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1.0 INTRODUCTION

Stantec Consulting Limited (Stantec) was retained by Metrolinx to complete a hydrogeological
assessment for the proposed relocation of the Lincolnville GO Station Site (Site). The Site is located at
12902 and 12958 Tenth Line, in Whitchurch-Stouffville, Ontario (Figure 1, Appendix A).

The Site covers an area of approximately 5.3 ha and is bounded to the East by King’s Highway No. 47
(Tenth Line), and rural and agricultural lands to the south and west, with the Metrolinx right of way (ROW)
and railway line immediately to the west of the Site. Historical land use at the Site consisted of agricultural
and rural residential.

Stantec completed this hydrogeological assessment to support the Environmental Project Report (EPR)
for the Site. Part of this hydrogeological assessment consists of a more detailed assessment of an onsite
wetland designated as “Status to be Determined” by the Ministry of Natural Resources and Forestry
(MNREF). The current delineation of this onsite wetland feature is shown on Figure 1 (Appendix A).
Additional assessments might complex the onsite wetland area with the nearby Stouffville Marsh, which is
a locally significant wetland (LSW) located 500 m to the southwest of the Site (Figure 2). The Toronto
Region Conservation Authority (TRCA) indicates that the onsite wetland is likely hydraulically connected
to the Stouffville Marsh.

The objectives of the hydrogeological assessment, including the onsite wetland assessment are to:
1. Characterize current geological and hydrogeological conditions throughout the Site
2. Evaluate seasonal variations in groundwater table fluctuations and flow direction across the Site.

3. Assess the hydrogeological form and function of the onsite wetland, including local groundwater flow
and gradients.

This report is arranged into eight (8) sections, including this introduction (Section 1). Section 2 presents
the overview of the proposed development at the Site. Section 3 presents the Site’s physical setting at a
regional scale. Section 4 presents the methodology for investigations of site-specific hydrogeological
conditions. Section 5 presents the results of the site-specific investigations. Section 6 presents a brief
assessment of policy implications related to developing near the wetland or removing/relocating the
wetland from its current location. Report conclusions are provided in Section 7, with references listed in
Section 8.

All figures and tables referenced in this report are presented in Appendices A and B, respectively.
Appendices C to E present the Borehole Logs, Laboratory Certificates of Analysis, and Hydraulic
Conductivity Testing Analytical Solutions, respectively.

rt \\cd1215-f01\work_group\01609\active\160950996\planning\report\hydrogeology\full site
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2.0 PROJECT OVERVIEW

Metrolinx has committed to Regional Express Rail on the Stouffville Corridor. This project will entail all
day, bi-directional service every 15 minutes to Unionville GO Station, and every hour to Mount Joy GO
Station. To accommodate this anticipated growth, the infrastructure and storage capacity of the existing
Layover Station, which is located approximately 150 m to the northeast (Figure 2, Appendix A), must be
upgraded and expanded. The Layover Site currently serves as both a layover yard for six (6) trains, as
well as the Lincolnville GO Station/stop along the Stouffville Corridor.

Metrolinx proposes infrastructure upgrades on the Stouffville corridor to facilitate the bi-directional service
within the corridor. These upgrades will consist of the Layover site being converted into solely a layover
facility, and the station facilities being relocated to the Site (Figure 1, Appendix A). The proposed Site will
consist of new station infrastructure, installation of a platform, station building facility, parking lot, and a
bus loop.

rt \\cd1215-f01\work_group\01609\active\160950996\planning\report\hydrogeology\full site
assessment\rpt_lincolnville_hydrogeology_fnl_revised_20190114.docx 2.1



HYDROGEOLOGICAL AND WETLAND ASSESSMENT, METROLINX LINCOLNVILLE STATION SITE,
LINCOLNVILLE, ONTARIO

Physical Setting
January 14, 2019

3.0 PHYSICAL SETTING

3.1 LAND USE

The Site is divided into two separate parcels of land, with 12958 Tenth Line to the north and 12902 Tenth
Line to the south (Figure 1, Appendix A). The Site was recently purchased by Metrolinx in anticipation of
the development of these lands to support railway expansion. The northern parcel had a rural residential
house and manicured lawn, with the southern parcel occupied by a rural residence and various buildings
associated with a greenhouse operation (Stantec, 2018a) (Figure 1, Appendix A).

North of the Site is a vacant lot at the corner of Bethesda Side Road and Tenth Line. To the west and
south, lands are predominantly agricultural, with a rural residence located to the east across the road
from Tenth Line. The land to the south of the Site is currently slated for future residential development.

3.2 PHYSIOGRAPHY

The Site is located within the physiographic region classified by Chapman and Putnam (1984) as the
South Slope, which is the southern slope of the Oak Ridges Moraine (ORM). The South Slope consists of
drumlinized till plain that is covered in some areas by thin coarse-textured glaciolacustrine deposits. The
kame moraines of the ORM are located approximately 1.3 km to the north of the Site, with this feature
being the source for many groundwater fed tributaries that originate along the portion of the South Slope
that abuts the ORM.

3.3 NATURAL FEATURES

In 2018, Stantec Geomatics performed a topographic survey of the Site in support of the proposed
development, with the topography shown surrounding the Site being provided by the Region of York
(2011) (Figure 3, Appendix A).

Ground surface topography across the Site slopes towards the onsite wetland, where elevations range
from 294 m AMSL to 293 m AMSL (Figure 3, Appendix A). The ground surface rises gradually to the west
and east, with a topographic high of approximately 298.5 m AMSL occurring in the northern portion of the
Site near BHP-05. Overall drainage across the Site is southward towards Stouffville Creek, and ultimately
to Stouffville Marsh, which is located approximately 500 m to the southwest of the Site (Figure 2,
Appendix A).

In June 2018, the TRCA, MNRF, Metrolinx and Stantec personnel visited the Site to define the
boundaries of the onsite wetland, with the results of this exercise being shown on Figure 1 (Appendix A).
Within the onsite wetland there is a pond feature. This pond is interpreted to be a dug pond which was
historically used for agricultural purposes. The pond receives flow from a tributary to Stouffville Creek,
which originates to the northwest of the Site. The outlet of the pond is a mapped water feature, with
recent site visits by Stantec personnel suggesting that the pond only overflows intermittently during large

rt \\cd1215-f01\work_group\01609\active\160950996\planning\report\hydrogeology\full site
assessment\rpt_lincolnville_hydrogeology_fnl_revised_20190114.docx 3.2



HYDROGEOLOGICAL AND WETLAND ASSESSMENT, METROLINX LINCOLNVILLE STATION SITE,
LINCOLNVILLE, ONTARIO

Physical Setting
January 14, 2019

precipitation events. This tributary to Stouffville Creek flows to the south property boundary, where it
meets Stouffville Creek before flowing to Stouffville Marsh (Figure 2, Appendix A).

3.4 REGIONAL GEOLOGY AND HYDROGEOLOGY

The Site is located within the ORM planning boundary. The ORM covers an area of 1,900 km?2 and
extends from approximately Caledon in the west to Peterborough in the east and forms a regional
topographic high. The ORM consists of quaternary deposits up to 200 m thick, grouped into the following
six general classifications as described by Geological Survey of Canada (2001) from oldest to youngest:

e Lower Deposits - directly overlie the bedrock, and consist of interbedded layers of sand, silt, clay
and till material. These deposits include the Thorncliffe Formation, Sunnybrook/Port Hope Till,
Scarborough Formation, Don Formation, York Till and lower sediments.

e Newmarket Till - described as a dense, stony, silty sand to sandy silt diamicton (till) that typically
ranges from 20 m to 30 m thick, although the unit can locally be up to 60 m thick. This unit has been
traced lithologically beneath the moraine (Sharpe et al., 1998).

e Tunnel Channels - A regional unconformity that forms the upper drumlinized and channelized
surface of the Newmarket Till. Tunnel channels oriented in a north—northeast to south-southwest
direction extend through the Newmarket Till and may extend to the bedrock. The channels primarily
contain sandy sediments related to the ORM sediment but may also contain gravel material.

e ORM Sediments - Described as interbedded silt and fine sand with local sandy gravel material.

e Halton Till - A low permeability texturally variable diamicton that ranges from sandy silt till to silty clay
till, with its matrix occasionally characterized by sand layers. The Halton Till (also referred to as the
Halton Aquitard) is typically 3 m to 6 m thick, but locally can range up to 40 m in thickness. The
horizontal and vertical hydraulic conductivity of this till unit is reported to be in the range of 107 m/s
(Kassenaar and Wexler, 2006) (Figure 4, Appendix A; Unit 5d).

e Glaciolacustrine Deposits - Beach deposits and deep-water sediments laid down in lakes and
ponds formed via glacial melt waters associated with retreating glaciers. The shallow areas of these
former glacial waterbodies resulted in the deposition of medium to fine sand and silty fine sand (i.e.,
the shoreline), whereas glaciolacustrine sediments consisting of laminated to varved silt, clay and
minor sand occurred where deeper waters were present. Collectively, these deposits form a thin
surface veneer over the underlying Halton and/or Newmarket Till (Figure 4, Appendix A; Unit 8a).

Near the Site, the Halton Till is mapped as being present at ground surface (Figure 4, Appendix A).
Regional groundwater flow in this area is to the south and southeast, towards Lake Ontario (Gerber,
2003).

" A generic term for any non-lithified, non-sorted, or poorly sorted sediment containing a wide range of particle sizes, such as rock
fragments contained within a fine earth matrix (e.g., till) and used when the genetic context of the sediment is uncertain.

rt \\cd1215-f01\work_group\01609\active\160950996\planning\report\hydrogeology\full site
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4.0 METHODOLOGY

The hydrogeological site investigation and onsite wetland assessment included:

e installation of monitoring wells

e drive-point piezometer installations

¢ monitoring of groundwater levels

e collecting groundwater samples for quality testing

e performing hydraulic response testing

The methodology for these tasks is described in Sections 4.1 to 4.5 below.
4.1 BOREHOLE DRILLING AND MONITORING WELL INSTALLATIONS

From April 30 to May 1, 2018 Stantec directed the drilling of boreholes at five locations to install multi-
level monitoring wells. These monitoring wells are within and/or adjacent to the onsite wetland to identify
the positioning of the groundwater table and evaluate seasonal fluctuations in vertical hydraulic gradients
(i.e., identify groundwater recharge and/or discharge conditions) near this feature. Two monitoring wells
were drilled and installed adjacent to existing wells to identify the vertical hydraulic gradients at those
locations. Monitoring well BH-P-13D was drilled and installed adjacent to the existing BH-P-13, and BH-P-
16S was drilled and installed adjacent to the existing BH-P-16. Two monitoring wells (MW1-18S and
MW1-18D) were installed to the northwest of the pond inlet and one monitoring well (MW2-18) was
installed in the southwest corner of the Site to assist in defining groundwater flow patterns throughout the
Site. Figure 1 (Appendix A) shows the locations of the previously mentioned monitoring wells, as well as
the four existing monitoring wells (BH-P-08, BH-S-10, BH-P-13 and BH-P-16) installed at the Site in early
2018 as part of a geotechnical investigation (Stantec, 2018b).

Stantec retained Pontil Drilling (Pontil), on behalf of Metrolinx, to complete the borehole drilling and
monitoring well installations. Pontil drilled the boreholes using a CME 55 track-mounted drilling rig
equipped with a hollow stem auger drilling system, with soil samples being collected using a 0.6 m long
stainless-steel split spoon sampler at 0.75 m intervals. The shallow boreholes were advanced to depths
of 2.7 m to 4.6 m below ground surface (BGS), with the deep boreholes terminating at depths of 6.1 m to
7.6 m BGS. Stantec personnel logged the borehole stratigraphy using the American Society for Testing
and Materials (ASTM) guideline for the description and identification of soils (ASTM International, 2009).
The borehole logs contained descriptions (where relevant and possible) of soil type, texture, colour,
structure, consistency, plasticity, moisture content, and other visual and olfactory observations. Copies of
the borehole logs from this drilling program and the geotechnical investigation (Stantec, 2018b) are
provided in Appendix C.

rt \\cd1215-f01\work_group\01609\active\160950996\planning\report\hydrogeology\full site
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Pontil installed the monitoring wells adhering to the construction requirements outlined under Ontario
Regulation 903 (O. Reg. 903) (MOE, 1990). Each monitoring well is constructed of 50 mm inside
diameter, Schedule 40 polyvinyl chloride (PVC) pipe, having a No. 10 slot screen (0.01-inch slot)
measuring 1.5 m in length. Pontil backfilled the annular space between the monitoring well pipe and
surrounding soil to a height of 0.3 m above the top of screen using No.2 grade silica sand, followed by
granular bentonite (which was gradually hydrated through the pouring of water down the annular space
throughout the installation process) to ground surface to prevent a hydraulic connection from occurring
between the screened formation and overlying soils. The completion of each monitoring well involved
encasing the pipe stick-up within a lockable steel casing, with the base of this casing being either
hammered cemented or hammered into place to a depth of approximately 0.3 m BGS.

Following installation, Stantec personnel purged each monitoring well using dedicated 16 mm (2/3 inch)
inside diameter high density polyethylene (HDPE) tubing connected to a D-25 Waterra™ foot valve.
Using the dedicated tubing, Stantec personnel purged each well dry a total of three times to clear out any
fine-grained sediments and, subsequently, establish a proper hydraulic connection with the native aquifer
material.

The elevation of the existing grade and top-of-pipe at each monitoring well was surveyed to a geodetic
benchmark (Canadian Geodetic Vertical Datum 1928, 1978 Adjusted) by Stantec Geomatics.

Well construction details and survey data are summarized in Table 1 (Appendix B) and on the
construction logs provided in Appendix C.

4.2 DRIVE-POINT PIEZOMETER INSTALLATIONS

On April 27, 2018 three multi-level drive-point piezometers (consisting of a shallow and deep pipe)
(DPO01-S/D to DP03-S/D) were installed within the onsite wetland and pond feature to assess the
hydrogeological form and function of these features. The locations of the onsite wetland and pond are
shown on Figure 1 (Appendix A). Two drive-point piezometers, DP03-S/D and DP01-S/D, were installed
at the northwest inlet and southern outlet of the pond, respectively. The third drive-point piezometer
(DP02-S/D) was installed along the western shore of the pond feature. This piezometer network was
installed to obtain a better understanding of groundwater seepage and flow around the pond feature.

Each drive-point piezometer was constructed of a 19 mm diameter, 0.42 m long steel screen connected
to 25 mm diameter steel riser pipes. The drive-point piezometers were hand-driven using a fence post
driver, with a soil core being obtained using manual methods (i.e., auger) near each installation to identify
shallow soil conditions. Each drive-point piezometer was developed following installation using the same
procedures previously mentioned for the monitoring wells.

Construction details for the drive-point piezometers are summarized in Table 1 (Appendix B) and
presented on the logs provided in Appendix C.

rt \\cd1215-f01\work_group\01609\active\160950996\planning\report\hydrogeology\full site
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4.3 GROUNDWATER LEVEL MONITORING

Groundwater levels were recorded at the monitoring well and drive-point piezometer locations using a
combination of automated and manual measurement methods.

Solinst® Edge Leveloggers® (Leveloggers) were installed at all drive-point piezometers on April 27, 2018
to allow for the automatic measurement of water levels. Monitoring wells BH-S-10, BH-P-08, BH-P-16 and
BH-P-13 were fitted with Leveloggers on March 1, 2018, with Leveloggers installed in the remaining
monitoring wells on May 1, 2018, immediately following well installation and development.

The Leveloggers were suspended into the water column at each drive-point piezometer and monitoring
well and set to record water levels at one-hour intervals. Leveloggers are not vented to the atmosphere
and therefore record total pressure (where total pressure is the sum of the atmospheric pressure and the
height of water column). To obtain an accurate measurement of the groundwater level at each drive-point
piezometer and monitoring well, the water level data obtained from the Leveloggers were corrected for
atmospheric pressure using data obtained from a Solinst® Edge Barologger® (Barologger) that was
positioned beside the well within the protective casing at monitoring well BH-S-10.

Groundwater levels were manually measured on February 26, March 1, May 1, and June 1, 2018, as well
as at select locations on June 7, 2018. The groundwater level measurements were recorded in meters to
the nearest 0.01 m using a battery-operated water level indicator. Manual groundwater level
measurements were used to verify data recorded by the Leveloggers. The water level measurements
obtained from the monitoring wells and drive-point piezometers are presented in Tables 2 and 3
(Appendix B), respectively.

4.4 GROUNDWATER SAMPLING AND TESTING

Stantec personnel collected groundwater quality samples from the onsite monitoring wells (BH-S-10,
BH-P-08, BH-P-13 and BH-P-16) on February 27, 2018. The samples are to help evaluate pre-
development groundwater quality conditions at the Site. Stantec personnel sampled the monitoring wells
using a dedicated inertial lift Waterra™ sampling pump constructed of 16 mm diameter high density
polyethylene (HDPE) tubing connected to a Waterra™ Delrin foot valve. Prior to sample collection,
Stantec personnel lowered the Waterra™ sampling system to approximately 0.5 m from the bottom of the
well, and purging well casing volumes. The well development removed fine sediment or fluids that may
have been introduced to the formation surrounding the well screen during drilling. Only three to four well
volumes were purged prior to sampling from each of the monitoring wells due to extended water level
recovery times.

Following purging, Stantec personnel collected groundwater samples from each monitoring well by
pouring water directly from the HDPE tubing into lab supplied sample bottles. Groundwater samples
collected for metals analysis were field-filtered using disposable in-line 0.45 ym (micron) filters attached
to the HDPE tubing. The groundwater samples were carefully packed into coolers with ice, which was
added to maintain sample temperatures below 10°C during transit to the analytical laboratory. Samples

rt \\cd1215-f01\work_group\01609\active\160950996\planning\report\hydrogeology\full site
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were delivered to Maxxam Analytics Inc. (Maxxam) for analysis of general inorganic parameters and
dissolved metals. A chain of custody form was completed and included with the samples.

The results of the groundwater quality testing are summarized in Table 4 (Appendix B). A copy of the
laboratory certificate of analysis is presented in Appendix D.

4.5 HYDRAULIC RESPONSE TESTING

Stantec performed in-situ hydraulic response testing at each monitoring well (BH-S-10, BH-P-08, BH-P-13
and BH-P-16) on February 27 to March 1, 2018 to estimate the horizontal hydraulic conductivity of the
deposits beneath the Site. The testing consisted of creating an instantaneous change in the well water
level by removing a known volume of water followed by recording the time taken for the water level to
return to static conditions (i.e., a rising head or bail test). Data were analyzed using the Bouwer and Rice
(1976)/Bouwer (1989) solution for a slug test in an unconfined aquifer as provided in the software
package AQTESOLV ™ Pro Version 4.5 (Duffield, 2014). Testing provided an estimate of the horizontal
hydraulic conductivity of the sediments within the screened interval for each monitoring well. Testing
results are summarized in Table 1 (Appendix B). Copies of analytical solutions are presented in

Appendix E.
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5.0 LOCAL GEOLOGY AND HYDROGEOLOGY

5.1 GEOLOGY

Surficial geology mapping indicates that the Site and much of the surrounding area is covered by
glaciolacustrine-derived deposits consisting of silty to clayey till (interpreted to represent the Halton Till;
Figure 4, Appendix A - Unit 5d), with drilling activities undertaken during the hydrogeological and
geotechnical (Stantec, 2018b) drilling programs supporting this interpretation.

As reported by Stantec (2018b) and supported by the observed materials encountered during the current
drilling program (Appendix C), the predominant materials forming the subsurface at the Site consist of
sandy to silty clay till to a clayey silt till. The stratigraphy across the Site is presented in cross sections
A-A’ (Figure 5, Appendix A), B-B’ (Figure 6, Appendix A) and C-C’ (Figure 7, Appendix A). At many
locations, this fine-grained material extends the entire depth of the borehole, and is interpreted to
correspond to the Halton Till. Isolated pockets of hard silt to sandy silt were also identified at depths
starting at 5.5 m BGS to 6.4 m BGS, with both MW 1-18D and BH-P-13D screened across the unit. A thin
sandy silt deposit was also encountered at a shallower depth at BH-P-11 (Figure 5, Appendix A).

A review of regional overburden thickness mapping suggests that overburden thickness is between
125 m to 150 m in this area (Gerber, 2003).

5.2 HYDROGEOLOGY
5.2.1 Groundwater Levels

Groundwater is encountered beneath the Site within the sandy to silty clay till to a clayey silt till (i.e.,
Halton Till), as indicated by the occasionally observed soil colour change from brown to grey together with
the measured groundwater levels (Figures 5 to 7, Appendix A). While some of the monitoring wells
started collecting continuous water level measurements on May 1, 2018, those wells fitted with
Leveloggers beginning March 1, 2018 (Figures 8 and 9, Appendix A) suggest that the seasonal high
groundwater levels across the Site occurred near the end of April; consequently, the data obtained at the
start of May 2018 at all locations is interpreted to represent high groundwater elevations for 2018. The
monitoring wells will remain instrumented with Leveloggers into spring 2019 to confirm high groundwater
levels in all the monitoring wells and confirm groundwater level fluctuation trends. Groundwater level
hydrographs for all monitoring locations are presented in Figures 8 to 10 (Appendix A).

For the monitoring wells installed outside of the delineated onsite wetland area (i.e., BH-P-10, BH-P-08
and MW2-18), available data indicate the depth to groundwater across the Site ranges from
approximately 0.2 m BGS to 2.0 m BGS under high groundwater table conditions (e.g., April 26, 2018 to
May 5, 2018) (Figure 8, Appendix A), with about 1.1 m of seasonal fluctuation based on the data collected
to June 1, 2018.
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Across the entire Site, groundwater levels were typically highest in the early spring, with levels beginning
to trend downward in early June (Figures 8 to 10, Appendix A). This pattern in fluctuations is common
within shallow groundwater systems in southern Ontario where high groundwater table conditions occur in
the spring due to lower evapotranspiration losses and a melting snowpack, which provide a greater
volume of water for recharge. Low groundwater table conditions typically occur in the late summer to
early fall as more water is drawn from the subsurface over this period to meet evapotranspiration
demands. Further data collection is required to confirm the anticipated seasonal groundwater fluctuations.

5.2.2 Wetland Hydrogeology

There are three monitoring wells nests located within and immediately adjacent to the boundaries of the
onsite wetland (i.e. MW1-18S/D, BH-P-13/D and BH-P-16/S). The groundwater levels recorded in these
monitoring wells are shown in Figure 9, Appendix A.

There is minimal screen separation between BH-P-16S and BH-P-16 and given the groundwater
elevations are nearly identical between the two monitoring wells (Figure 9, Appendix A), for the purposes
of the below interpretation, both wells in this location are considered as shallow. For the shallow
monitoring wells nests within and immediately adjacent to the onsite wetland (MW1-18S, BH-P-13,

BH- P- 6S and BH-P-16), available data indicate the depth to the groundwater table across the wetland
ranges from approximately 0.2 m BGS to 0.9 m BGS under high groundwater table conditions, with about
0.3 m to 1.4 m of seasonal fluctuation based on the data collected to June 1, 2018. These shallow
groundwater levels are interpreted to correspond with the groundwater table elevation and are consistent
with the groundwater level measurements across the remainder of the Site (Section 5.2.1).

In addition to monitoring wells, Stantec measured shallow groundwater levels within the onsite wetland
through the use of nested drive-point piezometers (i.e., DP01-S/D, DP02-S/D and DP03-S/D), with the
locations of these piezometers shown on Figure 1 (Appendix A). Water level hydrographs for the drive-
point piezometers are shown on Figure 10 (Appendix A). Available data for the shallow drive-point
piezometers indicate the depth to the water table across the onsite wetland ranges from approximately
0.1 m BGS to 0.9 m above ground surface (AGS) under high groundwater table conditions, with about
0.3 m to 0.4 m of seasonal fluctuation observed up to June 7, 2018. The deep drive-point piezometers
exhibited groundwater table levels consistent with the shallow monitoring wells, ranging from 0.1 m BGS
to 1.4 m BGS, with between 0.7 m and 1.7 m of seasonal fluctuation.

The deep monitoring wells onsite within and immediately adjacent to the wetland (i.e. MW1-18D and
BH- P-13D) are vertically separated from the well screens in the adjacent shallow monitoring wells by a
distance of 1.5 m, and therefore measure the hydraulic head at a greater depth within the shallow
groundwater system. Available data indicate the groundwater level measured in these deep monitoring
wells ranges from approximately 1.9 m BGS to 5.5 m BGS under high water table conditions, with about
0.5 m of seasonal fluctuation. In each nested monitoring well location (i.e., BH-P-13/D, BH-P-16/S,

MW 1- 18S/D), calculated vertical hydraulic gradients beneath the onsite wetland were downward
throughout the monitoring period, suggesting that the onsite wetland is a groundwater recharge feature.
Calculated vertical gradients are provided in Table 2 (Appendix B), ranging between 0.3 to 0.7 m/m at
BH-P-16/S, 1.9 to 2.1 m/m at MW1-18S/D, and 2.4 to 2.6 m/m at BH-P-13/D. Due to the minimal screen
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separation at BH-P-16/S, the gradients across the wetland are likely more reflected by the vertical
gradients calculated at MW1-18S/D and BH-P-13/D.

Similar to the monitoring wells, the groundwater levels measured in the drive-point piezometers exhibit
downward vertical gradients ranging from 0.2 m/m to 1.9 m/m, supporting the presence of groundwater
recharge conditions throughout the onsite wetland.

The surface water level was also measured at the drive-point piezometer nest DP02-S/D, which is located
in the pond within the wetland (Figure 10, Appendix A). For the data that is currently available (May 1 to
June 7, 2018), the surface water level is similar to the groundwater level recorded in the shallow drive-
point piezometer (DP02-S), suggesting that the surface water level in the pond is influenced by the
positioning of the shallow groundwater table. The overall predominant gradient remains downward
between the shallow (DP02-S) and deep (DP02-D) drive-point piezometers in the pond, similar at
DP01-S/D and DP03-S/D.

5.2.3 Groundwater Flow

Groundwater elevation contours from June 1, 2018 are presented on Figure 11 (Appendix A), ranging
from a high of 294.87 m AMSL at the north end of the Site (BH-S-10) to a low of 291.79 m AMSL in the
south portion of the Site. Based on the contour presented on Figure 11 (Appendix A), the interpreted
groundwater flow direction across the Site is to the south to southwest. This local interpretation is
consistent with the TRCA'’s interpretation that the onsite wetland and shallow groundwater at the Site is
flowing towards the Stouffville Marsh to the southwest. Following further data collection, a review of the
groundwater level data should be completed to confirm that no seasonal change in the groundwater flow
direction occurs.

The horizontal hydraulic gradient across the Site is estimated as 9 x 10- m/m. Horizontal hydraulic
conductivity estimates calculated from onsite hydraulic response testing are on the order of

107 m/s to 108 m/s for wells screened across the sandy, silty clay till to silty, clayey sand till (Table 1,
Appendix B). Assuming a soil porosity of 0.3, and using the geomean of the calculated hydraulic
conductivities (5 x 10-® m/s), horizontal groundwater flow across the Site is on the order of 0.05 m/year,
but ranges from 0.02 m/year to 0.1 m/year using the highest and lowest estimated hydraulic conductivity
values across the Site.

5.2.4  Groundwater Quality

Groundwater quality data have been assessed against the Provincial Water Quality Objectives (PWQO).
Water quality results are presented in Table 4 (Appendix B).

The PWQO for cobalt was exceeded in the sample collected at BH-P-16 with a concentration of 1.2 pg/L.
This was the only exceedance of the PWQO observed in all monitoring wells. However, the laboratory
reporting limit for phosphorus of 100 pg/L was higher than the PWQO of 30 pg/L. The PWQO for
phosphorus is an interim PWQO that is set for total phosphorus and was applied for dissolved
phosphorus for evaluation purposes. The PWQO is related to surface water quality based on the general
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guideline that excessive plant growth in rivers and streams is not a factor when total phosphorus is less
than 30 pg/L. Low concentrations of total dissolved phosphorus below the method detection limit are not
uncommon in groundwater systems.
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6.0 AUTHORIZATIONS AND GOVERNING POLICIES

6.1 TRCA ONTARIO REGULATION 166/06

Pursuant to Ontario Regulation 166/06 (O.Reg. 166/06), the TRCA must first provide permission for any
proposed alteration of, or interference with, a wetland to occur as part of a land development project. As
per Section 2 (1), development is prohibited in any wetland, or in areas where a development could
interfere with the hydrologic function of a wetland, including areas within 120 m of all provincially
significant wetlands (PSW) and wetlands on the Oak Ridges Moraine, and within 30 m of all other
wetlands. However, under O.Reg. 166/06 s. 3 (1), the TRCA may grant permission to develop in/near a
wetland, if, in its opinion, the control of flooding, erosion, dynamic beaches, pollution or the conservation
of land will not be affected by the development.

Under O.Reg. 166/06 s.5, no person shall straighten, change, divert or interfere in any way with the
existing channel of a river, creek, stream, or watercourse or change or interfere in any way within a
wetland, unless granted permission from the TRCA under 166/06 s.6(1).

The onsite wetland is not currently classified as significant; however, the wetland is located within the
ORM and is therefore subject to the policies under the ORM. Stantec understands that Metrolinx will be
working with the TRCA and other regulating bodies to properly assess and address the concerns related
to development of the Site, which may include alteration of the onsite wetland. Metrolinx has considered
six alternative station design concepts based on a variety of factors, including environmental impacts,
ability to meet applicable policies and regulatory framework, financial implications, and technical
feasibility. Based on the review of the six design alternatives, it was determined that a design with some
required alteration to the onsite wetland is the most viable and preferred option (Stantec, 2018c). Some
exemptions to the policies may apply if Metrolinx is able to provide sufficient evidence for the alteration
and/or removal or relocation of any parts of the onsite wetland feature. Groundwater monitoring data
collected to date indicates that the Site, and the onsite wetland contained within the Site, are groundwater
recharge areas. Consequently, any future development of the Site must maintain the pre-development
groundwater recharge potential of these lands under the post-development condition. A water balance will
be completed as part of a separate report, which will assist in assessing this groundwater recharge issue.

The hydrogeological information presented in this report will be used in part to assist with the decisions
related to the onsite wetland, and overall Site design and necessary infiltration measures required.

6.2 CLEAN WATER ACT 2006
6.2.1  Municipal Water Supply

The town of Whitchurch-Stouffville is supplied by a groundwater supply system consisting of five wells.
Production Wells No. 1 and No. 2 are screened within the lower Thorncliffe Aquifer and Production Wells

rt \\cd1215-f01\work_group\01609\active\160950996\planning\report\hydrogeology\full site
assessment\rpt_lincolnville_hydrogeology_fnl_revised_20190114.docx 6.1



HYDROGEOLOGICAL AND WETLAND ASSESSMENT, METROLINX LINCOLNVILLE STATION SITE,
LINCOLNVILLE, ONTARIO

Authorizations and Governing Policies
January 14, 2019

No. 3, No. 5 and No. 6 are screened within the shallow ORM sediments. The location of the production
wells are shown on Figure 12 (Appendix A).

The Site falls within the combined wellhead protection areas (WHPA) for Production Wells No. 1, No. 2
and No. 3 (Figure 12, Appendix A). Therefore, under the Clean Water Act (2006) the activities related to
expanding and/or operating the Site were reviewed with respect to potential threats to the groundwater
drinking supply.

The Site is located entirely within WHPA-C, which is the 5-year time of travel zone (Figure 12,

Appendix A). Based on threat vulnerability mapping, the aquifer in this area is mapped with a vulnerability
score of either 6 or 8. Based on this vulnerability scoring, there are no activities associated with the
proposed development that would be considered a significant chemical or pathogen threat to
groundwater. Therefore, development is unlikely to cause impacts to groundwater resources with respect
to chemical or pathogen threats under the Clean Water Act (2006). However, within a WHPA-C, all dense
non-aqueous phase liquids (DNAPL) threats are considered significant (MOE, 2015). Wherever feasible,
the use or storage of DNAPLs on Site should be avoided. Metrolinx does not plan to store or use any
DNAPLs during construction of the Site, or during later ongoing operation and maintenance.

The Site is located approximately 2.5 km southeast of the WHPAs associated with Stouffville Production
Wells No. 5 and 6, and 3 km south of the WHPAs associated with the Uxville Drinking Water System
(Figure 12, Appendix A).

6.2.2  Aquifer Vulnerability

Mapping of aquifer vulnerability from two different modelling sources (as provided by York Region and
TRCA) is shown in Figure 13 (Appendix A). Based on the most conservative of these two data sources,
which was obtained from the TRCA, the northern and southwest portions of the Site are mapped as a
Significant Groundwater Recharge Area (SGRA), with areas to the east identified as an area with a Highly
Vulnerable Aquifer (HVA) (Region of York, 2016).

The Site also falls within an area mapped as a WHPA-Q, which is an area associated with a water
quantity stress. In these areas, any activity which reduces the recharge to the aquifer and/or takes water
without returning it to the same source may be considered a significant water quantity threat. Conceptual
and final designs should include plans to maintain recharge to the underlying aquifer system.

As portions of the Site have been classified as a SGRA and are in a WHPA-Q, post-construction
conditions must be reviewed with respect to recharge based on the potential for the addition of
impermeable surfaces post-development. However, as discussed in Section 5.1, onsite borehole data
and surficial geology mapping indicate that most of the Site is covered by fine-textured silty clay to clayey
silt deposits interpreted to be Halton Till, characterized by horizontal hydraulic conductivities on the order
of 107 m/s to 108 m/s. These surficial silty clay deposits will act as an aquitard and limit the downward
move of infiltrating water to the underlying aquifer system. Subsequently, the available onsite data
suggest that the SGRA may not extend into the Site. Regardless, a subsequent report containing a pre-
and post-construction water balance will be undertaken to consider the potential for significant recharge in
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the area, and to assist with integrating appropriate Low Impact Development (LID) measures into the
design phase of the project.

6.3 OAKRIDGES MORAINE CONSERVATION ACT

As part of the ORM Conservation Act, The Oak Ridges Moraine Conservation Plan (ORMCP) was
established. The ORMCP is designed to provide direction for management of the 190,000 hectares of
land and water within the Moraine. Under the ORMCP, the ORM is divided into land use designations,
with the Site falling within the Settlement Area of the ORM. In this area, urban uses and development as
set out in the York Region Official Plans are permitted, however, consideration must be taken for the
sensitivities of the Site (i.e. the onsite wetland and SGRA).

The ORMCP, Ontario Regulation 140/02, requires that all municipal decisions on planning and
development applications should conform to the ORMCP policies.

6.4 YORK REGION OFFICIAL PLAN

The York Region Official Plan (ROP 2010) is required by the ORM Conservation Act to be conformant
with the ORMCP. All work completed at the Site must comply with the York Region Official Plan (York
Region, 2016) as it relates to hydrogeological functions. Metrolinx must work with York Region and the
TRCA within the ORMCP as they pertain to development restrictions on Site. Construction and long-term
management plans should be considered to address the concerns related to development and
management of materials on Site.

A full policy review was not completed at this time as Stantec has assumed that Metrolinx would have
special policy considerations related to this development. If this is not the case, Metrolinx must investigate
the policy implications of developing this location.
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7.0 CONCLUSIONS

Based on the hydrogeological assessment, using the existing data collected at the Site and information
obtained from a background review of regionally available data, the following conclusions are provided:

1. The predominant materials forming the subsurface at the Site and onsite wetland consist of sandy to
silty clay till to a clayey silt till interpreted to correspond to the Halton Till. Isolated pockets of hard silt
to sandy silt were also identified at depth.

2. During the 2018 monitoring period (March to June for some locations, May to June for others),
shallow groundwater across the Site ranged from approximately 0.2 m BGS to 2 m BGS under high
water conditions, with about 1.1 m of shallow groundwater level fluctuation.

3. Across the wetland, to the groundwater table ranged from approximately 0.2 m BGS to 0.9 m BGS
under high groundwater table conditions (e.g. early May, 2018), with about 0.3 m to 1.4 m of seasonal
fluctuation.

4. Groundwater elevation contours range from a high of 294.87 m AMSL at the north end of the Site
(BH-S-10) to a low of 291.79 m AMSL in the south end of the Site. The interpreted direction of
groundwater flow across the Site and onsite wetland is to the southwest.

5. Estimates of horizontal hydraulic conductivity are on the order of 107 m/s to10-® m/s across the Site in
the shallow groundwater system, and 108 m/s in the onsite wetland. Horizontal groundwater flow
across the Site is on the order of 0.05 m/year, but ranges from 0.02 m/year to 0.1 m/year using the
highest and lowest estimated hydraulic conductivity values across the Site.

6. Water level data suggest that vertical groundwater flow at the Site and within the onsite wetland is
downward; however, recharge will be limited by the low hydraulic conductivity of the surficial silty clay
deposits, where present.

7. The PWQO for cobalt was exceeded in the sample collected at BH-P-16 with a concentration of 1.2
pg/L. This was the only exceedance of the PWQO observed in all monitoring wells.

8. The Site and onsite wetland is located within WHPA-C of the Stouffville Drinking Water System, with
portions of the Site lying in a SGRA and a WHPA-Q. The Site also falls within the ORM. Development
at the Site must consider these sensitive areas and their associated policies, particularly with regards
to maintaining pre-development groundwater recharge function under the post-development
condition. A water balance will be completed as part of a separate report, which will assist in
assessing this groundwater recharge issue.

9. Monitoring must continue such that a total of one year of data is collected to confirm the seasonal
fluctuations and trends in groundwater flow across the Site. Ongoing monitoring will consist of
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continued use of the dataloggers to collect groundwater and surface water levels across the Site.
Results will be documented in future reporting.
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