the summer months
primarily due to increased evaporation. These defined temporal trends also suggest that
ground water inputs are essentially negligible. Water levels at the pond’s monitoring
point ranges from nil to 0.72 m above the monitoring point; though average levels
occurring at about 0.17 m. While the datalogger has been out of the water for short
periods during the early summer months (mainly in 2020), the pond has not been
observed to be dry at anytime during the monitoring program.

There is no distinct outlet or overflow at Pond 1, as it releases water overland to the east
during flood conditions. Surface water is collected and contained within the pond due to
constructed berms along its perimeter. During flooding conditions, water levels rise in
the pond and appear to breach the eastern berm area at an elevation of about 231.1 masl”’.
Discharge from the pond occurs as laminar overland flow, while the local topography
collects pooled water and directs any runoff towards a roadside ditch located on the south
side of Concession Road 2. A culvert at SG1 conveys flows to the McNabb Drain
upgradient of SW1. The hydrograph presented in Figure Q (overleaf) shows the
relationship between the pond elevation and the expected frequency of discharge events
from the pond. In 2020 and 2021, overflow conditions were reported over 34 out of 174
days and 71 out 203 days during the hydroperiod, respectively.

* An elevation survey (referenced to BH1) was completed by Azimuth to establish the overflow elevation of Pond 1, which was found
occur at about 231.1 masl.
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Figure Q: Pond 1 Hydrograph and Overflow Frequency

Pond 2

Pond 2 is an irregular shaped dug-out feature that is also positioned within an area of
poor drainage at the proposed quarry. In its catchment, some surface water runoff enters
the pond via overland sheet flow; however, most of its water contribution enters from an
ephemeral drainage feature (Tributary B) situated east which captures runoff and conveys
flows westward to the pond. Hydrograph data for Pond 2 (Appendix O), suggest that this
feature may be partially supported by shallow perched ground water aquifer, likely
associated with the adjacent wetland. Water levels are observed to equilibrate during the
summer period, despite increased evaporation and limited precipitation. This trend may
suggest that the pond may be buffered from perched ground water stored within the
saturated overburden soils associated with the wetlands. The greater vegetation density
may also provide protection from excess evaporation, allowing the perched conditions to
persist for a longer period of time than seen at the other ponds. Water levels at the ponds
monitoring point ranges from 0.11 to 0.70 m above the monitoring point; though average
levels occurring at about 0.29 m (see Figure R).
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Figure R: Pond 2 Hydrograph

Ultimately, Pond 2 outlets during flood conditions through an ephemeral dugout ditch
(Tributary G) situated to its north. This ditch runs parallel with eastern edge of the
former rail alignment and surface water flows northward off-site which continues along
the rail alignment and discharges through a culvert crossing (south-north orientation) at
Concession Road 2 to the McNabb Drain. When surface water contributions become
limited in this feature (i.e., at the end of the freshet period), water levels in the pond
appear to equilibrate and subside due to increased evaporation. At this point, water levels
in Tributary G appear to stagnate and have also been observed to reverse flow back to the
pond (during the summer of 2020). This feature was also noted to be dry (or water levels
< 0.01 m) during much of 2020. Moreover, a drainage ditch also occurs on the west side
of the rail alignment which flows in a similar pathway. Inspections along the rail
alignment did not note any culverts or areas where water from the drainage ditches cross
over the alignment. However, the east and west ditches appear to coalesce off-site where
the former rail alignment has been washed or mechanically dug out. The western ditch
along the rail alignment is often noted to be dry and likely conveys overland surface
flows off-site.
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7.3.2  Monitoring Results — McNabb Drain

Currently there are three (3) surface water stations monitoring water levels and flows
along the McNabb Drain (SW1, SW2 and SW3). Hourly water level measurements are
collected at these stations and periodic flow measurements are collected throughout the
hydroperiod to refine rating curves. SW1 and SW2 are situated along Concession Road 2
and represent a dugout portion of the ditch with steeply incised embankments that are
regularly greater than 2 m in height. Substrate conditions at these closely match the
overburden conditions (silt and sandy silt), with some overlying “muck” formed from
decaying vegetation. The channel is permanently wet, however, channel flow is often not
recorded during the summer months. SW3 is situated downgradient of the drains
crossing at Highway 47 and is downgradient of a 2 m diameter steel culvert.

Downstream of Highway 47, the channel exists in a more natural condition with a cobbly
substrate that is substantially wider and has a defined riparian edge that likely reflects the
original channel configuration. The hydrologic trends of the McNabb Drain have been
observed over the hydroperiod in 2020 and 2021. The drains details are provided below
in Table 10.

Table 10: McNabb Drain Surface Water Monitoring Data
Station Wetted Water Level (m)® Discharge (L/sec)’
Width (m)" | Minimum | Maximum Average | Minimum | Maximum | Average
SW1 1.7 0.06 1.11 0.28 0.00 234 35
SW2 1.7 0.06 1.15 0.24 0.00 245 50
SW3 2.7 0.02 0.49 0.18 0.00 295 55

Notes:

' Average wetted width between 2020 and 2022.

% Water level statistics based on datalogger measurements collected between 2020 and 2022.
Discharge estimated using station rating curve (exponential fit) determined from stream flow measurements and water levels
collected between 2020 and 2022.

3.

While water levels in upgradient stations (SW1 and SW2) can be greater than 1 m, on
average they occur on the order of about 0.27 m and 0.26 m, respectively. This correlates
to average flows of about 35 to 50 L/s at each location, respectively. Peak flows are
estimated to be about 234 and 245 L/s; however, data in these higher ranges are
infrequent due to the features quick hydraulic response to precipitation events (i.e., storm
response). Water levels at SW3 are generally less variable which is likely due to its more
naturalized condition. Peak water levels at this location occur on the order of about 0.49
m with estimated flows of about 295 L/s. On average, water levels and flows at this
location are more on the order of about 0.19 m and 55 L/s, respectively. The majority of
flows at all locations occur around the average range of flows (which also represents the
50th percentile). A consistent response pattern is noted across all stations which indicates
that flows are largely regulated by large precipitation events (i.e., storm response curves),
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rather than inputs from ground water. The monitoring results do suggest a "gaining"
function to this drainage feature, however, this is more likely a result of water inputs
from the extensive tile drain network in the adjacent agricultural fields rather than ground
water due to low permeable overburden soils.

The calculated average flows appear robust when compared to the MNRF’s Ontario
Watershed Information Tool (OWIT), which align quite well to the modeled mean annual
flow values for SW1, SW2 and SW3 (30 L/sec, 45 L/sec and 50 L/sec, respectively).
Given that the majority of estimated flow data occur around the 50™ percentile, the
estimated peak flows may be less accurate due to the limited number of measured flow
data during these storm response periods. OWIT modelled peak flow estimates (Q») for
these same surface stations are an order of magnitude higher than the calculated peak
flows between 2020 and 2021 (or about 1,800 to 2,500 L/s compared to 234 to 295 L/s).
This is not unexpected given that the OFAT values represent 20-year flood events, and
data collected during this climate period are more on the average to lower range based on
observed weather during 2020 and 2021 seasons. It is expected that the rating curves
established at each location will continue to be refined; however, the results appear to
robustly predict mid- to average conditions, which occur most frequently.

7.3.3 Monitoring Results - Staff Gauge Locations

Runoff measurements are supplemented with manual measurements at four stations (SG1
to SG4). Transducers are not used at these ephemeral stations as they are predominantly
dry, except for immediate response to rain events. Spot measurements, notes and
photographic media are collected. Most manual measurements record water levels under
flowing conditions during the spring and late summer/ fall periods. This is not
unexpected due to the shallow nature of these features. Baseflow contribution is
expected to be not apparent, such that flowing conditions are solely derived from either
snowmelt during the spring freshet and/or large precipitation events. Manual data from
these monitoring locations and select photographs are provided in Appendix O.

7.4 Surface Water and Ground Water Interaction

The swales and ephemeral tributaries on-site are very shallow, and do not extend deep
enough to intersect the permanent water table. Infiltration is low, being less than 25
mm/year in the regional ground water model (Earthfx, 2014), and falls within the range
of 50 to 75 mm/year in the site-specific ground water model undertaken for the quarry
application (Golder, 2023). Golder utilized a range of infiltration values (65-75mm/year)
in the Carden Plain Cumulative Impact Assessment (Golder, 2012). Thus, the major
portion of the water surplus occurs as overland runoft.
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A small amount of infiltration may occur within the overburden through to the weathered
bedrock zone given the transitional basal contact between the two (2) geologic units;
however, this is expected to be minimal. Perched water table conditions are likely
limited to areas of poor drainage, such as those noted around the observed ponds. In
addition, the lateral and vertical movement of surface water through the subsurface would
be hindered by the low conductive nature of the soils (i.e., glacial till). As such, the
perched aquifer conditions often become desiccated during the drier months (as noted
during the borehole drilling programs). Therefore, evaporation and run-off are the main
hydrologic mechanism for conveying surface water at the proposed quarry, and there is
limited or poor connection to shallow ground water.

The McNabb Drain is a maintained agricultural drain. Where the Drain is also the
Concession 2 roadside ditch, it is incised by about 1 to 2 m, and in some stretches may be
deep enough to reach the seasonally perched water table. Ground water contribution (i.e.,
springs) is not noted along Concession 2, however, due to the low hydraulic conductivity
of the overburden they may occur seasonally.

8.0 KARST INSPECTIONS

The proposed quarry is situated in proximity to potential and inferred karst features
mapped north of the proposed quarry and within the Study Area (Figure 7). While the
closest known karst feature occurs about 3.5 km north of the proposed quarry towards the
village of Brechin, it is still warranted to confirm the presence of karst features at the
proposed quarry. During field inspections completed during 2019 and 2020, no karst or
epikarst features were observed to occur on-site. These features typically include:
springs, sinkholes, solution-enhanced crevasses, areas of subsidence or caves. While
bedrock is noted to be shallow at the proposed quarry, outcropping is not generally
observed in this area; with the exception of some locations near Highway 12 where areas
have been disturbed.

While many boulders are found to outcrop at surface across the proposed quarry, they do
not appear to be associated with relevant karst features. Based on the field observations,
they appear to be residual fragments related to the weathering of the shallow soil
exposing the stone content within the glacial till unit. Their inclusion in the glacial till is
inferred based on the subangular to subrounded shape of the observed stone material.
The blanketing of the proposed quarry with a low permeable glacial till unit would
provide protection against karst development. Ford (2010) indicates that karst formation
beneath carbonate overburden is limited when the overburden is greater than 1 m in
thickness. This indicates that the potential for significant karst processes is limited.
Similarly, the carbonate-based soils would be quite alkaline which would neutralize the

AZIMUTH ENVIRONMENTAL CONSULTING, INC.

68



acidic precipitation that is able to infiltrate, again limiting the potential for dissolution of
the upper bedrock unit at the proposed quarry.

Again, the Gull River and Bobcaygeon Formations are most susceptible to karstification
due to their high carbonate content and limited (or thin) shale beds. The uppermost
bedrock surface is made up of the Verulam Formation (Golder, 2021), which has much
greater shale content which makes it less susceptible to these processes. As per OGS
mapping, the Verulam and Bobcaygeon Formations contact line appears to demarcate the
potential karst limit (Figure 7). As such, there is a low potential for karst features to
occur at the proposed quarry and a more detailed assessment is not necessary.

9.0 CONCEPTUAL SITE MODEL
9.1 Hydrology

The proposed quarry is situated within the Lake Simcoe watershed, and more
specifically, within the Ramara Creeks Sub-watershed and a small portion of the Talbot
River Subwatershed. Locally, the topography of the proposed extraction area has a main
drainage divide within the overburden in a northeast to southwest orientation. This
divide directs surface water runoff overland to either the northwest or southeast. The
north subwatershed flows to the McNabb Drain along Concession 2, and has three
subcatchments (Tributaries A, C and G) that direct runoff from sections of the proposed
quarry northward to Concession 2. The locations of these features are shown on Figure
9.

Within the proposed limit of extraction, there are a number of small wetlands and pond

features that reflect topographic depression. These include dug-out ponds located in the
northeast and southeast corners of the proposed quarry (which are referenced as Pond 1

and Pond 3, respectively), and a third dug-out pond (Pond 2) located centrally along the
western limit of the proposed limit of extraction adjacent to the former rail corridor.

Because of the low permeability of the surficial overburden, and the shallow depth of the
upper bedrock surface, the surface water regime controls the majority of flow, and the
ground water regime reflects the low infiltration quantity that can migrate downwards via
the fractured upper bedrock surface.

These surface water drainage features are isolated from the underlying aquifer networks
located within the parent bedrock surface. A small amount of infiltration may occur
within the overburden through to the weathered bedrock zone given the transitional basal
contact between the two (2) geologic units; however, this is minimal. Perched water
table conditions are likely limited to areas of poor drainage, such as those noted around
the observed ponds. In addition, the lateral and vertical movement of surface water
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through the subsurface would be hindered by the low conductive nature of the soils (i.e.,
glacial till). As such, the perched aquifer within overburden often becomes desiccated
during the drier months (as noted during the borehole drilling programs). Therefore,
evaporation and run-off are the main hydrologic mechanism for conveying surface water
at the proposed quarry, and there is limited or poor connection to shallow ground water.

9.2 Hydrogeology

The hydrogeological conditions in the Study Area are well documented. In general,
ground water flow in the Study Area is expected to be primarily northeast to southwest in
orientation. Golder (2021) confirmed a slight southwestern dip in the bedrock surface,
and as such, ground water flow is expected to occur in a similar flow path within the
laterally bedded limestone formations toward Lake Simcoe. Ground water recharge is
expected to occur regionally in areas of greater permeability or hydraulic conductivity
(K). According to Kassenaar & Wexler (2014), significant ground water recharge areas
are situated north, northeast and east of the Study Area within karstic terrain associated
with alvars on the Carden Plain. Significant areas of ground water recharge are not noted
on-site.

Based on the available information, it is understood that three (3) moderately permeable
zones or aquifers occur regionally within the Paleozoic limestone in Study Area. These
laterally bedded aquifers are separated by thick horizontally layered beds of low
permeable Paleozoic formations (aquitards). However, the proposed quarry does not
entirely fit within this regional model. Based on the data collected (hydraulic testing and
heads), there appears to be very little hydraulic differences between the Verulam to the
Shadow Lake/ Precambrian Basement, indicating that the formations are rather
impermeable. Based on this finding, the following simplified hydrostratigraphic model is
presented below and discussed in more detail below, given the relative similarities in
hydraulic properties (i.e., K-values):

e Overburden (silty sand to silt till, clay) — Aquitard 1

e Weathered Bedrock Zone - Aquifer 1

e Verulam / Bobcaygeon / Gull River Formations — Aquitard 2

e Green Marker Bed — Aquifer 2

e Lower Gull River Formation — Aquitard 3

e Shadow Lake Formation/ Precambrian Contact Zone — Aquifer 3

e Precambrian — Aquitard 4

9.2.1 Aquitard 1 - Overburden

A stone-poor sandy silt/ silt glacial till dominates the landscape at the proposed quarry
and in the Study Area. However, some variability is noted in the Study Area as
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discontinuous interstadial sediments (often associated with glaciolacustrine and
glaciofluvial deposits) are found as well. Where present, these interstadial sediments
represent the most recent deposition event(s) in the study area.

While monitoring wells on-site do not target this sequence, published K-values are noted
to range between 10™ to 107 m/sec (Kassenaar & Wexler, 2014). The higher range of K-
values would represent the discontinuous sands and gravels discussed above, while the
lower range is more representative of the till. Based on the findings geological
conditions encountered at the proposed quarry, K-values for this horizon are more on the
order of 107 to 10 m/s. At the time of drilling, the overburden was found to be dry;
however, it is worth noting that both drilling programs were completed during the late
summer season. Localized perched aquifer conditions may be present in areas of poor
drainage on-site (or where overburden is of appreciable thickness) following the spring
snow melt/ freshet; however, these conditions do not persist throughout the year. This is
supported by water level monitoring at Pond 1 (which is constructed in the overburden)
and shows a declining trend in water levels throughout the summer period with little to
no baseflow contribution (Figure Q). Water migration in the weathered zone also occurs
along dessication fracture networks at a more rapid pace than through the matrix porosity.

9.2.2 Aquifer 1 - Weathered Bedrock Zone

In the study area, the weathered bedrock zone generally occurs within the transitional
contact between the overburden and the Verulam Formation (stratigraphic units 5-1 & 5-
2). Regionally, this aquifer is most evident where coarse textured soils (i.e., sand and
gravel) occur above the weathered bedrock surface (Kassenaar & Wexler, 2014). These
coarse textured deposits are associated with buried tunnel valleys that formed during
subglacial drainage events. In the study area, this forms a regional shallow aquifer that is
often capable of supporting domestic water supplies. At the proposed quarry, the coarse
textured basal sediments described above were not encountered during the borehole
drilling programs. Notwithstanding, a highly weathered bedrock contact was
encountered between 0.5 to 1.5 m bgs in the rock core at BH-2, BH-3 and BH-4. The
surface was described by Golder (2021) as consisting of “broken core, brownish coloured
oxide staining on bedded partings and fractures and the breakdown of shaley material to
clayey conditions”.

Where present on-site, this sequence is expected to be moderately permeable, with the
ability to transmit ground water laterally through the subsurface. While on-site
monitoring wells target the lower sections of the Verulam Formation (i.e., stratigraphic
unit 5-1), published K-values for the weathered bedrock zone range from ~107 to 107
m/sec (Kassenaar & Wexler, 2014). Despite the two-order magnitude range in published
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K-values, the geological conditions encountered at the proposed quarry for this horizon
have a representative average of 10 m/sec.

9.2.3 Aquitard 2 - Verulam / Bobcaygeon / Gull River Formations

Regionally, the upper bedrock aquitard generally consists of the rather impervious shales
and interbedded limestone of the lower Verulam Formation (~6 to 19 m thick), and the
more competent limestone of the Bobcaygeon Formation (~26 to 27 m thick) and Upper
Gull River Formation (Unit 3-4). Though these formations are easily distinguishable
from one another based on geology, these formations are often consolidated given the
apparent low permeable conditions that yield relatively similar K-values. Table 6
provides a list of published and in-situ derived K-values for the above noted formations
in the Study Area and on-site.

9.2.4 Aquifer 2: Green Marker Bed

On a regional scale, the Green Marker Bed (GMB) are noted as having zones of higher
conductivity and have hydraulic responses to events such as pumping tests. However, at
the proposed quarry, the hydraulic conductivity of the GMB is generally lower than is
observed regionally. While the GMB has the highest range of permeability within
Aquitard 2, the observed permeability is much lower than the high permeability observed
regionally. Therefore, the GMB on-site can provide a zone of enhanced lateral flow, but
not to the extent observed regionally.

9.2.5 Agquitard 3 - Lower Gull River Formation

The Lower Gull River Formation includes thickly bedded limestone and dolostone.
Published K-values for this basal contact range between 10" to 10 m/sec (Kassenaar &
Wexler, 2014). The Lower Green Marker Bed forms the upper contact for this unit and it
was also found on-site to have low permeability (5.9x10” m/sec).

9.2.6 Aquifer 3 - Shadow Lake Formation/ Precambrian Contact Zone

The Shadow Lake Formation represents the bottom of the Paleozoic limestone bedrock
(~7.5 to 8.5 m thick), as it overlies the Precambrian basement. The composition of
Shadow Lake Formation is quite variable in the Study Area, although it is regionally
described as consisting of moderately weathered quartz sandstone, a confining zone of
red-green shale beds, and coarse-textured sandstone and conglomerates (Golder, 2021).
The basal contact at the weathered crystalline Precambrian basement is generally
associated with a regional aquifer in the Study Area. Published K-values for this basal
contact range between 10" to 10 m/sec (Kassenaar & Wexler, 2014). The Shadow
Lake Formation is monitored on-site at BH-2C, while the basal contact interval is
monitored at BH-1B and BH-4B. Packer testing at BH-2C indicate that the upper unit of
formation (i.e., quartz sandstone) is moderately permeable (~10° m/sec); although
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follow-up hydraulic testing of the formation interval is on the order of 10”7 m/sec. Packer
testing at the contact interval did not demonstrate permeable conditions as K-values were
on the order of ~10"* m/sec, while hydraulic testing of the instrumented intervals ranged
between 5x10” to 2x10™® m/sec. This is consistent with the core logging and geophysical
assessment. As expected, the water levels within the Shadow Lake Formation and the
contact interval are not markedly different (~220 masl) and the lowest in the profile; with
the exception of BH-4B, which is over 10 m higher in elevation (~231 masl).

10.0 GROUND WATER IMPACT ASSESSMENT
10.1 General

During quarry operations, water that collects within the proposed limit of extraction is to
be pumped from the quarry excavation to maintain suitable working conditions.
Inherently, this water will be a combination of precipitation and ground water that seeps
through the quarry walls and floor. This seepage creates a drawdown zone around the
quarry. The scale of drawdown is limited by the hydraulic properties of the bedrock
units, climate conditions, and the depth and areal extent of the quarry excavation, and
length of time. Ground water models are used to evaluate potential impacts to the surface
and ground water regimes. These models use environmental data to calibrate existing
conditions and apply various scenarios to predict impacts (if any).

The proposed quarry is located between two (2) other licenced active quarries. The
extraction footprint for the proposed quarry is within 700 m of the extraction area of the
Lafarge Brechin Quarry and 200m of the extraction area of the James Dick Gamebridge
Quarry. As the drawdown effects from a quarry in this geologic setting can extend more
than 500m, there is the potential for drawdown and cumulative impacts if specific
conditions occur. The greatest potential ground water impacts would occur if the three
(3) quarries are at their maximum areal extent and maximum depth at the same time.
However, the drawdown from each quarry is a transient condition that will develop and
then dissipate after any of the quarries has ceased operations and is permitted to fill as a
lake. The quarry operations each are separate entities, and as such, extraction depths and
extraction areas are a function of operational and economic conditions. Each quarry will
have a different extraction timeline, and therefore are unlikely to reach the end of their
operational life at the same time, so the greatest potential impact scenario is unlikely to
occur (i.e. all quarries at their maximum areal extents and maximum depths at the same
time). It is recognized that quarry extraction occurs over an extended time period, and
that any predicted impacts to the ground water regime will occur gradually over many
years so that monitoring can observe actual effects as they develop. Although models
predict impacts, these are based on certain assumptions. Actual impacts would develop
based on transient circumstances depending on the state of each quarry’s extraction at
any specific point in time. Actual impacts will be identified through a monitoring
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program that would be continued through the quarry operating lifespan and initial
closure/rehabilitation period.

10.2 Ground Water Modelling

A ground water modelling report was prepared by WSP, for the proposed quarry to
evaluate and quantify potential impacts related to ground water conditions and private
wells within the general area (WSP, 2023). The report is summarized in the sections
below; however, the full report has been included in Appendix E.

The ground water model was created on the basis of detailed site information provided by
Azimuth and has incorporated conservative assumptions to predict the significance of
impacts to the ground water regime. The model was calibrated to observed conditions,
and was then utilized to evaluate the following scenarios:
(1) Full development of the Lafarge and James Dick quarries only (the areas currently
approved for quarry extraction);
(2) Full development of the proposed quarry with Lafarge and James Dick quarries
remaining at existing conditions; and
(3) Full development of the proposed quarry with full development of the Lafarge
and James Dick quarries.

The model is a steady-state model that assumes that conditions continue indefinitely. The
model assumes that each quarry is pumped to maintain dry working conditions under
average climate conditions and that geological conditions are laterally extensive. The use
of a transient model may replicate the propagation of impacts more realistically but was
considered to not be appropriate as the timeline for each quarry’s development cannot be
defined. Also, the steady-state model is more conservative and therefore makes worse
case predictions for each scenario.

The model allows for determination of the contribution to total drawdown that can be
attributed to the proposed quarry under the various scenarios considered. The closest
ground water receptors are identified as sixteen (16) private drinking water wells located
within approximately one (1) kilometer of the proposed quarry boundary. For the various
scenarios, the model was utilized to determine potential drawdown at those receptors. It
is expected that actual impacts will be less than those predicted by the model, as the
model is based on conservative assumptions.

For instance, Scenario 1 predicts that cumulative impacts from the existing quarries only
(not including the proposed quarry) could develop in the future, if they were to reach
their approved depth and extraction area simultaneously. This scenario is shown on
Figure 10 in the WSP Report. Upon reviewing this outcome, the proposed quarry was
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designed so that the base of the proposed quarry will remain 10 m above the contact
between the Bobcaygeon and Gull River Formations.

Scenario 2 examines the resulting drawdown created by full development of the proposed
quarry compared to the predicted drawdown from the two (2) adjacent quarries, if they
were to remain in their existing state. The predicted drawdown associated with Scenario
2 is shown on Figure 11 of the WSP Report.

Scenario 3 looks at the full development of all three (3) quarries to their proposed and
currently approved limits of extraction. The results of this scenario suggests that the
additional drawdown resulting from the proposed quarry is minimal (refer to Figure 14 in
the WSP Report). The modelling results for Scenario 3 are shown on Figure 12 of the
WSP report.

10.3 Private Well Impact Assessment

The WSP Report (Appendix E) provides an impact assessment for the proposed quarry
on private wells under Scenario 2 and provides detailed tables and mapping of the
predicted drawdown as a result of the development of the proposed quarry with the
adjacent quarries remaining at their existing conditions. Their analysis includes
evaluating the predicted drawdown and reduction in available water column in each
nearby well (receptor). Table 7 in the WSP Report highlights the results of the impact
assessment, which estimates that the available water will still be 20 m or more in the
private wells (including PW-1 to PW-7) which are the closest in proximity to the
proposed quarry. Four (4) private wells (MECP WWR No.: 4600685, 4600686, 4600687
and 5714004) reportedly have a predicted available water column of less than 20 m,
which is mostly due to their shallower well construction. WSP provided additional
analysis and commentary on the above-mentioned wells and determined that the wells
should not experience any negative well interference resulting from the proposed quarry.

Overall, WSP (2023) concludes that the proposed quarry development should not have a
negative impact on nearby private wells. The proposed quarry is predicted to have
minimal incremental drawdown should full development of the proposed quarry and the
two (2) existing quarries occur on the same timeline. The predicted drawdown will be
lessened if the full development of the proposed quarry and the two (2) existing quarries
occurred on different timelines. This conclusion was based on the predicted drawdown
from Scenario 2 (i.e., maximum contribution to total drawdown from the development of
the proposed quarry).
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Under Scenario 3 (i.e., full development of all three (3) quarries to their proposed and
currently approved limits of extraction), the proposed quarry is predicted to have minimal
incremental drawdown for most private wells and is limited to 3.2 m or less for the
closest wells along Highway 12.

The model predictions are based on steady-state conditions, which means that the
assumed conditions are continued in perpetuity. This is a conservative assumption and
estimated worst case for each scenario.

11.0 SURFACE WATER IMPACT ASSESSMENT
11.1 Thornthwaite and Mather Water Budget

In order to determine the potential changes to the natural ground water recharge
conditions, a pre- and post-development water balance assessment has been completed
using the Thornthwaite and Mather method (1957). This method evaluates
evapotranspiration based on precipitation and temperature. Residual soil saturation is a
function of topography and soil type. Monthly data are tabulated from daily average
temperature and precipitation, and the water budget is a continuous calculation over the
period of record.

Values were determined on a monthly basis, compiled from daily Environment Canada
meteorological data station located in Orillia, Ontario between 1992 and 2019. The
calculations are based on the average conditions during this period; the average
precipitation was 1,079 mm, rainfall was 740 mm, and evapotranspiration was 542 mm.
The surplus is seasonally divided, with higher surplus in the spring and fall, and very
little surplus in the summer season, as shown on Figure S. The total surplus was 537 mm
with 200mm being related to rainfall and 337mm related to snow. The average snowmelt
is 324mm, primarily occurring in February, March and April.
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Figure S: Average Monthly Water Surplus, Orillia Brain Station (1992-2019)

Figure T shows the normalized runoff based on the Orillia climate data. The majority of
the annual runoff (approximately 80%) occurs as snowmelt and spring rainfall primarily
in March and April. The standard deviation in these months is high, because the
snowmelt depends on whether it occurs late or early. During the remainder of the year,
runoff is low, with almost no runoff from June to September. Fall rains contribute 10 to
15% of the annual runoff mainly in October and November.
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Figure T: Normalized Monthly Runoff

Both Figures S and T demonstrate the high variability in surplus and runoff values,
reflecting the significant variation in temperature and precipitation that occur from year

to year.

11.2 Pre-Extraction Water Balance

A pre-extraction water balance has been completed for lands to the east of the rail
alignment of the proposed quarry. These lands have an area of approximately 120 ha.
This area includes sections of four (4) sub-watersheds (Tributaries A, C and G that drain
to the Concession 2 roadside ditch and then to the McNabb Drain, and SE Corner which
drains towards the Concession 1 roadside ditch and then to a tributary of the Talbot
River). An infiltration factor of 75mm/year was utilized, as this factor was determined
during the calibration of the ground water model. As discussed above, the tributaries are
all intermittent and only flow in relation to significant precipitation or springmelt
conditions. The water balance for the lands west of the rail alignment is not expected to

change because of the proposed use of these lands for ecological enhancement.
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Water enters the proposed quarry by direct precipitation and water leaves by
evapotranspiration, infiltration to the ground water regime and runoff to the surface water
regime. A full breakdown is provided in Section 11.4, and the pre-extraction water
balance is shown in Table 13.

The average precipitation amount is 1,3 15,000m3/year, which remains constant for all of
the scenarios presented below. Under pre-extraction conditions, evapotranspiration
removes 660,500 m*/year and 91,600 m*/year infiltrates. Runoff in Tributary A is
201,700 m3/year, 1s 117,300 m3/year in Tributary G at the Pond 2, is 16,200 m3/year to
Tributary C and is 227,700 m*/year to the SE Corner. Snowmelt accounts for 58% of the
total runoff.

11.3 Water Balance During Operations

Water balances have been calculated for each subwatershed separately to determine the
changes in those areas before being summed for the licensed area. A full breakdown is
provided in Section 11.4. Note that the water balance calculations are a mass balance
model, and are based on long term average climate data.

Figure 16 shows the conceptual water management strategy. Water management will
include establishment of a quarry floor sump and pumping to a constructed outlet
structure (COS) located at or near the property boundary at the south limit of Tributary C.
The COS will be a man-made discharge pond that releases water towards the Tributary
A-Pond 1 subwatershed by a passive weir. Within the property setback on the west side
of Phase 1, a flow channel and wetland will be constructed to offset a wetland area that
will be removed during Phase 2. These features are conceptually shown on Figure 16.
The constructed channel will direct water from the COS along the west side of Phase 1
and then east along the Concession 2 berm to discharge to Pond 1 and Tributary A,
reaching the McNabb Drain. During Phase 1, the quarry footprint only includes areas
within the Tributary A catchment. As such, changes to existing conditions are considered
to be minimal, as the discharge point from the proposed quarry will remain from Pond 1
to the McNabb Drain. During Phase 2, water from the quarry footprint that was
originally in the areas of Tributary G, the Tributary C roadside ditch and the southeast
corner catchments will also be discharged via the COS. Runoff from these areas reach
the McNabb Drain under pre-extraction conditions. During extraction, discharge from
the COS simply moves the discharge point for these waters a short distance upstream
within the McNabb Drain.

11.3.1 Water Balance During Extraction - Phase 1 Completed

During Phase 1, quarrying will be underway in the north section of the extraction area,
and water will pumped from a floor sump. During this phase, the quarry footprint is fully
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within the Tributary A sub-watershed. A small section of the Tributary C watershed
outlet that currently discharges to the Concession 2 roadside ditch will be re-directed and
flow is combined eastward towards Pond 1 (outlet of Tributary A). Tributary G (Pond 2)
and the SE Corner sub-watersheds will not be altered, so there is no change within these
areas.

The water balance calculations described in this section are based on the areas at the
completion of Phase 1. At the completion of Phase 1, the extraction footprint is expected
to be approximately 310,000 m?. Within this area, the net surplus increases because
evaporation is less than the evapotranspiration that would have occurred under existing
conditions. This surplus will be discharged to the COS and released to the McNabb
Drain. The Phase 1 Water Balance is shown in Table B of Section 11.4.

Net surplus increases by 84,000 m’/year and evaporation / evapotranspiration decreases
by the same amount because evaporation is less than evapotranspiration. Infiltration
decreases to 68,300 m?/year because the quarry floor is below the water table. The net
runoff to Pond 1 (Tributary A) increases by 123,000 m*/year, of which 16,000 m*/year
will be re-directed from the on-site portion of the Tributary C catchment to Pond 1.

The water pumped from the quarry will be about 250,000 m*/year. Of this amount,
snowmelt will account for 104,500 m*/year, while 146,000 m*/year will be pumped over
the spring, summer and fall. It is expected that the water volume pumped from the
proposed quarry will be monitored as a result of monitoring conditions associated with an
MECP Permit To Take Water.

11.3.2 Water Balance During Extraction - Phase 2 Fully Active

During Phase 2, quarrying is underway in the south section of the extraction area, and
water from the quarry floor is pumped to the COS. The overall extent of the quarry
excavation has been extended to the full footprint. The Phase 2 area includes more of the
Tributary A sub-watershed, part of the Tributary G sub-watershed and the SE Corner sub-
watershed. Water is pumped from a constructed sump on the quarry floor and flows to
Tributary A. The Phase 2 quarry footprint at completion is approximately 605,000 m?
plus the Phase 1 quarry footprint of 310,000m?.

The water balance calculations are based on the areas at the completion of Phase 2.
Within this area, the net surplus increases because evaporation is less than the
evapotranspiration that would have occurred. This surplus is discharged at the COS and
reaches the McNabb Drain. The Phase 2 Water Balance is shown in Table C of Section
11.4.
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Compared to the pre-extraction scenario, net surplus increases by 249,000 m*/year and
evaporation / evapotranspiration decreases by the same amount because again
evaporation is lower than evapotranspiration. Infiltration decreases to 23,000 m>/year
because the quarry floor is below the water table. The net runoff to the McNabb Drain
will be 816,000 m3/year, of which 300,200 m3/year 1S snowmelt.

Monitoring of flows in the McNabb Drain at the outlet of Tributary A (SW1) reached a
peak of 0.9 m*/sec in 2020 and 1.15 m*/sec in 2021. The highest rate of discharge from
the proposed quarry will occur when snowmelt is pumped each spring. It is expected that
snowmelt from within the quarry will be pumped out over several weeks. Assuming a
four (4) week pumping period, this would require a flow rate of 102 L/sec (0.1m’/sec)
and is about 10% of the peak flows recorded. The effect of the pumping would be to
extend the wetted period of the McNabb Drain by about two (2) to four (4) weeks.

During Phase 2, drainage from the quarry area that was originally a portion of the SE
corner sub-watershed will be re-directed towards the floor sump and will be discharged
via the COS. Pre-extraction drainage in this area is limited to overland flow that
currently goes to the roadside ditch on Highway 12, and then to the south for
approximately 700 m before entering a small intermittent channel (see Figure U). The
diverted area is approximately 35.3 ha in area and consists primarily of agricultural
fields. Based on the OWIT, the SE Corner subwatershed has an area of about 359 ha
upgradient of its outlet to the Talbot River. The proposed diversion affects about 10% of
the contributing watershed, which is not expected to significantly change the sub-
watershed.

AZIMUTH ENVIRONMENTAL CONSULTING, INC.

81



Watershed Characterization X

Drainage Area (km?) 3588

Shape Factor () 4,486

Length of Main Channel (km} 4,003

Maximum Channel Elevation (m) 241.200

Minimum Channel Elevation (m) 220.320

Slope of Main Channel (m/km) 5.220

Slope of Main Channel (%) 0.522

Area Lakes/Wetlands (km?) 0.075

Area - Lakes (km?) 0.002

Area - Wetlands (km?) 0.073

Mean Elevation (m) 234,725

Maximum Elevation (m) 252.038

Mean Slope (%) 1.461

Annual Mean Temperature (*C) 6.600

Annual Precipitation (mm) 945,000

Figure U: SE Corner Sub-watershed OWIT infomation |

11.3.3 Water Balance During Initial Rehabilitation

Following closure, the pumping of the quarry sump will be turned off, allowing the
quarry to fill with water to create a lake. The elevation of the quarry lake will controlled
at an elevation of approximately 232 masl. Assuming all surplus rainfall, snowfall and
ground water influx within the quarry footprint is allowed to gradually fill the lake, it will
take approximately 40 to 50 years to reach its final level, based on average precipitation
conditions.

During this period, additional water would not be released through the COS. Tributary A
would see a reduction in flow by 140,000 m*/year compared to the pre-existing
conditions, which includes re-direction of 16,200 m>/year from Tributary C. Tributary G
would see a reduction of 102,500 m*/year such that the McNabb Drain will have a
reduction by approximately 259,500 m?/year. Flows from the quarry excavation footprint
(Tributaries, A, C and G = 335,000 m*/year) represent 13.9% of the McNabb Drain
catchment (defined using OWIT)(see Figure W), and as such, the reduction represents a
change of ~10%, and should not adversely affect flows within the sub-watershed.
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When the COS is no longer in use, a small section of the perimeter berm on the west side
of Phase 1 will be removed to create a lake outlet for the quarry lake at an elevation of
approximately 232 masl. The lake will passively overtop at this location and water will
flow north and then east within the setback area, and pass through Pond 1 to the McNabb
Drain. Once the quarry lake is filled, runoff to the McNabb Drain will continue, and will
be about 407,600m>/year, which is 26% higher than the pre-extraction contribution of
335,000m’/year.

11.3.4 Monthly Runoff from the Proposed Quarry

Tables 11 and 12 show the monthly flow as both a quantity (units of m*/month) and as a
percentage of the Pre-Extraction Flow (for the same month). Table 11 shows the total
amount of runoff discharged to the McNabb Drain during Phase 1 with Tributary A as the
point of discharge point from the quarry, and the Tributary C catchment that discharges
to the Concession 2 roadside ditch is re-directed to the Tributary