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Dear Mr. Lamb:

We are pleased to provide the Level 1 and 2 Water Study Report in support of the
Waterford Sand & Gravel Ltd. (Waterford) Law Quarry Extension.

The existing quarry, which has operated since the 1920s, has not resulted in any
unacceptable impacts to local groundwater and surface water features. Although a
measurable drawdown cone in the groundwater regime is predicted within the deeper
bedrock aquifer; the results of this investigation suggest that much like the existing
quarry, effects can be readily mitigated where there is potential for interference with
private drinking water wells and the predicted drawdown will also not negatively impact
surface water features within the study area.

The report provides background information on the Site and physical setting, details of
the hydrogeologic work program completed, and an interpretation of the monitoring data
collected at the site since 2004. Recommendations for the hydrogeologic monitoring
program during the operation of the quarry extension are also included in the report.

We trust that this report satisfies your requirements.

Yours truly,
WSP Canada Inc.

Kevin Fitzpatrick, P.Eng.
Senior Project Engineer
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EXECUTIVE SUMMARY

The Law Quarry is located approximately 3 kilometers west of the City of Port Colborne in parts of Lots 3,
4,5 and 6, Concession 2, Wainfleet Township, Regional Municipality of Niagara, and owned and
operated by Waterford. Lands located immediately to the west of the existing quarry have been acquired
by Waterford for the proposed quarry extension (Site). Like the existing quarry, the Site will be developed
below the natural groundwater table and will be dewatered to maintain dry working conditions. Waterford
is required to obtain a Category 2 Class “A” below-water Quarry licence for the Site under the Aggregate
Resources Act (ARA) and to apply for amendments to the Niagara Region Official Plan, Township of
Wainfleet Official Plan and the Township Zoning By-Law. This Level 1 and 2 Water Study report has
been completed to support the proposed quarry extension licence application.

The work program included:

o Areview of published studies and available monitoring data to assess the local geology and
hydrogeology and to identify gaps in the conceptual understanding of the Site.

e Additional drilling programs were conducted to improve the understanding of the local geology, as
well as to establish a suitable groundwater monitoring network for predicting impacts within the
identified subsurface units.

¢ An extensive hydraulic testing program was undertaken during borehole advancement and after
the completion of the monitoring network installation using a variety of field methods.

e A surface water monitoring program was completed to characterize baseline water quality.

o Aresidential water well survey was also completed for the parcels situated within 1 km of the Site
to identify local water well users.

Hydrogeology

The regional groundwater flow pattern in the study area is influenced by the buried Onondaga
Escarpment, a bedrock scarp striking roughly parallel to Lake Erie, which was formed by differential
erosion of the harder dolostone of the Bertie Formation and the softer underlying Salina Formation. The
Erigan Channel, a buried ancestral bedrock valley that is inferred to link Lake Erie and Lake Ontario, is
situated to the west of the Site near the community of Lowbanks. The buried bedrock valley is suspected
to influence regional groundwater flow patterns within weathered Salina Formation bedrock. Enhanced
hydraulic conductivities have been observed along buried bedrock valleys due to the creation and
enhancement of porosity through solution-enhancement of fractures and bedding planes located within
the bedrock walls.

Two aquifer systems have been identified from the groundwater levels at the Site. A shallow, unconfined
system (i.e., the shallow bedrock aquifer) was identified within the Bois Blanc and Upper Bertie
Formations. Some upper Bertie Formation members, particularly the Scajaquada member, likely act as
an aquitard, confining the deeper bedrock units of the Bertie Formation forming a deep aquifer.

Groundwater elevations within the shallow bedrock aquifer and deeper bedrock units fluctuate seasonally,
typically between 1 m and 2 m. The deeper Bertie Formation bedrock units seem to respond very rapidly
to precipitation events, with equally rapid dissipation. Generally, the shallow bedrock wells show
remarkably muted response to dewatering at the existing Law Quarry property, while the data from the
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deeper bedrock wells suggest that the effects of quarry dewatering are more pronounced in the lower
units.

Locally, vertical hydraulic gradients are typically downward between the shallow bedrock aquifer and
deeper bedrock units. Stronger gradients are observed at more distant nests from the existing quarry,
inferred to be outside of the existing quarry dewatering radius of influence.

In general, the results of the hydraulic testing suggest that the Salina Formation bedrock, located below
the quarry extraction depth, is the most conductive unit in the vicinity of the Site, likely as a result of
enhanced weathering in this unit. The results also indicate that the shallow bedrock aquifer is also quite
conductive. The observed radius of influence from the 72-hour pumping test completed in early 2019 was
relatively small. Drawdown was observed only at the closest deep bedrock wells within about 400 m of
the pumping well, while no drawdown was observed in the shallow bedrock aquifer. These results are
consistent with the previous 72-hour pumping test completed as part of the Law Quarry east extension
license application in 2005. In fact, in 2005 no drawdown at any monitoring well was observed as a result
of the pumping tests, although unlike the current program, it is noted that there were no deep bedrock
wells in the quarry monitoring network. The result is that although the Law Quarry reports significant
volumes of pumped water on an annual basis, there are no users or natural features associated with this
deep Salina groundwater system located below the quarry floor. This has limited any groundwater
interference effects since extraction activities began at the site.

Surface Water

There are no significant surface water features within the Site boundary. According to topographic
mapping, a surface water drainage divide bisects the Site. Surface runoff in the northern portion drains
north to the Biederman Drain. The Biederman Drain also receives runoff from the Wainfleet Bog north
and east of the Site and ultimately flows to the Welland Canal north of the City of Port Colborne. Surface
runoff in the southeastern portion of the site domain drains to the Eagle Marsh Drain which flows south to
Lake Erie southwest of the City of Port Colborne. A small area in the southwestern portion of the Site
drains to Mill Race Creek which flows north to the Welland River. When the Site is developed, all of the
runoff within the proposed limit of extraction will be directed via an internal drainage network to the sump
within the existing quarry footprint where water is discharged to the Eagle Marsh Drain.

The Wainfleet Bog situated north of the Site contains a surficial water table which is perched above the
bedrock water table due to a thick layer of clayey sediment underlying the organic bog deposits. Previous
studies by others have concluded that there is no hydraulic connection between the existing quarry sump
and the bog deposits.

There is one existing quarry licence and two unlicensed former quarries in close proximity to the Site.
Reeb Quarry is a 70-hectare property situated southeast of the Site that has been licensed for bedrock
resource extraction under the Aggregate Resources Act but currently sits undeveloped. The former
Canadian Cement Company quarry (Quarry Lakes) situated 1 km south of the Site (within the Wainfleet
Wetlands Conservation Area) is maintained in a partially dewatered state by the NPCA to depress stage
elevation in the ponds. At the Cement Plant Ponds (Horseshoe Lakes) a former quarry situated 800 m
southeast of the existing quarry, the stage elevation is allowed to fluctuate naturally with seasonal
changes in precipitation and groundwater discharge. Both of the former quarries are inferred to be
completed within the shallow bedrock aquifer, while the Reeb Quarry excavation is licensed to be
completed to the base of the Falkirk member of the Bertie Formation, similar to the existing Law Quarry.
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Groundwater Use

A residential water well survey was completed for sixty-two (62) parcels situated within a 1 km radius of
the Site. Many of the surveyed property owners use a cistern for their primary water supply, or in addition
to a well for their water supply. Of the surveyed property owners, 3 wells were used for domestic
purposes, 1 well was used for lawn and / or garden watering / irrigation, 2 wells were used for livestock
and gardening, and 6 wells were not in use. One (1) surveyed property owner used a spring associated
with the former quarries as their sole water supply, and 8 property owners used a cistern as their sole
water supply.

A search of the MECP PTTW database indicates that there are three (3) permitted groundwater users
within the study area, including (i) the existing Law Quarry dewatering sump, (ii) the Reeb Quarry
dewatering sump and aggregate washing plant to be located southeast of the Site (these are not yet in
operation), and (iii) the Scholfield Avenue pumping station operated by the City of Port Colborne in the
west end of the city (east of the Site) which operates to limit groundwater infiltration to the municipal
sewer system. The Townline Tunnel dewatering sump is an unpermitted dewatering system operated by
the St. Lawrence Seaway Management Corporation along the Welland Canal approximately 8 km
northeast of the Site and is known to have a significant impact on the regional groundwater flow directions
within the weathered Salina Formation bedrock.

Impact Assessment for Full Quarry Development

A steady-state numerical groundwater flow model was constructed to simulate baseline hydrogeological
conditions at the Site, calibrated to observed baseline conditions. The calibrated baseline model was
then modified to predict the effects of quarry dewatering on local groundwater users and surface water
features at both full quarry development and at final rehabilitation. Known permitted groundwater users
are included in the models in order to assess the cumulative impacts from existing permitted groundwater
users and the future Law Quarry. The estimated annual demand from other non-permitted groundwater
users within the model domain is less than 1 mm/year over the study area.

The modeling suggests minimal impact to the shallow bedrock aquifer at full development of the proposed
quarry extension, while a drawdown of up to approximately 4 m relative to baseline water levels in the
deeper bedrock units is predicted for a small number of parcels adjacent to the southwest of the proposed
extension lands. The radius of influence in the deeper bedrock units extends to the west and south by
approximately 1,000 m and 800 m, respectively.

Based on a review of the MECP water well records within the predicted radius of influence, the wells are
completed to an average depth of 17 m into bedrock. Site borehole data indicates that the depth to the
Salina Formation contact ranges between 19 m to 26 m below the top of bedrock. Therefore, where they
exist and are still in use, most private water wells present within the study area are inferred to be
hydraulically connected to the deeper bedrock units, although as open holes, they would also be open to
the shallow bedrock aquifer. Using the static water levels provided on the well records, these wells have
an average of approximately 11 m of available drawdown. Since the predicted drawdown from the
proposed quarry extension at full development is only up to 4 m below baseline conditions, local water
well interference is not expected.

At full development of the quarry, discharge from the Scholfield Avenue pumping station is predicted to
decrease by 16% compared to baseline (i.e., no quarry) conditions; however, the majority of this
decrease is due to the previously licensed portions of the existing quarry.
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Dewatering operations at the Townline Tunnel are not predicted to be impacted by a substantial amount
under full development conditions.

As noted previously, earlier studies by others suggest no hydraulic connection between the existing
guarry sump and the Wainfleet Bog perched water table. The results of the predictive modeling
completed for this study are consistent with the previous findings, and no negative impacts to the bog are
anticipated under full development conditions.

The Biederman Drain, located north of the site, receives only minimal groundwater flux. This is not
unexpected given the thick, low permeability underlying clay soils associated with the bog. Groundwater
discharge as baseflow to the Biederman Drain north of the Site is predicted to be marginally reduced
under full development conditions. The ecological function of the Biederman Drain is not anticipated to
be impacted at full development of the proposed quarry extension.

Surface runoff and groundwater discharge to the existing quarry collects in the sump and is discharged to
the Eagle Marsh Drain. At full development of the proposed quarry extension, the quarry discharge to the
Eagle Marsh Drain is predicted to increase by 35% over baseline conditions and is predicted to reach up
to 10,800 m3/day during peak spring conditions. An evaluation of the flow capacity of the Eagle Marsh
Drain completed as part of the Reeb Quarry licence application estimated that the conveyance capacity of
the drain is approximately 2.1 m3/s (180,000 m3/day) at its limiting point. The predicted full development
spring conditions of discharge from the proposed extension represents only 6% of the drain capacity.

Baseline surface water sampling suggests that there will be no negative impacts on the ecological
function of Eagle Marsh Drain as a result of the increased discharge amounts. Discharge water quality is
not expected to change from the current and long-standing conditions. The ecological function of the
drain has developed over nearly 100 years of receiving groundwater and accumulated precipitation as
discharge from the site.

At full development of the proposed quarry extension, the stage elevation in the Quarry Lakes ponds is
predicted to be reduced by approximately 0.3 m relative to baseline conditions, with 33% of the decrease
due to the previously licensed portions of the existing quarry. Discharge from the Quarry Lakes
dewatering sump operated by the NPCA is also predicted to decrease. No impacts from the proposed
guarry extension are predicted at the Cement Plant Ponds.

Impact Assessment for Final Rehabilitation

The proposed end use of the quarry is a lake, which will fill naturally with precipitation and groundwater
discharge once the dewatering sump is decommissioned. A steady-state autumn average stage
elevation of approximately 174.4 masl is predicted for the final quarry lake. This is similar to the stage
elevation of £ 175 masl shown in the east extension Rehabilitation Plan and to the elevation of the water
level in Lake Erie. Since the lowest natural ground surface elevation around the perimeter of the existing
quarry has an elevation of approximately 178 masl, it is predicted that there will be no discharge from the
future quarry lake to surface water drainage features under natural climatic conditions.

After the steady-state stage lake elevation is reached, net groundwater flow will be outwards to the
surrounding aquifer, similar to baseline conditions. However, the rate of outward groundwater flow
doubles relative to baseline conditions. It is expected that once final rehabilitation is achieved, the
operation of private wells in the vicinity of the Site will return to similar to or greater than baseline
conditions (where the existing quarry sump was in operation).
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Upon final rehabilitation of the quarry to a lake, the steady-state autumn discharge from the Scholfield
Avenue pumping station is predicted to increase by about 40% compared to baseline conditions. Similar
to full development conditions, the Townline Tunnel dewatering system is not predicted to be substantially
impacted in this scenario.

The very limited discharge from the Wainfleet Bog deposits to the deep groundwater system decreases
by approximately 38% below baseline conditions as the pressure differential decreases due to the
cessation of quarry sump pumping. Predicted groundwater discharge as baseflow to Biederman Drain,
which is currently low, remains reduced at final rehabilitation. At the watershed scale, this represents a
reduction of 2 mm/year.

At final rehabilitation, the steady-state autumn average stage elevation in the Quarry Lakes ponds is
predicted to increase by 0.2 m relative to baseline conditions, and discharge from the sump is predicted
to average approximately 2,350 m3/day (0.9 Mm3/year). Ending pumping at the quarries in the far future
results in a notable increase from the average discharge rate under baseline conditions, estimated as
80 m3/day.

The autumn average stage elevation in the Cement Plant Ponds south pond is predicted to increase by
1.4 m relative to baseline conditions.

Cumulative Impacts from Reeb Quarry

An additional future scenario model was created to simulate the impacts of both the proposed quarry
extension and the Reeb Quarry at full development and final rehabilitation. According to hydrogeological
studies completed previously by others, the Reeb Quarry will be developed in 2 phases. Phase 1 is west
of Bessey Road, and phase 2 is east of Bessey Road. Once phase 1 extraction has been completed, the
water management plan for the site allows discharge water collected in phase 2 to accumulate in

phase 1, with a stage elevation to be maintained at 174 masl. The purpose of the phase 1 pond is to
mitigate potential groundwater impacts to the west of the quarry. It is expected that impact from both
quarries would be greatest when the Law Quarry extension is fully completed and the Reeb Quarry phase
1 excavation is completed and not yet inundated. For the final rehabilitation cumulative assessment, it is
assumed that both phases of the Reeb Quarry are excavated and inundated to form final quarry lakes.
An outlet to the Eagle Marsh Drain would be situated on the east side of the phase 2 pond with a control
elevation at 175.5 masl.

In the cumulative full development scenario, a predicted drawdown of up to 3 m occurs in the shallow
bedrock aquifer to the south of Reeb phase 1. The radius of influence extends to Golf Club Road in the
west, Cement Road in the east and south to the Lake Erie shoreline. It is inferred that the drawdown
within the shallow bedrock aquifer is the result of dewatering of the Reeb Quarry, as the full development
model for the proposed extension showed no drawdown in this unit. In the deeper bedrock units, a
drawdown of up to 10 m relative to baseline water levels is predicted immediately adjacent to Reeb
phase 1.

It is predicted that the average annual dewatering rate for the fully developed Law Quarry will decrease
by approximately 70% relative to the scenario without considering Reeb phase 1 cumulative effects.
Earlier studies by others, which did not consider the extension of the Law Quarry, predicted that the
excavation of Reeb phase 1 would reduce the Law Quarry dewatering rate by approximately 30%. Based
on either of these predictions, the discharge to Eagle Marsh Drain from the Law Quarry would be
substantially reduced when the Reeb Quarry is developed.
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The drawdown within the shallow bedrock aquifer predicted in the cumulative full development scenario
suggests that Quarry Lakes pond could be subject to a decrease of up to 3 m for autumn average
conditions, while the Cement Plant Ponds could be subject to a decrease of up to 0.6 m compared to
baseline conditions. Earlier studies by others predicted no impacts to water levels in either of these
features.

When cumulative effects of the proposed quarry extension and Reeb phase 1 are considered, the
average Autumn sump discharge from the Scholfield Avenue pumping station and Townline Tunnel
dewatering sump will decrease by approximately 45% relative to baseline conditions. Since the pumping
station is in place to reduce groundwater infiltration to the City of Port Colborne sewer system and local
basement sumps, neither the proposed Law Quarry extension nor Reeb phase 1 will negatively impact its
operation. Both the proposed Law Quarry extension and Reeb phase 1 appear to have minimal impact
on pumping at the Townline Tunnel.

In the cumulative final rehabilitation scenario, a steady-state autumn average stage elevation of

174.1 masl is predicted for the future lake in Law Quarry with the presence of the Reeb Quarry final lakes
to the south, a decrease of 0.3 m in comparison to the rehabilitated conditions model simulating only the
Law Quarry. The predicted steady-state autumn average stage elevation in the Reeb Quarry final lakes
is predicted to be approximately 173.5 masl. This estimate is 2.5 m to 3.5 m lower than predictions in
earlier studies by others. At this lower elevation, flow from the Reeb Quarry final lakes to Eagle Marsh
Drain would not occur in the autumn under normal climatic conditions.

The cumulative impact assessment for the Biederman Drain subwatershed water balance for rehabilitated
conditions is not substantially different compared when only the Law Quarry rehabilitated conditions are
simulated.

The steady-state autumn average stage elevation in the Quarry Lakes ponds is predicted to increase by
0.1 m relative to the rehabilitated scenario where only the Law Quarry is simulated, while the steady-state
average autumn discharge from the sump is predicted to increase by nearly 20% relative to rehabilitated
conditions considering the Law Quarry only. The autumn average stage elevation in the Cement Plant
Ponds is predicted to decrease by 0.2 m when the cumulative effects of Law Quarry and Reeb Quarry
final lakes are considered. The steady-state autumn discharge from the Scholfield Avenue pumping
station is also predicted to decrease slightly in this scenario.

Recommendations

To mitigate the impacts of the proposed quarry extension, the following recommendations should be
implemented upon licence approval:

= The proposed long-term monitoring program outlined in Table 1 and shown in Figure 18, to be
completed during the quarry extension operational and rehabilitation phases, until stable conditions
are observed after quarry decommissioning;

= A well interference mitigation plan; and

= A Spills Contingency Program in compliance with the prescribed conditions for a Class A Category 2
licence under the ARA.
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1 INTRODUCTION

1.1 BACKGROUND

The existing Law Quarry is located in parts of Lots 3, 4, 5 and 6, Concession 2, Wainfleet Township,
Regional Municipality of Niagara, and owned and operated by Waterford. The existing quarry is located
approximately 3 kilometers west of the City of Port Colborne, as shown in Figure 1 (Site Location Map).
A Site Plan showing the existing area of extraction, sump location and monitoring well network is provided
in Figure 2.

Excavation within the existing quarry began prior to 1934 and currently covers an area of approximately
144 hectares. Figure 1-1 below shows the approximate extent of the quarry footprint since 1934.
Extents were determined using aerial imagery available on the Brock University Niagara Air Photo Index
GIS portal.

Figure 1-1: Law Quarry excavation boundaries since 1934 (Brock University Niagara Air Photo Index)

Additional lands to the west of the existing quarry have been acquired by Waterford over time for the
proposed quarry extension (Site). Like the existing quarry, the Site will be developed below the natural
groundwater table and will be dewatered to maintain dry working conditions. Therefore, Waterford is
required to obtain a Category 2 Class “A” below-water Quarry licence for the Site under the Aggregate
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Resources Act (ARA) and to apply for amendments to the Niagara Region Official Plan, Township of
Wainfleet Official Plan and the Township Zoning By-Law.

WSP Canada Inc. (WSP) was retained by Waterford to provide hydrogeologic services, including the
completion of this Level 1 and 2 Water Study in support of the Site licence application.

1.2 DESCRIPTION OF PROPOSED QUARRY

The Site boundary and proposed limit of extraction is shown in Figure 2. The extension lands are
bounded by Biederman Road to the east, Graybiel Road to the west, Highway 3 to the south and the
Wainfleet Bog to the north.

Excavation will proceed to a maximum depth of up to 20 m below ground surface, corresponding to the
base of the Bertie Formation, Falkirk member dolostone, similar to the existing quarry. The high-quality
dolomite will provide many decades of aggregate reserves for building projects in the Niagara Peninsula.

The extraction limit for the proposed quarry extension assumes removal of Biederman Road north of
Highway 3 to connect to the existing quarry. Graybiel Road will be extended to the north and east of the
Site to allow access for the remaining resident north of the Site. As an alternative, Biederman Road may
be kept as-is, and the proposed extension would be separate from the existing quarry. The analysis
completed as part of this study conservatively assumes removal of Biederman Road, and is therefore
applicable in either case.

1.3 EVALUATION REQUIREMENTS

In the Aggregate Resources of Ontario Provincial Standards (Ministry of Natural Resources and Forestry
(MNRF), August 2020), Part 2.5 outlines the following requirements for a Water Report to meet the study
requirements for a Category 2 Class A quarry below groundwater:

Water Report Level 1:

Determine the potential for impacts to ground water and surface water resources and their
uses (e.g. water wells, ground water aquifers, surface water courses and bodies, springs,
discharge areas) and identify if the proposed site is in a Wellhead Protection Area for
Quantity (WHPA-Q) set out in an applicable source water protection plan under the Clean
Water Act. If so, identify applicable source water protection policies and mitigation
measures that will be implemented at the site.

Water Report Level 2:

Where the results of Level 1 have identified a potential for impacts from the aggregate site
on ground water and/or surface water resources and their uses, an impact assessment is
required. The assessment is to determine the significance of the effect and the potential for
mitigation.

The assessment must address the potential effects of the operation on any ground water
and surface water features located within the zone of influence, including but not limited to:

a) water wells (includes all types e.g. municipal, private, industrial, commercial,
geothermal and agricultural)

b) springs (e.qg., place where ground water flows out of the ground)
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c¢) ground water aquifers;
d) surface water courses and bodies (e.g., lakes, rivers, brooks)
e) wetlands

The assessment must include but not be limited to the following:

f) a description of the physical setting including local geology, hydrogeology, and
surface water systems;

g) proposed water diversion, discharge, storage and drainage facilities;
h) water budget (e.g. how water is managed on-site);

i) the possible positive or negative impacts that the proposed site may have on the
water regime;

The Level 2 water report must also contain:
j) monitoring plan(s); and

k) technical support data in the form of tables, graphs and figures, usually appended to
the report.

This report addresses the Level 1 and Level 2 Water Report requirements for the hydrogeological
evaluation of the Site. In addition, the study included herein may also be used in support of Permit-to-
Take-Water (PTTW) application for the Site dewatering as well as the Environmental Compliance
Approval (ECA) for Industrial Sewage Works application for the sump discharge to the environment.

Additional requirements considered in the preparation of this study include the Township of Wainfleet
Official Plan (January 2016), the consolidated Niagara Region Official Plan (2014), the Provincial Policy
Statement (2020) and the Clean Water Act (2006).

1.4 OBJECTIVES AND SCOPE

The principal objectives of this Level 1 and 2 Water Study are as follows:
= Characterize the baseline groundwater and surface water conditions and uses;
= Establish a baseline water budget for the Site and local study area,;

= Provide input to the proposed quarry extension design and end use, particularly related to water
management at the Site;

= Predict potential effects of the proposed quarry extension on local groundwater users and surface
water features by constructing a steady-state numerical groundwater flow model and simulating
baseline hydrogeological conditions, quarry extension effects on the baseline conditions, and
potential mitigation or contingency measures; and

= Implement an environmental monitoring program to assess the predicted effects of the proposed
guarry extension on the groundwater and surface water features to ensure compliance with the Site
Plan and other permits.
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1.5 STATEMENT OF QUALIFICATIONS

This Level 1 and 2 Water Study was completed by a project team at WSP Canada Inc. The Project and
Technical Manager was Kevin Fitzpatrick, P.Eng., and the Technical Project Co-ordinator was Rebecca
Warrack, P.Eng. Numerical groundwater modeling was completed by Leigh Davis, M.A.Sc., P.Eng. A
team of internal technical support staff assisted with the field work, data collection and analyses.
Curriculum vitae are provided in Appendix A.

1.6 STUDY METHODOLOGY

The objective of the study was to develop a conceptual understanding of the hydrogeological conditions
in the vicinity of the Site in order to predict the potential effects of the proposed quarry extension on local
groundwater users and surface water features. The work program began with a review of previous
studies and existing monitoring data to assess the local geology and hydrogeology and identify gaps in
our conceptual understanding of the Site. Previous studies include:

= Gartner Lee Limited (2005). Hydrogeological Assessment for Below Water Extraction Law Quarry
Eastern Extension, Township of Wainfleet, Region of Niagara. Prepared for Hard Rock Paving
Company, March 2005.

= Azimuth Environmental Consulting and Earthfx Incorporated (2005). Reeb Quarry Level 2
Hydrogeological Assessment. Prepared for M.A.Q. Aggregates Inc., January 2005

= Azimuth Environmental Consulting (2008). Addendum Hydrogeological Assessment / Numerical
Modelling Report, Reeb Quarry. Prepared for M.A.Q. Aggregates Inc., January 2008.

= WSP (2019) Law Quarry 2015 - 2018 Annual Permit to Take Water Monitoring Reports, PTTW No.
7112-98MS6F/1541-B2DLQF.

Based on our review of the previous studies undertaken at the Site, additional drilling programs were
required to improve our understanding of the local geology, as well as to establish a suitable monitoring
well network. A hydraulic testing program was undertaken both during borehole advancement as well as
after the completion of the monitoring network using a variety of field methods.

1.6.1 WATER WELL SURVEY

To establish an initial database of local groundwater users, a search of the MECP Water Well Record
database was undertaken to identify wells located within 1 km of the Site. A water well survey of all
residences within a 1 km radius of the Site was conducted by WSP staff in the summer of 2018 in
accordance with the MECP technical guidance (MECP, 2008).

The results of the well record database search and water well survey are included in Appendix B, with
further discussion provided in Section 2.4.4.

1.6.2 DRILLING PROGRAMS

Boreholes were advanced during two separate drilling programs at the Site. The locations of all
boreholes and shallow drivepoints are shown in the Site Plan, Figure 2. Available borehole logs, rock
core photos and monitor construction details are included in Appendix C.
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Prior to the current study, in 2004, Gartner Lee Limited (GLL) advanced ten (10) boreholes as part of the
east quarry extension license application. In each borehole, 51 mm diameter PVC monitors were
installed in the more hydraulically conductive zones based on the results of packer testing in the bedrock
(previous packer testing is provided in Appendix D). The details of the drilling program are included in the
Hydrogeological Assessment for Below Water Extraction, Law Quarry Eastern Extension, Township of
Wainfleet, Region of Niagara report (GLL, 2005). Boreholes installed during the 2004 drilling program are
described as GLL-1 to GLL-10 in this report. It is noted that the two (2) monitoring wells at GLL-11 were
installed in 2005 after the initial drilling program and GLL-2 was abandoned in 2013 as the quarry face
advanced east.

The 2004 GLL wells were completed in various hydraulically conductive zones identified through packer
testing as follows:

= GLL-1 was screened across the Bois Blanc Formation, the Springvale member of the Bois Blanc
Formation, and the Akron member of the Bertie Formation.

= GLL-3 was screened across the Williamsville, Scajaquada and Falkirk members of the Bertie
Formation.

= GLL-4 was screened within the Bois Blanc Formation.
=>» GLL-5 was screened across the Falkirk and Oatka members of the Bertie Formation.

= GLL-6 was screened across the Williamsville, Scajaquada and Falkirk members of the Bertie
Formation.

= GLL-7 was screened across the Akron, Williamsville and Scajaquada members of the Bertie
Formation.

=» GLL-8 was screened across the Falkirk and Oatka members of the Bertie Formation.

= GLL-9 was screened across the Bois Blanc Formation, the Springvale member of the Bois Blanc
Formation and the Akron and Williamsville members of the Bertie Formation.

= GLL-10 was installed across the Springvale member of the Bois Blanc Formation and the Akron,
Williamsville and Scajaquada members of the Bertie Formation.

Borehole logs for GLL-11 were not available; as such, field-measured depths were used to interpret the
stratigraphy screened.

A 150 mm diameter pumping well, referred to as PW, was installed on November 28, 2004 to a depth of
32.8 m BGS by licensed water well driller Field Well Drilling of Vineland, ON. The well tag is A018302,
and the Ministry of the Environment, Conservation and Parks (MECP) water well record number is
6604836. This pumping well was originally tested as part of the east extension license application in
2005. In early 2019, pumping well PW was rehabilitated for an additional 72-hour pumping test
completed as part of the current study to observe the effects of pumping on the deeper bedrock units in
the newly installed monitoring wells. Further discussion of the 2019 pumping test is provided below.

In the autumn of 2017 and summer of 2018, WSP completed a drilling program at the Site in order to
establish a more suitable groundwater monitoring network for predicting impacts within the deeper
bedrock units. A total of fourteen (14) monitoring wells were installed at seven (7) existing well nests
(GLL-1, GLL-4, GLL-5, GLL-6, GLL-9, GLL-10 and GLL-11). An additional two (2) monitoring wells were
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installed at well nest MW12 located south of GLL-8 adjacent to Highway 3. Typically, each well nest
consists of two to three wells screened within the following intervals (from deepest to shallowest):

=>» Monitoring well designation ‘I’ corresponds to well screens installed 4.6 — 6.1 metres into the
Salina Formation, referenced as deep Salina Formation wells. These wells correspond to depths
below the proposed quarry floor.

= Monitoring well designation ‘Il corresponds well screens installed at the contact between the
Oatka Member of the Bertie Formation and the Salina Formation. It is noted that MW11-1 was
also installed across the Oatka and Salina contact.

=>» Monitoring well designation ‘llI’ corresponds to the Falkirk member of the Bertie Formation. The
base of the Falkirk member is equivalent to the proposed final quarry floor depth (excavation will
not occur into the underlying Oatka member as the rock quality is not acceptable for construction
aggregate).

Both the initial and supplemental drilling programs undertaken as part of the current study were
completed by Noll Drilling of Breslau, Ontario. Boreholes advanced through the overburden were
completed with hollow-stem augers (108 mm inner diameter) to allow measurement of in-situ
geotechnical parameters and detailed soil logging. Bedrock coring was completed with an HQ (64 mm
diameter) diamond drill bit. The deepest boreholes in each well nest were continuously cored from the
bedrock surface to the final depth of the borehole, typically into the Salina Formation. Rock core was
placed into core boxes and stored at the Site for review by a senior geological engineer. Descriptions
included stratigraphy, percent recovery and rock quality designation (RQD).

Monitoring wells were constructed of 51 mm diameter PVC riser pipe and a slot 10 well screen of varying
lengths depending on the interval screened. The borehole annulus around the screen was filled with
number 2 silica sand to a nominal height above the screen to provide a filter pack. The remainder of the
borehole annulus was sealed with bentonite pellets and / or grout. A lockable protective steel casing was
cemented in place at the surface to provide a surface seal. Dedicated inertial lift sampling equipment
(Waterra) was installed and the wells were developed to set the filter pack. Cluster MECP well records
were submitted for the separate drilling programs.

All of the available wells included in the current monitoring network were surveyed by WSP to establish
ground surface and top of pipe elevations to a geodetic datum and UTM location coordinates. The
elevation data is provided in Table C-1, Appendix C.

1.6.3 HYDRAULIC TESTING PROGRAM

Various methods were used to perform the hydraulic conductivity testing at the Site, as summarized
below. A complete description of the testing and results is provided in Appendix D.

Packer testing was completed during borehole advancement at selected ‘I’ series wells to assess relative
hydraulic conductivity of discreet bedrock intervals, undertaken between July 4, 2018 and July 30, 2018.
After the completion of the borehole drilling, ~3 m (10’) test intervals were sealed off from the remaining
borehole annulus by inflatable packers. Similar to a falling head slug test, water was injected into the
packer interval to a reference elevation, and the decrease in the head was monitored over time as the
excess water dissipated into the bedrock interval fracture network. The results of the packer testing were
used to assess the relative hydraulic conductivities of zones within the bedrock with depth to enhance the
conceptual understanding of the hydrostratigraphy at the Site.
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A 72-hour pumping test was completed at pumping well PW between February 6 — 9, 2019, to estimate
bulk transmissivity of the bedrock and to simulate dewatering of the proposed quarry extension. Prior to
the long-term test, a stepped-rate test was completed on February 6, 2019 to assess the pumping well
efficiency as well as to determine an appropriate pumping rate for the long-term test. Both the long-term
and stepped-rate tests were completed by licensed water well driller Country Water Systems of Thornton
Ontario, with the supervision of WSP field staff in accordance with Permit-to-Take-Water (PTTW) No.
5816-B5FPUV, issued by the MECP on October 15, 2018. Discharge from the pumping well was directed
away from the well area to the drainage ditch along Highway 3 to limit the potential for re-infiltration of
water.

During the tests, groundwater elevations were monitored at pumping well PW and available Site
monitoring wells. Water levels were recorded using electronic dataloggers augmented with periodic
manual measurements. Field measurements for pH, conductivity and temperature was collected during
each day of pumping. A sample of the pumping well discharge was collected 6 hours after the start of the
pumping test. The discharge flow rate from the pumping well was continuously monitored using a flow
meter and confirmed with period manual flow rate measurements.

During the constant rate test, groundwater levels in Salina Formation wells MW10-I and MW10-II and
shallow aquifer (Falkirk member) well MW10-11l located closest to the pumping well (28 metres to the
west) were observed to lower in response to pumping at PW. Salina Formation well MW12-11 located
365 metres to the east of the pumping well was observed to lower in response to pumping at PW.

Finally, in November 2019, rising head slug tests were completed to determine local in-situ hydraulic
conductivity for selected monitoring wells. The Hvorslev analytical method was used to analyze the slug
test data, using AquiferTest software.

1.6.4 GROUNDWATER MONITORING
The baseline groundwater monitoring program completed for this study consisted of the following:

= Continuous groundwater level monitoring using dataloggers installed at six (6) shallow bedrock
aquifer wells, nine (9) Falkirk member wells, eight (8) Oatka / Salina contact wells, and three (3)
deep Salina wells included in the monitoring network. Loggers were programmed to collect data
every four (4) hours. One barologger was installed at nest MW4 to correct for atmospheric pressure
changes over time.

= Continuous groundwater level monitoring using dataloggers installed at two (2) off-Site private supply
wells included in the monitoring program for the existing quarry. Loggers were programmed to
collect data concurrently with the Site monitoring well loggers.

=>» Periodic manual water level measurements at each location were made over the course of the
baseline monitoring period, generally occurring on a quarterly basis. The manual measurements
were used to confirm the datalogger water levels. The manual water levels were measured with an
electric contact gauge (Water Level Tape). The datalogger and manual water level measurements
are depicted in the hydrographs included in Appendix E. Water level data notably affected by
hydraulic testing over the short test period are presented separately for clarity.

As noted previously, during this study, a sample of the pumping well discharge was collected during the
pumping test on February 6, 2019. A sample was also collected from the private well located at 20808
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Graybiel Road during the pumping test at the request of the property owner. These samples were
submitted to Eurofins Environmental Testing Inc. for analysis.

Several rounds of groundwater sampling were completed between 2004 and 2007 by others as part of
the Reeb Quarry Level 2 Hydrogeological Investigation and Hydrogeological Investigation Addendum
(Azimuth Environmental Consulting and Earthfx Inc., 2005 and 2008). As shown in Figure 2, Reeb
Quarry nest OW6 is located approximately 200 m east of the proposed extension lands.

These groundwater chemical results are provided in Appendix F.

1.6.5 SURFACE WATER MONITORING

The baseline surface water monitoring program completed for this study consisted of the following:

= Continuous sump stage elevation monitoring using a datalogger programmed to collect hourly data.
Periodic manual water level measurements were made over the course of the baseline monitoring
period, generally occurring on a quarterly basis. The manual measurements were used to confirm
the datalogger water levels. The manual water levels were measured with an electric contact gauge.
The datalogger and manual water level measurements are depicted in the hydrographs included in
Appendix E.

= A quarterly surface water sampling program was implemented at the site in early 2018, to obtain
baseline data which will be used to support an application for an Environmental Compliance
Approval (ECA) under Section 53 of the Ontario Water Resources Act. The quarterly samples were
collected in January, April, July and October of 2018 and 2019. Samples were collected from the
quarry sump discharge channel (SW2), and upstream (SW1) and downstream (SW3) locations in the
Eagle Marsh Drain. The surface water sampling stations are shown in Figure 3A. Grab samples
were collected from downstream to upstream locations using a decontaminated bottle, decanted into
laboratory prepared bottles and submitted under standard chain-of-custody procedures to Eurofins
Environmental Testing Inc. for analysis of general parameters, major ions, nutrients and organic
indicators, and total metals. Field measurement of pH, conductivity, temperature and dissolved
oxygen was also completed prior to sampling. The surface water chemical results are included in
Appendix G.

1.6.6 NUMERICAL GROUNDWATER FLOW MODEL

A steady-state numerical groundwater flow model was constructed to simulate baseline hydrogeological
conditions at the Site. The model was calibrated using the available baseline groundwater elevation data,
as well as the results of the various hydraulic tests completed to estimate the hydrogeological properties
of the bedrock units. The calibrated baseline model was then used to predict the effects of future quarry
dewatering on local groundwater users and surface water features. MODFLOW-USG (Panday et al,
2017) was used as the numerical simulation code for the groundwater model. MODFLOW-USG (Un-
Structured Grid) is similar to the more traditional MODFLOW (USGS 1988-2005) code; however, it allows
for additional flexibility with the model grid, for instance, for easier grid refinement in areas of increased
interest.

MODFLOW-USG is capable of simulating steady-state three-dimensional groundwater flow in unconfined,
semi-confined and confined aquifers in any physical setting. Companion programs, such as ZoneBudget
(Harbaugh, 1990 and updates) and mod-PATH3DU (Muffels et al, 2018) were used during the
construction and calibration process to assess mass balance and flow directions within the model.
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Groundwater Vistas version 7 was used as the pre- and post-processor for the model construction and
calibration process. The parameter estimation software PEST (Doherty, 2019) was also used during the
calibration and model prediction process.

The detailed numerical groundwater model documentation is included as Appendix H.
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2 PHYSICAL SETTING

2.1 PHYSIOGRAPHY, TOPOGRAPHY AND LAND USES

The Site is situated within the Haldimand Clay Plain physiographic region, extending from the Niagara
Escarpment in the north to Lake Erie in the South (Chapman and Putnam, 1984). This physiographic
region is characterized by low topographic relief and poorly drained soils. During the last glaciation, the
area was inundated by glacial Lake Warren and resulted in the deposition of up to several tens of metres
of massive stratified clay and silt deposited on the underlying Silurian and Devonian age dolostone. The
Wainfleet Bog is a significant low-lying peat bog composed of organic material and peat deposits located
to the north of the Site.

The buried Onondaga Escarpment is a prominent physiographic feature located near the northern Site
boundary. The Onondaga Escarpment is characterized by the differential erosion of the harder Bertie
Formation dolostone and the softer underlying Salina Formation dolomitic and gypsiferous shales. The
Onondaga Escarpment caprock is exposed at ground surface in portions of the study area but local
deposits of glacial sediment drift can range up to a few metres in thickness. Overburden thickness
generally increases from north to south on the Site, where glacial sediments have infilled below the crest
of the Onondaga Escarpment. Overburden thickness ranges between 3 to 15 metres near the Lake Erie
shoreline (Chapman and Putnam, 1984).

Of note, there are two unlicensed former quarries within the study area which currently fill naturally with
runoff and groundwater discharge. Both of these former quarries are included in the numerical
groundwater flow model (refer to Appendix H).

The former Canadian Cement Company quarry (Quarry Lakes) is situated 1 km south of the Site. This
former quarry was excavated into the Onondaga and Bois Blanc Formation limestone and operated from
the late 19t Century to the 1960s. The lands on which the Quarry Lakes are situated have since been
purchased by the Niagara Peninsula Conservation Authority (NPCA) to form the present-day Wainfleet
Wetlands Conservation Area. The stage elevation in the Quarry Lakes are controlled by a dewatering
sump operated by the NPCA. Originally, the operation of the sump required a Permit-to-Take-Water
(PTTW), which required the operator to record elevation and flow data. However, the operation was
exempted a number of years ago. Nonetheless, the NPCA has continued to periodically monitor
elevation and flow data for the dewatering sump. For the baseline period, a representative sump
elevation of 172.7 masl was estimated from the available data, with a dewatering flow rate of
approximately 80 m3/day.

The Cement Plant Ponds (sometimes referred to as the Horseshoe Lakes ponds) are situated
approximately 800 m southeast of the existing quarry licence. The excavation depth for this former
guarry is not well documented; however, it is assumed that resource extraction was completed to the
base of the Bois Blanc Formation, similar to the Quarry Lakes for use in the production of cement powder.
The stage elevation within the Cement Plant Ponds is not actively controlled and is understood to
fluctuate due to seasonal changes in precipitation and groundwater discharge. A representative stage
elevation of 173.8 masl was estimated for the south quarry pond based on data obtained through an
MECP Freedom of Information (FOI) request.
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The majority of land uses within the local vicinity of the Site include agricultural and rural residential. To
the southeast, the unopened Reeb Quarry has been licensed for extraction of bedrock resources under
the Aggregate Resources Act under the Ministry of Natural Resources and Forestry (MNRF). Reeb
Quarry is a 70-hectare property located on Part Lot 2, 3, 4 and 5, Concession 1, in the township of
Wainfleet, Ontario.

2.2 DRAINAGE

The closest predominant surface water feature is the Wainfleet Bog situated immediately north of the
Site. It is typically composed of between 2 m and 4 m of organic material (peat) and pond deposits
(Feenstra, 1981) and contains a surficial water table which is perched above the bedrock water table.
Clayey sediment underlying the bog can be up to 24 m thick (Crowe et al, 2002). The bog developed
north of the Onondaga Escarpment since the last glaciation where surface drainage south to Lake Erie is
naturally poor.

Environment Canada completed a study of the Wainfleet Bog (Crowe et al., 2002), which involved the
installation of several water table monitors and piezometers within the bog. The study concluded that a
water table is perched within the bog and there is no hydraulic connection between the Law Quarry sump
and the bog deposits. This study was used for the development of the baseline numerical groundwater
flow model (refer to Appendix H).

There are no significant surface water features within the Site boundary. According to topographic
mapping shown in Figure 3, a surface water drainage divide bisects the Site. Surface runoff in the
northern portion drains north to the Biederman Drain. The Biederman Drain also receives runoff from the
Wainfleet Bog north and east of the Site and ultimately flows to the Welland Canal north of the City of
Port Colborne. Surface runoff in the southeastern portion drains to the Eagle Marsh Drain which flows
south to Lake Erie southwest of the City of Port Colborne. A small area in the southwestern portion of the
Site drains to Mill Race Creek which flows north to the Welland River. When the Site is developed, the
runoff within the proposed limit of extraction will be directed via an internal drainage network to the sump
within the existing quarry footprint where it discharges to Eagle Marsh Drain.

2.3 GEOLOGY

Geology at the Site is based on recent data acquired during the baseline monitoring program completed
by WSP, augmented with data obtained during previous investigations completed for other sites within the
study area, including:

= Law Quarry PTTW Annual Monitoring Report (WSP, March 2019);
= Hydrogeological Assessment for Below Water Extraction, Law Quarry (Gartner Lee Limited, 2005);

= Reeb Quarry (Azimuth Environmental Consulting and Earthfx Inc., 2005 and 2008) southeast of the
Site.

Additional information was also obtained from:
= Updated Assessment Report, Niagara Peninsula Source Protection Area (NPCA, November 2013);
= Buried Ancestral Drainage Between Lakes Erie and Ontario (Flint and Lolcoma, 1985).

= The Physiography of Southern Ontario, Third Edition (Chapman and Putnam, 1984).
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= Map P3811, Paleozoic Geology, Welland-Fort Erie Area, Southern Ontario (Ontario Geological

Survey, 2017);

= The Subsurface Paleozoic Stratigraphy of Southern Ontario (Armstrong and Carter, 2010); and

= Aggregate Resources Inventory Paper (ARIP) 115 (Wainfleet) (OGS, 1985).

2.3.1 OVERBURDEN

Low permeability glaciolacustrine clay and silt overburden, typical of much of the southern portion of the
Niagara Peninsula, is generally less than 3 m thick at the site. A prominent northeast / southwest
trending ridge of Bois Blanc bedrock at surface within the extension lands (visible in aerial photographs)
demarks a significant area of no overburden.

The overburden thickness increases at the northern edge of the existing quarry, where a northeast /
southwest trending re-entrant channel exists in the Onondaga cuesta. Here a very dense, stony, reddish
till with a sand-silt matrix exists up to 5 m in thickness (possibly the “lower till” of Feenstra, 1981).
Excavation of this material is quite difficult and requires the use of a toothed bucket excavator, suggesting
that it may have a lodgement-type depositional origin. The till is more easily eroded by surface water
than the local clayey overburden due to the sandy matrix, and small washouts of sand are common
where it is exposed in the existing quarry excavation.

Study area overburden geology and thickness maps (depth to bedrock in metres) are provided on

Figures 4 and 5, respectively.
2.3.2 BEDROCK GEOLOGY

2.3.2.1 REGIONAL SETTING

Regionally, the area is underlain by Silurian and Devonian age limestone, dolostone, gypsum, shale and
sandstone. The Onondaga Escarpment is the dominant physiographic feature in the area. The buried
Onondaga Escarpment, a bedrock scarp roughly parallel to Lake Erie, was formed by differential erosion
of the harder dolostone of the Bertie Formation and the softer underlying Salina Formation (GLL, 2005).
Local bedrock units dip to the southeast at about 0.5% to less than 1.0%. The naming convention for
bedrock stratigraphic units in this report are defined from youngest to oldest below.

Formation (Age) Member Description

Onondaga Edgecliffe Cherty, thin to medium bedded, semi-nodular to tabular bedded,

Fo_rmation . Member fossiliferous, biostromal limestone. Chert is typically dark grey to black

'(A\Mld)dle Devonian and occurs in a variety of fine, including stratoform lenses, lobate to highly
ge

irregular nodules and tube-like forms (possibly after burrows). Fossils are
abundant and varied and include tabulate corals, solitary and colonial
rugose corals, crinoids, brachiopods and trilobites.

The Quarry Lakes excavation, part of the Wainfleet Wetlands
Conservation Area, exposes approximately 5.6 m of Lithofacies 1 in the
north face of the old quarry.

Lithofacies 3, consisting of dark green, very argillaceous, fossiliferous
limestone with sparse chert, is reported to be limited to the basal part of
the Edgecliff Member in the Port Colborne area. Approximately 1.2 m of
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Formation (Age)

Member

Description

this shaley lithofacies may be seen at the base of the Onondaga
Formation in the south wall of the existing Law Quarry. A thin shale seam
at the top of the section appears to mark the contact at the Law Quarry.

Bois Blanc
Formation
(Lower Devonian
Age)

Medium- to light-grey fine-textured, thin to medium-bedded, cherty
limestone with shaley partings and minor, inter-bedded dolostones. It is
very diverse in texture and composition (Derry et al., 1989). Fossils and
bioturbation are common, and the chert can be light grey or brown in
colour and occurs as thin beds or nodules. Fossils include rugose corals,
tabulate corals, amphipora and brachiopods.

Within the existing quarry, the Bois Blanc Formation thins northward due
to the erosion surface and is absent at the north end of the quarry. It
reaches a typical maximum thickness of about 5.4 metres within the south
wall of the existing quarry (Gartner Lee Ltd., 2005).

Springvale
Member

Discontinuous basal portion of the Bois Blanc Formation. It consists of a
medium to coarse grained, green to grey, glauconitic sandstone with
some interbeds of limestone, dolostone and brown chert (Derry et al.,
1989). Where it exists, the Springvale Sandstone is observed within the
existing quarry to be approximately 0.5 metres thick (Gartner Lee Ltd.,
2005).

Bertie Formation
(Upper Silurian

age)

Composed predominantly of resistant dolostones that are exposed in the
Onondaga Escarpment (Derry et al., 1989). The lower contact of the
Bertie Formation with the Salina Formation, below the existing quarry
floor, is gradational, and its upper contact with Devonian-age rocks is a
distinct erosional surface representing a major disconformity.

Akron
Member

Dominated by grey, fine grained dolostone, thin to massive bedded, trace
shale partings and calcite nodules and distinctly mottled in appearance.

Williamsville

Medium grey, fine to medium grained, shaley dolostones with interbedded

Member dolomitic shales.

Scajaquada Interbedded shale, dolomitic shale and shaley dolostone. Locally, the

Member basal part of the Scajaquada Member contains a thin, conglomeratic bed
with clasts of the underlying Falkirk Member.

Falkirk Very hard, laminated, medium to dark brown, massive bedded crystalline to

Member medium grained dolostone. Vugs often containing calcite, gypsum or
celestite and trace shaley laminations are common in the Falkirk Member.
This unit has excellent aggregate properties and represents the deepest
mined bedrock at the site

Oatka Fine crystalline, grey to dark grey dolostone interbedded with dark grey to

Member more rarely greenish shale. In proximity to the Onondaga Escarpment, a

high porosity, “paleokarst” rubble zone has been identified at some
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Formation (Age)

Member

Description

locations within the portions of the Oatka Formation generally near the
Salina contact. The Oatka is not utilized as a source of construction
aggregate in Ontario.

Salina Formation
(Upper Silurian
Age)

Argillaceous dolostone and shale with abundant gypsum nodules to
lenses. Hydrogen sulphide gas, which originates from the Salina
Formation has been observed as bubbles through the floor of the existing
guarry, often resulting in white precipitate in standing water. The Salina
Formation is mined for gypsum elsewhere in southern Ontario but is not
suitable for aggregate production and generally not considered a drinking

water source rock due to water quality and quantity issues.

Figure 6 illustrates the Paleozoic bedrock mapping with the interpolated subcrops of the various bedrock
units described above.

The bedrock surface has been interpolated using GIS software and the available data from the Site and
other studies noted above, including the MECP water well database. The interpolated bedrock
topography is shown in Figure 7. It is noted that the interpolated bedrock topography shown in Figure 7
is consistent with the bedrock topography mapping completed as part of the NPCA Source Protection
report.

The Erigan Channel, a buried ancestral bedrock valley that is inferred to link Lake Erie and Lake Ontario,
is situated to the west of the Site near the community of Lowbanks. The bedrock elevation of the Erigan
Channel at Lowbanks is approximately 123 metres above sea level, well below the water elevation of
Lake Erie (~174 m above sea level (masl)). The buried bedrock valley is suspected to influence regional
groundwater flow patterns within weathered Salina Formation bedrock. Enhanced hydraulic
conductivities have been observed along buried bedrock valleys due to the creation and solution-
enhancement of fractures and bedding planes located within the bedrock walls.

Recent unpublished quaternary sediment mapping by the Ontario Geological Survey (OGS) and
geophysical mapping by the Geological Survey of Canada (GSC) identified the presence of buried
bedrock channels in many locations along the Lake Erie shoreline where a curvature towards the north is
observed (A. Burt, Personal Comm., Figure 2-1 below).

Regional north-south and east-west oriented cross sections through the Site centroid are shown in
Figures 8 and 9, respectively. The regional sections illustrate the topography, overburden thickness and
bedrock type across the study area. The cross sections are based on boreholes completed as part of this
study and other studies listed at the outset of this section. The inferred bedrock stratigraphic contacts
were developed based on the discussion provided below. A discussion of the regional groundwater flow
is included in Section 2.4.1.
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Figure 2-1: Location of buried bedrock channels in the Niagara Peninsula (A. Burt, Personal Comm.)

2.3.2.2 LOCAL SETTING

Photo 1 (below) is a photograph taken from the existing quarry south face exposing the Bois Blanc and
Bertie Formations in the deepest part of the quarry.
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Photo 1: Existing Quarry South Face

Bedrock was contacted at each deep borehole location completed during the drilling programs completed
as part of this study. A summary of the stratigraphic contact information for each borehole is provided in
Table C-2, Appendix C. Rock core photos are also provided in Appendix C. The Site-scale bedrock
topography is shown in Figure 10, and the local topography, overburden thickness and bedrock strata
are shown in cross sections A-A’ and B-B’, included as Figures 11 and 12, respectively. The cross-
section locations are shown in the Site Plan, Figure 2.

The bedrock strata encountered in the boreholes are described from youngest (Bois Blanc Formation) to
oldest (Salina Formation) below.

Bois Blanc Formation

The Bois Blanc Formation consists of a hard, weathered, light grey to grey, fine to medium grained
dolostone with trace to some chert. It is medium bedded, highly fossiliferous and bioturbated with wavy
laminations observed in some core. Calcite nodules and pyrite mineralization was observed in some
core. The RQD ranges from very poor to excellent.

Bois Blanc Formation, Springvale Member

The lower contact between the un-subdivided Bois Blanc Formation and the Springvale member of the
Bois Blanc Formation is typically distinct owing to the sharp colour and lithology change. The Springvale
member of the Bois Blanc Formation consists of a green to grey, medium grained, glauconitic sandstone
with trace to some chert nodules and occasional calcite nodules. The RQD is typically fair to good.
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The Springvale member contact ranges in depth from 1.3 m below ground surface (mbgs) at MW6 to
7.9 mbgs at MW4. The stratigraphic contact data from the Site boreholes suggest that the contact of the
Springvale member also dips to the southeast, ranging in elevation from 181.8 masl at MW9 in the
northwest to 171.7 masl at MW1 in the southeast. The Springvale member of the Bois Blanc Formation
does not subcrop at MW5 near the Onondaga Escarpment.

The thickness of the Springvale member is relatively consistent across the Site, ranging from 1.8 m at
MW?10 in the southeast to 0.5 m at MW6 in the northeast.

Bertie Formation, Akron Member

The lower contact between the Springvale member of the Bois Blanc Formation and the Akron member of
the Bertie Formation is typically distinct owing to the sharp colour and lithology change. The Akron
member of the Bertie Formation consists of grey, crystalline to fine grained dolostone. The Akron
member is thinly bedded with trace shale partings and calcite nodules. The RQD is typically fair to
excellent, except at MW6 where the RQD is very poor to fair.

The Akron member contact ranges in depth from 1.8 mbgs at MW6 to 7.9 mbgs at MW4 and MW12. The
stratigraphic contact data from the Site boreholes suggest that the contact of the Akron member dips to
the east, ranging in elevation from 181.1 masl at MW6 in the southwest to 171.1 masl at MW1 in the
southeast. The Akron member of the Bertie Formation does not subcrop at MW5 near the Onondaga
Escarpment.

The thickness of the Akron member ranges from from 4.8 m at MW6 in the northeast to 2.0 m at MW10 in
the southeast.

Bertie Formation, Williamsville Member

The lower contact between the Akron member and the Williamsville member of the Bertie Formation is
gradational. The Williamsville member of the Bertie Formation consists of medium grey, fine to medium
grained dolostone with trace shale partings. The RQD is typically good to excellent.

The Williamsville member contact ranges in depth from 6.6 mbgs at MW6 to 12.9 mbgs at MW12. The
stratigraphic contact data from the Site boreholes suggest that the contact of the Williamsville member
dips to the east, ranging in elevation from 176.3 masl at MW6 in the southwest to 168.5 masl at MW1 in
the southeast. The Williamsville member of the Bertie Formation does not subcrop at MW5 near the
Onondaga Escarpment.

The thickness of the Williamsville member ranges from 2.8 m at MW9 in the west to 0.8 m at MW4 and
MW12 in the south.

Bertie Formation, Scajaguada Member

The lower contact between the Williamsville member and Scajaquada member of the Bertie Formation is
gradational. The Scajaquada member of the Bertie Formation consists of medium to dark grey, fine
grained dolostone. The Scajaquada member is thinly bedded with shaly laminations increasing with
depth. The RQD is typically fair to excellent.

The Scajaquada member contact ranges in depth from 8.1 mbgs at MW6 to 13.4 mbgs at MW4. The
stratigraphic contact data from the Site boreholes suggest that the contact of the Scajaquada member
dips to the east, ranging in elevation from 174.8 masl at MW6 in the southwest to 165.9 masl at MW1 in
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the southeast. The Scajaquada member of the Bertie Formation does not subcrop at MW5 near the
Onondaga Escarpment.

The thickness of the Scajaquada member ranges from 3.1 m at MW10 in the southwest to 0.8 m at MW12
in the south.

Bertie Formation, Falkirk Member

The lower contact between the Scajaquada member and Falkirk Member of the Bertie Formation is
typically distinct owing to the sharp colour change and the transition from thin to medium bedding. The
Falkirk member of the Bertie Formation consists of brown to grey, fine to medium grained, medium
bedded, weathered argillaceous dolostone with trace to some shaly laminations increasing with depth. In
some boreholes, the Oatka member makes a 1 m to 4 m appearance before transitioning back to the
Falkirk member near the lower contact of the Falkirk member and the Oatka member. The RQD is
typically fair to excellent.

The Falkirk member contact ranges in depth from 4.6 mbgs at MW5 to 17.0 mbgs at MW12. The
stratigraphic contact data from the Site boreholes suggest that the contact of the Falkirk dips to the east,
ranging in elevation from 172.5 masl at MW6 in the southwest to 163.6 masl at MW1 in the southeast.

The thickness of the Falkirk ranges from 7.4 m at MW4 in the south to 3.9 m at MW5 in the north.

Bertie Formation, Oatka Member

The lower contact between the Falkirk member and Oatka Member of the Bertie Formation is typically
distinct owing to the sharp colour and textural change. The Oatka member of the Bertie Formation
consists of fine grained, smooth, grey dolostone. The RQD ranges from very poor to excellent. The RQD
is poor where the Oatka member appears as ‘karst rubble’ near the crest of the Onondaga Escarpment at
MWS5 with void spaces up to several metres encountered during drilling.

The Oatka member contact ranges in depth from 8.6 mbgs at MW5 and MW9 to 23.2 mbgs at MW4. The
stratigraphic contact data from the Site boreholes suggest that the contact of the Falkirk dips to the south,
ranging in elevation from 169.3 masl at MW5 in the north to 161.4 masl at MW11 in the southeast.

The thickness of the Oatka member ranges from 2.1 m at MW4 in the south to 10.6 m at MW9 in the
north.

Salina Formation

The lower contact between the Oatka member of the Bertie Formation and the underlying Salina
Formation is distinct, characterised by the presence of abundant gypsum and shale interbeds. The
Salina Formation consists of a grey, fine crystalline dolomitic shale with interbedded to interlaminated
gypsum beds and nodules. The Salina Formation is locally vuggy and fractured. The RQD is typically
good to excellent, except at MWS5 in the ‘karst rubble zone’ at the crest of the Onondaga Escarpment.

The Salina Formation contact ranges in depth from 18.4 mbgs at MW6 to 26.1 mbgs at MW12. The
stratigraphic contact data from the Site boreholes suggest that the contact of the Salina Formation also
dips to the south, ranging in elevation from 164.5 masl at MW6 in the northwest to 153.8 masl at MW1 in
the southeast.

Stratigraphic Interpolation

Planar bedrock contacts were interpolated for the various units encountered. Additional details of the
interpolation may be found in Appendix H.
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2.4 HYDROGEOLOGY

2.4.1 REGIONAL GROUNDWATER SETTING

Regionally, a groundwater divide is inferred to roughly coincide with the surface water divide between
Lake Erie and the Welland River drainage basin (Gartner Lee Ltd, 1987). Groundwater is inferred to flow
to the north and south on either side of the divide. Two aquifer systems have been identified from the
water levels at the Site (GLL, 2005). A shallow, unconfined system (i.e., the shallow bedrock aquifer) was
identified within the Bois Blanc and Upper Bertie Formations. The upper Bertie Formation members,
particularly the Scajaquada member, likely act as an aquitard, confining the deeper bedrock units of the
Bertie Formation forming a deep aquifer. Nonetheless, based on recent observations from the Site
dataloggers, the deeper Bertie Formation bedrock units have been observed to respond rapidly to
precipitation events, with equally rapid dissipation.

Significant groundwater inflow from the Oatka member of the Bertie Formation through the floor of the
existing quarry is observed as open ice-free ponds throughout the winter. These may be associated with
observations of bubbling hydrogen sulphide gas.

Typically, groundwater quality in the area is poor with high hardness, iron and sulphur (hydrogen sulphide
and sulphates) in the water, which likely accounts for the number of residents who use cisterns for their
water supply. Shallow groundwater is often of better quality and highly productive, relatively shallow
bedrock supply wells are known to exist south and east of the Site.

2.4.2 LOCAL GROUNDWATER SETTING

The bedrock units relevant to this study have been divided into four hydrostratigraphic units as outlined in
the sections below, based on the regional groundwater setting interpretation above. Water level
hydrographs are included in Figures E-1 through E-15, Appendix E. Water level data from the GLL-
series of wells is available starting 2004 and the wells installed as part of this study have data starting
2018. As noted in Section 1.5.3, various methods were used to perform the hydraulic conductivity testing
at the Site. A complete description of the testing and results is provided in Appendix D. Hydraulic
conductivity ranges and important observations from the hydraulic testing program are discussed below.

24.2.1 SHALLOW BEDROCK AQUIFER

The shallow bedrock aquifer consists of the Bois Blanc Formation and upper Bertie Formation bedrock.
There are seven wells which are inferred to be completed into this hydrostratigraphic unit at the Site, as
listed in Table C-1, Appendix C.

Groundwater Elevations

Based on electronic water level monitoring, there appears to be a muted response to precipitation events
within the shallow bedrock aquifer, on the order of a maximum of 0.5 m. Minor seasonal fluctuations are
observed in the shallow bedrock aquifer wells. In general, the water levels increase in the spring
following snow melt and several large precipitation events. Typically, the lowest water levels observed in
the shallow bedrock aquifer are in the late summer / early autumn. Most of the wells exhibit seasonal
variation on the order of 1 m to 2 m between the spring and late summer.

Generally, the shallow bedrock wells show remarkably little response to dewatering at the existing Law
Quarry property. Nearby shallow supply wells, such as those along Young’s Road, show no evidence of
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guarry dewatering interference. A slight decline in water levels since 2008 at GLL-3 is observed, which is
likely due to the progression of the east quarry extension.

There are downward vertical hydraulic gradients present at the nested wells screened in the shallow
bedrock aquifer. Stronger downward vertical hydraulic gradients are observed west of the Site at MW9
and MW10, and east of the Site at MW11, as these wells are located farther from the existing dewatered
quarry. Weaker downward vertical hydraulic gradients are observed at MW1, which is located within the
inferred cone of depression from the existing quarry.

The average shallow bedrock aquifer water table elevation in April 2019 is shown in Figure 13. The
water level from GLL-4 has not been included in the figure, as the groundwater elevations have
historically been the highest on the Site. According to the borehole log for GLL-4, this well is screened
entirely in the Bois Blanc Formation limestone, whereas the other shallow bedrock aquifer wells are
screened between the Bois Blanc Formation limestone, the Springvale Sandstone and the Akron /
Williamsville members of the Bertie Formation bedrock. Groundwater flow in the shallow bedrock aquifer
is generally eastward to southeast in the vicinity of the Site. Historically, a groundwater divide existed
approximately 200 metres to the east of the excavation. The available data suggests a relatively small
cone of depression in the shallow aquifer due to existing quarry dewatering.

Hydraulic Properties

The packer test results completed during the advancement of selected deep boreholes suggest that the
shallow bedrock aquifer has a relatively high hydraulic conductivity but is perhaps not as conductive as
the deeper bedrock units. This is generally consistent with the packer testing completed as part of the
east quarry extension (GLL, 2005) and the Reeb Quarry license application (Azimuth Consulting
Engineers and Earthfx Inc., 2005 and 2008).

Slug tests were completed at the majority of the shallow bedrock aquifer wells to assess the horizontal
hydraulic conductivity in this unit, ranging between 2x106 cm/s to 3x10 cm/s, with a geometric mean of
5x10° cm/s. These test results are generally consistent with the range of published values for sound
limestone and dolostone bedrock.

During the long-term constant rate pumping test in early 2019, drawdown was not observed at any of the
shallow bedrock monitoring wells. This is consistent with observations from a long-term constant rate
pumping test completed on the pumping well as part of the east quarry extension licence application
(GLL, 2005). These observations support the interpretation of the upper Bertie Formation acting as a
confining layer. Although the pumping well is completed as an open hole across the Bois Blanc, Bertie
and Salina Formations, drawdown from the pumping test was only observed in the deeper bedrock units.

24.2.2 FALKIRK MEMBER

The Falkirk member hydrostratigraphic unit consists of the Falkirk member dolostone of the Berite
Formation. There are nine wells which are completed into this hydrostratigraphic unit at the Site, as listed
in Table C-1, Appendix C.

Groundwater Elevations

Although confined by the shaley Scajaquada member, the wells screened in the Falkirk member appear
to respond rapidly to precipitation events. This suggests that in some localized areas, the vertical
anisotropy of the confining unit may be high. Increasing water levels are generally observed during the
spring and decreasing water levels are observed in the late summer and autumn. Most of the wells
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exhibit seasonal variation on the order of 1 m to 2 m between the spring and late summer. A slight
decline in water levels since 2008 at GLL-11-I is observed, which is likely due to the progression of the
excavation to the east of the existing quarry.

The average Falkirk member potentiometric surface elevation in April 2019 is shown in Figure 14. The
contours show that drawdown effects from the existing quarry dewatering are more pronounced to the
west. This observation is also shown in the geological cross-sections in Figure 11. The water level at
GLL-8 (west of the existing quarry) is 4 m lower than the level at GLL-3 (east of the easting quarry),
attributed to anisotropy in the bedrock fracture network.

Vertical hydraulic gradients between the Falkirk member and Oatka / Salina contact interval are typically
weak at the nested wells located farthest from the existing quarry. Closer to the quarry, upward gradients
are observed at MW1-11/1ll, and Reeb Quarry nest OW6, due to the drawdown effects of the existing
guarry dewatering within the Falkirk member unit. At nest MW5 near the Onondaga Escarpment, there
are essentially no vertical gradients between these units, inferred to be the result of enhanced weathering
along the buried escarpment face.

Hydraulic Properties

The packer test results completed during the advancement of selected deep boreholes suggest that the
Falkirk member is among the most hydraulically conductive hydrostratigraphic units at the Site.

Single well response tests (Slug tests) were completed at the majority of the Falkirk member wells to
assess the horizontal hydraulic conductivity in this unit, ranging between 5x10-¢ cm/s to 1x102 cm/s, with
a geometric mean of 7x10° cm/s. These test results are generally consistent with the range of published
values for sound limestone and dolostone bedrock. A slug test was not completed at GLL-8 as the water
level was not able to be drawn down by a significant amount. This is an indication of a significantly high
hydraulic conductivity. It is also noted that the highest hydraulic conductivity within this unit was observed
at GLL-5 near the Onondaga Escarpment.

During the long-term constant rate pumping test in early 2019, drawdown was observed at Falkirk wells
MW10-111 (28 m west of pumping well), MW9-IIl (230 m north of pumping well) and MW12-IIl (365 m east
of pumping well). It is noted that there were no wells screened in the deeper bedrock units during the
previous long-term test completed by others in 2005. However, in the Reeb Quarry Addendum
Hydrogeological Investigation (Azimuth Environmental Consulting and Earthfx Inc., 2008), it is noted that
drawdown of up to 0.3 m was observed within the deeper bedrock units at several monitoring wells
situated closest to the pumping well.

A number of different analyses were completed on the pumping test results, as described in Appendix D.
The estimated transmissivity of the bulk aquifer is between 4 m?/day to 41 m?/day, which is similar to the
range of values estimated from the 2005 results, and similar to the published range of transmissivity in
sound limestone and dolostone bedrock. Based on a saturated thickness of approximately 23.4 m, the
estimated hydraulic conductivity range from the pumping test is similar to the geometric mean slug test
results for the Falkirk and Oatka members. The aquifer storativity is estimated to be approximately 8x10°
based on the results of the observation well distance-drawdown analysis, which is within the expected
range of values for sound bedrock.
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2.4.2.3 OATKA/SALINA CONTACT

The Oatka / Salina contact hydrostratigraphic unit consists of the Oatka member of the Bertie Formation
and the upper Salina Formation bedrock. There are eight wells which are completed into this
hydrostratigraphic unit at the Site, as listed in Table C-1, Appendix C.

Groundwater Elevations

The potentiometric surface in Oatka / Salina contact unit wells MW1-Il and MW4-II, located in close
proximity to the existing quarry, is generally steady and fluctuates gradually over the long term, which
suggests that these wells are influenced by the existing quarry dewatering. At the remaining Oatka /
Salina contact wells, seasonal fluctuations on the order of 3 m are typically observed, while responses to
precipitation events can be observed, typically on the order of 1 m. At nest MW6 (Figure E-5) and MW12
(Figure E-11), more significant responses to precipitation events are observed in the Oatka / Salina
contact wells compared to the Falkirk Member wells.

Average groundwater levels in the Oatka / Salina Contact wells in April 2019 are included on Figure 14;
however, the contours shown on Figure 14 are drawn using the Falkirk Member wells. The interpreted

groundwater flow direction within the Oatka / Salina contact wells is similar to the Falkirk Member wells

and a drawdown effect from the existing quarry dewatering is observed.

Vertical hydraulic gradients between the Oatka / Salina contact and Deep Salina units are weak at the
nested well locations.

Hydraulic Properties

The packer test results completed during the advancement of selected deep boreholes suggest that the
Oatka / Salina contact interval has a similar hydraulic conductivity compared to the Falkirk member.

Slug tests were completed at the majority of the Oatka / Salina contact wells. The horizontal hydraulic
conductivity is highly variable for this unit, ranging between 4x10-° cm/s and 1x10“ cm/s, with a geometric
mean of 1x10° cm/s. These test results are generally consistent with the range of published values for
sound limestone and dolostone bedrock. It is noted that at MW1-11 and MW4-I1I south of the existing
quarry, the water level did not return to pre-test static conditions even after a significant period of time,
which suggests that these wells may not have been developed sufficiently following drilling, and / or the
surrounding bedrock has a particularly low hydraulic conductivity. Conversely, at MW5-1I near the
Onondaga Escarpment, a slug test could not be completed as the water level could not be drawn down
by a significant amount. This suggests a particularly high hydraulic conductivity at this location.

During the long-term constant rate pumping test in early 2019, drawdown was observed at Oatka / Salina
contact wells MW10-II (28 m west of pumping well), MW9-11 (230 m north of pumping well) and MW12-1|
(365 m east of pumping well).

2.4.2.4 DEEP SALINA

There are three wells completed into the deep Salina hydrostratigraphic unit at the Site as listed in
Table C-1, Appendix C.

Groundwater Elevations

At deep Salina well MW1-I, located southeast of the existing quarry, groundwater levels show similar
fluctuations as the shallower Falkirk Member well; although weak downward gradients are observed
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between the bedrock units at this location. The Falkirk Member and Oatka / Salina contact bedrock at
this location is interpreted to be influenced by the existing quarry dewatering.

At deep Salina wells MW5-1 and MW10-I, groundwater level elevations mirror those at the shallower
bedrock units (Falkirk Member and Oatka / Salina contact).

Hydraulic Properties

The packer test results completed during the advancement of selected deep boreholes suggest that the
deep Salina has among the highest hydraulic conductivities at the Site.

Slug tests were completed at two of the three deep Salina wells. The horizontal hydraulic conductivity
ranges between 5x10-5 cm/s and 5x10- cm/s, with a geometric mean of 2x10-4 cm/s. These test results
are notably above the range of published values for shale bedrock, likely as a result of enhanced
weathering in this unit. Once again, a slug test could not be completed at MW5-I near the Onondaga
Escarpment as significant drawdown could not be achieved.

During the long-term constant rate pumping test in early 2019, drawdown was only observed at the
closest deep Salina well MW10-1 (28 m west of pumping well).

2.4.3 NIAGARA REGION SOURCE PROTECTION PLAN

As part of the enactment of the Ontario Clean Water Act (2006), Source Protection Plans (SPPs) were
developed to protect municipal drinking water sources for each region in southern Ontario. The results of
the technical studies undertaken as part of the SPP for Niagara Region are outlined in the Updated
Assessment Report (NPCA, 2013). In Niagara Region, there are no municipal drinking water sources
which are reliant on groundwater supply wells, and therefore, no Wellhead Protection Areas (WHPAS).
Instead, surface water sources are used for municipal supply. Intake Protection Zones (IPZs) have been
delineated for each drinking water source in the region to identify vulnerable areas, and potential drinking
water threats within each IPZ have been identified.

The closest municipal water treatment plant (WTP) to the Site is the Port Colborne WTP, with the intake
drawing water from the Welland Canal just downstream of the Bridge Street East crossing. Per Figure
8.2 of the Updated Assessment Report (NPCA, 2013), the associated IPZ covers portions of the City of
Port Colborne east of Steele Street and the mouth of the Welland Canal on Lake Erie. Both the proposed
quarry extension and the Eagle Marsh Drain (i.e., the proposed receiving watercourse for dewatering
discharge) are well outside of the Port Colborne WTP IPZ. Therefore, the proposed quarry extension
does not represent a potential threat to the municipal drinking water supply.

Highly vulnerable aquifers (HVAS) are designated for areas where an aquifer is relatively shallow and
there is minimal protection from the overburden. Per Figure 4.9 of the Updated Assessment Report
(NPCA, 2013), both the existing quarry and proposed extension are situated within an area designated as
an HVA. Aggregate operations are also considered a high vulnerability transport pathway which impacts
the HVA designation. As noted previously, there are no municipal groundwater supplies within Niagara
Region, but the proposed quarry does represent a potential drinking water threat to local groundwater
users. The recommendations in Section 4 of this report are specifically designed to mitigate potential
threats to private well drinking water quantity or quality, and include a comprehensive monitoring
program, a well interference complaint mechanism and Spills Contingency Program. Further discussion
is provided below.
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Significant groundwater recharge areas (SGRAS) are also considered vulnerable to drinking water
threats, and have been mapped for the region. Per Figure 4.12 of the Updated Assessment Report
(NPCA, 2013), both the existing quarry and proposed extension are not situated within an SGRA.

2.4.4 GROUNDWATER USE

2441 MECP WATER WELL RECORD SEARCH

A search of the MECP Water Well Record database was undertaken to identify well records located within
1 km of the site. The results of the search are shown on Figure 15 and summarized in Table B-1,
Appendix B.

A total of twenty-one (21) water well records plot within the search area. Of these well records,
seventeen (17) are reported as domestic supply, three (3) are reported as commercial supply and one (1)
is reported as public supply. Land parcels which are not associated with a well record may use cisterns
or dug wells for supply or have a drilled well with no record. Based on a detailed review of each water
well record, including the drillers sketch included on the original well log, there are no water well records
that were interpreted to be plotted incorrectly.

The identified public well is mapped within the Site boundary (Lot 7, Concession 2) and the record (record
no. 6602174) indicates that the well was drilled in 1963 for the Ontario Department of Highways for a
proposed patrol yard. This property is currently vacant and there are no available records which indicate
that a patrol yard was ever constructed on the property. The status of this well is unknown. It is noted
that there are no municipal groundwater supply systems servicing Niagara Region; all of the municipally
serviced areas obtain drinking water from Lake Ontario or Lake Erie.

Of the twenty-one (21) wells which plot within the search area, twenty (20) wells are reportedly installed in
the bedrock and one (1) well was terminated in the overburden. The overburden well (record no.
6604076) is located near the western limit of the search area, near the Onondaga Escarpment. Fresh
water was reported in twelve (12) wells, sulphur water was reported in eight (8) wells and mineralized
water was reported in one (1) well. Where recommended pumping rates are provided on the records,
which range between 2 Imperial gallons per minute (Igpm) and 10 Igpm, with a median value of 3.5 Igpm
(16 L/min).

2442 WATER WELL SURVEY

A water well survey was undertaken in 2018 / 2019 in accordance with MECP technical guidance (MECP,
2008). The survey responses are summarized in Table B-2, Appendix B, and depicted graphically in
Figure 15. The survey results are summarized below:

= Attempts were made to deliver surveys to a total of the 62 parcels that were identified within a 1 km
buffer area of the Site. This total does not include other lands owned by the proponent, Waterford.
Six of the parcels either did not have a mailbox, were inaccessible, or vacant; as such, these parcels
were not surveyed.

= Of the 56 remaining properties, a total of 15 surveys were either filled out in person during the door-
to-door survey or were completed by the homeowner and mailed to WSP at a later date.

=>» The initial door-to-door surveys were conducted in June 2018. At least two attempts at contact were
made: once during daytime hours, and a follow-up attempt during evening hours, where no response
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was received during the first attempt. In most cases, a third attempt was made during evening hours
when no response was received during the first and second attempts.

= Many of the surveyed property owners use a cistern for their primary water supply, or in addition to a
well for their water supply. Of the surveyed property owners, 3 wells were used for domestic
purposes, 1 well was used for lawn and / or garden watering / irrigation, 2 wells were used for
livestock and gardening, and 6 wells were not in use. One (1) surveyed property owner used a spring
associated with the former quarries as their sole water supply, and 8 property owners used a cistern
as their sole water supply.

2443 PERMITS-TO-TAKE-WATER

A search of the MECP Permit-to-Take-Water (PTTW) database was undertaken as part of the current
study to identify permitted groundwater users within the study area.

A total of five (5) active PTTWSs are mapped within a 2 km radius of the Site, summarized as follows:

Groundwater Takings

PTTW no. 1541-B2DLQF (Law Quarry, Waterford Sand & Gravel Ltd.) authorizes groundwater takings for
construction dewatering up to a maximum rate of 20,190,000 litres/day (approximately 234 L/s).

PTTW no. 3156-BHI9L8H (Reeb Quarry, QBJR Aggregates Inc.) authorizes groundwater takings up to a
maximum rate of 10,080,000 litres/day (approximately 117 L/s) for construction dewatering and 5,400,000
litres/day (62.5 L/s) for aggregate washing.

PTTW no. 7885-8JSLJM (Scholfield Avenue pumping station, The Corporation of the City of Port
Colborne) authorizes groundwater takings for dewatering purposes up to a maximum rate of 8,176,492
litres/day (95 L/s). The dewatering system is in place to limit groundwater infiltration to the City of Port
Colborne sewer system. An FOI request was submitted to the MECP for all data submitted to the Water
Taking Reporting System (WTRS) for the active and previous PTTW for the pumping station. A
representative autumn flow volume of approximately 1,950 m3/day was estimated for baseline conditions.
A sump elevation of 171.7 masl was assumed.

Surface Water and Groundwater Takings

PTTW no. 3541-AHPSYC (Port Colborne Golf Club Inc.) authorizes groundwater takings for golf course
irrigation up to a maximum rate of 982,000 litres/day (11 L/s), and surface water takings from Lake Erie of
943,000 litres/day (11 L/s).

Surface Water Takings

PTTW no. 2351-BBXM8S (Port Colborne Water Treatment Plant, The Regional Municipality of Niagara)
authorizes surface water takings for municipal water supply purposes from the Welland Canal up to a
maximum rate of 45,460,000 litres/day (526 L/s).

Of note, the Townline Tunnel dewatering sump, situated on the Welland Canal approximately 8 km
northeast of the Site, is operated by the St. Lawrence Seaway Management Corporation (SLSMC), a
federal agency. No PTTW is in place for its operation. Based on previous studies (Farvolden and Nunan,
1970 and Frind, 1970), this dewatering is known to have a significant impact on the regional groundwater
flow directions within the weathered Salina Formation bedrock. An inquiry was made by WSP to the local
SLSMC in St. Catharines for any monitoring data that may have been recorded over its operational
history as part of this study. Flow rates and groundwater elevations at a number of monitoring wells
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localized around the dewatering sump are reportedly recorded. However, recent flow data were not
provided, and only limited elevation data were provided for the sump monitoring wells. A “county wide”
water well monitoring program is reportedly also undertaken at selected private domestic supply wells;
however, these data were not provided.

The SLSMC did provide a number of historical engineering reports indicating a sump elevation of
approximately 152.6 masl, with groundwater flow to the dewatering sump averaging between

930 US gallons per minute (gpm) to 1,020 US gpm (5,000 m3/day to 5,600 m3/day). This dewatering was
included in the numerical groundwater modeling analysis (refer to Appendix H).

2.5 WATER QUALITY

This section summarizes the baseline water quality for the Site. Original laboratory certificates of analysis
are not included in this report, but have been kept on file and are available electronically upon request.

2.5.1 GROUNDWATER

Available groundwater chemical results from samples collected from pumping well PW during the 2019
pumping test and by others during the Reeb Quarry Hydrogeological Investigation between 2004 and
2007 are presented in Table F-1, Appendix F. In addition to the results provided in Table F-1, BTEX
volatile organic compounds (VOCs) were analyzed in the 2019 sample collected from the PW and the
results were below the laboratory detection limit for each parameter. The groundwater relative ion ratios
from the available results are plotted on the trilinear diagram included as Figure 16.

The results of the baseline monitoring program at the Site indicate that the groundwater within each
hydrostratigraphic unit is typically hard with a neutral pH. Mineralization of the groundwater generally
increases with depth, as evidenced by the elevated concentrations of total dissolved solids (TDS), major
ions and conductivity in the Salina Formation relative to the Bertie Formation bedrock.

Exceedances of the Ontario Drinking Water Quality Standards (ODWQS) are shown in Table F-1,
Appendix F. Groundwater quality in the pumping well PW discharge generally met the ODWQS, with the
exception of aesthetic objective exceedances of sulphide and sulphate. The discharge from the pumping
well during the pumping test was observed to be clear and colourless. A sulphur odour was noted during
the sample collection. The baseline groundwater quality results at Reeb Quarry nest OW6 indicate that
non-health related ODWQS exceedances of hardness and iron commonly occur within the Bertie
Formation, while concentrations of turbidity, chloride, manganese and sulphate occasionally exceed the
ODWGQS. In addition, there were two (2) ODWQS exceedances of health-related parameters in the Bertie
Formation bedrock wells: (i) the fluoride concentration marginally exceeded the ODWQS on one occasion
in the Falkirk member, and (ii) the lead concentration exceeded the ODWQS on one occasion in the
Falkirk member. Similar exceedances occurred within the Reeb Quarry Salina Formation well

OWe6-IV. The ODWQS exceedances are inferred to be related to ambient conditions within the deeper
bedrock units, or the result of existing anthropogenic sources (i.e., agricultural activity, septic systems,
etc.).

The baseline groundwater relative ion ratio ranges are illustrated on the trilinear diagram, Figure 16. The
anion chemical results are plotted on the lower right triangular graph, while the cation chemical results are
plotted on the lower left triangular graph. The anion and cation results are combined on the diamond
shaped graph in the centre. Water with similar chemical signatures will plot together on the trilinear
diagram.
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The trilinear diagram presents the results of the 2004 to 2007 groundwater samples collected from Reeb
Quarry nest OW6 as ranges. The shallow bedrock aquifer range generally has no dominate anion or
cation, or is chloride-enriched. The deeper bedrock units are typically calcium and sulphate-enriched. As
shown on the diamond shaped graph in the centre, groundwater quality from the deeper bedrock units
plots higher than the shallow bedrock aquifer, indicating that the shallow bedrock aquifer is fresher and
less mineralized and the deeper bedrock groundwater has a distinct sulphate influence.

2.5.2 PRIVATE SUPPLY WELLS

A groundwater quality sample of one (1) private supply well was collected during the 2019 pumping test.
The private well is located at 20808 Graybiel Road, adjacent to the west of the Site. The groundwater
chemical results for the private well sample are included in Table F-1, Appendix F.

The chemical results for 20808 Graybiel Road were similar to the results at Reeb Quarry nest OW6 and
the pumping well PW discharge. Concentrations of TOC, turbidity, iron, manganese, sulphide and
sulphate exceeded the ODWQS. The property owner indicated that this well is currently used for
livestock and gardening.

2.5.3 SURFACE WATER

Surface water chemical results from samples collected as part of the surface water monitoring program
between 2018 and 2019 are presented in Table G-1, Appendix G. The surface water relative ion ratios
from October 2019 are plotted on the trilinear diagram included as Figure 16.

On-going monitoring of ambient surface water quality in the Eagle Marsh Drain subwatershed has been
completed by the NPCA. Results from the surface water quality stations operated by the NPCA suggest
surface water conditions display anthropogenic impacts. The main contaminants of concern are total
phosphorus, E.coli, suspended solids and chloride, originating from sources including agricultural and
rural run-off and mineralized quarry dewatering.

The results of the surface water monitoring program at the Site indicate that the baseline ambient surface
water quality is generally in poor condition either as a result of natural conditions or other anthropogenic
sources unrelated to the existing quarry, consistent with the characterization of the regional surface water
conditions included in the NPCA Source Protection report.

Provincial Water Quality Objectives (PWQO) exceedances are shown in Table G-1, Appendix G. At the
Site, concentrations of total phosphorus and iron typically exceed the PWQO at all stations. Boron
typically exceeds the PWQO at SW2 and SW3, as a result of the existing quarry discharge to Eagle
Marsh Drain. It is noted, however, that both the existing quarry discharge and downstream boron
concentrations are below the long-term Canadian Environmental Quality Guideline (CEQG) for protection
of aquatic life (1.5 mg/L). Un-dissociated hydrogen sulphide regularly exceeds the PWQO. In the case
of un-dissociated hydrogen sulphide, total phosphorus and iron, the existing quarry discharge reduces the
concentrations of these parameters in the downstream surface water quality, meeting the PWQO Policy 2
objective.

As shown in Figure 16, the ion ratio for the background surface water at the Site appears to be a mixture
of meteoric and shallow bedrock-influenced waters and is slightly calcium-enriched with no dominant
anion. The ion ratio for the sample collected from the existing quarry sump is calcium and sulphate
enriched and plots within the range of the deep bedrock (Salina Member) on the combined graph. This
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suggests that most of the groundwater entering the existing quarry sump originates from within the
deeper bedrock units, which is consistent with field observations.

2.6 WATER BUDGET

To estimate the water budget, temperature and precipitation data from the Port Colborne climatological
station operated by Environment Canada were used. The 30-year climate normal and yearly water
budget data for 2011 through 2019 are included in Appendix I.

As shown in Table I-1, Appendix I, the 30-year climate normal (1981-2010) for total annual precipitation
for the study area is 984 mm. Using the Thornthwaite Mather methodology, the estimated annual
evapotranspiration is 680 mm, yielding an average water surplus of 427 mm/year available for surface
water runoff and recharge to the groundwater system. As shown in Tables I-2 through 1-10, Appendix |,
the average annual precipitation averaged 887 mm between 2011 and 2019, below the 30-year climate
normal. Notable dry years include 2012 (780 mm), 2014 (784 mm), 2015 (762 mm) and 2016 (529 mm),
while 2013 (1,178 mm) was notably wetter than normal.
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3 IMPACT ASSESSMENT

The numerical groundwater modeling results completed for this study (included in Appendix H) were
used as a basis for quantifying the effects of the proposed quarry extension on local groundwater users
and surface water features.

The study area baseline conditions were simulated using a steady-state numerical groundwater flow
model calibrated to observed conditions from the baseline monitoring program. The simulated
groundwater flow conditions in the calibrated baseline model are a reasonable representation of observed
conditions, and the model is considered sufficiently robust such that predictive model simulations for full
qguarry development and final rehabilitation can be interpreted with confidence.

The calibrated baseline model is the most representative simulation of the existing conditions within the
study area using the data currently available. In the future, the model could be modified to better
represent observed conditions as new information becomes available.

The impact assessment outlined below considers the effects of the proposed quarry under full
development conditions as well as final rehabilitation to a lake with islands. Cumulative impacts including
the licenced Reeb Quarry are also considered.

3.1 FULL DEVELOPMENT CONDITIONS

3.1.1 GROUNDWATER CONDITIONS

3.1.1.1 PREDICTED RADIUS OF INFLUENCE

As noted previously, numerical groundwater modeling was completed to simulate the drawdown within
the shallow bedrock aquifer and deeper bedrock units as a result of the proposed quarry extension
dewatering. For full details of the modeling, refer to Appendix H. The modeling suggests minimal impact
to the shallow bedrock aquifer; as such, only the contours for the deeper bedrock units are shown in
Figure 17. A drawdown of less than 1 m is generally not distinguishable from seasonal fluctuations in the
potentiometric surfaces; therefore, a minimum drawdown of 1 m was used to produce the contours.

A drawdown of up to approximately 4 m relative to baseline water levels in the deeper bedrock units is
predicted for a small number of parcels adjacent to the southwest of the proposed extension lands. The
radius of influence (i.e., 1 m drawdown contour) in the deeper bedrock units extends to the west and
south by approximately 1,000 m and 800 m, respectively.

At full quarry development, the stage elevation in the Quarry Lakes ponds is predicted to be reduced by
approximately 0.6 m relative to baseline conditions, with 13% of the decrease due to the previously
licensed portions of the existing quarry. Discharge from the Quarry Lakes sump is also predicted to
decrease. Atthe Cement Plant Ponds, no impacts from the proposed quarry extension are predicted.
Finally, discharge from the Scholfield Avenue pumping station is predicted to decrease by 16% compared
to baseline conditions; however, the majority of the decrease is again due to the previously licensed
portions of the existing quarry. These impacts are relatively small and will likely be obscured by short-
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term seasonal and longer-term climatic fluctuations in the ambient groundwater system conditions.
Dewatering operations at the Townline Tunnel are not predicted to be impacted by a substantial amount.

An analysis of the water balance under full development conditions for both the Site and Biederman Drain
subwatershed is provided in Section H.7.2, Appendix H. In summary, the full development Site water
balance indicates that the predicted annual dewatering rate at full development of the Site is
approximately 1,467 m3/day for the proposed quarry extension, in addition to 4,400 m3/day for the existing
licensed portion of the quarry. In total, the predicted quarry sump discharge under average autumn
climatic conditions is approximately 2.1 Mm3/year, which represents a 35% increase over baseline
simulated conditions. The total inflow from recharge also increases due to the removal of the overburden
within the proposed limit of extraction. However, the increase in total inflow from recharge exceeds the
total outflow due to dewatering. As a result, the net lateral groundwater flow switches from marginally net
outward flow under baseline conditions to a net inward flow at full quarry development, and accounts for
approximately 74% of the predicted annual dewatering rate.

It is noted that all water that collects within the proposed extension footprint will be directed to the existing
guarry sump via an internal drainage network. The sump discharge will continue to be directed to Eagle
Marsh Drain; therefore, the Biederman Drain subwatershed area will decrease slightly to approximately
17.6 km2. The water balance was completed for the reconfigured subwatershed area. At the
subwatershed scale, there is a net increase of approximately 6% in the lateral groundwater outflow
compared to baseline conditions. However, groundwater / surface water interaction within the Wainfleet
Bog largely remains the same as baseline conditions. Finally, groundwater discharge as baseflow to the
Biederman Drain is predicted to be reduced by approximately 2 mm/year (averaged over the
subwatershed area). However, it is noted that even under baseline conditions, groundwater flux to the
Biederman Drain is minimal, which is not unexpected given the thick low permeability underlying clay
soils. As such, the ecological function of the Biederman Drain is not anticipated to be impacted at full
development of the proposed quarry extension.

3.1.1.2 GROUNDWATER QUALITY

No adverse groundwater quality impacts are predicted as a result of the proposed quarry extension.
Chemicals or nutrients are not used during normal quarry operations. Limited quantities of fuel and
petroleum products will be used on Site as part of the resource extraction. A spill action plan for these
substances is included in the mitigation plan, further discussion is provided below.

3.1.1.3 GROUNDWATER USE

The predicted radius of influence extends over most of the area included in the water well survey.
However, drawdown is only predicted for the deeper bedrock units; minimal drawdown is predicted for the
shallow bedrock aquifer. Based on a review of the 21 MECP water well records within the search area
(included in Appendix B), the wells are completed to an average depth of 17 m into bedrock. At well
nests MW6 (northwest of Site), MW10 (southwest of Site) and MW12 (south of Site), the depth to the
Salina Formation contact ranges between 19 m to 26 m below the top of bedrock. Therefore, where they
exist and are still in use, most private water wells present within the study area are inferred to be
hydraulically connected to the deeper bedrock units, although as open holes, they would also be open to
the shallow bedrock aquifer.

Using the static water levels provided on the well records, these wells have an average of approximately
11 m of available drawdown. Since the predicted drawdown from the proposed quarry is a maximum of
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4 m below baseline conditions with decreasing impacts with increasing distance, local water well
interference is not expected. Nonetheless, a well interference mitigation plan has been recommended,
further details are provided in Section 4.2 below.

3.1.2 SURFACE WATER CONDITIONS

3.1.2.1 SURFACE WATER FLOW

As noted previously, there is a predicted marginal decrease of groundwater discharge as baseflow to the
Biederman Drain; however, under baseline conditions, groundwater flux to the drain is minimal.

The quarry discharge to the Eagle Marsh Drain is predicted to increase by 35% over baseline conditions.
During autumn conditions, discharge is predicted to average approximately 5,700 m3/day

(2.1 Mm3/year). This annual value is notably higher than other local quarries of similar size. This higher
rate is attributed to the inflow of deep bedrock groundwater. Baseline sump discharge data since 2012
indicates that discharge during spring conditions is nearly double the rate of autumn conditions, estimated
to be approximately 8,000 m3/day. A 35% increase in the baseline spring conditions discharge rate is
calculated as 10,800 m3/day.

During previous license applications, the NPCA has expressed concern over the increase in flow in the
Eagle Marsh Drain from quarry dewatering discharge. An evaluation of the flow capacity of the Eagle
Marsh Drain was completed as part of the Reeb Quarry licence application (CCTA, 2008). The
conveyance capacity of the drain was determined to be approximately 2.1 m3/s (180,000 m3/day) at its
limiting point. The predicted full development spring conditions discharge from the future Law Quarry
represents approximately 6% of the drain capacity.

3.1.2.2 SURFACE WATER QUALITY

As noted in Section 2.5.3, concentrations of total phosphorus and iron consistently exceed the PWQO in
the background Eagle Marsh Drain surface water under baseline conditions. Concentrations of
un-dissociated hydrogen sulphide also occasionally exceed the PWQO at background station SW1. As
such, Eagle Marsh Drain is considered a Policy 2 receiver for these parameters under the PWQO, where

“Water quality which presently does not meet the Provincial Water Quality Objectives shall
not be degraded further and all practical measures shall be taken to upgrade the water
quality to the Objectives.”

Runoff and groundwater infiltration collecting in the proposed quarry extension will be directed to the
existing quarry sump where it is discharged to Eagle Marsh Drain. Samples collected from station SW2
indicate that, in addition to the Policy 2 parameters noted above, boron concentrations also regularly
exceed the PWQO in the existing quarry discharge.

A comparison of the baseline background and downstream surface water quality in Eagle Marsh Drain
and the existing quarry sump discharge for selected parameters noted above and field measured
temperature is provided in the table below.

On average, the temperature of the existing quarry discharge is about 1°C warmer than the temperature
of the background surface water within Eagle Marsh Drain. As a result, the downstream surface water
temperature increases by an average of less than 0.5°C. This effect is considered marginal and is not
predicted to negatively impact the ecological function of Eagle Marsh Drain.
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Baseline Median Concentrations
Parameter PWQO Existing Quarry Eagle Marsh Drain
Discharge
(Station SW2) Background Downstream
(Station SW1) (Station SW3)

Temperature (°C) - 10.9 9.8 10.2
L ESTEEIEE e 0.002 0.0008 0.002 0.0009
Sulphide
Total Phosphorus 0.03 0.01 0.30 0.039
Boron 0.2 0.57 0.03 0.50
Iron 0.3 0.20 0.96 0.325

Notes: Concentrations in mg/L unless otherwise noted

PWQO - Provincial Water Quality Objectives (MECP 1994 and updates)
Shaded values exceed the PWQO.

As noted previously, in the case of un-dissociated hydrogen sulphide, total phosphorus and iron, the
existing quarry discharge reduces the concentrations of these parameters in the downstream surface
water quality, meeting the PWQO Policy 2 objective. The baseline median concentration of boron in the
existing quarry discharge and at downstream station SW3 is greater than the median background
concentration in Eagle Marsh Drain and the PWQO. However, it is noted that both the quarry discharge
and downstream boron concentrations are below the long-term Canadian Environmental Quality
Guideline (CEQG) for protection of aquatic life (1.5 mg/L). Based on these observations, there are no
negative impacts predicted for the ecological function of Eagle Marsh Drain. In most cases, the existing
quarry discharge improves the surface water quality in the drain. This effect is predicted to continue with
the development of the proposed quarry extension.

Discharge water quality is not expected to change from the current and long-standing conditions. The
ecological function of the drain has developed over nearly 100 years of receiving groundwater and
accumulated precipitation as discharge from the site.

3.1.2.3 SURFACE WATER USE

A search of all current permitted surface water users in the study area has been completed, as outlined in
Section 2.4.4.3. None of the active surface water PTTWSs in the study area utilize the Eagle Marsh Drain
for their source of takings and there are no other known users of the surface water in the drain.
Therefore, impacts to surface water users are not expected.

3.2 FINAL REHABILITATION CONDITIONS

Once the quarry excavation is complete, the dewatering will cease, and the excavation will be allowed to
fill naturally with precipitation and groundwater discharge. As such, the proposed end use of the quarry is
a lake with islands.
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Numerical groundwater modeling was completed to predict the long-term steady-state effects of the
proposed end use. The full development model was adapted to simulate the final rehabilitation of the Site
to a lake. The internal islands were not included in the simulation as they will not have an impact outside
of the lake.

A steady-state autumn average stage elevation of approximately 174.4 masl is predicted for the final
quarry lake. This is similar to the stage elevation of £ 175 masl shown in the east extension
Rehabilitation Plan (Law Quarry Extension, Figure 3 of 4, Licence No. 607541, MHBC Planning, Revised
June 2006).

The lowest natural ground surface elevation around the perimeter of the existing quarry is situated within
the southeastern portion of the east extension lands, with an elevation of approximately 178 masl. As
such, it is predicted that there will be no discharge from the future quarry lake to surface water drainage
features under natural climatic conditions. This is consistent with the Site Plans for both the original
quarry and east extension which indicated no discharge points.

At final rehabilitation, the steady-state autumn average stage elevation in the Quarry Lakes ponds is
predicted to increase by 0.2 m relative to baseline conditions, and discharge from the sump is predicted
to average approximately 2,350 m3/day (0.9 Mm?3/year). This is a notable increase from the average
discharge rate under baseline conditions, estimated as 80 m3/day. The autumn average stage elevation
in the Cement Plant Ponds south pond is predicted to increase by 1 m relative to baseline conditions.
Finally, the steady-state autumn discharge from the Scholfield Avenue pumping station is predicted to
average approximately 2,750 m3/day (1.0 Mm3/year), which represents an increase of about 40%
compared to baseline conditions. Similar to full development conditions, the Townline Tunnel dewatering
system is not predicted to be substantially impacted upon final rehabilitation of the quarry to a lake.

3.2.1 GROUNDWATER CONDITIONS

At final rehabilitation, about 75% of the total inflow to the Site originates as recharge. After the steady-
state stage lake elevation is reached, net groundwater flow will be outwards to the surrounding aquifer,
similar to baseline conditions. However, the rate of outward groundwater flow doubles relative to baseline
conditions. It is expected that once final rehabilitation is achieved, the operation of private wells in the
vicinity of the Site will return to similar to or higher than baseline conditions (where the existing quarry
sump was in operation).

Similar to full development conditions, no adverse groundwater quality impacts are predicted under final
rehabilitation conditions.

3.2.2 SURFACE WATER CONDITIONS

After rehabilitation to the final lake, the total inflow from recharge in the Biederman Drain subwatershed
decreases by approximately 22% due to the permanent removal of bedrock outcrops (i.e., a high
groundwater recharge area) within the proposed quarry extension footprint. Much of the remaining
subwatershed area is underlain by low permeability glaciolacustrine clays, which results in a lower
average groundwater recharge estimated for rehabilitation conditions. However, this is not predicted to
have a substantial impact on the ecological function of Biederman Drain since there is little groundwater
influx to the drain. The very limited recharge from the Wainfleet Bog deposits to the deep groundwater
system notably decreases by approximately 38% below baseline conditions as the pressure differential
decreases due to the cessation of the quarry sump pumping. Predicted groundwater discharge as
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baseflow to Biederman Drain, which is currently low, remains reduced at final rehabilitation, although at
the watershed scale, this represents a reduction of 2 mm/year.

3.3 CUMULATIVE ASSESSMENT

As noted in Appendix H, known permitted groundwater users are included in the calibrated baseline, full
development and final rehabilitation models to assess the cumulative impacts from the proposed quarry
extension and existing permitted groundwater users.

Non-permitted groundwater users of significance include private domestic well users, and wells used for
livestock watering or crop irrigation. In other parts of Niagara Region, the estimated annual demand from
these non-permitted groundwater users is less than 1 mm/year. As such, the cumulative impact from
these additional takings is interpreted to be negligible.

The Reeb Quarry, situated southeast of the proposed quarry extension, is licensed for extraction;
however, excavation has not yet commenced. As part of this study, an additional future scenario model
was created to simulate the impacts of both the proposed quarry extension and the Reeb Quarry at full
development and final rehabilitation.

In the Addendum Hydrogeological Assessment (Azimuth Environmental Consulting and Earthfx Inc.,
2008), it is noted that the Reeb Quarry will be developed in 2 phases. Phase 1 is west of Bessey Road,
and phase 2 is east of Bessey Road. Once phase 1 extraction has been completed, the water
management plan for the site allows discharge water collected in phase 2 to accumulate in phase 1, with
a stage elevation to be maintained at 174 masl. The purpose of the phase 1 pond is to mitigate potential
groundwater impacts to the west of the quarry. It is expected that impact from both quarries would be
greatest when the Law Quarry extension is fully completed and the Reeb Quarry phase 1 excavation is
completed and not yet inundated. Therefore, this scenario was chosen to provide a conservative estimate
for the cumulative impact assessment including the effects of Reeb Quarry under full development
conditions.

For the final rehabilitation cumulative assessment, it is assumed that both phases of the Reeb Quarry are
excavated and inundated to form final quarry lakes. In the Addendum Hydrogeological Assessment
(Azimuth Environmental Consulting and Earthfx, 2008), it is noted that an outlet to the Eagle Marsh Drain
would be situated on the east side of the phase 2 pond with a control elevation at 175.5 masl.

3.3.1 FULL QUARRY DEVELOPMENT

In the shallow bedrock aquifer, predicted drawdown of up to 3 m occurs to the south of Reeb phase 1
covering mostly vacant conservation lands. The 2 m drawdown contour covers the western portion of the
community of Camelot Beach on the Lake Erie north shore. The radius of influence (i.e., 1 m drawdown
contour) extends to Golf Club Road in the west, Cement Road in the east and south to the Lake Erie
shoreline. Itis inferred that the drawdown within the shallow bedrock aquifer is the result of dewatering of
the Reeb Quarry, as the full development model for the proposed Law Quarry extension showed no
drawdown in this unit. The drawdown contours also suggest that the Quarry Lakes pond could be subject
to a decrease of up to 3 m for autumn average conditions, while the Cement Plant Ponds could be
subject to a decrease of up to 0.6 m compared to baseline conditions. In the Reeb Quarry Addendum
Hydrogeological investigation report (Azimuth Environmental Consulting and Earthfx Inc., 2008), it was
stated that development of Reeb phase 1 would cause no impacts to water levels in either of these
features.
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In the deeper bedrock units, a drawdown of up to 10 m relative to baseline water levels is predicted
immediately adjacent to Reeb phase 1. The 1 m drawdown cone covers roughly the same extent as that
of the shallow bedrock aquifer, with the addition of the drawdown to the west of the proposed extension.

In this scenario, it is predicted that the average annual dewatering rate for Reeb phase 1 is approximately
2.7 Mm3/year (7,400 m3/day) under autumn conditions. It is expected that the daily dewatering rate will
be higher during the spring freshet. In the Reeb Quarry Addendum Hydrogeological investigation report
(Azimuth Environmental Consulting and Earthfx Inc., 2008), the full development dewatering rate for
Reeb phase 1 was simulated as approximately 1.1 Mm3/year (3,000 m3/day).

It is also predicted that the average annual dewatering rate for the fully developed Law Quarry will
decrease by nearly 80% relative to the scenario without considering Reeb phase 1 cumulative effects.
When Reeb phase 1 is fully developed, an average annual dewatering rate of approximately

0.5 Mm3/year (1,250 m3/day) at Law Quarry could be expected for autumn conditions. It was
acknowledged in the Reeb Quarry Addendum Hydrogeological investigation that because the Reeb
Quarry is situated down dip relative to Law Quarry, the drawdown was expected to be of increased
magnitude. However, it was predicted that the excavation of Reeb phase 1 would only reduce the Law
Quarry dewatering rate by approximately 30%. Based on these observations, the discharge to Eagle
Marsh Drain from the Law Quarry would be substantially reduced when the Reeb Quarry is developed.

Finally, when cumulative effects of the proposed quarry extension and Reeb phase 1 are considered, the
average autumn sump discharge from the Scholfield Avenue pumping station and Townline Tunnel
dewatering sump will decrease by approximately 45% and 2%, respectively, relative to baseline
conditions. Both the proposed quarry extension and Reeb phase 1 appear to have minimal impact on
pumping at the Townline Tunnel; however, the reduction in pumping at the Scholfield Avenue pumping
station is predicted to be significant. Since the pumping station is in place to reduce groundwater
infiltration to the City of Port Colborne sewer system and local basement sumps, neither the proposed
guarry extension nor Reeb phase 1 will negatively impact its operation.

The cumulative assessment water balance for Biederman Drain subwatershed indicates that when both
the proposed quarry extension and Reeb phase 1 are fully developed, the water balance components
remain similar to the scenario with full development only at the proposed Law Quarry extension.

3.3.2 FINAL REHABILITATION

At Law Quarry, the cumulative rehabilitated conditions model predicts a steady-state autumn average
stage elevation of 174.1 masl with the presence of the Reeb Quarry final lakes to the south. This is a
decrease of 0.3 m in comparison to the rehabilitated conditions model simulating only the Law Quarry.
The predicted steady-state autumn average stage elevation in the Reeb Quarry final lakes is predicted to
be approximately 173.5 masl. This estimate is 2.5 m to 3.5 m lower than the predictions from the
Addendum Hydrogeological Assessment. At this lower elevation, flow from the lakes to Eagle Marsh
Drain would not occur in the autumn under normal climatic conditions.

In the cumulative scenario for rehabilitated conditions, the steady-state autumn average stage elevation
in the Quarry Lakes ponds is predicted to increase by less than 0.1 m relative to the rehabilitated scenario
where only Law Quarry is simulated. Likewise, the steady-state average autumn discharge from the
sump is predicted to increase to 2,800 m¥/day (1.0 Mm?/year), a nearly 20% increase relative to
rehabilitation conditions considering Law Quarry only. The autumn average stage elevation in the
Cement Plant Ponds south pond is predicted to decrease by 0.2 m, and steady-state autumn discharge
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from the Scholfield Avenue pumping station is predicted to decrease slightly to 2,600 m3/day (0.95
Mm?/year).

The cumulative assessment Biederman Drain subwatershed water balance for rehabilitated conditions is
not substantially different from when only the Law Quarry rehabilitated conditions are simulated.
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4 MITIGATION

To mitigate the impacts of the proposed quarry extension, the following measures are proposed:

=» Maintain the current well network and continue the monitoring program to confirm predicted effects of
the proposed quarry extension dewatering on the groundwater system and on surface water
features;

= Implement a water management plan to manage groundwater discharge and runoff within the
proposed quarry extension;

= Implement a well interference mitigation plan for local groundwater users in the event that wells are
impacted by the proposed quarry extension dewatering;

= Once operations have begun, implement a spill action plan at the Site; and

= Provide the local community with contact information for reporting any water well interference
complaints to Waterford / MECP.

4.1 PROPOSED MONITORING PROGRAM

The purpose of the proposed monitoring program is to:

= Monitor groundwater and surface water resources during the operational phase of the proposed
guarry and compare to baseline conditions;

= Maintain a record of daily water takings from the proposed quarry sump;
= Resolve potential water well interference claims with local groundwater users; and

= Provide documentation of the monitoring and assessment results, and provide recommendations for
operational or monitoring improvements if necessary.

The proposed monitoring program is summarized on Table 1. The monitoring locations are shown on
Figure 18. It is noted that well nest MW4 and monitoring wells GLL-7 and GLL-8 are within the proposed
quarry extension limit of extraction. These monitoring locations have been included in the proposed
monitoring program, but will eventually need to be decommissioned as the quarry excavation proceeds.
Also, monitoring wells located around the perimeter of the Site may need to be retrofitted with extended
riser pipes as the perimeter berms are constructed.

Additional private supply wells may be incorporated to the monitoring program over time. PTTW
applications / renewals typically require an updated water well survey to be completed. It is expected that
over time, additional water well users within the study area may opt in to the ongoing residential well
monitoring program. This will be encouraged by Waterford.

As a condition of the Site’s PTTW, an annual monitoring report, summarizing all monitoring activities, an
interpretation of the monitoring results and any recommendations, will be produced for each calendar
year during the operational phase of the quarry until the license is surrendered after final rehabilitation is
achieved.
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4.2 PROPOSED WATER MANAGEMENT PLAN

Since the proposed quarry extension will be developed below the natural groundwater table, the quarry
will be dewatered in order to maintain dry working conditions. Water that collects on the quarry floor from
either direct precipitation or groundwater discharge will flow along an internal ditch network to the existing
guarry sump and be discharged to Eagle Marsh Drain. Overland surface water flow from outside the
guarry footprint will be managed by perimeter ditches (where required). The water management plan for
both quarry dewatering discharge and surface water flow outlined below will be implemented to address
stormwater management for the Site.

4.2.1 QUARRY DEWATERING MANAGEMENT

Dewatering of the proposed quarry will maintain groundwater levels within the quarry excavation at lower
elevation than the surrounding groundwater levels within the bedrock. This will induce the movement of
groundwater toward the quarry and discharge at the quarry face. Perimeter berms and ditches will
prevent the flow of off-site surface water into the quarry; however, direct precipitation will also continue to
fall on the quarry floor.

Within the quarry excavation footprint, a network of internal ditches will be constructed in the quarry floor
to direct water to the existing sump. Water accumulating in the sump and quarry floor ponds will be
subject to increased evaporative losses, estimated to be approximately 800 mm/year (Map 17 — Mean
Annual Lake Evaporation, Hydrogeologic Atlas of Canada, 1975). Additional losses of water for dust
suppression and wash plant operations will also occur. Previous studies completed by others indicate
that water losses of up to 5% of the annual tonnage can be expected. The losses due to increased
evaporation have been accounted for in the predictive models.

Submersible pumps will continue to be used to discharge water from the sump to the Eagle Marsh Drain.
The quarry discharge is directed to a sediment forebay to prevent erosion and minimize sedimentation
downstream of the discharge point.

During an anticipated precipitation event of 25 mm or more, the quarry sump pump will be deactivated,
and the quarry will not discharge to the watercourse until the excess water has dissipated. This will
prevent quarry-induced flooding along the Eagle Marsh Drain downstream (south) of the Site. As noted
previously, the predicted full development spring conditions discharge from the future Law Quarry
represents approximately 6% of the drain capacity.

The proposed monitoring program included in Section 4.1 includes daily discharge volume measurement
and monthly sampling of the discharge for water quality analysis.

The proposed quarry extension dewatering involves the collection, transmission, treatment and discharge
of water extracted from the quarry as well as process water. The existing quarry is dewatered under
PTTW No. 1541-B2DLWF which would remain sufficient for the initial stages of quarrying within the
extension lands. An amendment to the existing PTTW may be required in the future if pumping volumes
approach the currently approved maximums. In addition, discharge of the sump to the natural
environment is considered an industrial sewage works under the broad definition included in Section 53 of
the Ontario Water Resources Act (OWRA); therefore, Waterford will be required to obtain an
Environmental Compliance Approval for Industrial Sewage Works (ECA (Sewage)). Waterford is
currently in the process of applying for an ECA (Sewage) for the existing quarry. It is expected that the
findings of this report would be used as support for both future permit applications.
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In addition to reporting requirements, a monitoring program and surface water management plan is
typically included as part of the conditions for both the PTTW and ECA (Sewage). It is anticipated that
the monitoring and reporting requirements for these permits would be substantially met by the proposed
monitoring program included above.

4.2.2 SURFACE WATER MANAGEMENT

Berms will be progressively constructed around the perimeter of the Site during the initial site preparation
phase. As shown on Figure 3, a portion of the headwaters for three watercourses originate at the Site
(Eagle Marsh Drain, Biederman Creek and the Feeder Canal). Construction of the perimeter berm will
marginally truncate these tributaries but otherwise will have little impact on flow relative to baseline
conditions. Where necessary, shallow perimeter ditches / swales will be constructed outside of the
perimeter berm to direct overland flow to the existing watercourses.

During anticipated severe precipitation events, offsite runoff would continue to contribute to these
watercourses similar to baseline conditions. Quarry discharge to Eagle Marsh Drain would be temporarily
deactivated to prevent downstream quarry-induced flooding.

4.3 WELL INTERFERENCE MITIGATION PLAN

Local land owners surrounding the Site rely on a mix of groundwater wells and / or cisterns for domestic
supply, commercial, agricultural (including livestock watering and irrigation) and garden watering as
identified in the 2018 / 2019 residential water well survey results presented in Section 2.4.4.2 above.
Because the proposed quarry extension dewatering will induce drawdown in the bedrock in the vicinity of
the Site, a well interference mitigation plan is proposed to protect local groundwater users in the unlikely
event that the operation of their well is impaired.

4.3.1 WATER WELL INTERFERENCE MITIGATION PLAN

The proposed monitoring program is comprehensive and will be able to assess any potential impact to a
well and allow proactive mitigation in advance of a well being adversely impacted. In the event a well
interference claim is received, the licensee will be required to implement the following mitigation plan to
protect the local groundwater users.

Water Well Interference Mitigation Plan

A) If a water well interference claim is received by the licensee the following actions will be taken:
- The licensee will immediately notify MNRF and MECP of the complaint.

- The licensee will contact a well contractor in the event of a well malfunction and residents will
be provided a temporary water supply within 24 hours, if the issue cannot be easily
determined and rectified.

B) The well contractor will contact the resident with the supply issue to rectify the problem as
expediently as possible, provided landowner authorization of the work.

C) If the issue raised by the landowner is related to loss of water supply, the licensee will have a
consultant / contractor determine the likely causes of the loss of water supply, which can result
from a number of factors, including pump failure (owner's expense), extended overuse of the well
(owner's expense), lack of well maintenance / well cleaning (owner’s expense) or lowering of the
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water level in the well from the quarry development (licensee expense). This assessment
process would be carried out at the expense of the licensee and the results provided to the
homeowner.

D) Ifit has been determined that the quarry caused the water supply interference (i.e., lowering of
the water level), the quarry shall continue to supply water at the licensee's expense until the
problem is rectified. The following mitigation measures shall be considered and the appropriate
measure(s) implemented at the expense of the licensee:

- adjust pump pressure;
- lowering of the pump to take advantage of existing water storage within the well;

- deepening of the well to increase the available water column, if the well deepening changes
the water quality a water treatment shall be provided;

- widening of the well to increase the available storage of water;
- relocation of the well to another area on the property;

- drilling multiple wells; or

- install a cistern.

E) If the issue raised by the landowner is related to water quality, the licensee will have a consultant
/ contractor determine the likely causes of the change in water quality, and review monitoring
results at the quarry and background monitoring results from the baseline well survey to
determine if there is any potential correlation with the quarry. If it has been determined that the
quarry caused a water quality issue, the quarry shall continue to supply water at the licensee's
expense until the problem is rectified. The licensee shall be responsible for restoring the water
supply by replacing the well or providing a water treatment system. The licensee is responsible
for the expense to restore the water quality.

4.4 SPILLS CONTINGENCY PROGRAM

Waterford has a detailed Spills Contingency Program for all its sites in accordance with the prescribed
conditions for a Class A Category 2 licence under the ARA. Fuel and petroleum products are managed
according to the Gasoline Handling Act. No impact to surface or groundwater resources is anticipated
from petroleum handling as a result of the proposed quarry extension.
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5 SUMMARY OF FINDINGS AND
RECOMMENDATIONS

The following is a summary of the key findings of the Level 1 and 2 Water Study undertaken in support of
the Law Quarry proposed extension Category 2 Class A quarry license application.

1. AlLevel 1 and 2 Water Study has been completed for the Law Quarry proposed extension situated
within Wainfleet Township. A conceptual understanding of the hydrogeological conditions within the
study area was developed to predict the potential effects of the proposed quarry extension on local
groundwater users and surface water features.

2. A steady-state numerical groundwater flow model was constructed to simulate baseline
hydrogeological conditions at the Site, calibrated to observed baseline conditions. The calibrated
baseline model was then modified to predict the effects of quarry extension dewatering on local
groundwater users and surface water features at both full quarry development and at final
rehabilitation. Known permitted groundwater users are included in the models to assess the
cumulative impacts from the proposed quarry extension and existing permitted groundwater users.
The estimated annual demand from non-permitted groundwater users within the study area is less
than 1 mm/year and was not included in the models. The cumulative assessment also included the
licensed Reeb Quarry southeast of the Site.

3. Two aquifer systems have been identified from the water levels at the Site. A shallow, unconfined
system (i.e., the shallow bedrock aquifer) was identified within the Bois Blanc and Upper Bertie
Formations. The upper Bertie Formation members, particularly the Scajaquada member, likely act
as an aquitard, confining the deeper bedrock units of the Bertie Formation forming a deep aquifer.
The modeling suggests minimal impact to the shallow bedrock aquifer at full development of the
proposed quarry extension, while a drawdown of up to approximately 4 m relative to baseline water
levels in the deeper bedrock units is predicted for a small number of parcels adjacent to the
southwest of the proposed extension lands. The radius of influence in the deeper bedrock units
extends to the west and south by approximately 1,000 m and 800 m, respectively.

4. Based on a review of the MECP water well records within the predicted radius of influence, the wells
are completed to an average depth of 17 m into bedrock. Site borehole data indicates that the depth
to the Salina Formation contact ranges between 19 m to 26 m below the top of bedrock. Therefore,
where they exist and are still in use, most private water wells present within the study area are
inferred to be hydraulically connected to the deeper bedrock units, although as open holes, they
would also be open to the shallow bedrock aquifer. Using the static water levels provided on the well
records, these wells have an average of approximately 11 m of available drawdown. Since the
predicted drawdown from the proposed quarry extension at full development is only up to 4 m below
baseline conditions, local water well interference is not expected.

5. The impacts on other known groundwater users within the study area were also assessed under full
development conditions. Scholfield Avenue pumping station is a permitted dewatering system
operated by the City of Port Colborne in the west end of the city (east of the Site) to lower
groundwater infiltration to the sewer system. At full development of the quarry, discharge from the
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Scholfield Avenue pumping station is predicted to decrease by 16% compared to baseline
conditions; however, the majority of the decrease is due to the previously licensed portions of the
existing quarry. The Townline Tunnel dewatering sump is an unpermitted dewatering system
operated by the St. Lawrence Seaway Management Corporation along the Welland Canal
approximately 8 km northeast of the Site and is known to have a significant impact on the regional
groundwater flow directions within the weathered Salina Formation bedrock. Dewatering operations
at the Townline Tunnel are not predicted to be impacted by a substantial amount under full
development conditions.

6. The Wainfleet Bog situated north of the Site contains a surficial water table which is perched above
the bedrock water table due to a thick layer of clayey sediment underlying the organic bog deposits.
Previous studies by others have concluded that there is no hydraulic connection between the
existing quarry sump and the bog deposits. The results of the predictive modeling completed for this
study are consistent with the previous findings, and no negative impacts to the bog are anticipated
under full development conditions.

7. Groundwater discharge as baseflow to the Biederman Drain north of the Site is predicted to be
marginally reduced under full development conditions. However, it is noted that even under baseline
conditions, groundwater flux to the Biederman Drain is minimal, which is not unexpected given the
thick low permeability underlying clay soils. As such, the ecological function of the Biederman Drain
is not anticipated to be impacted at full development of the proposed quarry extension.

8. Runoff and groundwater discharge to the existing quarry collects in the sump and is discharged to
the Eagle Marsh Drain. At full development of the proposed quarry extension, the quarry discharge
to the Eagle Marsh Drain is predicted to increase by 35% over baseline conditions and is predicted
to reach up to 10,800 mé/day during peak spring conditions. An evaluation of the flow capacity of the
Eagle Marsh Drain completed as part of the Reeb Quarry licence application estimated that the
conveyance capacity of the drain is approximately 2.1 m3/s (180,000 m?3/day) at its limiting point.

The predicted full development spring conditions discharge represents approximately 6% of the drain
capacity. Therefore, the increased quarry discharge is not predicted to overwhelm the capacity of
the Eagle Marsh Drain.

9. Baseline surface water sampling suggests that there will be no negative impacts on the ecological
function of Eagle Marsh Drain as a result of the increased discharge amounts. In most cases, the
existing quarry discharge improves the surface water quality in the drain. This effect is predicted to
continue with the development of the proposed quarry extension.

10. Two inundated former quarries within the study area were included in the numerical models to
assess potential impacts under full development conditions. The Quarry Lakes ponds situated 1 km
south of the Site are currently dewatered by the NPCA to maintain the stage elevation. At full
development of the proposed quarry extension, the stage elevation in the Quarry Lakes ponds is
predicted to be reduced by approximately 0.6 m relative to baseline conditions, with 13% of the
decrease due to the previously licensed portions of the existing quarry. Discharge from the Quarry
Lakes dewatering sump operated by the NPCA is also predicted to decrease. At the Cement Plant
Ponds former quarry situated 800 m southeast of the existing quarry, the stage elevation is allowed
to fluctuate naturally with seasonal changes in precipitation and groundwater discharge. No impacts
from the proposed quarry extension are predicted at the Cement Plant Ponds.
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11. The proposed end use of the quarry is a lake, which will fill naturally with precipitation and
groundwater discharge once the dewatering sump is decommissioned. A steady-state autumn
average stage elevation of approximately 174.4 masl is predicted for the final quarry lake. This is
similar to the stage elevation of + 175 masl shown in the east extension Rehabilitation Plan. Since
the lowest natural ground surface elevation around the perimeter of the existing quarry has an
elevation of approximately 178 masl, it is predicted that there will be no discharge from the future
guarry lake to surface water drainage features under natural climatic conditions.

12. After the steady-state stage lake elevation is reached, net groundwater flow will be outwards to the
surrounding aquifer, similar to baseline conditions. However, the rate of outward groundwater flow
doubles relative to baseline conditions. It is expected that once final rehabilitation is achieved, the
operation of private wells in the vicinity of the Site will return to similar to or better than baseline
conditions (where the existing quarry sump was in operation).

13. Upon final rehabilitation of the quarry to a lake, the steady-state autumn discharge from the
Scholfield Avenue pumping station is predicted to increase by about 40% compared to baseline
conditions. Similar to full development conditions, the Townline Tunnel dewatering system is not
predicted to be substantially impacted in this scenario.

14. Recharge from the Wainfleet Bog deposits to the deep groundwater system notably decreases by
approximately 38% below baseline conditions due to the cessation of the quarry sump pumping.
Groundwater discharge as baseflow to Biederman Drain remains reduced at final rehabilitation,
although at the watershed scale, this represents a reduction of 2 mm/year.

15. At final rehabilitation, the steady-state autumn average stage elevation in the Quarry Lakes ponds is
predicted to increase by 0.2 m relative to baseline conditions, and discharge from the sump is
predicted to average approximately 2,350 m3/day (0.9 Mm3/year). This is a significant increase from
the average discharge rate under baseline conditions, estimated as 80 m3/day. The autumn average
stage elevation in the Cement Plant Ponds south pond is predicted to increase by 1 m relative to
baseline conditions.

16. An additional future scenario model was created to simulate the cumulative impacts of both the
proposed quarry extension and the Reeb Quarry at full development and final rehabilitation.

To mitigate the impacts of the proposed quarry extension, the following recommendations should be
implemented upon licence approval:

= The proposed long-term monitoring program outlined in Table 1 and shown in Figure 18, to be
completed during the quarry extension operational and rehabilitation phases, until stable conditions
are observed after quarry decommissioning;

= A well interference mitigation plan; and

= A Spills Contingency Program in compliance with the prescribed conditions for a Class A Category 2
licence under the ARA.
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Table1 Proposed Monitoring Program Page 1 of 1
Activity Location and Geologic Unit Frequency | Analysis / Measurement
Groundwater Monitoring
Groundwater Shallow Bedrock Aquifer (7): Semi- Water level measurement and logger
Level GLL-1, GLL-3, GLL-4, GLL-7, GLL-9, Annually download. Check logger condition.
Monitoring GLL-10, GLL-11-1I

Falkirk Member (9):
MW1-1ll, MW4-III, GLL-5, GLL-6, GLL-8,
MWO-1I, MW10-IIl, GLL-11-1, MW12-III
Oatka / Salina Contact (8):
MW1-1l, MW4-11, MW5-II, MW6-II, MW9-II,
MW10-1I, MW11-I, MW12-II
Deep Salina (3):
MW1-I, MW5-1, MW10-I
Quarry Sump (1):
Sump
Residential Wells (2):
20246 Youngs Road, 722 Highway 3
Well All Monitoring Wells (27) Semi- Visual inspection for well integrity.
Inspection Annually
Surface Water Monitoring
Surface Water | Quarry Sump Discharge (1): Quarterly Surface Water List

Sampling

SwW2

Eagle Marsh Drain (2):
SW1, SwW3

Field measurements: pH, conductivity,
temperature, dissolved oxygen

General Parameters: TSS, turbidity, sulphide,
un-dissociated hydrogen sulphide (calculated)

Major lons: alkalinity, chloride, sulphate,
calcium, magnesium, sodium, potassium

Nutrients/Organic Indicators: nitrate, nitrite,
TKN, ammonia, un-ionized ammonia
(calculated), TOC, total phosphorus

Total Metals: aluminum, arsenic, barium,
boron, total chromium, cobalt, copper, iron,
lead, manganese, molybdenum, nickel,
strontium, uranium, vanadium, zinc

Organics: Total Oil & Grease

LAW QUARRY EXTENSION
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