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Mr. Kevin Kehl

Walker Aggregates Inc.
2800 Thorold Townline Road
P.O. Box 100

Thorold, ON L4V 3Y8

Subject: Proposed Upper’s Quarry
Level 2 Water Report
WSP Project No. 161-11633-00

Dear Mr. Kehl:

We are pleased to provide the Level 2 Water Report to meet the study requirements for
the Walker Aggregates Inc (WAI) proposed Upper’'s Quarry (Site). This report provides
background information on the Site and physical setting, details of our investigation, an
interpretation of the monitoring data collected since 2011 and numerical groundwater
modeling to predict the proposed quarry effects. A proactive monitoring program and
recommended mitigation measures are also included in the report.

Like other deep dewatered bedrock excavations on the Niagara Peninsula, there is a
predicted reduction in the available drawdown in the bedrock aquifers in the vicinity of the
proposed quarry. However, the proposed quarry dewatering is not predicted to adversely
impact surface water features within the study area due to the presence of relatively
thick, low hydraulic conductivity overburden soils. The predicted aquifer impacts can be
mitigated where private drinking water wells are situated within close proximity to the
Site.

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 proposed Upper’s Quarry (Site) is situated approximately 200 metres (m) west of the urban boundary
of the City of Niagara Falls in Part of Lots 119, 120, 136 and 137 in the geographic Township of Stamford.
The quarry will be developed below the natural groundwater table and in order to maintain dry working
conditions, the proposed quarry will operate a dewatering system. Walker Aggregates Inc. (WAI) is
required to obtain a Category 2, Class A Licence (Quarry Below Groundwater) for the Site under the
Aggregate Resources Act (ARA) and to apply for amendments to the Official Plan for the Region of
Niagara and the Official Plan and Zoning By-law for the City of Niagara Falls. This Level 2 Water Report
has been completed to meet the study requirements for the proposed quarry licence and amendment
applications.

The work program included a review of published studies and available water monitoring data to assess
the local geology and hydrogeology. Investigative drilling programs were then conducted to improve the
understanding of the local geology, as well as to establish a groundwater monitoring well network.
Hydraulic testing programs were undertaken during borehole advancement and following the completion
of the monitoring network using several standard methods. Groundwater and surface water monitoring
was completed to characterize baseline water quality and to document surface water / groundwater
interactions. A residential water well survey was also completed within the un-serviced area between the
urban boundaries of the City of Niagara Falls and the City of Thorold to identify potential groundwater
users. The current monitoring network includes a total of 60 monitoring wells, 10 private water wells and
11 surface water stations. Finally, a steady-state numerical groundwater flow model was constructed and
calibrated to simulate baseline late summer / autumn conditions at the Site and used to predict the effects
of the proposed quarry dewatering.

Hydrogeology

The hydrogeological conceptual model is depicted in the schematic cross section below. In this part of
Niagara Region overburden consists of thick layers of poorly draining glaciolacustrine clayey silts to silty
clays forming an upper aquitard which restricts infiltration of precipitation and limits groundwater
discharge to surface features. The two principal aquifers within the study area from which groundwater
users obtain their water supply are the contact aquifer and the shallow bedrock aquifer. The contact
aquifer occurs within a discontinuous lower basal till unit overlying the dolostone bedrock. The named
bedrock formations which host the shallow bedrock aquifer differ across the study area from north to
south due to the natural dip angle of the rock. At the Site, the shallow bedrock aquifer is composed of the
Eramosa member dolostone. South of the Site, the shallow bedrock aquifer is composed of the Guelph
Formation, while north of the Site, it is composed of the Goat Island member. A deep bedrock aquifer is
also present at the Site within the deeper Gasport member dolostone but it is generally not utilized for
local water supply purposes due to adequate yields available in the shallower aquifers. With the
exception of a limited number of deep wells and shallow dug-type supply wells, water well users within
the study area obtain their water supply from the shallow bedrock aquifer.
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Long-term constant rate pumping tests which simulate quarry dewatering were completed as part of this
study. Groundwater response was observed at most shallow bedrock wells up to a distance of 1.5 km
from the pumping wells. This response to the long-term pumping tests therefore provides a high degree
of confidence in the aquifer properties to characterize the subsurface conditions for the Site and
surrounding area. The bulk aquifer properties estimated from the pumping test results are also consistent
with published values for fractured dolostone bedrock in the greater Niagara area.

Deeper bedrock pumping tests for this study area were completed in the DeCew and Rochester
Formations which underlie the deep bedrock aquifer. These two formations constitute a lower aquitard
that restricts groundwater flow, thereby acting as a base for the more active flow in the overlying aquifers.
The proposed quarry floor coincides with the top of this aquitard.

Surface Water

The Site is situated within the Beaverdams Creek subwatershed. The un-named watercourse which
bisects the Site (referred to as Existing Watercourse in this report) is an intermittently flowing tributary of
Beaverdams Creek. The headwaters of the Existing Watercourse originate southeast of the Site near the
Niagara Falls moraine, with flow from south to north within the Site boundary. Across the Site, the
gradient within the Existing Watercourse channel is shallow, at less than 1%.

Baseline groundwater level data indicate that there is minimal groundwater contribution to surface water
features in the study area. Groundwater contribution was measured within the Existing Watercourse in
the area north of the Upper’s Lane where the upper aquitard is thinner. Groundwater contribution in this
portion of the Existing Watercourse is calculated to be less than 0.1 L/s, notably lower than the average
spring flow rates of about 300 L/s at upstream station SW3. Further north of the Site within Beaverdams
Creek and the Welland Canal South Turn Basin reservoir, groundwater contribution is calculated to be
approximately 11% of the average annual water surplus.

Hydrographs of the baseline surface water monitoring data corroborate the interpretation that flows within
many of the study area watercourses is intermittent and that significant flow only occurs after precipitation
or snowmelt events. Some stagnant water is present within portions of the Existing Watercourse
throughout the year in areas which are mapped as wetlands.

Groundwater Use

A significant portion of the study area falls within the urban service areas of the City of Niagara Falls and
the City of Thorold. A residential water well survey was completed for eighty-six (86) parcels situated
within the un-serviced portion of the study area between 2018 and 2019. A survey response rate of over
70% was achieved. Of the property owners who responded to the survey, approximately 45% indicated a
well as their only water source, 17% indicated a cistern as their only water source, and the remaining
respondents indicated both a cistern and well were in use. For combined cistern and well users, over
70% indicated that the cistern is used for domestic supply, and the well is either no longer in use or used
only for lawn / garden watering. Therefore, approximately half of the surveyed residents within the un-
serviced area use a cistern for domestic water supply.

A search of the Ministry of Environment, Conservation and Parks (MECP) Permit-to-Take-Water (PTTW)
database indicates that there are three (3) permitted groundwater users within the study area, including (i)
the Niagara Falls Golf Club southeast of the Site for their irrigation system, (ii) the Mountain Road Landfill
for a groundwater containment system located northeast of the Site, and (iii) the Walker Brothers Quarry
sump for quarry dewatering located north of the Site. No PTTWs were found for the known dewatering
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operations along the Welland Canal at the Thorold Stone Road tunnel northwest of the Site and Townline
Road / Main Street Tunnels southwest of the Site, or the Queenston-Chippewa Power Canal to the east
of the Site.

Impact Assessment

The predicted available groundwater drawdown was assessed at full quarry development. This
represents the full extent of dewatering conditions prior to quarry rehabilitation. Following quarrying the
excavation areas will be allowed to fill with groundwater and precipitation with a final Site end use as a
series of lakes. The impact assessment considers the effects of both the proposed quarry under full
development as well as final rehabilitation. Cumulative impacts, including both permitted and non-
permitted groundwater users have also been considered.

Groundwater Quantity and Quality

The predicted available drawdown in the shallow and deep aquifers at full quarry development indicates
that the proposed quarry will impact a defined portion of the groundwater quantity in the study area
aquifers. However, much of the study area is either currently serviced, or planned for future servicing. As
such, impacts on groundwater use occur within a relatively limited un-serviced area between the urban
boundaries of the City of Niagara Falls and City of Thorold. These predicted quantity impacts on
groundwater users are discussed below. Unacceptable groundwater quality impacts are not predicted.

Surface Water Quantity and Quality

No measurable effects to surface water quantity are predicted within the study area as a result of the
proposed quarry dewatering, as the baseline data indicate that there is minimal groundwater contribution
to surface water features due to the presence of the thick silt and clay soils of the upper aquitard.

Beechwood Golf and Country Club is the only permitted surface water user within the study area. The
Golf Club obtains surface water from the turn basin reservoir in Beaverdams Creek for irrigation
purposes. This permitted surface water user will not be impacted by the proposed quarry since the future
quarry discharge will ultimately maintain flows to this feature.

Surface water quality within the Existing Watercourse and Beaverdams Creek is predicted to be improved
by the proposed quarry discharge during the operational phase. The baseline surface water quality
monitoring results indicate that the ambient surface water quality in these features is generally poor as a
result of existing anthropogenic sources. The proposed quarry dewatering discharge will be directed to
the Existing Watercourse north of the Site, with groundwater inflows accounting for approximately 86% of
the flow volume in low flow periods during the summer / autumn months. Most baseline groundwater
parameter concentrations are lower than those of the baseline surface water quality; as such, the quarry
discharge would improve water quality within the watercourse. Quality and quantity monitoring of the
guarry sump discharge has been included in the proposed monitoring program, and a trigger mechanism
and contingency plan has been developed to mitigate potential impacts.

Baseline groundwater and surface water temperature data from the Existing Watercourse and
Beaverdams Creek indicate that the proposed quarry discharge will have a moderating effect and not
adversely impact surface water temperatures in these features.

Once the proposed quarry is rehabilitated, it is predicted that groundwater discharge would passively flow
from the final lakes to the reach of the Existing Watercourse (and the Welland Canal South Turn Basin
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reservoir) north of the Site. Monitoring of the surface water quality during lake-filling has been included in
the recommended monitoring program.

Groundwater Discharge Areas

Areas of potential impact occur where groundwater discharge through the upper aquitard is observed,
including along the reach of the Existing Watercourse north of the Upper’s Lane, and the Welland Canal
South Turn Basin reservoir north of the Site. At these locations, there is a predicted overall reduction in
the groundwater discharge at full quarry development. However, the future quarry discharge will be
directed to these surface water features and as a result, surface water flow rates will in fact increase
during the operational phase of the proposed quarry. This discharge from the quarry dewatering
compensates for any reduction in groundwater baseflow. As a result, no impact to surface water quantity
due to the reduction of groundwater discharge to these features is predicted.

At final rehabilitation, the Welland Canal South Turn Basin reservoir reverts to a groundwater discharge
area similar to baseline conditions. Passive surface discharge from the final quarry lakes to the turn
basin reservoir compensates for any decrease in direct groundwater discharge.

Local Groundwater Users

Residents that currently rely on cisterns will not be impacted by the proposed quarry dewatering. The
severity of the impacts to water well users in the un-serviced portion of the study area during the
operational phase of the proposed quarry is dependant on available drawdown in the individual wells and
the proximity to the proposed quarry. The numerical model predicted available drawdown at full quarry
development, together with the pre-quarry baseline available drawdown information and the water well
survey information were used to formulate a detailed well mitigation plan. This plan will ensure that the
limited number of impacted groundwater users in the un-serviced area will have adequate future
groundwater supplies.

Groundwater users near the final lakes are predicted to have a sufficient available drawdown to meet
their needs after final quarry rehabilitation.

Recommendations

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

= A proactive and long-term groundwater and surface water monitoring program will be completed
during the quarry operational and rehabilitation phases, until stable conditions are observed after
quarry dewatering has ceased and lake-filling is complete;

= A well interference and mitigation plan will be implemented proactively prior to quarry operation;

= A spill action plan will be developed and administered throughout all phases of quarry operations;
and

= A trigger mechanism and contingency plan, which includes procedures for mitigating potential
impacts from the proposed quarry discharge to the Existing Watercourse will be implemented.
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1 INTRODUCTION

1.1 BACKGROUND

The proposed Upper’s Quarry (Site) is situated in the City of Niagara Falls in Lots 119, 120, 136 and 137
in the geographic Township of Stamford. This assessment also takes into account potential extraction of
the portion of Upper’s Lane and Part of the unopened road allowance between Lots 120 and 136
(geographic Township of Stamford), where they exist between Thorold Townline Road and Beechwood
Road, all in the City of Niagara Falls, Regional Municipality of Niagara. See the Site Location Map,
Figure 1. The proposed limits of extraction are shown on Figure 2. The Site lands (with the exception of
Upper’s Lane and the unopened road allowance) have been acquired over time by Walker Aggregates
Inc. (WAI) and cover an area of approximately 106 ha. Additional lands to west of the Site within the City
of Thorold are also owned by WAI, as shown on Figure 2. These additional lands in the City of Thorold
are not proposed for aggregate extraction.

The proposed quarry will be developed below the natural groundwater table and in order to maintain dry
working conditions, the quarry will operate a dewatering system. WAI is required to obtain a Class A
Licence (Quarry Below Groundwater) for the Site under the Aggregate Resources Act (ARA). A Niagara
Region Official Plan Amendment, City of Niagara Falls Official Plan Amendment and City of Niagara Falls
Zoning By-law Amendment are also required to permit industrial extraction at the Site.

WSP Canada Inc. (WSP) was retained by WAI to prepare this Level 2 Water Report to meet the study
requirements for the proposed quarry licence application.

1.2 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:
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a) water wells (includes all types e.g. municipal, private, industrial, commercial,
geothermal and agricultural)

b) springs (e.g., place where ground water flows out of the ground)
¢) 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 proposed quarry.
In addition, the study included herein may also be used in support of a future Permit-to-Take-Water
(PTTW) application for quarry dewatering as well as the Environmental Compliance Approval
(ECA) for Industrial Sewage Works application for quarry discharge to the environment.

Additional requirements considered in the preparation of this study include the Provincial Policy
Statement (2014), the Growth Plan (2019), the Clean Water Act (2006), the consolidated Niagara Region
Official Plan (2014), the Official Plan for the City of Thorold and the Official Plan (OP) for the City of
Niagara Falls (1993, Amended 2017). With regard to the OP, Policy 11.1.49 states

A new mineral aggregate operation or an expansion to an existing operation that is located
within any area identified as a Bedrock Resource Area on Appendix 4 to this Plan may be
permitted through applications to amend this Plan and/or the Zoning By-Law within NPCA
regulated wetlands greater than 2 ha in size, floodways and erosion hazard areas and
environmentally sensitive areas designated EPA, subject to the following:

b) Completion of a hydrogeological study in accordance with policy 11.1.27;

Since the Site is situated within a designated Bedrock Resource Area, OP Policy 11.1.49 is applicable.
Policy 11.1.27 states

Development or site alteration shall not have an adverse impact on ground or surface
water quality or quantity. The City, in consultation with the appropriate agencies, may
require a hydrogeological study or an environmental impact study for development or site
alteration for any proposal that may impact, either locally or cross-jurisdictionally, on:
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a) the quantity and quality of surface and groundwater;
b) the functions of groundwater recharge and discharge areas, aquifers and headwaters;
c) the natural hydrologic characteristics of watercourse such as base flow;

d) surface and groundwater such that other natural heritage features are negatively
affected;

e) natural drainage systems and stream forms; and
f) flooding or erosion.

This Level 2 Water Report was completed, in part, to address OP Policy 11.1.27.

1.3 OBJECTIVES AND SCOPE

The principal objectives of this Level 2 Water Report 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 design and end use, particularly related to water management at
the Site;

= Predict potential effects of the proposed quarry on water resources within the study area; and

= Implement a proactive environmental monitoring program to confirm the predicted effects of the
proposed quarry that includes a trigger mechanism and contingency measures to ensure compliance
with the Site Plan and other permits.

The study area extends to the Niagara Escarpment brow to the north, the Queenston-Chippewa Power
Canal to the east, the Welland River to the South, and the modern Welland Canal to the west. This area
roughly coincides with the extent of Figure 1. Historical information provided by others under separate
cover was incorporated into this report as referenced. Studies for more distant sites within the local study
area are outlined in the geology discussion (Section 2.4).

1.4 STATEMENT OF QUALIFICATIONS

This Level 2 Water Report was completed by a project team at WSP Canada Inc. Curriculum vitae are
provided in Appendix A.

1.5 STUDY METHODOLOGY

The main objective of the study was to develop an understanding of the hydrogeological conditions within
the study area in order to predict the potential effects of the proposed quarry on hydrogeologic features of
interest. The work program included a review of published studies and available water monitoring data to
assess the local geology and hydrogeology and to identify gaps in the conceptual understanding of the
Site.

Additional drilling programs were conducted to improve the understanding of the local geology, as well as
to establish a groundwater monitoring well network. A hydraulic testing program was undertaken both
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during borehole advancement as well as after the completion of the monitoring network using a variety of
field methods. Finally, groundwater and surface water monitoring were completed to characterize
baseline water quality and to study surface water / groundwater interactions.

1.5.1 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 well records located between the approximate existing service areas
(per Niagara Region 2016 Master Servicing Plan) in the vicinity of the Site. A residential water well
survey of this area was conducted by WAI representatives and WSP staff between summer 2018 and
winter 2019 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 2.5.4.

1.5.2 DRILLING PROGRAMS

Boreholes were advanced during two separate drilling programs at the Site. The locations of boreholes
completed as part of this undertaking are shown in the Site Plan, Figure 2, while the locations of surface
water stations are shown on Figure 3A. Available borehole logs and monitor construction details are
included in Appendix C.

2004

Prior to the current study, Jagger Hims Limited (now WSP) advanced five (5) boreholes as part of an
initial resource assessment for the Site. Of these original boreholes, BH03-2 was retrofitted during the
initial drilling program undertaken as part of the current study. The resource assessment boreholes
dating from 2004 were completed as open holes in the bedrock; the retrofit included the installation of two
smaller diameter riser pipes within the open hole, with the screen and filter pack installed at selected
intervals aligned with the current monitoring network configuration. The retrofitted wells are referred to as
BHO03-2A and BH03-2B. The original and retrofit borehole logs and monitor construction details are
included in Appendix C. Continuous monitoring of the retrofitted wells was initiated for the current study.

2011

More recently, four (4) boreholes were advanced by others during 2011 at the four corners of the
proposed quarry footprint, referred to as well nests MW11-1 through MW11-4. The initial boreholes are
believed to have been completed as open holes in the bedrock. The available logs indicate that
geophysical testing was completed in the open holes to establish bedrock lithology. Later, the initial
boreholes were retrofitted by installing two riser pipes within the open hole, with screen and filter packs
installed at selected intervals. The screen intervals were identified as ‘A’, the deep bedrock roughly
corresponding to the base of the Gasport member of the Lockport Formation and the underlying DeCew
and Rochester Formations, and ‘B’, the shallow bedrock corresponding to the Eramosa member of the
Lockport Formation. Separate overburden ‘OB’ series wells were installed at each of the four nests, with
screen intervals completed to the top of bedrock. The available monitor construction details and borehole
logs are included in Appendix C. In 2012, dataloggers were installed in each well (12 wells in total) and
set to record water level elevations at 4-hour intervals. The datalogger water level data and periodic
manual water level measurements were incorporated into this study, included in Appendix E. These
wells have therefore established a continuous water level record at the Site since 2012.
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2016

In the summer of 2016, WSP completed a drilling program at the Site as part of this study to install
monitoring well nests MW16-5 through MW16-19 in order to establish an improved groundwater
monitoring network. A total of thirty-two (32) wells were installed at these fifteen (15) nests. The well
nests typically consist of three (3) wells screened at selected intervals as shown in the schematic section
on Figure 2A and described below:

=> Interval ‘A’ corresponds solely to the base of the Gasport member of the Lockport Formation (i.e.,
the deep bedrock aquifer). We note that this is equivalent to the proposed final quarry depth
(excavation will not be completed into the identified DeCew Formation).

= Interval ‘B’ corresponds to the Eramosa member of the Lockport Formation (i.e., the shallow
bedrock aquifer). Hydraulic (packer) testing of the boreholes during installation consistently
demonstrated a permeable zone in this interval. Further discussion of the hydraulic testing is
provided below.

= Interval ‘OB’ roughly corresponds to the interval of overburden immediately overlying the top of
bedrock; in studies by others, this interval is typically referred to as the contact-zone or contact
aquifer.

We note that although the 2011 well nests use the same A / B nomenclature, the intervals screened differ
from the screen intervals selected as part of the current study. In particular, the MW11 nest ‘A’ series
wells are generally screened from the base of the Gasport member across the DeCew / Rochester
contacts, whereas the remainder of the ‘A’ series wells were screened solely at the base of the Gasport
member bedrock. As such, the hydraulic properties, water levels and chemistry of the MW11 nest ‘A’
wells reflect the properties of the screened interval.

Four (4) well nests along Townline Road along the west property boundary include only a single contact
aquifer ‘OB’ monitoring well. These wells were installed to provide additional information for the design of
the Realigned Watercourse.

During the initial drilling program, drivepoints (i.e., stilling wells) were also installed at four (4) ‘SW’ series
surface water stations and five (5) ‘DP’ series stations. The purpose of these stations is to monitor
surface water elevations with dataloggers, as the screens are installed above ground surface to intersect
surface water flow (refer to borehole logs in Appendix C). The ‘SW’ series stations differ from the ‘DP’
series as they are situated downstream of hydraulic control structures (i.e., culverts) and were
strategically chosen to calculate stage-discharge relationships for conversion of datalogger water level
data to estimated flow rates.

Finally, monitoring well nest MW11-3 was decommissioned and replaced with nest MW11-3R as part of
the initial drilling program. The detailed Site survey completed as part of the current study indicated that
the original well nest had been installed slightly outside of the property boundary and was re-located.

Pumping well PW1 was installed in October 2016 by licensed water well driller Country Water Systems of
Thornton, ON. Pumping well PW1 was completed as an open hole in the bedrock, extending from
approximately 2.1 m below the bedrock contact (6.1 mbgs) to the base of the Gasport member at
approximately 45.4 mbgs. A copy of the water well record (tag no. A191572) is provided in Appendix C.
Two long-term pumping tests have been completed since well installation. The results of the first test
completed in winter 2017 lead to the supplemental drilling program completed in the spring of 2017.
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2017

The supplemental drilling program in 2017 included the installation of four (4) well nests situated near
surface features that could potentially be impacted by dewatering of the proposed quarry. One (1)
complete well nest, MW17-20, was installed in the vicinity of the mapped wetland to the east of the Site,
at address 5584 Beechwood Road. An ‘SP’ series standpipe was also installed at this nest to facilitate
monitoring of the shallow weathered overburden. The designation ‘SP’ was chosen for this depth interval
to distinguish from the existing ‘OB’ series wells. In general, the screened intervals for ‘SP’ series
standpipes are less than 3 m below ground surface. In addition to nest MW17-20, drivepoint DP6 was
installed at this property within the footprint of the mapped wetland, to facilitate monitoring of the water
levels within the wetland feature. The wells and drivepoint completed during the supplemental drilling
program were installed with the permission of the property owner. Three (3) additional well nests, MW17-
21 to MW17-23, were also installed to the west of the Site during the supplemental drilling program in the
vicinity of the woodlot feature west of Townline Road. These nests only consist of ‘B’, ‘OB’ and ‘SP’
series wells / standpipes and are intended to monitor the shallower units to monitor potential impacts of
guarry dewatering on the woodlot feature. An ‘SP’ series standpipe was also added at well nest MW16-9
for this purpose.

Finally, well MW16-5AR was installed in the vicinity of well nest MW16-5 to confirm the drawdown
observed in the deep bedrock aquifer during the pumping test. MW16-5A was left in place.

Both the initial and supplemental drilling programs and monitoring well installations undertaken as part of
the current study were completed by Orbit Garant Drilling Inc. of Sharon, 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.

Boreholes that were advanced into bedrock were completed with an HQ (64 mm diameter) diamond drill
bit. The ‘A’ series boreholes were continuously cored from the bedrock surface to the interpreted depth of
the DeCew 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). Rock core photos are included in Appendix C-3.

Monitoring wells were generally constructed of 51 mm diameter PVC riser pipe and a 10 slot (0.25 mm)
well screen of varying lengths to accommodate 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. 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.

The wells and drivepoints 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.

1.5.3 HYDRAULIC TESTING PROGRAM

Several standard 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.
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Packer testing was completed during borehole advancement at selected ‘A’ series wells to assess relative
hydraulic conductivity of discrete bedrock intervals as part of the initial drilling program, undertaken
between October 5, 2016 and November 28, 2016. After each ~3 m (10’) drill run, the recently drilled
interval was sealed off from the remaining borehole annulus by an inflatable rubber packer. 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. We note that the results of the packer testing were used to assess the relative hydraulic
conductivities of the bedrock with depth to enhance the conceptual understanding of the
hydrostratigraphy at the Site.

Single well response tests were completed to determine local in-situ hydraulic conductivity for selected
monitoring wells. Tests were not completed on the DeCew / Rochester Formation aquitard wells due to
slow recovery; instead, the logger data for the water level recovery following well installation were used to
estimate hydraulic conductivity. The Hvorslev analytical method was used to analyze the slug test data,
and the analyses were confirmed using AquiferTest software.

A long-term pumping test was completed at pumping well PW1 between February 8 — 16, 2017, to
estimate the bulk transmissivity of the shallow bedrock aquifer and to simulate dewatering of the
proposed quarry. Prior to the long-term test, a stepped-rate test was completed on February 7, 2017 to
assess the pumping well efficiency and linear / non-linear well losses, as well as to determine an
appropriate pumping rate for the long-term test.

During the tests, groundwater elevations were monitored at pumping well PW1 and existing Site
monitoring wells screened in the overburden and bedrock. Water levels were recorded using dataloggers
augmented with periodic manual measurements. Field measurements for pH, conductivity and
temperature, as well as a sample of the pumping well discharge were collected during each day of
pumping. The discharge flow rate from the pumping well was monitored using a continuous flow
measuring device, confirmed with periodic manual flow rate measurements.

Most of the shallow bedrock wells across the Site showed a response to the pumping test. Drawdown
was also observed in the contact aquifer at well nest MW16-9 west of the Site near the un-named woodlot
and at well nest MW16-7 along the southern property boundary. These observations lead to the
completion of the supplemental drilling program to install additional well nests close to nearby surface
features that could potentially be affected by drawdown due to the proposed quarry dewatering.
Monitoring of the shallow (<3 m depth) weathered overburden was facilitated with the addition of ‘SP’
series standpipes at selected well nests.

Following the supplemental drilling program, additional short-term pumping tests were completed to
assess the hydraulic connection between the shallow bedrock aquifer and contact aquifer / shallow
weathered overburden in the vicinity of the identified surface features. Five ~8-hr duration tests were
completed between September 5 — 13, 2017 by WSP field staff. For each test, a Grundfos Redi-Flo
pump was installed within the well screen in the ‘B’ series well at each nest. Groundwater levels within
the ‘B’ series wells, and nested ‘OB’ and ‘SP’ wells were monitored during the tests with automated data
loggers augmented with periodic manual measurements.

Seven (7) permeameter tests were completed in the shallow weathered overburden between July 12 and
13, 2018 by WSP field staff to estimate vertical hydraulic conductivity and groundwater recharge rates
using the Nova Scotia method.
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Finally, additional long-term pumping tests were completed at PW1 and the private drinking water well at
5205 Beechwood Road in the northeast portion of the Site in February / March 2019. The purpose of the
additional test at PW1 was to monitor the response to pumping at the newly installed monitoring wells,
using a higher pumping rate than previous pumping tests for a longer period of time. The purpose of the
pumping test at the 5205 Beechwood well was to obtain additional aquifer data from the northeast portion
of the Site where the pumping test at PW1 did not show a significant influence. A stepped-rate test was
also performed on the 5205 Beechwood well to assess the well efficiency.

The additional tests were conducted using a similar procedure to the 2017 pumping test at PW1, while
monitoring the Site wells plus selected private wells. Similar to the 2017 pumping test at PW1, most
shallow bedrock wells showed a response to the pumping test at PW1 in 2019. Drawdown was also
observed in the contact aquifer and underlying deep bedrock (Goat Island / Gasport members) at the
same locations noted in the 2017 test.

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

= Continuous groundwater level monitoring using dataloggers installed at fourteen (14) ‘A’ series
deep bedrock aquifer wells, eighteen (18) ‘B’ series shallow bedrock aquifer wells, twenty-three
(23) ‘OB’ series contact aquifer wells, and five (5) ‘SP’ series shallow weathered overburden
standpipes included in the monitoring network. The well locations are shown on the Site Plan,
Figure 2. Loggers were programmed to collect data every four (4) hours. One barologger was
installed at nest MW11-1 to correct for atmospheric pressure changes over time.

= Continuous groundwater level monitoring using dataloggers installed at ten (10) off-Site private
supply wells identified during the water well survey. The locations of the private supply wells are
shown on the Site Plan, Figure 2. Loggers were programmed to collect data concurrently with
the Site monitoring well loggers.

= Periodic manual water level measurements at each monitoring well were made over the course of
the baseline monitoring period, generally occurring on a quarterly basis and / or prior to sampling
events. 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. Water level
data notably affected by hydraulic testing over the short test period are not included on the
hydrographs for clarity.

=> Four (4) groundwater sampling events were completed during the baseline monitoring period,
occurring in December 2016, May 2017, March 2018 and July 2020. Monitoring wells were
purged of at least three (3) standing water volumes prior to sampling, except for the MW11 ‘A’
series wells where, owing to the slow water level recovery following well installation, direct
samples were collected. All samples were collected into laboratory prepared bottles and
submitted under standard chain-of-custody procedures to BureauVeritas (formerly Maxxam
Analytics Inc.) of Mississauga, Ontario, for analysis of general parameters, major ions, nutrients
and organic indicators, dissolved metals and selected volatile organic compounds (VOCS).
Where required, samples were field filtered using an in-line 0.45 pm filter and decanted to bottles
with the appropriate preservatives. Field measurement of pH, conductivity and temperature was
also completed prior to sampling. During each sampling event, one blind duplicate sample was
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collected for every ten (10) wells sampled for quality assurance / quality control (QA / QC)
purposes. The groundwater chemical results are included in Appendix F.

As noted in bullets 1 and 2 above, there are a total of sixty (60) monitoring wells and ten (10) off-Site
private water wells included in the current monitoring network. The extent of baseline water level and
chemistry data has expanded with the installation of additional wells over several drilling programs.

1.5.5 SURFACE WATER MONITORING
The baseline surface water monitoring program completed for this study consisted of the following:

= Continuous water level monitoring using dataloggers installed at four (4) ‘SW’ series and seven
(7) ‘DP’ series stations included in the monitoring network. The locations of the surface water
stations are shown on Figure 3A. Loggers were programmed to collect data every four (4) hours.

= Periodic manual water level measurements at each station were made over the course of the
baseline monitoring period, generally occurring on a quarterly basis and / or prior to sampling
events. 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.

= Six (6) flow measurements were made following precipitation events of varying magnitudes at the
four (4) ‘SW’ series stations. As noted previously, these stations were strategically chosen for
development of stage-discharge relationships as they are situated downstream of hydraulic
control structures. The presence of the static hydraulic controls allows for consistent and reliable
flow measurements between precipitation events. The stage-discharge curves and estimated
flow rates for the datalogger data are included in Appendix E.

= Three (3) surface water sampling events were completed during the baseline monitoring period,
occurring in December 2016, May 2017 and March 2018. Samples were collected from stations
where there was sufficient surface water flow except DP6 (wetland east of the Site) and DP7
(woodlot west of the Site), as these two stations are only intended for water level measurement.
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 BureauVeritas (formerly Maxxam Analytics Inc.) of Mississauga, Ontario, for
analysis of general parameters, major ions, nutrients and organic indicators, total metals and
selected VOCs. Field measurement of pH, conductivity, temperature and dissolved oxygen was
also completed prior to sampling. During each sampling event, one blind duplicate sample was
collected for QA / QC purposes. The surface water chemical results are included in Appendix G.

1.5.6 GROUNDWATER NUMERICAL 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 and surface
water elevation data for autumn conditions, as well as the results of the various hydraulic tests completed
to estimate the hydrogeological properties of the overburden and bedrock units. The calibrated baseline
model was then modified to predict the effects of the proposed quarry dewatering on water features at
both full quarry development and at final rehabilitation.
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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 more robust grid refinement in areas of increased interest.
MODFLOW-USG is capable of simulating steady-state three-dimensional groundwater flow in the
unconfined and confined aquifers in the local study area.

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
groundwater flow directions within the model. 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, 2016) was also used during the calibration and model prediction process.

The numerical groundwater model report 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) (refer to Key Map on
Figure 1). 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 age
dolostone.

The Niagara Falls moraine situated approximately 1.5 kilometres (km) south of the Site (shown in

Figure 3) has an influence on the topography and drainage of the study area. The crest of the moraine is
at approximately 187 metres above sea level (masl) to 188 masl. At the Site, the topography is relatively
flat, with the ground surface dipping from 185 masl along Townline and Beechwood roads to the Existing
Watercourse meander belt which ranges from approximately 178 masl at the south property boundary to
176 masl at the north property boundary. The Site scale topographic contours are shown in more detail
on Figure 3A. The Vinemount moraine is also present within the study area, situated north of and
running parallel to the Niagara Escarpment brow, as shown on Figure 3. The Vinemount moraine is
more distant than the Niagara Falls moraine from the Site and does not influence the drainage in the
immediate vicinity of the Site.

The current land use within the Site boundary is agricultural, rural residential and institutional (Bible
Baptist Church). Along Lundy’s Lane to the south, there are a number of commercial properties (hotels,
small businesses). The City of Niagara Falls urban boundary extends to the recently completed
Fernwood subdivision to the east of the Site (shown on Figure 2), accessible from Garner Road. To the
west, a secondary plan of subdivision has been approved for the Rolling Meadows development.
Currently, only a portion of the Rolling Meadows secondary plan has been developed with access from
Davis Road; however, this development will ultimately extend to the western boundaries of the additional
properties owned by WAI to the west of Townline Road. Other features of interest are the large un-
named woodlot to the west of Townline Road which partially covers additional lands owned by WAI. Two
additional woodlots are present east of Beechwood Road east of the Site; an un-named woodlot which
partially covers 5584 Beechwood Road, and the Fernwood Woodlot Park.

2.2 WATER BUDGET

To estimate the water budget, temperature and precipitation data from the Niagara College weather
station (operated by Weather Innovations Consulting LP) and the Welland-Pelham climatological station
(operated by Environment Canada) were used. The 30-year climate normal and yearly water budget data
for 2008 through 2020 are included in Appendix |.

As shown in Table I-1, the 30-year climate normal (1961-1990) for total annual precipitation for the study
area is 953 mm. Using the Thornthwaite Mather methodology, the estimated annual evapotranspiration is
644 mm, yielding an average water surplus of 309 mm/year available for surface water runoff and
recharge to the groundwater system. As shown in Tables I-2 through I-15 the average annual
precipitation averaged 974 mm between 2008 and 2017, marginally above the 30-year climate normal.
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Notable dry years include 2007 (723 mm), 2010 (625 mm), 2016 (659 mm), 2018 (779 mm) and 2020
(723 mm), while 2017 (1,130 mm) was notably wetter than normal.

2.3 DRAINAGE

As noted previously, the study area is characterized as poorly drained owing to the relatively
impermeable nature of the surficial soils and low topographic relief. The Site is situated within the
Beaverdams Creek subwatershed (NPCA, 2013), as shown on Figure 3. The approximate area of the
subwatershed is 15.5 square kilometres (km2). The un-named watercourse which bisects the Site
(referred to as Existing Watercourse in this report) is an intermittently flowing tributary of the Beaverdams
Creek. The headwaters of the Existing Watercourse originate southeast of the Site near the Niagara
Falls moraine, with flow from south to north within the Site boundary. Across the Site, the gradient within
the Existing Watercourse channel is shallow, at less than 1%.

Beaverdams Creek is hydraulically connected to the portion of the Welland Canal between Locks 7 and 8,
operated by the St. Lawrence Seaway Management Corporation (Lock 7 location shown on Figure 3;
Lock 8 is far to the south of the study area near Lake Erie). Stage elevations within this portion of
Beaverdams Creek are subject to canal operational requirements. Most notably, Beaverdams Creek is
virtually dry with limited areas of standing water during the winter months whenever the canal is drained
for maintenance. The use of Beaverdams Creek as a reservoir for the canal operation (referred to as the
Welland Canal South Turn Basin, shown on Figure 3) has led to the creation of wetland complexes along
the watercourse.

The Beaverdams Creek wetland complex and much of the Existing Watercourse meander valley and
associated wetland complex have been mapped as wetland regulated by the NPCA; however, none of
these features are classified as Provincially Significant Wetland (PSW). There are a number PSW
complexes within the more distant study area, situated south of the Niagara Falls moraine and are
labelled on Figure 3. An additional wetland feature is also present east of Beechwood Road, largely
coinciding with the previously mentioned un-named woodlot at 5584 Beechwood Road, as shown on
Figure 3A. This wetland is also not classified as a PSW but is mapped as NPCA regulated wetland.
Unlike the wetland complexes present along Beaverdams Creek and the Existing Watercourse, the
wetland feature east of Beechwood Road is “off-line” from any nearby surface watercourses and drainage
swales which cross the agricultural fields. Drivepoint DP6 was installed within this wetland feature to
monitor the hydroperiod. Further discussion is provided in Section 2.3.1 below.

The Welland River subwatershed is situated in the southern portion of the study area, as shown on
Figure 3. The Welland River is a significant low-gradient watercourse flowing from west to east and
draining much of the Niagara Peninsula above the escarpment brow to the Niagara River in the east.
Within the local study area, the Welland River and Beaverdams Creek subwatersheds are separated by
the Niagara Falls Moraine. The headwaters of Thompson Creek, the only named tributary of the Welland
River within the local study area, originate on the south slope of the moraine. The Welland River,
particularly the lower reach south of the Site, has undergone significant anthropogenic changes in the
past. The river by-passes underneath the modern Welland Canal south of the community of Port
Robinson via syphon in the southwestern portion of the study area. When first constructed, the entire
reach of the Welland River from Port Robinson to the mouth at the Niagara River was used as the upper
part of the Welland Canal. Finally, during the construction of the Queenston-Chippewa Power Canal
which diverts water from the Niagara River upstream of the falls to Sir Adam Beck hydroelectric station,
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the reach of the Welland River from the canal to the Niagara River was channelized, and the flow
direction was reversed. Currently, the Welland River no longer drains to the Niagara River, but rather to
the Queenston-Chippewa Power Canal. Based on river cross sections provided by NPCA, the Welland
River is inferred to be underlain by a considerable thickness of clayey silt overburden. Historical mapping
suggests that the channelized portion of the river has a depth of approximately 4.3 m (14 feet).

Two smaller east-to-west draining subwatersheds are situated to the north of the Site, including Shriners
Creek and Ten Mile Creek, as shown on Figure 3. Six Mile Creek is also present, although it is not
mapped as a separate subwatershed. All of these surface watercourses drain water west to the Welland
Canal. Of note, the Six Mile Creek watercourse was historically relocated to facilitate extraction in the
Walker Brothers Quarry (shown on Figure 1).

In order to permit extraction of the bedrock resource, the portion of the Existing Watercourse that
transects the Site must be relocated. Complete details of the Realigned Watercourse design and
mitigation measures are included under separate cover as part of the application. The focus of the
Existing Watercourse baseline monitoring data and analysis presented herein is primarily to characterize
the groundwater / surface water interaction within the study area, as well as to identify potential effects of
the future quarry dewatering and discharge to the surface water quality of the Existing Watercourse.

2.3.1 SURFACE WATER HYDROGRAPHS AND FLOW

Baseline conditions in the Existing Watercourse and Beaverdams Creek were monitored extensively as
part of this study. A discussion of the observed surface water flows is included in this section; further
analysis of groundwater / surface water interaction is included following the hydrogeology discussion, in
Section 2.5.3 below.

The locations and designations of the surface water stations are shown on Figure 3A.

Stage-discharge relationships were developed for each of the four “SW” series stations such that the
continuous water level data could be converted to estimated flow rates. The stage-discharge
relationships and surface water hydrographs for stations SW1 through SW4 are shown on Figures E-25
through E-32, Appendix E. The surface water hydrographs for stations DP1 through DP7 are shown on
Figures E-33 through E-39, Appendix E. On the surface water hydrographs, the light-blue curve
represents the creek stage (left axis of hydrograph), while the dark blue curve represents the calculated
flow rate in Litres/second (L/s) (right axis of hydrograph). Precipitation data are also shown above the
hydrograph for reference. Of note, the surface water hydrographs at the ‘DP’ stations show water level
data only; stage-discharge relationships were not developed for these locations as there are no hydraulic
controls and the channel slope and intermittent flow makes accurate flow measurement difficult.

Station SW1 monitors flow along Beaverdams Creek from the east of the Site. None of the flow passing
though this station originates from the Site itself, and this station is considered a background / upstream
monitoring station for the Beaverdams Creek reservoir / wetland complex present to the north of the Site.
The catchment area for this upstream station is approximately 3.26 km?2. The hydrograph on

Figure E-26 shows that flow within this upstream branch of the Beaverdams Creek is intermittent, with
flow occurring only following large precipitation or melt events. During 2017, the estimated total flow at
SW1 is approximately 112,844 cubic metres (m?), with daily average flow rates ranging between 150 L/s
to no measurable flow. When the catchment area is considered, this results in a total runoff of

35 mm/year. As shown on Table I-12, the estimated water surplus during 2017 is about 474 mm.
Therefore, a runoff coefficient of 7% is calculated for 2017.
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Surface water flow rates within Beaverdams Creek downstream of the Site and the associated confluence
with the Existing Watercourse could not be established as Beaverdams Creek forms a reservoir in this
area.

Station SW2 monitors flow within a relatively small catchment which is hydraulically separated from the
main channel of the Existing Watercourse. This catchment drains the Bible Baptist Church property east
of the Site and a small area east of Beechwood Road, with a total area of 0.11 km? (11 hectares (ha)).
The hydrograph on Figure E-28 confirms that flow within this tributary is also intermittent. During 2017,
the estimated total flow at SW2 is approximately 12,288 m?2, with daily average flow rates ranging
between 10 L/s to no measurable flow. When the catchment area is considered, this results in a total
runoff of 114 mm/yr, or a runoff coefficient of 24% using the 2017 water surplus.

Station SW3 monitors flow from the Existing Watercourse upstream (south) of the Site, from south of
Lundy’s Lane and the Fernwood subdivision footprint to the southeast of the Site. The catchment area for
this upstream station is approximately 4.23 km?2 (423 ha). The hydrograph on Figure E-30 indicates that
this station is inundated with water throughout the year. However, the stage-discharge relationship
suggests that flow only occurs following precipitation and melt events. For the rest of the year, the
surface water present at SW3 appears to be stagnant. During 2017, the estimated total flow at SW3 is
1.19 Mm3, with daily average flow rates ranging between 1,100 L/s and no measurable flow. When the
catchment area is considered, this results in a total runoff of 317 mm/year, or a runoff coefficient of 67%
using the 2017 water surplus.

Station SW4 is situated in the centre of the proposed quarry footprint and monitors flow from the SW3
catchment, as well as the agricultural lands south of Upper's Lane. The catchment area for this station is
approximately 6.18 km? (618 ha). Based on the hydrograph on Figure E-32, flow typically occurs after
precipitation or melt events, with the exception of the late summer / early autumn when dry conditions
occur. During 2017, the estimated total flow at SW4 is 0.93 Mm?, with daily average flow rates ranging
between 1,200 L/s and no measurable flow. When the catchment area is considered, this results in a
total runoff of 213 mm/year, or a runoff coefficient of 45% using the 2017 water surplus.

Station DP1 is situated north of the Site, in Beaverdams Creek (Welland Canal South Turn Basin) east of
Townline Road. The turn basin receives discharge and runoff from a catchment area of approximately
11.08 kmZ2 (1,108 ha). The hydrograph on Figure E-33 shows that except for the winter months when the
canal is drained, surface water is present in the turn basin. There is a culvert under Townline Road that
is exposed when the canal is drained; however, the culvert is submerged during the rest of the year and it
is not possible to obtain a flow rate. When water is present in the turn basin, the stage appears to
fluctuate by £0.3 m, attributed to canal operations.

Station DP2 is situated within the Existing Watercourse meander valley at the north Site boundary,
monitoring flow from the SW4 catchment as well as the agricultural fields north of Upper’s Lane. The
catchment area for this station is approximately 6.53 km? (653 ha).

Station DP3 is situated within the Existing Watercourse meander valley at the south Site boundary,
monitoring flow from the SW3 catchment as well as the agricultural fields south and southeast of the Site.
The catchment area for this station is approximately 4.42 km? (442 ha).

Station DP4 is situated within a small tributary of the main channel of the Existing Watercourse,
monitoring overland runoff from a relatively small agricultural field southeast of the Site. The catchment
area for this station is approximately 0.22 km? (22 ha). The hydrograph on Figure E-36 shows that the
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stage elevation is above ground surface only during significant precipitation or melt events, which is not
unexpected.

Station DP5 is situated within a small tributary of Beaverdams Creek, separate from the Existing
Watercourse catchment. The station is located near the north Site boundary in the northeastern corner of
the Site, and monitors flow from the SW2 catchment as well as overland runoff from the agricultural fields
in the vicinity of the Bible Baptist Church property. The catchment area for this station is approximately
0.19 km? (19 ha). The hydrograph on Figure E-37 shows that the stage elevation does remain above the
ground surface for extended periods of the year, except for the drier summer and autumn months. It is
noted that this station receives a limited amount of discharge from the rural residence at address 5205
Beechwood Road within the Site boundary.

Station DP6 is situated within the un-named wetland and woodlot feature east of the Site, at address
5584 Beechwood Road. There is no observable channel which this wetland feature drains to. The
purpose of this drivepoint is to measure the hydroperiod for the wetland. The hydrograph shown in
Figure E-38 shows that the stage elevation is only above grade during the winter (likely the result of snow
/ ice accumulation) and spring freshet. The station is typically dry June through November.

Station DP7 is situated within the un-named woodlot feature west of the Site, partially covering the
additional lands owned by WAI west of Townline Road. There is no mapped wetland associated with this
woodlot feature, and there is no observable channel draining the area near DP7. There appears to be
one or more surface watercourses which intersect the woodlot on the western side of the woodlot, but
those lands are under separate ownership and were not accessible during the course of this study. The
purpose of DP7 is to measure periods of the year (if any) that the stage elevation is above ground
surface, and to gain a better understanding of groundwater / surface water interaction in this area. Based
on the ground surface contours, the woodlot is situated at a local topographical high. The hydrograph
shown on Figure E-39 shows that the stage elevation is above grade during the winter (probably the
result of snow / ice accumulation) and spring freshet.

It is noted that the NPCA source protection report suggests that recharge to the groundwater system is
less than 50 mm/year within the Beaverdams Creek subwatershed; therefore, on average, a response
equivalent to at least 424 mm of runoff should have been observed at each of the staff gauges in 2017.
The 2017 runoff amounts calculated above are less than the amount estimated using the NPCA recharge
estimate of 50 mm/year.

In summary, the hydrographs for the surface water stations generally corroborate previous interpretations
that flow within the Existing Watercourse occurs intermittently during precipitation or melt events. Some
stagnant water is present within the Existing Watercourse throughout the year in areas which are mapped
as wetlands by the NPCA. The estimated runoff coefficients vary between the different catchments, likely
due to local ground surface topography and surficial soils.

2.4 GEOLOGY

The following description of the 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.

PROPOSED UPPER'S QUARRY WSP
Project No. 161-11633-00
WALKER AGGREGATES INC. Page 15



2.4.1 OVERBURDEN

Study area overburden geology and thickness maps (depth to bedrock in metres) are provided on
Figures 4 and 5, respectively. A simplified map of overburden thickness at the Site scale is provided on
Figure 5A.

Regionally, the overburden largely consists of a relatively thick layer of poorly draining glaciolacustrine
clayey silt to silty clay with a discontinuous lower basal till unit overlying the dolostone bedrock. Much of
the City of Niagara Falls urban area to the northeast of the Site is underlain by sand and gravel
overburden of glaciolacustrine origin. More recent alluvial deposits are present along the local
watercourses including the Welland River to the south of the Site and Beaverdams Creek and tributaries.
Significant areas of modern fill / spoil (i.e., anthropogenic deposits) related to the numerous large-scale
historical excavations are present along the modern (and historic) Welland Canal, Queenston-Chippewa
Power Canal, Mountain Road Landfill Site to the northeast and Brown Road Landfill Site to the south.
Finally, the underlying Paleozoic bedrock is exposed within a narrow band along the Niagara
Escarpment.

Overburden thickness in the study area was calculated using the available data from the Site and other
studies noted above, as well as the MECP water well database. The bedrock surface was interpolated
using GIS software, and then subtracted from the ground surface interpolated from the 2010 Digital
Elevation Model (DEM) contours released by NPCA. In areas where the bedrock surface was
interpolated above the ground surface, overburden thickness was assumed to be nil. This occurs not
unexpectedly at the Walker Brothers Quarry north of the Site. It is noted that the interpolated overburden
thickness shown on Figure 5 is generally consistent with the overburden thickness mapping completed
as part of the NPCA Source Protection report (NPCA, 2013).

In the study area, the glaciolacustrine clay plain slopes gently southward from the Niagara Escarpment
towards the Welland River. South of the escarpment, the bedrock surface also dips to the south /
southwest; as such, the overburden thickness generally increases as one moves south from the
escarpment in the study area, from less than 1 m thick at the escarpment brow to nearly 25 m thick along
the Welland River as shown on Figure 5. The exceptions include the meander valleys formed by the
various watercourses present in the study area where erosion has reduced the overburden thickness to
between 5 m to 10 m or less (less than 2 m observed in the Existing Watercourse at the north end of the
Site). Conversely, the overburden thickness increases along the Niagara Falls moraine (shown on
Figure 3) to over 15 m thick. Within the northern portion of the study area, the Vinemount Moraine
(shown on Figure 3) does not notably rise above the surrounding ground elevation. Finally, there are
localized increases in overburden thickness at the Mountain Road Landfill Site to the northeast, the
Montrose Occurrence (excavation spoil) to the southeast and the Brown Road Landfill Site to the south.

2.4.2 BEDROCK GEOLOGY

2.4.2.1 REGIONAL SETTING

Study area bedrock geology and topography maps (masl) are provided on Figures 6 and 7, respectively.
Regionally, the area is underlain by Ordovician and Silurian age shale, sandstone, limestone and
dolostone. The Niagara Escarpment is the dominant bedrock feature in the area, with many bedrock
outcrops along the escarpment brow where the overburden is thinnest. The Paleozoic aged bedrock is
the subject of on-going research by the OGS. For example, the former members of the Lockport

PROPOSED UPPER'S QUARRY WSP
Project No. 161-11633-00
WALKER AGGREGATES INC. Page 16



Formation have been given formational status within the Lockport Group (Cramer et al, 2011). For this
study, the naming convention follows that of the Paleozoic bedrock Map 2344 (Liberty et al, 1976) as it
has been in long-term use at the existing Walker Brothers Quarry. The naming convention for bedrock
stratigraphic units in this report are defined from youngest to oldest below.

Group (Age)

Formation / Member

Description

Salina Formation
(Upper Silurian Age)

The Salina Formation consists of argillaceous dolostone
and shale and abundant gypsum nodules. This formation
subcrops south of the Site and is only present in the study
area south of the Welland River. 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 due to water quality
and quantity issues.

Lockport Group
(Middle Silurian age)

Guelph Formation

The Guelph Formation is a hard, fresh, brownish-grey,
vuggy, medium grained reefal dolostone with
saccharoidal texture. The Guelph Formation has a
gradational lower contact with the underlying Eramosa
member and subcrops south of the Site. Due to the
thickness of the overburden, there is relatively little
information on the Guelph Formation in the study area
and there is some uncertainty in the Paleozoic bedrock
mapping. This formation was encountered in two
boreholes during a previous drilling program conducted at
the site (JHL, 2004). Like the Eramosa member, the
Guelph Formation is also an excellent source of high-
specification aggregate where it is extracted close to
surface and is the primary bedrock aquifer for drinking
water where it subcrops south of the Site.

Lockport Formation -

Eramosa Member

The Eramosa member is a hard, fresh, brownish-grey
medium grained dolostone with saccharoidal texture and
a petroliferous odour when broken. It is thin to medium
bedded and often blocky in appearance with occasional
shale layers and rare styolites. Based on Site borehole
data, the Eramosa member subcrops north of the Site,
although historically has been interpreted to subcrop
south of the Site (as shown in Paleozoic bedrock Map
2344). Published values in the literature suggest that the
full unit thickness may be up to 10 m; however,
thicknesses of 20 m were observed at the southern
portion of the Site. The Eramosa member is an excellent
source of high-specification aggregate, and where it
subcrops, is the primary bedrock aquifer for drinking
water.
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Group (Age)

Formation / Member

Description

Lockport Group
(cont’d)
(Middle Silurian age)

Goat Island Member

The Goat Island member is a hard, fresh, grey to
brown, fine-grained dolostone with a weak
petroliferous odour when broken and can locally be up
to 8 m thick. It is medium bedded and has occasional
white chert and gypsum nodules. It is much harder
than the underlying shales and sandstones and forms
the cap rock of the Niagara Escarpment. The lower
contact with the Gasport member is typically
gradational. The Goat Island member is well suited for
aggregate production, though high-specification use
can be limited where abundant chert is present. The
Goat Island member is the primary bedrock aquifer
where it subcrops north of the Site.

Gasport Member

The Gasport member is a hard to medium hard, fresh,
grey to dark grey fine to medium grained fossiliferous
dolostone with a saccharoidal texture and can locally
be up to 14 m thick, although it is normally significantly
thinner. The Gasport member is well suited for
aggregate production, though typically not for concrete
stone. On the Niagara Peninsula, the Gasport
member is not particularly noted for drinking water
since most wells are completed in shallower bedrock.

Clinton Group
(Middle Silurian age)

DeCew Formation

The DeCew Formation is a medium hard, dark grey,
fine-grained, fresh argillaceous dolostone with
occasional shale partings and can locally be up to 4 m
thick. This unit is normally not suitable for aggregate
production nor as a drinking water source due to
groundwater quality issues related to the underlying
Rochester Formation shale. The proposed quarry
excavation depth coincides with the interpolated top of
the DeCew Formation.

Rochester Formation

The Rochester Formation is a dark grey, dolomitic to
calcareous shale, which frequently splits along bedding
planes and can locally be up to 14 m thick. On the
Niagara Peninsula, the Rochester shale is associated
with the presence of naturally occurring hydrogen
sulphide gas. This unit is not suitable for aggregate
production nor as a drinking water source due to the
sulphur nature of the groundwater. For this study, the
Rochester Formation is considered a lower no-flow
hydraulic boundary.
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Group (Age) Formation / Member Description

C””t?” Group Irondequoit Formation | The limestone, dolostone and sandstone formations of
g\:llci)(;‘ctilg)Silurian age) the lower Clinton Group can collectively be up to 12 m

9 in thickness. These units are not suited for aggregate
production and are generally not used as a drinking
water source within the study area owing to their depth
below the Rochester shale.

Reynales Formation

Thorold Formation

Cataract Group Grimsby Formation The red and grey sandstone and shale formations that
(Lower Silurian Age) form the Cataract Group can be over 30 m thick in
some areas. Historically, the Grimsby and Whirlpool
Cabot Head (Power formation sand;tones were quqrried for 'building stone
Glen) Formation in Niagara Region; however, this group is generally not
suitable for aggregate due to the limited exposure and
depth of formation below other unsuitable units. The
Cataract Group is also rarely used as a drinking water
source due to the depth of formation, although one
user is known to exist near the existing Walker
Brothers Quarry below the escarpment.

Whirlpool Formation

Queenston Formation The red shales of the Queenston Formation are the
(Upper Ordovician age) oldest and thickest bedrock in the study area and form
the base of the Niagara Escarpment. This formation is
not suitable for aggregate (with the exception of
ceramic brick production below the escarpment) and is
generally considered a poor source of drinking water
owing to both quantity and quality issues.

Figure 6 illustrates the existing Paleozoic bedrock mapping with the interpolated contacts of the various
bedrock units described in the above table. Based on bedrock coring completed for this study, the
interpolated Eramosa member and Guelph Formation contacts appear to extend further north than the
contacts shown on Paleozoic bedrock Map 2344 (Liberty et al, 1976) would suggest.

For this study, the bedrock surface has been interpolated using GIS software and the available data from
the Site and other studies noted above, as well as the MECP water well database. The interpolated
bedrock topography is shown on Figure 7. As expected, the bedrock surface generally dips from the
escarpment (approximately 176 masl in the vicinity of the Walker Brothers Quarry) to the south
(approximately 155 masl near the Brown Road Landfill Site) at a rate of approximately 0.2%. The
bedrock topography shown on Figure 7 suggests that local bedrock highs of approximately 180 masl are
present to the east and west of the Site, with the Existing Watercourse running in the area between. An
apparent bedrock high of approximately 182 masl to 184 masl is also present to the northeast of the Site
near the QEW as shown on Figure 7. The locations of these topographic highs and the headwaters of
the majority of surface watercourses in the study area suggest that bedrock topography likely played a
role in the formation of the present-day watercourse meander valleys, despite the presence of a thick
layer of overburden. It is noted that the Site-specific interpolated bedrock topography shown on Figure 7
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is generally consistent with the regional bedrock topography mapping completed as part of the NPCA
Source Protection report (NPCA 2013).

Conceptual regional cross sections centred on the Site showing the topography, overburden thickness
and bedrock strata are provided on Figure 8 (North-South) and Figure 9 (East-West). The cross section
stratigraphic contacts are interpolated based on boreholes completed as part of this study and other
studies listed at the outset of this section. A discussion of the regional groundwater flow is included in
Section 2.5.1.

In summary, the bedrock surface is exposed along the Niagara Escarpment in the vicinity of the Walker
Brothers Quarry. Overburden thickness decreases near Beaverdams Creek north of the Site near the
inferred Eramosa / Goat Island member contact, as well as at the inferred local bedrock highs present to
the east and west of the Site. The overburden is thickest south of the Site along the Niagara Falls
moraine and within the Niagara Falls urban boundary east of the Site. The proposed quarry depth to the
top of the DeCew Formation is shown on the cross sections on Figures 8 and 9 for reference.

24.2.2 LOCAL SETTING

Bedrock was encountered 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-3, Appendix C. Photos of the available rock core are provided in Appendix C-3.
The Site-scale bedrock topography is shown on Figure 10, and the local topography, overburden
thickness and bedrock strata are shown on cross sections A-A’, B-B’ and C-C’, included as Figures 11,
12 and 13, respectively. The cross-section locations are shown on the Site Plan, Figure 2.

The bedrock strata encountered in the boreholes are described below from youngest (Lockport
Formation, Eramosa member) to oldest (DeCew Formation).

Lockport Formation, Eramosa Member

The upper contact of the Eramosa member with the overburden ranges in depth from 1.2 mbgs
(MW16-18) to 10.7 mbgs (MW16-8). The bedrock depth is generally shallowest in the vicinity of the
Existing Watercourse and the two bedrock highs previously noted in Section 2.4.2.1. The Site scale
bedrock topography (top of Eramosa member in masl) is shown on Figure 10. The top of the Eramosa
member ranges in elevation from a high of 180.9 masl at MW17-21 west of the Site and 181.0 masl at
MW17-20 east of the Site on the two bedrock highs, to a low of 170.9 masl at MW16-16 within the
Existing Watercourse meander valley at the southern boundary of the Site.

The thickness of the Eramosa member is variable owing to the irregular upper erosional surface. At the
Site, the thickness of the Eramosa member ranges between 17.4 m at MW16-8 in the southwest to 5.2 m
at MW16-10 in the northwest.

Lockport Formation, Goat Island Member

The contact of the Goat Island member ranges in depth from 10.4 mbgs (MW16-6) to 28.0 mbgs
(MW16-8). The stratigraphic contact data from the Site boreholes suggest that the contact of the Goat
Island member dips to the southwest, ranging in elevation from 171.1 masl at MW16-6 in the northeast to
158.0 masl at MW16-8 in the southwest.

The thickness of the Goat Island member is variable across the Site, ranging from 16.3 m at MW17-20 in
the east to 4.9 m at MW16-8 in the southwest.
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Lockport Formation, Gasport Member

The top of the Gasport member ranges in depth from 19.3 mbgs (MW11-3R) to 36.3 mbgs (MW17-20).
The stratigraphic contact data from the Site boreholes suggest that the contact of the Gasport member
also dips to the southwest, ranging in elevation from 164.3 masl at MW11-3R in the northeast to

146.0 masl at MW16-8 in the southwest.

The thickness of the Gasport member is variable across the Site, ranging from 15.4 m at MW16-8 in the
southwest to 8.7 m at MW16-10 in the northwest.

DeCew Formation

The contact of the DeCew Formation ranges in depth from 29.4 mbgs (MW11-3R) to 48.3 mbgs
(MW16-8). The stratigraphic contact data from the Site boreholes suggest that the contact of the DeCew
Formation also dips to the southwest, ranging in elevation from 149.2 masl at MW11-3R in the northeast
to 136.5 masl at MW16-8 in the southwest.

Stratigraphic Interpolation

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

2.4.3 NATURAL GAS

Natural gas was observed during drilling in most deep boreholes completed for this study. These
boreholes were advanced to the contact of the Gasport member and DeCew Formation. The gas
manifested as a “bubbling” in the water column during drilling and groundwater sampling which dissipated
quickly following well development / purging as the natural water level in the monitoring well exerts a
hydrostatic pressure greater than the natural gas pressure at the well.

Naturally occurring gas seeps are common on the Niagara Peninsula, and have been observed from
Albion Falls in the City of Hamilton to the west, to the community of Gasport in New York state to the east
(for which the deep Lockport member is named). The seeps do not yield an economic quantity of gas
due to their low rate of flow, and it is expected that over time, the natural gas pressure will likely dissipate
as the proposed quarry footprint expands. Some existing quarries along this transect do report the
presence of natural gas seeps but are not known to be safety concerns for quarry operations.
Nonetheless, appropriate safety precautions will be taken for workers and structures as part of the
proposed future operations at the Site.

During the excavation, precision blasting is used to minimize the propagation of enhanced fracturing of
the bedrock beyond the Site boundary. As such, it is predicted that migration of gas from the deeper
bedrock to the shallow bedrock aquifer will not occur as a result of the proposed quarry. In southern
Ontario, there have been no known cases of gas migrating to drinking water wells in the vicinity of the
numerous quarries which operate within similar bedrock stratigraphy as that of the Site.
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2.5 HYDROGEOLOGY

2.5.1 REGIONAL GROUNDWATER SETTING

The regional groundwater setting is described in the Niagara Peninsula Source Protection Area Updated
Assessment Report (NPCA, 2013) as summarized in the following table. A conceptual diagram is
depicted in Figure 2A.

Hydrogeologic Unit Description

Fine-textured glaciolacustrine clay and silt overburden deposits. At the
Upper Aquitard Site, the water table occurs in the upper weathered zone of this aquitard
and is monitored by the ‘SP’ series standpipes.

Discontinuous basal till layer that underlies the glaciolacustrine clay and
silt and overlies the upper weathered bedrock. The contact aquifer is
not continuous across the study area and generally does not occur
along the Niagara Escarpment or below local watercourse meander
valleys. This aquifer is considered to vary between confined and
unconfined depending on the thickness of the overlying aquitard. At the
Site, this aquifer is monitored by the ‘OB’ series monitoring wells.

Contact-Zone
Aquifer

Overburden

Shallow bedrock consisting of the Guelph Formation dolostone south of
the Site, the Eramosa member dolostone at the Site and the Goat Island
member dolostone north of the Site. This aquifer is continuous across
the study area and varies between semi-confined to confined depending
on the thickness of the overlying aquitard. At the Site, this aquifer is

monitored by the ‘B’ series monitoring wells.
Shallow Bedrock
Aquifer Recent studies have demonstrated that the Eramosa member is subject

to karstification in areas of bedrock outcrops and thin overburden
(NPCA, 2013). Within the study area, this member is buried under a
thick sequence of glaciolacustrine clays and tills. There is currently no
evidence of karst features, such as large apertures or solution-enhanced
fractures, based on the Site borehole data (refer to core photos provided
in Appendix C).

Bedrock

At the Site, consists of the Goat Island and Gasport dolostone members
of the Lockport Group. This aquifer is confined and typically has a lower
Deep Bedrock hydraulic conductivity compared to the shallow bedrock aquifer at the
Aquifer Site. There is interpreted to be no confining layer between the shallow
and deep bedrock aquifers. At the Site, this aquifer is monitored by the
‘A’ series monitoring wells, except for three wells noted below.

DeCew Formation argillaceous dolostone and Rochester Formation
Lower Aquitard shale bedrock units. At the Site, the lower aquitard is monitored at three
‘A’ series wells, MW11-1A, MW11-2A and MW11-4A.
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The two principal aquifers within the study area from which groundwater users obtain their water supply
are the contact-zone (contact) aquifer within the overburden and the shallow bedrock aquifer. A deep
bedrock aquifer is also present but is generally not used for water supply purposes owing to adequate
shallower aquifers.

Since the contact and shallow bedrock aquifers are typically confined and the water level rises above the
top of the aquifer, the “water table” within these aquifers is referred to as a potentiometric surface. The
potentiometric surfaces for the contact aquifer and the shallow bedrock aquifer are illustrated on Figures
14 and 15, respectively. The potentiometric surfaces shown in these figures were interpolated from high-
quality Site monitoring well data and available water level data from representative overburden monitoring
wells at additional sites. Lower-quality static water level data included in the MECP water well records
were also incorporated. The MECP water well records were first parsed to remove wells with no
associated static level and where the well location accuracy was unreliable (location code 6 to 9, or “lot
centroid”).

Where available, autumn water level data were used for the monitoring wells. The static water levels for
the MECP water well records are understood to have been obtained following well installation and
represent a snapshot in time (which could occur at any time of the year, and the data for similar months
could have been collected years apart).

Regionally, the water table is inferred to exist within the shallow clay and silt of the upper aquitard where
the overburden is thicker, distinct from the underlying contact aquifer potentiometric surface. The contact
aquifer includes the discontinuous basal till layer that overlies the upper weathered bedrock and may be
unconfined or confined depending on the thickness of the overlying aquitard. In some locations within the
local study area, such as along the Niagara Escarpment or below local watercourse meander valleys, the
water table within the shallow soils of the upper aquitard is inferred to converge with the potentiometric
surface of the contact aquifer (i.e., there is no significant vertical hydraulic gradient between the water
table and the contact aquifer potentiometric surface). It is in these areas of convergence that the contact
aquifer is interpreted as unconfined.

The relationship between the potentiometric surfaces of the contact aquifer and shallow bedrock aquifer
is inferred to be variable based on the Site data. In some localized areas, there is a distinct separation
between the two potentiometric surfaces with an inferred low hydraulic conductivity confining bed
separating the two aquifers. In other areas, there is virtually no difference between the two potentiometric
surfaces and the two aquifers are inferred to converge. Further discussion of Site-specific observations is
provided below.

As shown on Figure 14, the study area potentiometric surface within the contact aquifer is generally
highest along a line coincident with the QEW in Niagara Falls and along the axis of the Niagara Falls
moraine. An inferred regional groundwater divide also occurs along the Niagara Falls moraine.
Groundwater to the east / southeast of the contact aquifer groundwater divide flows towards the Niagara
River and the Welland River. Groundwater to the northwest of the divide flows towards the Welland
Canal and the Niagara Escarpment. Sub-regional groundwater divides are also inferred to be present
west and east of the Site, coincident with the two bedrock highs identified on Figure 10. Groundwater
flow between these two sub-regional divides is inferred to flow towards the Existing Watercourse
meander valley. The interpolated potentiometric contours shown on Figure 14 are typically a subtle
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reflection of the topography and are generally consistent with the potentiometric surface mapping
completed as part of the NPCA Source Protection report (NPCA, 2013).

The shallow bedrock aquifer is continuous across the entire Niagara Peninsula, but the named bedrock
formations which host the shallow bedrock aquifer differ across the study area from north to south due to
the natural dip angle of the rock. At the Site, the shallow bedrock aquifer is composed of the Eramosa
member dolostone. In the southern portion of the local study area, the shallow bedrock aquifer is
composed of the Guelph formation, while to the north, it is composed of the Goat Island member. ltis
inferred to vary between confined and unconfined in the study area depending on the thickness and
hydraulic conductivity of the overburden. As shown on Figure 15, the potentiometric contours within the
shallow bedrock aquifer appear to be a subtle reflection of bedrock surface topography, as a local
potentiometric high is mapped at the north end of the City of Niagara Falls urban area in the vicinity of the
bedrock high mapped on Figure 7. A smaller localized potentiometric high also occurs southeast of the
Site. Groundwater is inferred to flow radially away from these localized highs. The interpolated shallow
bedrock aquifer potentiometric surface shown on Figure 15 is generally consistent with potentiometric
surface mapping completed as part of the NPCA Source Protection report (NPCA, 2013).

Within the shallow bedrock aquifer, interference with the groundwater potentiometric surface is introduced
by the presence of the Welland Canal, which is completed into bedrock in the study area, as well as the
permanent dewatering of the Townline Road tunnel under the canal in Welland, south of the Welland
River. To the east, the Queenston-Chippewa Power Canal is completed into the Lockport Group bedrock
and also drains the shallow bedrock aquifer, effectively acting as a long linear drainage feature. The
power canal is lined over a portion of its depth, but a significant rock face is exposed such that interaction
between the water in the canal and the shallow bedrock aquifer can be observed as seeps in the deep
canal walls. In addition to the features noted above, there are four (4) known groundwater dewatering
systems currently in operation which are inferred to have an influence on the potentiometric surface in the
shallow bedrock aquifer, as outlined in Section 2.5.4.4 below.

The deep bedrock aquifer consists of the deeper Gasport member dolostone. At the Site, the hydraulic
conductivity of this unit is typically lower than that of the shallow bedrock aquifer, but higher than the
lower aquitard. Within the vicinity of the Site, the deep bedrock aquifer is generally not utilized for water
supply due to the presence of the shallow bedrock aquifer which provides adequate supply. Regional
interpolation of the potentiometric surface for the deep bedrock aquifer was not presented due to the lack
of water wells screened solely within this unit.

In addition to the inferred confining bed between the contact aquifer and shallow bedrock aquifer, there
are two other aquitards within the study area: the fine-textured glaciolacustrine clay and silt overburden
deposits (upper aquitard) and the DeCew / Rochester Formation bedrock units (lower aquitard). Flow
within both aquitar