Terra-Dynamics Consulting Inc.

432 Niagara Street, Unit 2 St. Catharines, ON L2M 4W3

June 27, 2024

Primont (Thorold/Welland) Inc.
c/o lan G. MacPherson, P. Eng.
Vice President, Land Development
9130 Leslie Street, Suite 301
Richmond Hill, Ontario L4B 0B9

Re: Hydrogeologic Study and Wetland Water Balance, 436 Quaker Road, Welland,
and Lot 228/Part Lot 174, Thorold, ON

Dear Mr. MacPherson,
1.0 Introduction and Background Information

Terra-Dynamics Consulting Inc. respectfully submits this DRAFT Hydrogeologic Study and Wetland Water
Balance of 436 Quaker Road Welland, and Lot 228/Part Lot 174, Thorold (the Site, Figure 1, see attachments).
The rectangular 60.8 hectare Site is located at the northwest corner of Quaker Road and First Avenue, within
both the City of Welland (southern part of Site) and south of an unopened Merritt Road allowance within the
City of Thorold (northern part of Site) (Figures 1 and 2, see attachments). This report has been completed as
part of planning for future residential development of the currently agricultural lands. No tile-drainage is
mapped for the Site (OMAFRA, 2023).

The Ministry of Natural Resources and Forestry (MNRF) have mapped at the Site approximately 17 hectares
of Provincially Significant Wetland (PSW) associated with the Niagara Street Cataract Road Woodlot Wetland
Complex (MNRF, 2009), this includes (Figure 2, see attachments):

1. 5.2 hectares of swamp along Quaker Road and First Avenue in the southeast corner of the Site,

2. 8.2 hectares of swamp in the northern portion of the Site, and

3. 3.6 hectares of marsh in the northeast corner of the Site close to Cataract Road.

A Wetland Water Balance was completed to:

1. Ensure no negative impacts to the natural heritage system; and

2. Inform future stormwater management design at the Site in such a manner that pre-development
wetland water balance conditions are maintained.

The wetland water balance assessment evaluated the pre-development hydrologic regime of the Provincially
Significant Wetland areas on-site associated with the Niagara Street Cataract Road Woodlot Wetland
Complex (MNRF, 2009) as well as additional wetland vegetation mapped by GEI Consultants (2022).

2.0 Methodology

Primary tasks completed as part of the Hydrogeology Study and Wetland Water Balance included:
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A. Submission of a Water Balance Terms of Reference (Appendix A) to the Niagara Peninsula Conservation
Authority (NPCA) and Niagara Region for review and comment. NPCA indicated they were satisfied
(Appendix A) with the submission of an Updated Water Balance Terms of Reference reflecting a response
to initial NPCA comments on the proposed Terms of Reference, however, as of the date of this report, no
response was received from Niagara Region.

B. Initial characterization of the physical setting was completed using published information from the
following government agencies: (i) the Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA),
(ii) the Ministry of Natural Resources and Forestry (MNRF), (iii) the Ministry of the Environment,
Conservation and Parks (MECP), (iv) the Niagara Peninsula Conservation Authority (NPCA), and (v) the
Ontario Geological Survey (OGS);

C. Field investigations to refine site conditions have included:

(i) 2021 and 2022 geotechnical borehole investigations including laboratory soil grain-size analyses;
(ii) Construction of thirteen groundwater monitoring wells between 2021 and 2022;
(iii) Installation of eighteen wetland staff gauges deployed with water level dataloggers monitoring

from July 2022 to November 2023, as well as wetland soil hand-augering;

(iv) Seasonal manual groundwater level measurements at 13 locations from May 2022 to November
2023, and water level dataloggers deployed at four monitoring wells from May 2022 to
November 2023;

(v) Hydraulic testing of groundwater monitoring wells at 11 selected locations; and

(vi) Tow Path Drain surface water level monitoring at four locations from August to November 2023.

D. Modelling of pre-development monthly water balance conditions through consideration of: surface
water catchments, land cover, soils, climate normals and wetland hydroperiods in order to inform future
site design.

3.0 Physical Setting

According to historical aerial photos, most of the Site was cleared for farming in 1934. Aerial photos
indicate that areas of the north-central and southeast portions of the Site had gradually become
re-vegetated by 2000, similar to the extent of the vegetation in 2016 (Niagara Navigator, 2023).

The Site is flat-lying with ground surface at approximately 185 metres above sea level (m ASL) along the
western boundary sloping to both the northeast at 182 m ASL and the southwest at 181 m ASL,
(Figure 2, see attachments), with little to no slope, being less than 1% slope on average.

The Site is regionally located on the Haldimand Clay Plain (Chapman and Putnam, 1984) described in the
NPCA Port Robinson Subwatershed Study (part of the Site is within that study area, Figure 1, see
attachments), as a physical feature that “...prevents significant infiltration to depth...” (NPCA, 1999).
However, the upgradient Fonthill Kame-Delta Complex also plays a role in the hydrology of the Site as it
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“is a thick deposit consisting mainly of permeable sand and gravel which provides a significant
groundwater flow system within the surrounding clay plain” (Blackport et al, 2005). This is discussed in
Section 3.5 and visualized in Figure 3.

3.1 Surface Water
3.1.1 Watershed and Catchments

Overall drainage of the Site is split approximately between two subwatersheds (Figure 1, see
attachments): (i) Port Robinson West (NPCA, 1999) - northern part of the Site and, (ii) the Tow Path
Drain Subwatershed Catchment — southern part of the Site. The drainage divide between these two
subwatersheds roughly parallels the municipal boundary between the City of Thorold to the north and
the City of Welland to the south (Figure 2, see attachments). The Port Robinson West, and Tow Path
Drain Subwatersheds, are 1,409 ha and 503 ha in size, respectively, consequently the Site is 2% of the
Port Robinson Subwatershed (~29 ha), and 6% of the Toe Path Drain Subwatershed (~32 ha).

On-site surface water drainage can be further refined into four pre-development catchments (Figure 4):
(i) Singer’s Drain West; (ii) Singer’s Drain East, (iii) Tow Path Drain North; and (iv) Tow Path Drain South.
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Figure 3 — Schematic landscape cross-section showing the relationship of soils on the Fonthill
Kame-Delta Complex and its southern slopes (Kingston and Presant, 1989)

3.1.2 Watercourses

Within the northern part of the Site, i.e. flowing to Singer’s Drain, are two watercourses that begin
off-site to the west of Rice Road (Figure 2, see attachments), and meet within the Provincially Significant
Wetland (PSW) north of the Site, and eventually outlet north of the Site at Cataract Road. NPCA (2017)
have previously mapped the northern watercourse as ephemeral and the southern watercourse as
intermittent or ephemeral (Figure 2, see attachments). No baseflow was identified for these two
watercourses at Rice Road during 2003 surface water monitoring completed as part of the Fonthill
Kame-Delta Complex study (Blackport et al, 2005).

Within the southern part of the Site, i.e. flowing to Tow Path Drain, are also two watercourses, that
meet within the PSW on-site, and flow roughly west to east from Rice Road and Quaker Road, outletting
at First Avenue (Figure 2, see attachments). NPCA (2017) have previously mapped these two
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watercourses as ephemeral, potentially becoming intermittent close to 1% Avenue. No baseflow was
identified at upstream Rice Road during 2003 and 2004 surface water monitoring completed as part of
the Fonthill Kame-Delta Complex study (Blackport et al, 2005). Investigations in 2018 by Aquafor Beech
(2019) also identified dry conditions upstream of the Site (at the more southern watercourse) and
intermittent conditions at 15 Avenue. These results correspond with more recent reporting for this
portion of the Tow Path Drain that:

“throughout the length of the drain no signs of groundwater inputs were noted and flows in the
drain are entirely dependent on precipitation surface water inputs within its catchment...the
drain supports ephemeral flows with minimal flows during the spring freshet and ending by
May...the drain flows through... a shallow 1-1.5 m wide straight dug channel/ditch with a
shallow U shaped channel morphology...does not provide permanent fish habitat” (Beacon
Environmental, 2022).

A series of four surface water staff gauges (SG-101, SG-102, SG-103 and SG-104) were installed on-site
along Tow Path Drain in August 2023 (Figure 2, see attachments and Appendix F) and equipped with
water level datalogger pressure transducers recording at 15-minutes intervals. The surface water
monitoring was completed in addition to the original Terms of Reference (Appendix A). Clayey soils
were observed beneath Tow Path Drain during the installation of the gauges via hand-augering
completed to between 0.7-0.8 metres below ground surface. During the monitoring period (i.e. mid-
August to mid-November 2023) August monthly precipitation was well-above average, while September,
October and November monthly precipitation were well-below average (Table 1, see attachments).
Water level monitoring of Tow Path Drain indicated surface water is only present intermittently as
shown by dry conditions following precipitation events (Appendix F). Nearby groundwater levels were
below ground surface during this monitoring period (BH21-13 and BH21-14) further confirming no
groundwater discharge to surface water and an intermittent surface water classification consistent with
other’s investigations. Water levels at the nearby wetlands were observed to rise following
precipitation events (Appendix C). After precipitation events, the water levels at nearby wetlands
responded one of two ways:
(i) Where generally water depths were 10 cm or less, diurnal evapotranspiration water level
fluctuations and dry/intermittent conditions after rain events (SW-2, SW-3, SW-4, SW-5 and
SW-9); or
(ii) Where water depths were greater than 10 cm, diurnal transpiration fluctuations overlaid on a
gradual decline, similar to predicted evaporation rates (Schroeter & Associates, 2007) (SW-6 and
SW-8).

Wetlands near the Tow Path Drain are primarily sustained by precipitation (Sections 3.6.2 and 4.2), not
sustained by backflow retained in the Tow Path Drain, as shown in September 2023 when limited
standing water was still present at wetland gauges (i.e. SW-3, SW-4, SW-5, SW-6, SW-8 and SW-9,
Appendix E) while dry conditions were observed downgradient at SG-102 and SG-103 (Appendix F).
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Surface water flows were measured to decrease downstream on August 10, 2023 (Table 2). This
indicated a losing reach and this is presumed to be as a result of infiltration of surface water and/or

water uptake of adjacent vegetation.

Table 2 - 2023 Tow Path Drain Surface Water Flow Measurements (L/s)

Date/Station SG-101 | SG-102 | SG-103 | SG-104
August 10 No flow | 2.3 2.2 1.8
September 6 Dry Dry Dry Dry
October 3 Dry Dry Dry Dry
October 23 Dry No flow* | Dry No flow*
November 20 | No flow* | No flow* | No flow* | 0.6

Note: * - water present but not flowing
Staff gauge SG-102 was removed by wildlife or vandalism in November 2023.
3.2 Soils
The Site soils are mapped as silty clays: (i) Toledo — Loamy Phase, and (ii) Beverly — Loamy Phase, with
(iii) a small portion of Berrien soils (Figure 4, see attachments), details include (Kingston and Presant,

1989):

Toledo Loamy Phase: silty clay texture (Table 3), (38% of site, 23.1 ha in northern part of Site and

2.26 ha in the southern part of the Site), poorly drained, slowly permeable, water levels stay near
the surface much of the year, relatively high water-holding capacity and moderate to high surface
runoff (HSG D, Table 4). The Singer’s Drain PSW is perched on these low permeability soils.

Beverly Loamy Phase: silty clay texture (Table 3), (50% of site, 30.3 ha in central to southern part of
Site), imperfectly drained, moderately to slowly permeable, water occupies the surface horizons for
a period of time each year and is prolonged where subsoil has been overcompacted by heavy
machinery, water-holding capacity ranges from medium to high, and surface runoff is moderate to
high, (HSG C, Table 4).

Berrien: 40 to 100 cm sandy sediments over silty clay (Table 3), (6% of Site, 3.9 ha in southeast
corner of Site), imperfectly drained, rapidly permeable but water perches because of underlying
clayey soils, and slow surface runoff (HSG C, Table 4). However sandy sediments were not
encountered during hand-augering in this area in 2023.

6% of the Site’s soils are not mapped (NM, Figure 4, see attachments) but are likely partially Toledo
loamy phase and partially Beverly loamy phase, as silty clay/clayey silt/silt was recorded at
boreholes within (i.e. BH21-3 and BH22-01) or immediately adjacent (e.g. BH21-16 and BH22-03)
these areas (Section 3.3, Appendix B).

The Tow Path Drain PSW is mostly underlain by Berrien and Beverly loamy phase (soils >90%, i.e. HSG C)
with <10% Toledo loamy phase (HSG D).
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Table 3 — Horizon C Grain-size Analyses Summary?

Soil Name/Location Sand% | Silt% | Clay% Texture?
Beverly — Loamy Phase 7 49 44
Toledo — Loamy Red Phase 9 50 41 Silty Clay
Berrien 8 46 46

Note: ! - Kingston and Presant, 1989, 2 - Texture as per Fetter (1994)

Table 4 - Hydrologic Soil Groups (USDA, 1986)

HSG Group | Soil description
A sand, loamy sand or sandy loam
B silt loam or loam
C sandy clay loam
D clay loam, silty clay loam, sandy clay, silty clay or clay

3.3 Surficial Geology

The Ontario Geological Survey (OGS) have mapped the Site as being covered by a layer of low
permeability soils (clayey silt to silty clay) (Feenstra, 1984). This general characterization was confirmed
by two geotechnical investigations of the Site (DS Consultants, 2022 and Soil-Mat Engineers and
Consultants, 2023). These geotechnical investigations involved sixteen boreholes in 2021 and another
sixteen boreholes in 2022 (Figure 2, see attachments). The boreholes are summarized on two geologic
cross-sections (Figures 5 and 6, see attachments) which show the Site as underlain by silty clay to clayey
silt, with some limited seams of fine sand to silt. It is noted that 0.5 m of silty sand was noted at surface
at three locations in the northwest part of the Site (BH21-1, BH21-2 and BH21-12) overlying the clayey
silt to silty clay aquitard and is shown on the north-south section (Figure 5, see attachments). The at-
surface silty clay to clayey silt that covers most of the Site is often underlain by a sandy silt to silt at 5-6
metres below ground surface (m BGS). Most of the geotechnical boreholes were completed to between
7 and 8 m BGS. Four deep boreholes were also completed (i.e. 20 to 36 m BGS) without encountering
bedrock but confirming that the underlying soils consist of silty clay, silt/sandy silt and clayey silt till.
The thickness of the overburden ranges between 45 to 40 m, across the Site from west to east,
respectively (NPSPA, 2013).

3.4 Bedrock

The Site is underlain by two bedrock formations, (i) Lockport Formation dolostone — northwest part of
the Site, and (ii) Guelph Formation dolostone — the southeast part of the Site (NPSPA, 2013).

3.5 Hydrogeologic Setting

The Site is located on the Haldimand Clay plain which is a regional aquitard (Gartner Lee Limited, 1987).
This aquitard consists of the Upper Whittlesey, Halton, Lower Whittlesey and Wentworth Aquitards
(Burt, 2016). An aquitard is “a low-permeability geologic unit that can store groundwater, but that
transmits groundwater slowly” (Niagara Peninsula Source Protection Authority, 2013). Upgradient of
the Site is the Fonthill Kame-Delta Complex (Figure 7, schematic below) which is a regional groundwater
recharge area (NPCA and AquaResource Inc., 2010).
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The Port Robinson Subwatershed Study (NPCA, 1999) previously described the hydrostratigraphy as
follows (the numbered bullets below correspond with the numbers on schematic Figure 7 as modified
from NPCA, 1999):

1.

2.

The upper end of the subwatershed consists of permeably (sandy) deposits which often extend to
bedrock;

The eastern part of the subwatershed is relatively flat, and is predominantly underlain by aquitard
(clay) materials, with sandy pockets;

A thin, sand aquifer unit may separate the aquitard (Unit 2) from bedrock. This unit may be
hydraulically connected to the sand deposits to the west;

The subwatershed is underlain by dolostone bedrock;

Precipitation falling within the western half of the subwatershed, could (a) runoff, (b) recharge radially
from the topographic height, to the deeper aquifer units, such as bedrock, or the lower sand, or (c)
discharge to surface in the vicinity of the clay contact, providing baseflow to area tributaries; and
The majority of precipitation falling within the eastern half of the subwatershed, will become runoff,
rather than infiltration, however the limited precipitation that does infiltrate is expected to discharge
to local tributaries.

Figure 7 - Conceptual Hydrostratigraphy (modified after NPCA, 1999, section numbers are explained in
Section 3.5)
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3.5.1 Overburden Aquitard

The hydraulic conductivity of the regional Haldimand Clay Plain overburden aquitard is reported as
7x107 m/s, or less (GLL, 1987). Hydraulic conductivity testing at the Site generally confirmed similar or
lower hydraulic conductivities with an average value of 3x10° m/s, with two minor exceptions in the
northeast portion of the Site (i.e. BH21-1 and BH21-6) that had slightly higher values which is inferred at
these locations to be as a result of fine sand or silt seams.

Two methods were used to determine on-site hydraulic conductivities:
(i) Laboratory grain size analyses and the Excel-tool HydrogeoSieveXL (Devlin, 2015); and
(ii) Hydraulic conductivity of select monitoring wells previously constructed on-site as part of
the geotechnical investigations (Figure 2, see attachments).

These results are presented in Table 5 (below) and the analyses are provided in Appendix C.

Table 5 — Hydraulic Conductivity Analyses

Geologic Unit(s) Location Hydraulic Depth Analysis Method
Conductivity (m BGS)
(m/s)
BH22-2 1x10°° 5
BH22-1 4x108 5
BH22-3 1x10° 5
BH21-2 6x107° 3
BH21-3 1x10° 3
-9
Poorly sorted clay with fines E:ig 33;11810 2 Devlin (2015)
BH21-9 5x1071° 3
BH21-11 1x107° 3
BH21-13 3x101° 3
BH21-14 5x1071° 3
BH21-16 1x107° 3
Silty Clay with fine sand BH21-1 5x1077 4.1-6.1
seams or BH21-2 4x10°° 3161
Silt with some sand BH21-6 3x107 o
BH21-3 3x10°
BH21-11 1x10°°
BH21-13 4x107° Bouwer and Rice (1989)
Silty Clay BH21-14 | 1x10° 3.1-6.1

BH21-16 4x10°
BH22-02 4x10°®
BH22-03 2x107°
MW-11 8x10°

Geometric Mean 3x107°

Note: BGS - Below ground surface
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The infiltration rates of the on-site soils are calculated as less than 15 mm/hour according to the
relationship between soil hydraulic conductivity (Appendix C) and infiltration rate as provided by Credit
Valley Conservation (2012). Consequently, the native soils are considered unsuitable for infiltration
trenches, soakaway pits and pervious pipes (MECP, 2003).

3.5.2 Overburden Groundwater Flow

The regional groundwater table was previously modelled as towards the Site from the Fonthill
Kame-Delta Complex groundwater recharge area (Blackport & Associates, and Waterloo Hydrogeologic
Inc., 2005). Groundwater flow in the water table is generally from northwest to southeast as shown on
Figure 8 (see attachments) for November 2022. The horizontal gradient in November 2022 was low at
approximately 0.005 to 0.008 m/m.

3.5.3 Overburden Groundwater Levels

Manual groundwater level measurements were collected seasonally at thirteen monitoring wells
(Figure 2, see attachments, DS Consultants, 2022). The monitoring wells are generally screened in silty
clay between 3.1 to 6.1 m BGS (Appendix B). Manual groundwater level measurements (Table 6, see
attachments) were collected in spring, summer and fall of 2022 and 2023. Water level dataloggers were
deployed collecting measurements every 15-minutes at four monitoring wells MW21-01, MW21-03,
M21-13 and MW21-14.

The ’spring-high’ groundwater levels were measured very close to surface in April, 2023 as generally less
than 1 m BGS (Figure 9, see attachments). In August, 2022, the depth to groundwater increased across
the Site from west to east from ~1 m BGS to 2.5 m BGS despite ‘Abnormally dry to moderate’ drought
climate conditions reported by Agriculture Canada (2023) for August 2022.

The greatest seasonal groundwater level variations were noted for the downgradient monitoring
locations, while less seasonal variation was noted for the upgradient western locations (Figures 10, 11
and 12, see attachments). Dampened seasonal variation for the upgradient western locations is inferred
to be as a result of horizontal groundwater recharge from the Fonthill Kame-Delta Complex Recharge
Area to the Site. Observations from the groundwater levels include:

1. Upgradient western groundwater levels showed similar limited seasonal variation between spring
season highs and summer season lows of 0.5 to 0.8 m (i.e. MW21-1, MW21-2, MW21-6 and MW21-
11).

2. Downgradient eastern groundwater levels showed similar greater seasonal variation between spring
season highs and fall season lows of 1.1 to 2.7 m (i.e. MW21-3, MW21-8, MW21-9, MW21-13 and
MW21-4).

Observations from the water level dataloggers in the four groundwater monitoring wells include
(Appendix D):

i Monitor MW21-01 (west/upgradient): The groundwater level in the monitoring well was
consistently above ground surface, at above 184.3 m ASL except during the summer and early fall
seasons, however, there were not ponded conditions at surface. With only about 0.5 m of seasonal
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change from spring to August 2022, it is believed the fine sand seams noted on the borehole log
receive lateral recharge from the Fonthill Kame-Delta Complex as limited drawdown only occurred
during the summer growing season.

Monitor MW21-13 (located mid-site): The groundwater level showed a distinct seasonal decline of
about 2.5 m from the spring season to October 2022, with groundwater level recovery beginning in
the fall season of 2022, with some responsiveness to precipitation noted.

Monitor MW21-03 (located downgradient/east): A seasonal decline of groundwater levels of about
1 m from spring to October 2022, with groundwater level recovery beginning in the season of fall
2022 with limited responsiveness to precipitation events.

Monitor MW21-14 (located in the southwest): A seasonal decline of groundwater levels of about
1.5 m from the spring season to August/October 2022, with groundwater level recovery completed
before winter 2023, and was very responsive to precipitation events.

Monitoring wells BH21-16 and BH22-03 were decommissioned by a licensed Ontario water well
contractor in May 2023 in order to accommodate activities on-site.

3.5.3 Bedrock Aquifer

The confined dolostone bedrock aquifer underlying the Site is the primary local supply for private wells
that may be located west, north or east of the Site as Niagara Region has mapped the Welland portion
of the Site and south as part of the municipally serviced area. Regional groundwater flow modelling
completed for NPCA of the Fonthill Kame-Delta Complex (Blackport et al, 2005) maps the bedrock
potentiometric surface as flowing from the west towards the Site. Additional regional contouring of the
potentiometric surface of the bedrock aquifer (and other water wells completed greater than 15 metres
below ground surface) map it as west (176 m ASL) to east (175.5 m ASL) across the Site, with a
groundwater divide to the north (175 m ASL) and south (174.5 m ASL) similar to the surface water
divides (WHI, 2005). This suggests a downwards vertical gradient at the Site between the overburden
water table and the bedrock aquifer.

3.6 Wetlands

The Site includes 17 ha of the Provincially Significant Niagara Street Cataract Road Woodlot Wetland
Complex (MNRF, 2009), mapped to cover 27% of the Site (Figure 2, see attachments). The MNRF have
described that the “dominant wetland type ... (is) swamp, situated through a slough forest ecosystem. A
slough forest ecosystem is characteristic of the Haldimand and Niagara Clay plain physiographic regions
and consists of shallow to deep depressions...” (MNRF, 2009). It is noted an area of marsh was also
mapped by the MNRF in the northeast corner of the Site. General information regarding the Provincially
Significant Wetlands mapped by the MNRF at the Site are summarized in Table 7. For example, the
wetlands have been mapped as Palustrine wetlands, based upon having intermittent or no inflow, and
either permanent or intermittent outflow and may rely on rainfall and some overland flow (MNRF,
2014).
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Table 7 - Provincially Significant Wetland Information (MNRF, 2009)
Area Size (ha) | Type Dominant Wetland Soils
Vegetation Hydrology
North Swamp Singers Drain | 7.84 Swamp | Red maple Palustrine Clay/Loam
North Marsh Singers Drain 3.62 Marsh Broadleaf cattail | Palustrine Clay/Loam
South Toe Path Drain 5.21 Swamp | Rice cut grass Palustrine Clay/Loam

Additional wetland vegetation at the Site has been mapped by GEIl Consultants (2022) and is
summarized in Section 3.6.1 with respect to their Ecological Land Classifications and shown on Figure 13
(see attachments). It is our understanding the wetland extents were staked in June 28, 2021 with the

Niagara Peninsula Conservation Authority (NPCA) and Niagara Region.

3.6.1 Wetland Ecological Land Classification (ELC) Mapping

The Wetland Ecological Land Classifications (ELCs) from GEI Consultants (2022) are summarized below in
Table 8 with the associated wetland monitoring staff gauges listed and shown on Figure 13 (see

attachments). However, it is our understanding that the wetlands monitored by staff gauges SW-1,
SW-2, SW-13 and SW-14 are not being kept as part of the development plan.

Table 8 — Wetland Ecological Land Classifications (ELCs)

ELC Description Hydrologic Staff Gauges
Sensitivity*

MAS2-1 Cattail Mineral Shallow Marsh Medium SW-1, SW-13,
SW-14, SW-15

SWT2-9 Grey Dogwood Mineral Thicket Swamp Low** SW-2, SW-17

SWD3-3/ Swamp Maple Mineral Deciduous Swamp/ Medium SW-3, SW-7

CUW1/ SWT2-8/ | Mineral Cultural Woodland/ Silky Dogwood

CuUT1-1 Mineral Thicket Swamp/ Sumac Cultural Thicket

SWT2-8/ Silky Dogwood Mineral Thicket Swamp/ Medium/ SW-16

MAM2-10 Forb Mineral Meadow Marsh Low

SWT2-8/ Silky Dogwood Mineral Thicket Swamp/ Medium SW-4, SW-5,

MAS2-1 Cattail Mineral Shallow Marsh SW-6, SW-8§,
SW-9,

MAM2-10/ Forb Mineral Meadow Marsh/Dry and European | Low** SW-10, SW-

MAS2-11 Reed Shallow Marsh 11, SW-12

SWD3-2 Silver Maple Mineral Deciduous Swamp Medium SW-18

Notes: * - Wetland Sensitivity from TRCA (2017), ** - ELC not listed in TRCA (2017) and assigned based

upon previous investigations in the Niagara Peninsula and/or correspondence with GElI

3.6.2 Wetland Water Level/Hydroperiod Monitoring

A hydroperiod is defined as “the seasonal pattern of the water level of a wetland...It characterizes each

type of wetland, and the constancy of its pattern from year to year ensures a reasonable stability for that
wetland. It defines the rise and fall of a wetland’s surface and subsurface water by integrating all of the
inflows and outflows” (Mitsch and Gosselink, 2007).
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Eighteen wetland water level staff gauges were installed by Terra-Dynamics between May 10 and 24,
2022 to monitor wetland hydroperiods at locations chosen by GEI Ecological Staff (Figure 13, see
attachments, Appendix E Location Photos). During installation of the staff gauges, silty clay soils were
confirmed to be between 0.4 and 0.5 m BGS by hand-augering at each of the eighteen locations.

Manual water level measurements began at all locations in the spring season of 2022 on May 24, with
some locations also monitored earlier on May 10, 2022 (Table 9, see attachments). Water level data
loggers were deployed at each staff gauge beginning July 21, 2022 to measure water levels at 15-minute
intervals, and the water level plots are located in Appendix E. The staff gauges for wetland water level
monitoring were constructed with well-points that allowed measurement of both surface water levels
and shallow water levels to 0.1 m below ground surface.

Surface water was present at each monitored wetland staff gauge on May 10, 2022 with three locations
becoming dry by May 24, 2022 (SW-2, SW-5 and SW-16) (Table 9, see attachments), following three
months of below average precipitation (Table 1, see attachments). The wetland hydrographs from July
2022 to November 2023 using the water level datalogger information are presented in Appendix E. The
primary influence of precipitation in supplying water to the wetlands is supported in comparison of the
water levels to the monthly wetland water balance modelling (Section 4.2).

The observed wetland hydrographs at the Site were fairly similar in overall patterns over the July 2022
to November 2023 monitoring period (Appendix E). These perched surface water level patterns are
summarized below:

a) Summer 2022: Dry during Summer 2022,

b) Fall 2022: Surface water levels recovered in Fall 2022,

c) Winter 2022-2023: Surface water levels maintained

d) Spring 2023: Surface water levels declined to dry

e) Summer 2023: Mostly wet conditions attributed to above-average July/August precipitation
(Table 1, see attachments).

f) Fall 2023: Surface water level decline and recovery. It is noted that as of the November 20,
2023 datalogger download, recovery was not yet noted at SW-5, SW-9 or SW-10.

Mitsch and Gosselink (2007) report that the “hydroperiods of many bottomland hardwood forests and
swamps have distinct periods of surface flooding in the winter and early spring due to snow and ice
conditions followed by spring floods but otherwise have a water table that can be a meter or more below
the surface” (Figure 14), this characterization appears reasonable for the wetlands at the Site.
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Figure 14 — Canadian Swamp Hydroperiod (Mitsch and Gosselink, 2007)
Note: arrow indicates wetland ground surface

3.6.3 Wetland Characterization

The wetlands are proposed classified as a surface water depression wetlands (Figure 15) (Mitsch and
Gosselink, 2007).

A surface water depression wetland is summarized as a: “wetland...dominated by surface runoff and
precipitation, with little groundwater outflow due to a layer of low-permeability soils...”. Low
permeability silty clay soils have been noted beneath the wetlands as per this description.

Figure 15 - Surface water depression wetland (Mitsch and Gosselink, 2007)
3.6.3 Soil Water Holding Capacity

The wetlands are primarily underlain by Hydrologic Soil Group (HSG) C soils with the northern wetlands
underlain by HSG D or a combination of C/D soils (Section 3.2). The wetlands underlain by HSG C are
assigned a soil water holding capacity (SWHC) of 400 mm, where underlain by HSG D 350 mm, and
where underlain by HSG C/D 375 mm. These SWHC values are based upon previous swamp wetland
values used by NPCA in their water budgeting study (AquaResource Inc. and NPCA, 2009).



Primont (Thorold/Welland) Inc.
June 27, 2024
Page 14

3.6.4 Wetland Surface Water Catchments

As described in Section 3.1.1, and shown on Figure 4, the Site can be subdivided into four catchments: (i)
Singer’s Drain West, (ii) Singer’s Drain East, (iii) Tow Path Drain North and (iv) Tow Path Drain South.

Smaller catchments were not modelled as the wetland water level monitoring (Section 3.6.2) and
wetland modelling (Section 4.2) support precipitation as the primary source of water sustaining the
wetlands.

3.7 Pre-development Subwatershed Water Balance Modelling

NPCA previously completed pre-development water balance modelling for 1991-2005, as part of
provincial water budgeting for the source water protection program (AquaResource Inc. and NPCA,
2009). This modelling was completed at 1-hour time steps with a filled-in meteorological dataset
including solar radiation and a crop coefficient for improved calculation of evapotranspiration. The
modelling used lumped parameter catchments incorporating data such as soils, land cover and slope.

The Site is located within two NPCA modelled catchments: (i) Beaversdam Shriners Creek Welland Canal
North W320 (BDSC_WCN_W320) and (ii) Central Welland River Tow Path Drain W100 (CWR_TPD_W100)
(Figure 1, see attachments). It was determined that the modelled results for Catchment
BDSC_WCN_W320 best suit the Site for application with respect to pre-development water balance
conditions (i.e. slope, soils, land cover and evapotranspiration).

Modelled annual and monthly water balance results were obtained for Catchment BDSC_WCN_W320
(Tables 10 and 11, respectively, without decimal places) (AquaResource Inc. and NPCA, 2009). The
annual surplus as shown on Table 10 is precipitation minus evapotranspiration, i.e. the water available
for runoff and recharge.

Table 10 - Water Balance 15-year (1991-2005) Averages

Catchment Precipitation Actual Annual | Infiltration* | Recharge | Runoff
Evapotranspiration | Surplus
(mm/year)
BDSC_WCN_W310 968 650 318 76 38 242
CWR_TPD_W100 968 469 499 97 49 401

Notes: * - Infiltration is interflow plus recharge

Table 11 - Monthly Runoff and Infiltration (Catchment BDSC_WCN_W310)

Month Jan (Feb |Mar |Apr [May |Jun |Jul |Aug |Sep |Oct | Nov | Dec
Runoff (mm) | 38 27 54 45 17 9 3 3 4 3 18 20
Infiltration

(mm) 13 12 23 16 5 1 0 0 0 0 3 7
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4.0 Wetland Water Balance Assessment

A monthly wetland water balance assessment has been completed for the Site’s wetlands, as informed
by the Conservation Authority Guidelines for Development Applications (Conservation Ontario, 2013)
and TRCA’s guidance for water balances (2012).

It is noted that the MECP (2003) water balance approach is typically concerned with the evaluation of
post-development to prevent (i) increased runoff, and/or (ii) reduction in groundwater recharge.
However, given the current wetland characterization, any on-site water surplus contribution to
hydrologic function with respect to the wetlands is via additional surface water flow, not groundwater
discharge. Consequently, the purpose of the pre-development on-site water balance assessment
modelling is to evaluate if runoff maintains monthly saturated conditions at the wetlands.

4.1 Monthly Water Balance Example

An example of water balance modelling from the University of Waterloo is shown below (Figure 16).
Annual groundwater recharge begins in the fall following ‘soil water utilization’ and ‘deficit’ in the
summer. Soil water utilization corresponds with evapotranspiration exceeding the precipitation supply.
Annual groundwater recharge occurs during the same time period that groundwater levels rise.
However, in this example it is noted that the soil water holding capacity (SWHC) modelled was only

100 mm compared to the higher SWHC 350 to 400 mm for the on-site wetlands (Section 3.6.3) which
retain a greater amount of water.

Figure 16 — Brantford Average Water Balance (Sanderson, 2004)
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4.2 Wetland Monthly Water Balance

A monthly water balance for the wetlands was completed using the U.S. Geological Survey (USGS)
Monthly Water Balance Model (McCabe and Markstrom, 2007), which only considers direct

precipitation to the wetland as a water supply. For temperature and precipitation, three time intervals
were modelled for the three soil water holding capacities identified (Section 3.6.3) (a) climate normal
inputs (1981-2010) from Welland Station ID 6139445 (Environment Canada, 2023a), (b) 2022, and (c)
2023. Monthly wetland water balance modelling results are presented in a series of attached tables for

(a) the climate normals (Tables 12a, 12b and 12c), (b) 2022 (Tables 13a, 13b and 13c) and (c) 2023

(Tables 14a, 14b and 14c).

In summary, the average/climate normal results (1981-2010) were:

1. Potential evapotranspiration exceeded precipitation for June, July and August, i.e. soil water

utilization occurred on average;
2. Soil water holding capacities were less than saturated for the months of June to October; and

3. Soil water recharge occurred in September and October.

These conditions are presented below in Tables 15a, 15b and 15c:

Table 15a —Average Monthly Wetland Water Balance (mm), HSG C (SWHC 400 mm)

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Precipitation (mm) | 78 61 70 75 85 83 86 82 97 89 99 92
Evapotranspiration | . | 15 | 51 | 40 | 72 | 106|122 | 97 | 60 | 32 | 17 | 11
(mm)

Soil Moisture

(mm) 400 | 400 | 400 | 400 | 400 | 373 | 333 | 314 | 346 | 398 | 400 | 400
: 1

Soil Water o| o] o | o| o |27|67|8 |54]2]0]o0
Depletion (mm)
Notes: ! Difference between the SWHC and the modelled soil moisture

Table 15b — Average Monthly Wetland Water Balance (mm), HSG D (SWHC 350 mm)

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Precipitation (mm) | 78 61 70 75 85 83 86 82 97 89 99 92
Evapotranspiration | | 15 | 51 | 40 | 72 | 106|122 | 97 | 60 | 32 | 17 | 11
(mm)

Soil Moisture

(mm) 350 | 350 | 350 | 350 | 350 | 323 | 283 | 265 | 297 | 349 | 350 | 350
: 1

Soil Water o| o] o | o| o |27|67|8 |53]1]0]o0
Depletion (mm)
Notes: ! Difference between the SWHC and the modelled soil moisture

Table 15¢c — Average Monthly Wetland Water Balance (mm), HSG C/D (SWHC 375 mm)

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Precipitation (mm) | 78 61 70 75 85 83 86 82 97 89 99 92
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Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Evapotranspiration | .\ | 15 | 51 | 40 | 72 | 106 | 122 | 97 | 60 | 32 | 17 | 11
(mm)

Soil Moisture

- 375 | 375 | 375 | 375 | 375 | 348 | 308 | 289 | 321 | 374 | 375 | 375
= 1

Soil Water ol o| o | o] o |27|67 |8 |5a| 1] 0] o0
Depletion (mm)

Notes: ! Difference between the SWHC

The monthly soil water modelling of 2022 and 2023 (Tables 13/14, attached) differed from average
conditions as a function of the primary influence of precipitation not being average (Table 1, attached):

1. Potential evapotranspiration exceeded precipitation earlier in May 2022 and 2023 (below average
precipitation), and later in September 2023 (below average precipitation) but not in July/August
(above average precipitation);

2. Soil water holding capacities were also less than saturated for May 2022 and 2023 (below average
precipitation) but not less than saturated for August 2023 (above average precipitation);

3. Soil water recharge occurred earlier in July 2023 (above average precipitation) but not in September
2023 (below average precipitation).

The 2022 and 2023 modelled results reasonably match the observed wetland hydroperiod monitoring
water levels (Appendix F), further supporting the primary role of precipitation in sustaining the wetland
hydroperiods. It is noted that the hydrographs extend to November 20, 2023 prior to most of the
November 2023 precipitation recharging to a “surplus” condition (Tables 14a/14b).

4.3 Wetland Water Balance Assessment

The extensive investigation and monitoring program and water balance modelling support the wetlands
at the Site being supported primarily by precipitation. Consequently, development of the Site is not
predicted to negatively affect the wetland hydroperiods as long as the proposed Environmental Impact
Study buffers are observed.

4.4 Wetland Risk Evaluation
4.4.1 Magnitude of Hydrological Change

TRCA’s wetland risk evaluation (2017) decision tree (Figure 17) includes four key hydrological change
criteria:

1) Impervious cover in catchment;
2) Change in catchment size;

3) Dewatering; and

4) Impact to recharge areas.

The magnitude of hydrological change assessment was completed of the proposed southern
development within the City of Welland of about 30.2 hectares.
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(1) The amount of impervious cover within the areas proposed for development in Tow Path Drain
South is calculated to be between 10 and 25% (A.T. McLaren Limited, 2024, WalterFedy, 20243,
Appendix G). Development of Tow Path Drain North as proposed (A.T. McLaren Limited, 2024 and
WalterFedy, 2024a, Appendix G) is calculated to be greater than 25%.

(2) The post-development surface water catchments are proposed as follows: (a) Tow Path Drain North:
9% reduction in catchment area and (d) Tow Path Drain South: no reduction in catchment area
(WALTERFEDY, 2024b).

(3) Construction dewatering is not expected to affect wetlands due to the low permeability of the soils
on-site (Section 3.5.1). The aquitard underlying the Site is generally of sufficiently low permeability that
groundwater control pumping methods are likely not feasible (Preene, 2020). However, an exception to
this may be the northwest corner of the Site where the most permeable materials were identified
at-surface and in the water table. Development in this area may require exclusion methods (e.g. cut-off
collars for municipal servicing) to prevent long-term dewatering of adjacent wetlands.

(4) No impacts to wetland recharge areas are predicted as TRCA (2017) defines this as “replacement of
existing soils with significantly less permeable materials” and the on-site soils are already of low
permeability. In addition, there are no locally significant recharge areas to be impacted as these are
defined by TRCA (2017) as “highly porous sedimentary deposits or otherwise having high hydraulic
conductivity”.

“The highest magnitude category with one or more criteria satisfied determines the potential magnitude
of change” with the magnitude thresholds of less than 10% change as low, 10-25% as medium and
greater than 25% as high (TRCA, 2017). Hydrologic risk is assigned based upon the magnitude of
impervious cover to be introduced in upgradient catchment areas; medium in Tow Path Drain South and
high in Tow Path Drain North. However, as discussed in Section 4.3.2, negative hydrologic impacts to
the downgradient wetlands are not predicted with the implementation of wetland buffers as
recommended by GEl in their future Environmental Impact Study.

4.4.2 Sensitivity of the Wetlands

The risk assignment (Figure 17) is to consider the type of wetlands, and their hydrological sensitivity
(TRCA, 2017) which is tabulated in Table 6. None of the wetlands were classified as high hydrologic
sensitivity, however, some were classified as medium (i.e. Cattail Mineral Shallow Marsh, Swamp Maple
Mineral Deciduous Swamp, Silky Dogwood Mineral Thicket Swamp, Silver Maple Mineral Deciduous
Swamp) and others as low (i.e. Grey Dogwood Mineral Thicket Swamp, Forb Mineral Meadow Marsh).

4.4.3 Risk Assignment
As per Figure 17, a medium risk is assigned based upon (i) either a high or medium magnitude of
hydrological change, and (ii) a medium wetland sensitivity. The TRCA recommended study, modelling

and mitigation requirements are:

(i) Pre-development monitoring as outlined in the Wetland Water Balance Monitoring Protocol
(TRCA, 2016).
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e Pre-development monitoring has occurred and informed the conceptual model and impact
assessment for the Site.

(ii) Continuous hydrological modelling at daily aggregated to weekly resolution.
e Existing modelling (completed at 1-hour time steps) completed by NPCA was utilized for this
report (AquaResource Inc. and NPCA, 2009) as part of a monthly analysis. Re-visiting this
modelling to extract weekly results would not provide discernable benefit.

(iii) Design of a mitigation plan to maintain the wetland water balance, in some cases an interim
mitigation plan may also be required.
e Mitigation is not indicated to be required as precipitation is the primary water supply for the
wetlands. EIS proposed buffers are predicted to be sufficient to maintain pre-development
conditions for the wetlands.

Figure 17 - Wetland Risk Evaluation Decision Tree (TRCA, 2017)

5.0 Key Hydrologic Areas and Features
The Niagara Region Official Plan (2022) lists under Policy 3.1.10.1 that:

Development or site alteration shall not be permitted unless it can demonstrated that it will not have
negative impacts on:
a. the quantity and quality of water in key hydrologic areas, key hydrologic features, sensitive
surface water features, and sensitive ground water features;
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b. the hydrologic functions of key hydrologic areas, key hydrologic features, sensitive surface
water features, and sensitive groundwater features;

c. theinteraction and linkage between key hydrologic areas, key hydrologic features, sensitive
surface water features, and sensitive groundwater features and other components of the
natural environment system;

d. the natural hydrologic characteristics of watercourses such as base flow, form and function,
and headwater drainage areas;

e. natural drainage systems and shorelines areas; and

f.  flooding or erosion.

Key hydrologic areas have been defined as “Significant groundwater recharge areas, highly vulnerable
aquifers, and significant surface water contribution areas that are necessary for the ecological and
hydrologic integrity of a watershed”

Key Hydrologic Features have been defined as “Permanent streams, intermittent streams, inland lakes
and their littoral zones, seepage areas and springs and wetlands” (Niagara Region, 2022).

5.1 Highly Vulnerable Aquifers (HVAs)

There are no Highly Vulnerable Aquifers (HVAs) mapped at the Site. It is noted that potential HVAs are
mapped adjacent to the Site, however, these are related to potential historical water wells requiring
decommissioning at those lands (NPCA, 2011). The off-site HVA mapping has no bearing on
development at the Site. However, it should be noted that as monitoring wells at the Site are no longer
required, they must be decommissioned by a licensed water well contractor (MECP, 2023).

5.2 Significant Groundwater Recharge Areas (SGRAS)

Significant Groundwater Recharge Areas (SGRAs) have been mapped at the Site which were mapped
based upon prescribed Technical Rules for source water protection studies (MECP, 2009). However,
site-level investigations have confirmed the Site as underlain by a low permeability aquitard unsuitable
for on-site infiltration activities (i.e. <15 mm/hour infiltration and often high water table conditions). No
negative impacts to the ecological and hydrologic integrity of the watershed are predicted and
additional groundwater recharge mitigation measures are not required.

The NPCA SGRA mapping was intended as a screening layer to be informed by site-level investigations.
NPCA had recommended two levels of SGRA significance (NPCA, 2009) however that is not currently
reflected in SGRA mapping. Two levels of significance were recommended as the Source Protection
Committee chose an MECP SGRA threshold that is very low and includes clayey silt where infiltration
may not be suitable. During development of the Niagara Peninsula Source Protection Plan, no policies
were included for SGRAs (NPSPC, 2014).

5.3 Key Hydrologic Features

No negative impacts to the Tow Path Drain are predicted as it has been identified as intermittent and
having no baseflow or groundwater inputs.
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No negative impacts to the wetlands are predicted as they are primarily sustained by precipitation.

6.0 Conclusions and Recommendations

6.1 Conclusions

The following conclusions are provided:

10.

The Site is 60.8 hectares in area. Within the Site the Ministry of Natural Resources & Forestry have
mapped Provincial Significant Swamp Wetland associated with the Niagara Street Cataract Road
Woodlot Wetland Complex, and GEI Consultants have also mapped additional non-PSW wetlands at
the Site. The coverage of wetlands on-site mapped by GEl is currently 27.2 hectares, with 17
hectares being provincially significant (63%).

The Site is located on the Haldimand Clay Plain, a regional thick aquitard of silty clay/clayey silt soils
and downgradient of the Fonthill Kame-Delta Complex which is considered a regional groundwater
recharge area.

Native soils are low permeability and not suitable for infiltration trenches, soakaway pits or pervious
pipes.

Surface water drainage is almost evenly split and roughly along the municipal boundary with flow to
the north and Thorold via Singer’s Drain, and flow to the south and Welland via Tow Path Drain.

Watercourse monitoring at the Site has identified intermittent or ephemeral conditions.

Shallow groundwater flow is generally from northwest to southeast across the Site. The high water
table in the spring season of 2023 was generally less than 1 m below natural ground surface while
during August, 2022 the depth to the water table increased from west to east.

Groundwater levels are consistently above ground surface at monitoring well BH21-01 in the
northwest corner of the Site. With only about 0.5 m of seasonal change in summer 2022, it is
believed fine sand seams receive lateral recharge from the upgradient/off-site Fonthill Kame-Delta
Complex.

The wetlands are on low permeability silty clay, consisting of surface water depression wetlands.

Wetland water levels monitored at eighteen locations, selected by GEI Consultants, since the
summer season of 2022 resemble published hydroperiods for Canadian swamps and reasonably
match modelled monthly water balance results for being sustained by precipitation alone.

A monthly water balance for the wetlands identified, on average, potential evapotranspiration as
exceeding precipitation for June, July and August, with soil water holding capacities less than
saturated also in September and October.
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11. Pre-development monthly water balance modelling reasonably matches wetland water level
monitoring supporting the conceptual model of palustrine wetlands (e.g. intermittent or no inflow)
supported primarily by precipitation.

12. The Toronto Region Conservation Authority wetland risk screening tool assigned a ‘potential’
medium risk to the hydrological and ecological integrity of the wetlands, based upon either a high or

medium magnitude of hydrological change and medium wetland sensitivity. However, the risk
protocol does not include scoping precipitation supplied wetlands.

13. Residential development of the Site should not negatively impact the hydrology of the wetlands
because the wetlands are primarily supplied by precipitation and therefore implementation of

buffers as prescribed in the Environmental Impact Study should be sufficient.

14. No negative impacts to to the ecological and hydrologic integrity of the watershed are predicted and
additional groundwater recharge mitigation measures are not required. '

6.2 Recommendations
The following recommendations are provided:

1. Evaluate continuance of the wetland and surface water monitoring programs at the Site following
acceptance of this report by NPCA and Niagara Region; and

2. Decommission the on-site monitoring wells once no longer required using a licensed in Ontario
water well contractor.

We trust this information is sufficient for your present needs. Please do not hesitate to contact us if you
have any questions.

Yours truly,

TERRA-DYNAMICS CONSULTING INC.

oo it ()

Jayme D. Campbell, P. Eng.
Senior Water Resources Engineer

cc. Daniel Stummer, Primont (Thorold/Welland) Inc.
Eric Salembier, WALTERFEDY
Antonette Zimic/Rick Hubbard, GEI
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Figure 10 - Western Upgradient Manual Groundwater Levels
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Figure 12 - Southwest Manual Groundwater Levels
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Table 1
Welland-Pelham Precipitation Analyses

1-month Average +/-

3-Month Average +/-

41%

90%

70%

54%

86%

52%

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Sum

Average* Precipitation (mm) 78.2 61.3 69.7 75.4 85.2 82.9 85.9 82.4 96.8 89.3 98.5 92 998

2021 Welland-Pelham 40.9 47.7 35.2 48.4 39.8 52.2 163.3 63.1 177 124.6 67.1 65.2 925
1-month Average +/-]  52% 78% 51% 64% 47% 63% 93%
3-Month Average +/-|  67% 67% 59% 64% 54% 58%

2022 Welland-Pelham 62.1 99.7 59.2 53.4 63.7 72.6 897
1-month Average +/-| 79% 71% 75% 88% 84% 62% 89% 90%
3-Month Average +/-| 72% 77% 78% 82% 78% 79%

2023 Welland-Pelham 98.1 34.6 74.4 30.1 1031

Notes: * - Welland Environment Canada (1981-2010, ID 6139445), Grey shading - monthly value between 95-105%, Blue shading >105%, Orange < 95%

Terra-Dynamics Consulting Inc.

Page 1of 1



Table 6

Monitoring Well Details and Water Levels

Well I.D. Ground | Stick-Up TOC Well Depth | Well Depth Date Water level (m| Water Level | Water Level
Elevation (m) Elevation | Below TOC |below ground below TOC) below Elevation (m
(m ASL) (m ASL) (m) (m) ground (m) ASL)
BH21-1 183.5 0.82 184.32 6.17 5.35 10-May-22 0.02 -0.80 184.30
24-Aug-22 0.48 -0.34 183.84
9-Nov-22 0.09 -0.73 184.23
5-Apr-23 0.02 -0.80 184.30
3-Aug-23 0.03 -0.79 184.29
20-Nov-23 0.13 -0.70 184.20
BH21-2 184.1 0.80 184.90 7.26 6.46 11-Nov-21 1.50 0.70 183.40
10-May-22 1.48 0.68 183.42
27-Jun-22 1.34 0.54 183.56
24-Aug-22 1.88 1.08 183.02
9-Nov-22 1.45 0.65 183.45
5-Apr-23 1.25 0.45 183.66
3-Aug-23 1.82 1.02 183.09
20-Nov-23 2.04 1.24 182.87
BH21-3 182.4 0.82 183.22 7.12 6.31 10-May-22 1.34 0.52 181.88
24-Aug-22 1.93 1.12 181.29
9-Nov-22 2.32 1.50 180.90
5-Apr-23 1.45 0.63 181.77
3-Aug-23 1.40 0.59 181.81
20-Nov-23 1.83 1.02 181.39
BH21-6 184.1 0.82 184.92 5.49 4.67 11-Nov-21 1.36 0.54 183.56
10-May-22 1.48 0.66 183.44
27-Jun-22 1.60 0.78 183.32
24-Aug-22 2.06 1.24 182.86
9-Nov-22 1.61 0.79 183.31
5-Apr-23 1.23 0.40 183.70
3-Aug-23 1.50 0.68 183.42
20-Nov-23 1.61 0.79 183.31
BH21-8 183.6 0.85 184.45 6.42 5.57 11-Nov-21 2.22 1.37 182.23
10-May-22 1.95 1.11 182.49
27-Jun-22 1.97 1.12 182.48
24-Aug-22 2.77 1.93 181.68
9-Nov-22 3.14 2.30 181.30
5-Apr-23 2.10 1.26 182.35
3-Aug-23 2.19 1.35 182.26
20-Nov-23 2.78 1.94 181.67
BH21-9 183.5 0.94 184.44 7.24 6.30 11-Nov-21 1.19 0.25 183.25
10-May-22 1.86 0.92 182.58
27-Jun-22 1.91 0.97 182.53
24-Aug-22 3.14 2.21 181.30
9-Nov-22 4.02 3.09 180.41
5-Apr-23 1.32 0.39 183.11
3-Aug-23 1.82 0.89 182.62
20-Nov-23 3.28 2.35 181.16
Terra-Dynamics Consulting Inc. Page 1 0of 3



Table 6

Monitoring Well Details and Water Levels

Well I.D. Ground | Stick-Up TOC Well Depth | Well Depth Date Water level (m| Water Level | Water Level
Elevation (m) Elevation | Below TOC |below ground below TOC) below Elevation (m
(m ASL) (m ASL) (m) (m) ground (m) ASL)
BH21-11 184.3 0.68 184.98 6.99 6.31 10-May-22 1.45 0.77 183.53
27-Jun-22 1.25 0.57 183.73
24-Aug-22 1.61 0.93 183.37
9-Nov-22 1.65 0.97 183.33
5-Apr-23 1.10 0.42 183.88
3-Aug-23 1.40 0.72 183.58
20-Nov-23 1.71 1.03 183.27
BH21-13 183.4 0.82 184.22 7.13 6.31 11-Nov-21 1.37 0.55 182.85
10-May-22 1.34 0.52 182.88
27-Jun-22 1.36 0.54 182.86
24-Aug-22 2.89 2.07 181.33
9-Nov-22 3.17 2.35 181.05
5-Apr-23 1.09 0.27 183.13
3-Aug-23 1.72 0.90 182.50
23-Oct-23 2.83 2.01 181.40
20-Nov-23 2.64 1.82 181.58
BH21-14 183.6 0.89 184.49 7.15 6.26 11-Nov-21 1.45 0.56 183.04
10-May-22 1.56 0.67 182.93
24-Aug-22 2.44 1.55 182.05
9-Nov-22 1.59 0.71 182.89
5-Apr-23 1.12 0.23 183.37
3-Aug-23 1.61 0.72 182.88
23-Oct-23 1.97 1.09 182.52
20-Nov-23 1.55 0.66 182.94
BH21-16 183.4 0.93 184.33 7.20 6.27 10-May-22 1.36 0.43 182.97
27-Jun-22 1.65 0.72 182.68
24-Aug-22 2.09 1.16 182.24
9-Nov-22 2.23 1.30 182.10
5-Apr-23 2.41 1.48 181.92
31-May-23 1.84 0.90 182.50
BH22-01 184.3 1.14 185.44 7.12 5.99 25-Mar-22 2.71 1.57 182.73
12-Apr-22 2.47 1.33 182.97
27-Jun-22 2.32 1.18 183.12
24-Aug-22 5.38 4.25 180.06
9-Nov-22 3.86 2.72 181.58
5-Apr-23 1.36 0.22 184.08
3-Aug-23 1.96 0.83 183.48
20-Nov-23 3.68 2.54 181.76
BH22-02 183.6 0.95 184.55 7.10 6.16 12-Apr-22 2.10 1.15 182.45
27-Jun-22 1.12 0.17 183.43
24-Aug-22 2.71 1.76 181.84
9-Nov-22 2.87 1.92 181.68
5-Apr-23 2.64 1.69 181.91
3-Aug-23 2.29 1.34 182.26
20-Nov-23 2.52 1.57 182.03
Terra-Dynamics Consulting Inc. Page 2 of 3



Table 6

Monitoring Well Details and Water Levels

Well I.D. Ground | Stick-Up TOC Well Depth | Well Depth Date Water level (m| Water Level | Water Level
Elevation (m) Elevation | Below TOC |below ground below TOC) below Elevation (m
(m ASL) (m ASL) (m) (m) ground (m) ASL)
BH22-03 184.0 1.01 185.01 7.10 6.10 25-Mar-22 1.16 0.15 183.85
12-Apr-22 1.29 0.28 183.72
27-Jun-22 1.88 0.87 183.13
24-Aug-22 2.56 1.56 182.45
9-Nov-22 1.53 0.53 183.47
5-Apr-23 1.27 0.26 183.74
31-May-23 1.91 0.90 183.10
SM MW-5 183.1 1.34 184.46 7.54 6.20 5-Apr-23 1.43 0.09 183.04
SM MW-7 183.5 1.13 184.65 6.82 5.69 5-Apr-23 2.93 1.80 181.72
SM MW-11 183.2 1.17 184.40 7.10 5.93 5-Apr-23 0.69 -0.49 183.72
SG-101 0.55 0.78 0.22 10-Aug-23 0.53 N/A
6-Sep-23 0.00 N/A
3-Oct-23 0.00 N/A
23-Oct-23 0.00 N/A
20-Nov-23 0.54 N/A
SG-102 0.54 0.78 0.24 10-Aug-23 0.43 N/A
6-Sep-23 0.00 N/A
3-Oct-23 0.00 N/A
23-Oct-23 0.50 N/A
20-Nov-23 0.43 N/A
SG-103 0.56 0.79 0.23 10-Aug-23 0.40 N/A
6-Sep-23 0.00 N/A
3-Oct-23 0.00 N/A
23-Oct-23 0.00 N/A
20-Nov-23 0.42 N/A
SG-104 0.54 0.78 0.24 10-Aug-23 0.43 N/A
6-Sep-23 0.00 N/A
3-Oct-23 0.00 N/A
23-Oct-23 0.51 N/A
20-Nov-23 0.45 N/A
Terra-Dynamics Consulting Inc. Page 3 of 3



Table 9 - Early Manual Wetland Water Level Measurements

Depth May 10,

Depth May 24,

Depth July 21,

Location ID | Soil Type 2022 (m) 2022 (m) 2022 (m)
SW-1 Silty Clay 0.13 0.07 0.00
SW-2 Silty Clay 0.14 0.00 0.00
SW-3 Silty Clay N/A 0.14 0.06
SW-4 Silty Clay 0.05 0.03 0.00
SW-5 Silty Clay 0.04 0.00 0.00
SW-6 Silty Clay 0.13 0.30 0.02
SW-7 Silty Clay 0.07 0.12 0.00
SW-8 Silty Clay N/A 0.13 0.00
SW-9 Silty Clay N/A 0.03 0.00
SW-10 Silty Clay N/A 0.02 0.00
SW-11 Silty Clay 0.16 0.08 0.00
SW-12 Silty Clay 0.14 0.06 0.03
SW-13 Silty Clay 0.18 0.05 0.00
SW-14 Silty Clay 0.26 0.29 0.00
SW-15 | silty Clay 0.17 0.27 0.00
SW-16 Silty Clay 0.05 0.00 0.00
SW-17 Silty Clay 0.20 0.05 0.00
SW-18 | Silty Clay 0.30 0.18 0.01

Primont Homes, Welland/Thorold
Terra-Dynamics Consulting Inc.
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TABLE 12a
400 mm USGS Wetland Monthly Water Balance (1981-2010)

Soil Snow
Date P PET P-PET  Moisture AET PET-AET Storage  Surplus  ROtotal Comments
January 78.2 9.7 45.6 400 9.7 0 31.3 45.6 50.9 Surplus
February 61.3 11.6 48.1 400 11.6 0 313 48.1 50.2 Surplus
March 69.7 21.3 68.1 400 21.3 0 8.8 68.1 61.2 Surplus
April 75.4 39.6 40.8 400 39.6 0 0 40.8 53.4 Surplus
May 85.2 71.6 9.3 400 71.6 0 0 9.3 33.7 Surplus
June 82.9 105.8 -27.1 372.9 105.8 0 0 0 18.9 Soil Water Utilization
July 85.9 124.8 -43.2 332.6 121.9 2.9 0 0 11.7 Soil Water Utilization
August 82.4 100.9 -22.6 313.9 97.1 3.8 0 0 7.8 Soil Water Utilization
September 96.8 60.2 31.7 345.6 60.2 0 0 0 6.7 Soil Water Recharge
October 89.3 32.2 52.6 398.2 32.2 0 0 0 5.4 Soil Water Recharge
November 98.5 17.2 76.4 400 17.2 0 0 74.6 42.7 Surplus
December 92 10.9 67.9 400 10.9 0 10.1 67.9 55.9 Surplus
Sum 997.6 599.1 398.5

Terra-Dynamics Consulting Inc. Page 1 of 3



TABLE 12b
350 mm USGS Wetland Monthly Water Balance (1981-2010)

Soil Snow
Date P PET P-PET  Moisture AET PET-AET Storage  Surplus  ROtotal Comments
January 78.2 9.7 45.6 350 9.7 0 31.3 45.6 51 Surplus
February 61.3 11.6 48.1 350 11.6 0 313 48.1 50.3 Surplus
March 69.7 21.3 68.1 350 21.3 0 8.8 68.1 61.2 Surplus
April 75.4 39.6 40.8 350 39.6 0 0 40.8 53.4 Surplus
May 85.2 71.6 9.3 350 71.6 0 0 9.3 33.7 Surplus
June 82.9 105.8 -27.1 323 105.8 0 0 0 18.9 Soil Water Utilization
July 85.9 124.8 -43.2 283 121.5 33 0 0 11.7 Soil Water Utilization
August 82.4 100.9 -22.6 265 96.5 4.3 0 0 7.8 Soil Water Utilization
September 96.8 60.2 31.7 297 60.2 0 0 0 6.7 Soil Water Recharge
October 89.3 32.2 52.6 349 32.2 0 0 0 5.4 Soil Water Recharge
November 98.5 17.2 76.4 350 17.2 0 0 75.5 43.1 Surplus
December 92 10.9 67.9 350 10.9 0 10.1 67.9 56.2 Surplus
Sum 997.6 598.1 399.4

Terra-Dynamics Consulting Inc. Page 2 of 3



TABLE 12c
375 mm USGS Wetland Monthly Water Balance (1981-2010)

Soil Snow
Date P PET P-PET  Moisture AET PET-AET Storage  Surplus  ROtotal Comments
January 78.2 9.7 45.6 375 9.7 0 31.3 45.6 51 Surplus
February 61.3 11.6 48.1 375 11.6 0 313 48.1 50.2 Surplus
March 69.7 21.3 68.1 375 21.3 0 8.8 68.1 61.2 Surplus
April 75.4 39.6 40.8 375 39.6 0 0 40.8 53.4 Surplus
May 85.2 71.6 9.3 375 71.6 0 0 9.3 33.7 Surplus
June 82.9 105.8 -27.1 347.9 105.8 0 0 0 18.9 Soil Water Utilization
July 85.9 124.8 -43.2 307.8 121.7 3.1 0 0 11.7 Soil Water Utilization
August 82.4 100.9 -22.6 289.3 96.8 4 0 0 7.8 Soil Water Utilization
September 96.8 60.2 31.7 321 60.2 0 0 0 6.7 Soil Water Recharge
October 89.3 32.2 52.6 373.7 32.2 0 0 0 5.4 Soil Water Recharge
November 98.5 17.2 76.4 375 17.2 0 0 75 42.9 Surplus
December 92 10.9 67.9 375 10.9 0 10.1 67.9 56 Surplus
Sum 997.6 598.6 398.9

Terra-Dynamics Consulting Inc. Page 3 of 3



TABLE 13a
400 mm USGS Wetland Monthly Water Balance (2022)

Soil Snow
Date P PET P-PET  Moisture AET PET-AET Storage  Surplus  ROtotal Comments
January 62.1 7.9 11.9 400 7.9 0 41.7 119 29.8 Surplus
February 99.7 11.2 75.1 400 11.2 0 52.9 75.1 54.4 Surplus
March 59.2 22.9 80.3 400 22.9 0 6.2 80.3 68.9 Surplus
April 53.4 38.4 18.6 400 384 0 0 18.6 45.1 Surplus
May 63.7 80.1 -19.5 380.5 80.1 0 0 0 24.4 Soil Water Utilization
June 72.6 104.5 -35.6 346.6 102.8 1.7 0 0 14.2 Soil Water Utilization
July 72.5 122.5 -53.6 300.2 115.3 7.2 0 0 8.9 Soil Water Utilization
August 51 104.7 -56.2 258 90.6 14 0 0 5.2 Soil Water Utilization
September 86 60.2 21.5 279.4 60.2 0 0 0 5.6 Soil Water Recharge
October 107.5 31.2 70.9 350.3 31.2 0 0 0 6 Soil Water Recharge
November 104.9 18.2 81.5 400 18.2 0 0 31.8 21.5 Surplus
December 64.4 119 46.7 400 11.9 0 3.3 46.7 34 Surplus
Sum 897 590.7 318

Terra-Dynamics Consulting Inc. Page 1 of 3



TABLE 13b

350 mm USGS Wetland Monthly Water Balance (2022)

Soil Snow

Date P PET P-PET  Moisture AET PET-AET Storage  Surplus  ROtotal
January 62.1 7.9 11.9 350 7.9 0 41.7 119 29.9
February 99.7 11.2 75.1 350 11.2 0 52.9 75.1 54.4
March 59.2 22.9 80.3 350 229 0 6.2 80.3 68.9
April 53.4 38.4 18.6 350 38.4 0 0 18.6 45.1
May 63.7 80.1 -19.5 330.5 80.1 0 0 0 24.4
June 72.6 104.5 -35.6 296.9 102.5 2 0 0 14.2
July 72.5 122.5 -53.6 251.4 114.4 8.1 0 0 8.9
August 51 104.7 -56.2 211 88.8 15.8 0 0 5.2
September 86 60.2 21.5 232.5 60.2 0 0 0 5.6

October 107.5 31.2 70.9 303.4 31.2 0 0 0 6

November | 104.9 18.2 815 350 18.2 0 0 34.8 23
December 64.4 11.9 46.7 350 11.9 0 3.3 46.7 34.7
Sum 897 587.7 320.3

Terra-Dynamics Consulting Inc.

Comments

Surplus

Surplus

Surplus

Surplus

Soil Water Utilization

Soil Water Utilization

Soil Water Utilization

Soil Water Utilization

Soil Water Recharge

Soil Water Recharge

Surplus

Surplus
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TABLE 13c
375 mm USGS Wetland Monthly Water Balance (2022)

Soil Snow
Date P PET P-PET  Moisture AET PET-AET Storage Surplus  ROtotal Comments
January 62.1 7.9 11.9 375 7.9 0 41.7 119 29.9 Surplus
February 99.7 11.2 75.1 375 11.2 0 52.9 75.1 54.4 Surplus
March 59.2 22.9 80.3 375 22.9 0 6.2 80.3 68.9 Surplus
April 53.4 38.4 18.6 375 384 0 0 18.6 45.1 Surplus
May 63.7 80.1 -19.5 355.5 80.1 0 0 0 24.4 Soil Water Utilization
June 72.6 104.5 -35.6 321.7 102.7 1.9 0 0 14.2 Soil Water Utilization
July 72.5 122.5 -53.6 275.7 114.9 7.6 0 0 8.9 Soil Water Utilization
August 51 104.7 -56.2 2344 89.8 14.9 0 0 5.2 Soil Water Utilization
September 86 60.2 21.5 255.9 60.2 0 0 0 5.6 Soil Water Recharge
October 107.5 31.2 70.9 326.8 31.2 0 0 0 6 Soil Water Recharge
November 104.9 18.2 81.5 375 18.2 0 0 33.2 22.2 Surplus
December 64.4 119 46.7 375 119 0 3.3 46.7 343 Surplus
Sum 897 589.4 319.1

Terra-Dynamics Consulting Inc. Page 3 of 3



TABLE 14a
400 mm USGS Wetland Monthly Water Balance (2023)

Soil Snow
Date P PET P-PET  Moisture AET PET-AET Storage  Surplus  ROtotal Comments
January 86.8 12.4 67.2 400 12.4 0 7.2 67.2 52.5 Surplus
February 68.6 13.3 50 400 13.3 0 10.3 50 51.9 Surplus
March 109.8 22.1 89.3 400 221 0 4 89.3 74.2 Surplus
April 98.1 42.9 54.3 400 42.9 0 0 543 66.8 Surplus
May 34.6 64 -31.2 368.8 64 0 0 0 32.7 Soil Water Utilization
June 74.4 102.6 -31.9 3394 100.1 2.5 0 0 19.2 Soil Water Utilization
July 163 122.5 32.4 371.7 122.5 0 0 0 15.9 Soil Water Recharge
August 138.7 91.9 39.9 400 91.9 0 0 11.6 16.6 Surplus
September 30.1 63.3 -34.7 365.3 63.3 0 0 0 6.3 Soil Water Utilization
October 62.9 36.5 233 388.6 36.5 0 0 0 5.6 Soil Water Recharge
November 53.6 16.5 34.5 400 16.5 0 0 23 15.4 Surplus
December 110.3 14.4 90.3 400 14.4 0 0 90.3 57 Surplus
Sum 1030.9 599.9 414.1

Terra-Dynamics Consulting Inc. Page 1 of 3



TABLE 14b
350 mm USGS Wetland Monthly Water Balance (2023)

Soil Snow
Date P PET P-PET  Moisture AET PET-AET Storage  Surplus  ROtotal Comments
January 86.8 12.4 67.2 350 12.4 0 7.2 67.2 52.9 Surplus
February 68.6 13.3 50 350 13.3 0 10.3 50 52.1 Surplus
March 109.8 22.1 89.3 350 221 0 4 89.3 74.3 Surplus
April 98.1 42.9 54.3 350 42.9 0 0 543 66.9 Surplus
May 34.6 64 -31.2 318.8 64 0 0 0 32.7 Soil Water Utilization
June 74.4 102.6 -31.9 289.7 99.8 2.8 0 0 19.2 Soil Water Utilization
July 163 122.5 32.4 322.1 122.5 0 0 0 15.9 Soil Water Recharge
August 138.7 91.9 39.9 350 91.9 0 0 12 16.8 Surplus
September 30.1 63.3 -34.7 315.3 63.3 0 0 0 6.4 Soil Water Utilization
October 62.9 36.5 233 338.6 36.5 0 0 0 5.6 Soil Water Recharge
November 53.6 16.5 34,5 350 16.5 0 0 23 15.4 Surplus
December 110.3 14.4 90.3 350 14.4 0 0 90.3 57.1 Surplus
Sum 1030.9 599.6 415.3

Terra-Dynamics Consulting Inc. Page 2 of 3



TABLE 14c
375 mm USGS Wetland Monthly Water Balance (2023)

Soil Snow
Date P PET P-PET  Moisture AET PET-AET Storage Surplus  ROtotal Comments
January 86.8 12.4 67.2 375 12.4 0 7.2 67.2 52.7 Surplus
February 68.6 13.3 50 375 13.3 0 10.3 50 52 Surplus
March 109.8 22.1 89.3 375 22.1 0 4 89.3 74.2 Surplus
April 98.1 42.9 54.3 375 42.9 0 0 54.3 66.8 Surplus
May 34.6 64 -31.2 343.8 64 0 0 0 32.7 Soil Water Utilization
June 74.4 102.6 -31.9 314.6 100 2.7 0 0 19.2 Soil Water Utilization
July 163 122.5 324 346.9 122.5 0 0 0 15.9 Soil Water Recharge
August 138.7 91.9 39.9 375 91.9 0 0 11.8 16.7 Surplus
September 30.1 63.3 -34.7 340.3 63.3 0 0 0 6.4 Soil Water Utilization
October 62.9 36.5 233 363.6 36.5 0 0 0 5.6 Soil Water Recharge
November 53.6 16.5 34,5 375 16.5 0 0 23 15.4 Surplus
December 110.3 14.4 90.3 375 14.4 0 0 90.3 57.1 Surplus
Sum 1030.9 599.8 414.7

Terra-Dynamics Consulting Inc. Page 3 of 3
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Terra-Dynamics Consulting Inc.

432 Niagara Street, Unit 2 St. Catharines, ON L2ZM 4W3

August 2, 2022

Niagara Peninsula Conservation Authority
250 Thorold Road West, 3" Floor
Welland, ON L3C 3W2

Re: Updated Water Balance Terms of Reference, Residential Subdivision, 436 Quaker Road, Welland, and Lot
228 /Part Lot 174, Thorold, ON

1.0 Introduction and Background Information

Terra-Dynamics Consulting Inc. respectfully submits this updated Terms of Reference (TofR) responding to
comments provided by the Niagara Peninsula Conservation Authority on the TofR submitted April 13, 2022.
This TofR is to complete a Site, and wetland feature-based, water balance assessment for the proposed
Primont Homes Welland/Thorold Residential Subdivisions. It is our understanding the Site is approximately
64 hectares in size within the City of Welland and the Town of Thorold, and includes 436 Quaker Road in
Welland, and Lot 228 and Part Lot 174, Town of Thorold.

The Ministry of Natural Resources and Forestry (MNRF) have mapped approximately 17 hectares of
provincially significant wetland at the Site associated with the Niagara Street Cataract Road Woodlot
Wetland Complex (MNRF, 2009) including:

1. 5.2 hectares of swamp along Quaker Road and First Avenue in the southeast corner of the Site,
2. 8.2 hectares of swamp in the northern portion of the Site, and
3. 3.6 hectares of marsh in the northeast corner of the Site along Cataract Road.

This scope of work is based upon our experience with the NPCA, and Niagara Region, requiring water
balances and our experience studying Niagara’s physical environment. Our current understanding of the
study requirements are detailed below after a review of information provided by Walter Fedy including
a geotechnical investigation report (DS Consultants, 2021), a Conceptual Wetland Restoration Plan (GEI
Consultants, 2022) and discussions with GEI Consultants biologists.

2.0 Water Balance Scope of Work

A water balance assessment, both Site and feature-based wetland, will be completed to:

1. Ensure no negative impacts to the natural heritage system;

2. Inform stormwater management design at the Site in such a manner that pre-development water
balance conditions are maintained for all wetlands in the Natural Heritage System Designation. A

detailed water balance will be required as part of a stormwater management plan submission; and

3. PSW Wetlands be conserved, with the successful matching of pre- and post-development water
balances, as best as practical.


David
Better Letterhead


Niagara Peninsula Conservation Authority
August 2, 2022
Page 2

Our water balance will address these requirements and be completed following the Conservation Authority
Guidelines for Hydrogeological Assessments (see attached Table 1, Conservation Ontario, 2013) and include
(i) a description of pre-development conditions, (ii) impact assessment and (iii) recommended mitigation
measures for a subdivision on municipal servicing.

The feature-based wetland water balance assessment will evaluate the pre-development hydrologic regime
of the Provincially significant wetland areas on-site associated with the Niagara Street Cataract Road
Woodlot Wetland Complex (MNRF, 2009).

2.2.1 Field Investigation

Wetland hydroperiod characterization from hydrologic field monitoring includes a year of monitoring at the
following locations (Figure 1):

a) eighteen (18) wetland monitoring staff gauges with datalogging pressure transducers (water level
loggers);

b) datalogging pressure transducers (water level loggers) installed in four (4) on-site shallow monitoring
wells (BH21-1, BH21-3, BH21-13 and BH21-14) constructed by DS Consultants (2021) corresponding
with the three primary MNRF wetland polygons; and

c) installation of a barometric pressure data logger to correct for barometric pressure changes on water
levels.

Groundwater levels will also be manually measured at the existing on-Site ten (10) monitoring wells in the
spring, summer and fall seasons.

Hydraulic conductivity testing will be completed of the four monitoring wells with datalogging pressure
transducers installed adjacent the wetlands and compared to hydraulic conductivities calculated from
grain-size analyses completed during the geotechnical analyses.

2.2.2 Water Balance/Wetland Modelling

The water balance assessment will use existing long-term water balance modelling by NPCA (AquaResource
Inc. and Niagara Peninsula Conservation Authority (NPCA), 2009). This modelling was completed at an hourly
interval over a fifteen-year period (1991-2005) providing baseline pre-development water balance values.
This approach exceeds the minimum requirements for a “low risk” water balance (Figure 2). Results will be
refined using information obtained during the geotechnical investigation and our own field investigations to
further refine the hydrogeological characterization.

A water balance model will be completed for the wetland using the United States Geological Survey
(USGS) Thornthwaite Monthly Water Balance (McCabe and Markstrom, 2007). The model provides:

i A number of adjustable parameters for calibration of pre-development conditions to Niagara
Peninsula Conservation Authority (NPCA) water balance modelling (AquaResource Inc. and
NPCA, 2009); and



Niagara Peninsula Conservation Authority
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ii. A monthly water balance, as this is commonly sufficient detail for assessing wetland hydrologic
function during summer months on low permeability soils.

Pre- and post-development wetland catchments will be determined, mapped and used for the wetland water
balance analyses.

2.2.4 Wetland Risk Evaluation

Since early 2021, NPCA has been requiring water balances conform to the guidelines (2012), monitoring
protocols (2016) and risk evaluations (2017) developed by the Toronto Region Conservation Authority
(TRCA). This work program will exceed the requirements for “low risk” evaluation as specified by the TRCA
and include a risk evaluation (Figure 2, 2017).

2.2.5 Mitigation

The post-development water balance will consider the proposed storm drainage plan and
recommendations provided for the Stormwater Management Plan to improve post-development water
management completing the water balance requirement for a “mitigation plan” (Figure 2, TRCA, 2017).
It is expected that a mitigation plan can be developed to avoid any requirements for new continuous
water balance modelling.

Figure 2 — Wetland Risk Evaluation Decision Tree (TRCA, 2017)

We trust this information is sufficient for your present needs. Thank you for the opportunity to submit
this proposed Terms of Reference. Please do not hesitate to contact us if you have any questions.
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Yours truly,

TERRA-DYNAMICS CONSULTING INC.

Jayme D. Campbell, P. Eng.
Senior Water Resources Engineer

cc. Eric Salembier, WalterFedy

Attachments
Figure 1 — Monitoring Locations
Table 1 — Hydrogeological Assessment Check List intended to Support Development Applications
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Swamp Maple Mineral Deciduous Swamp
Silky Dogwood Mineral Thicket Swamp

Gray Dogwood Mineral Thicket Swamp

Monitoring Locations

Water Balance, 436 Quaker Rd, Welland
and Lot 228/Lot 174, Thorold, ON
Primont Homes

Figure 1
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Table 1: Hydrogeological Assessment Check List intended to Support Development Applications

Subdivision or

Master Environmental Site Plan Condomini
Groundwater Environmental Assessment Commercial, Don ?m'n'uT Single lot Dewaterin
Assessment Servicing Plan Institutional, Evelopmen Residential 9
or Equivalent (EA) or Industrial Municipal | Private
Servicing | Servicing
1. EXISTING CONDITIONS:

Introduction and background H ] ] ] [] [] []
Site location and description [] [] [] [] [] [] []
Description of:

e Topography & Drainage

« Physiography ] ] ] ] ] ] ]

¢ Geology & Soils
Test pits/Boreholes [] [] [] [] [] GNR []
Monitoring Wells ] ] ] ] ] GNR ]
Private Well Survey [] [] [] [] [] GNR []
Hydrostratigraphy/Hydrogeology:

e Aquifer properties

e Groundwater Levels L] L] L] L] L] L] L]

e Groundwater flow direction
Description of surface water features
and functions [] [] [] [] L] L] L]
Water Taking Permit details GNR GNR GNR GNR GNR GNR []
Water Quality L] [] [] [] ] GNR ]
D-5-5 (Water Supply) GNR GNR GNR GNR ] GNR GNR

6|Page
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Master Environmental Site Plan iub%ivis?o_n or
Groundwater Environmental Assessment Commercial, Don ?mlnlur? Single lot Dewaterin
Assessment Servicing Plan Institutional, eveopmen Residential 9
or Equivalent (EA) or Industrial AIGIEEN | IRV
Servicing | Servicing
2. IMPACT ASSESSMENT:
Groundwater Levels [] [] [] [] [] GNR []
Pumping Tests* ] ] GNR GNR ] GNR ]
Groundwater Discharge (Baseflow) [] [] [] [] [] GNR []
Water Balance [] [] [] [] [] GNR GNR
Groundwater Quality ] ] ] ] ] GNR ]
D-5-4 (Onsite Sewage Systems) GNR GNR GNR GNR ] GNR GNR
3. MITIGATION MEASURES:
Maintenance of Infiltration/Recharge ] ] ] ] ] GNR GNR
Maintenance Groundwater Quality [] [] [] [] [] GNR []
Monitoring Program [] [] [] [] [] GNR []
Contingency Plans** GNR GNR GNR [] [] GNR []
NOTES: This table outlines the type of planning application and associated requirements most cormenty-reguired by Conservation Authorities in the review

of Hydrogeological Assessments. This table is not a complete list of all types of applications dealt with by each Conservation Authority nor is the checklist
appropriate for every development situation. Individual Conservation Authorities should be consulted with for specific requirements.

[ ] - Recommended

GNR — Generally Not Required

* Where development is municipally serviced, these tests will be necessary on a case by case basis (sensitive aquifer/ aquatic considerations).
**May be scoped, Contingency Plans will not be needed in most cases.

7|Page
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jcampbell@terra-dynamics.com

From: Taran Lennard <tlennard@npca.ca>

Sent: August 9, 2022 12:46 PM

To: jcampbell@terra-dynamics.com

Cc: ‘Eric Salembier'

Subject: RE: Primont Homes Welland/Thorold Hydrogeological Water Balance Terms of Reference
Hi Jayme,

The previous comments have been addressed to the satisfaction of NPCA. Staff do not offer further comment on the
ToR for the Water Balance.

Thank you.

Taran Lennard

Watershed Planner

Niagara Peninsula Conservation Authority (NPCA)

250 Thorold Road West, 3™ Floor | Welland, ON L3C 3W2
Tel: 905-788-3135 | extension 277

email: tlennard@npca.ca

NPCA Watershed Explorer

Due to the COVID-19 pandemic, the NPCA has taken measures to protect staff and public while providing continuity of services. The NPCA main
office is open by appointment only with limited staff, please refer to the Staff Directory and reach out to the staff member you wish to speak or meet
with directly.

Updates regarding NPCA operations and activities can be found at Get Involved NPCA Portal, or on social media at facebook.com/NPCAOntario &
twitter.com/NPCA_Ontario.

For more information on Permits, Planning and Forestry please go to the Permits & Planning webpage at https://npca.ca/administration/permits.

For mapping on features regulated by the NPCA please go to our GIS webpage at https://gis-npca-camaps.opendata.arcgis.com/ and utilize our
Watershed Explorer App or GIS viewer.

To send NPCA staff information regarding a potential violation of Ontario Regulation 155/06 please go to the NPCA Enforcement and Compliance
webpage at https://npca.ca/administration/enforcement-compliance

From: jcampbell@terra-dynamics.com <jcampbell@terra-dynamics.com>

Sent: Tuesday, August 2, 2022 3:27 PM

To: Taran Lennard <tlennard@npca.ca>

Cc: Sarah Mastroianni <smastroianni@npca.ca>; 'Eric Salembier' <esalembier@walterfedy.com>
Subject: RE: Primont Homes Welland/Thorold Hydrogeological Water Balance Terms of Reference

Good afternoon Taran,

Please find attached the updated water balance Terms of Reference with the additional information requested by
NPCA.

Jayme D. Campbell, P.Eng.
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Senior Water Resource Engineer

Terra-Dynamics Consulting Inc.

432 Niagara Street, Unit 2, St. Catharines, Ontario L2M 4W3
Phone: 289-407-0915

https://terra-dynamics.com/

Common sense solutions to environmental challenges

From: Nicholas Godfrey <ngodfrey@npca.ca>

Sent: May 25, 2022 1:07 PM

To: jcampbell@terra-dynamics.com

Cc: Taran Lennard <tlennard@npca.ca>

Subject: RE: Primont Homes Welland/Thorold Hydrogeological Water Balance Terms of Reference

Good afternoon Jaymee,
Our office has reviewed the Terms of Reference and offers the following comments:

1. The Terms of Reference has identified that 4 wetland monitoring staff gauges and 4 shallow groundwater
monitoring wells (BH21-1, BH21-3, BH21-13 and BH21-14) will be established and/or instrumented with
datalogging pressure transducers within the study area. Please provide a figure which identifies the
proposed monitoring locations.

2. The Terms of Reference has identified that 10 existing monitoring wells will be manually monitored in
spring, summer, and fall, please include the location of these wells on a figure.

3. The Terms of Reference does not specify the intended duration of monitoring. Please identify the duration
of monitoring.

4. The Terms of Reference does not discuss catchments of the wetlands present within the study area. Pre and
post development catchments must be clearly identified and documented in the report and within a figure.

Please let me know if you have any questions.

Best,

Nicholas Godfrey, M.A.

Watershed Planner

Niagara Peninsula Conservation Authority (NPCA)

250 Thorold Road West, 3™ Floor, Welland, ON, L3C 3W2
905-788-3135, ext. 278

ngodfrey@npca.ca

www.npca.ca

Due to the COVID-19 pandemic, the NPCA has taken measures to protect staff and public while providing
continuity of services. The NPCA main office is currently closed with limited staff, please refer to the Staff
Directory and reach out to the staff member you wish to speak or meet with directly. Our Conservation Areas
are currently open, but may have modified amenities and/or regulations.

Updates regarding NPCA operations and activities can be found at Get Involved NPCA Portal, or on social
media at NPCA’s Facebook Page & NPCA’s Twitter page.

From: jcampbell@terra-dynamics.com <jcampbell@terra-dynamics.com>
Sent: April 19, 2022 10:31 AM
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To: 'Eric Salembier' <esalembier@walterfedy.com>
Cc: Sarah Mastroianni <smastroianni@npca.ca>; Nicholas Godfrey <ngodfrey@npca.ca>
Subject: FW: Primont Homes Welland/Thorold Hydrogeological Water Balance Terms of Reference

Good morning Eric,

Would you be able to answer Sarah’s question?
Thank you.

Jayme D. Campbell, P.Eng.

Senior Water Resource Engineer

Terra-Dynamics Consulting Inc.

432 Niagara Street, Unit 2, St. Catharines, Ontario L2M 4W3
Phone: 289-407-0915

https://terra-dynamics.com/

Common sense solutions to environmental challenges

From: Sarah Mastroianni <smastroianni@npca.ca>

Sent: April 19, 2022 10:23 AM

To: Nicholas Godfrey <ngodfrey@npca.ca>

Cc: jcampbell@terra-dynamics.com

Subject: FW: Primont Homes Welland/Thorold Hydrogeological Water Balance Terms of Reference

Hi Nick,
As discussed, please take the lead on this one for the NPCA.

Jayme, | don’t actually see a file number internally for this one (and Jessica is no longer here to ask), did this one
have a municipal preconsultation meeting that you know of?

Thanks.

Sarah Mastroianni

Manager, Planning and Development

Niagara Peninsula Conservation Authority (NPCA)

250 Thorold Road West, 3™ Floor | Welland, ON L3C 3W2
Tel: 905-788-3135 | extension 249

smastroianni@npca.ca

www.npca.ca

NPCA Watershed Explorer

Due to the COVID-19 pandemic, the NPCA has taken measures to protect staff and public while providing continuity
of services. The NPCA main office is open by appointment only with limited staff, please refer to the Staff Directory
and reach out to the staff member you wish to speak or meet with directly.

Updates regarding NPCA operations and activities can be found at Get Involved NPCA Portal, or on social media at
facebook.com/NPCAOntario & twitter.com/NPCA Ontario.

For more information on Permits, Planning and Forestry please go to the Permits & Planning webpage at
https://npca.ca/administration/permits.



https://npca.ca/administration/permits
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www.npca.ca
mailto:smastroianni@npca.ca
mailto:jcampbell@terra-dynamics.com
mailto:ngodfrey@npca.ca
mailto:smastroianni@npca.ca
https://terra-dynamics.com
mailto:ngodfrey@npca.ca
mailto:smastroianni@npca.ca
mailto:esalembier@walterfedy.com

For mapping on features regulated by the NPCA please go to our GIS webpage at https://gis-npca-
camaps.opendata.arcgis.com/ and utilize our Watershed Explorer App or GIS viewer.

To send NPCA staff information regarding a potential violation of Ontario Regulation 155/06 please go to the NPCA
Enforcement and Compliance webpage at https://npca.ca/administration/enforcement-compliance.

From: jcampbell@terra-dynamics.com <jcampbell@terra-dynamics.com>

Sent: Wednesday, April 13,2022 1:23 PM

To: 'Lampman, Cara' <Cara.Lampman@niagararegion.ca>; Adam.Boudens@niagararegion.ca; Sarah Mastroianni
<smastroianni@npca.ca>

Cc: 'Eric Salembier' <esalembier@walterfedy.com>

Subject: Primont Homes Welland/Thorold Hydrogeological Water Balance Terms of Reference

Good afternoon Sarah, Cara and Adam,

Please find attached a proposed hydrogeology water balance terms of reference regarding Primont Homes
Welland/Thorold Residential Subdivisions for your review and comment.

If you have any questions regarding the attached please feel free to contact me directly.

Jayme D. Campbell, P.Eng.

Senior Water Resource Engineer

Terra-Dynamics Consulting Inc.

432 Niagara Street, Unit 2, St. Catharines, Ontario L2M 4W3
Phone: 289-407-0915

https://terra-dynamics.com/

Common sense solutions to environmental challenges

This email has been checked for viruses by Avast antivirus software.
WWWw.avast.com

Due to the COVID-19 pandemic, the NPCA has taken measures to protect staff and public while providing continuity
of services. The NPCA main office is open by appointment only with limited staff, please refer to the Staff Directory
and reach out to the staff member you wish to speak or meet with directly. Our Conservation Areas are currently
open, but may have modified amenities and/or regulations.

Updates regarding NPCA operations and activities can be found at Get Involved NPCA Portal, or on social media at
NPCA’s Facebook Page & NPCA’s Twitter page.



www.avast.com
https://terra-dynamics.com
mailto:esalembier@walterfedy.com
mailto:smastroianni@npca.ca
mailto:Adam.Boudens@niagararegion.ca
mailto:Cara.Lampman@niagararegion.ca
mailto:jcampbell@terra-dynamics.com
mailto:jcampbell@terra-dynamics.com
https://npca.ca/administration/enforcement-compliance

The information contained in this communication, including any attachment(s), may be confidential, is intended only
for the use of the recipient(s) named above. If the reader of this message is not the intended recipient, you are
hereby notified that any disclosure of this communication, or any of its contents, is prohibited. If you have received
this communication in error, please notify the sender and permanently delete the original and any copy from your
computer system. Thank-you. Niagara Peninsula Conservation Authority.



Appendix B

Borehole and Monitoring Well Logs



LOG OF BOREHOLE BH21-1

1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site

CLIENT: Primont Homes

PROJECT LOCATION: Welland, Ontario

DRILLING DATA

Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

1. 50mm dia. monitoring well
installed upon completion.
2. Water Level Readings:

Date: ~ Water Level(mbgl):
Nov. 11,2021  1.26
May 10, 2022  -0.8

DATUM: Geodetic Date: Oct-29-2021 ENCL NO.: 2
BOREHOLE LOCATION: See Drawing 1 N 4765685 E 641199
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCEPLOT = pLASTIC IRAL  Liauin| | [& METHANE
= ., 20 40 60 80 100 LIMT - content  WMITIE [ £ AND
m S o | 52 ! : L ! : We w, |=€|3%] craNsizE
ELEV ol ZE[a W3 18¢HBAR STRENGTH (kPa) —— o |£5]%2| bisTRIBUTION
DEPTH DESCRIPTION < i a2 z E Mﬁl 10, 202 cONFINED + ;Elérl?smwz ] §9 £ %)
=z ¥ |. ez & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
1835 5217 |z |88 @ 20 40 60 80 100 10 30 GR SA SI CL
0.0 TOPSOIL: 300 mm L2 -
[ 183.2 11| ss 5 [
0.3| SILTY SAND: disturbed/reworked, li 1.. 183k
trace organics, brown, moist, loose {'l.'l. [
182.7 s i
L 0.8] SILTY CLAY: trace sand, fine /i"/i’ -
n sand seams, 'browr), very moist to /i’ ) 13 [ o
- moist, very stiff to firm / 3
- /i’ W.L 1822m
- /Y NolB#1, 2021
[ % ss | 20 [ 225
[2 /Y [
l /*/ 181f
' % ss | 17 [ 175
B % -
i grey below 3m / i
i % SS | 14 i 150
. X/*’::*’Y 180F
2 ﬁ o
. % 179}
- wet, firm below 4.6m ,{’*/{’X i
-, % ss| 6 - 0 5 56 40
i ﬁ/}’ VANE i +1
-5177.4 e -
[ 6.1| SANDY SILT: trace gravel, trace li 1 i
. clay, brown, wet, compact }I{I ss | 16 177k 4 26 63 8
| 176.8 + i
6.7| END OF BOREHOLE
Notes:

GROUNDWATER ELEVATIONS

ist 2nd 3rd  4th

Measurement §2

GRAPH 43 %3. Numbers refer
NOTES ! " to Sensitivity

=39
© #73% Syain at Failure




DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

LOG OF BOREHOLE BH21-2 1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site DRILLING DATA
CLIENT: Primont Homes Method: Solid Stem Augers
PROJECT LOCATION: Welland, Ontario Diameter: 150 mm REF. NO.: 21-339-300
DATUM: Geodetic Date: Oct-29-2021 ENCL NO.: 3
BOREHOLE LOCATION: See Drawing 1 N 4765487 E 641216
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCEPLOT = pLASTIC OIRAL  Liquin| | [& METHANE
= E 20 40 60 80 100 [“MT  content LMITIE_|E AND
m S o |£2]| 2 ! . L L : We w w, |=€|3%] craNsizE
ELEV [l %E Z 0| © |SHEARSTRENGTH (kPa) o |2x|2 2| oisTRIBUTION
DEPTH DESCRIPTION il As 25| & |o unconFmneD  + & Sonitay . 83[57 %)
=z & |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) b
184.1 'J; % i z 0] 8 o 20 40 60 80 100 10 20 30 GR SA SI CL
L 0.0/ TOPSOIL: 300 mm KX 184
[ 183.8 g .I'.' 1|ss| a [ °
| 0.3 SILTY SAND: disturbed/reworked, i| 1| -
[ trace organics, brown, moist, loose l'.l.l' WL 1835 m
1833 i Winl27 684 m
[, 0.8] SILTY CLAY: fine sand seams, /i"/i’ 16, 2092
- brown, moist to very moist, very stiff /i’ 21ss | 16 Nb1}/83 ! o
to firm % B
[ % 3| ss | 21 i o 225
H [
i % 182}
i very moist below 2.3m ,{’*/{’X
i / 4|ss| 9 5 ° 150
- grey below 3m /Y 181
% 5|ss| 8 i o 100 0 0 67 33
[4 % a
/ 180
firm below 4.6m ,{’*/{’X -
2 /*’ 6|ss| 4 i q
i % 179}
f/{y}’ VANE N F
[ ) 178
silt layers, trace gravel /{/ i
i % 70ss| 6 i o
- ﬁ 177:
[ 176.8 Y] |VANE C +>100
7.3| END OF BOREHOLE
Notes:
1. 50mm dia. monitoring well
installed upon completion.
2. Water Level Readings:
Date: ~ Water Level(mbgl):
Nov. 11,2021 0.7
May 10, 2022  0.68
June 27,2022 0.54
GRAPH 3 3. Numbers refer 8=3% ) .
GROUNDWATER ELEVATIONS NOTES +2, X2 to Sensitivity o} Strain at Failure

1st 2nd 3rd 4t
Measurement §2



LOG OF BOREHOLE BH21-3

1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site
CLIENT: Primont Homes
PROJECT LOCATION: Welland, Ontario

DRILLING DATA
Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DATUM: Geodetic Date: Oct-27-2021 ENCL NO.: 4
BOREHOLE LOCATION: See Drawing 1 N 4765461 E 641631
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCEPLOT — pLASTIC OILRAL  Liauin| | [& METHANE
™) E E 20 40 60 80 100 LIMT  otrenT  LIMIT ﬁa E | AND
ELEV & Ze|2 2| 3 [SHEAR STRENGTH (kPa) w v v |G| SE| onan S
e DESCRIPTION <& S [2E| £ |6 unconrmep  + FEDwaNe | PO |83|3 g DISTRIBUTION
Z | a a°|Sal| < & Sensitivity . oLz )
=z & |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) b
182.4 'J; % i z [0) 8 ﬁ 20 40 60 80 100 10 20 30 GR SA SI CL
- 0.0/ TOPSOIL: 350 mm N i
[ 182.0 el 1SS | 4 i °
[ 0.4] CLAYEY SILT: disturbed/reworked, W1B2182.1 m
[ trace organics, brown, moist, firm Mou1 18402
-181.5 May 10, 2022
L1 0.9] SILTY CLAY: trace sand, silt [
[ seams/layers, brown, moist to very //A 2| Ss 14 i
- moist, very stiff to firm /V [
[ / 181
: % 3|ss| 18 i 9
[2 % B
i grey, very moist below 2.3m % 180F
i ﬁ}/ 4|s8s| 17 i b
s ! -
- % 5|8s| 11 B f | 0 2 48 50
[ % 179F
7 f/y’*’: -
i ﬁ 178}
- wet, firm below 4.6m [
B ’};Y}X 6|ss| 7 s o
i /*X’*y*’/r 177F +
i jj’} \VANE i +1
0 / -
2 % 7|Ss| 4 176} °
u il S
[ 175.1 A [VANE i +
7.3 END OF BOREHOLE
Notes:
1. 50mm dia. monitoring well
installed upon completion.
2. Water Level Readings:
Date: ~ Water Level(mbgl):
Nov. 11,2021  0.35
May 10, 2022 0.52
GRAPH 3 3. Numbers refer 8=3% . .
GROUNDWATER ELEVATIONS NOTES +°,X°: to Sensitivity e} Strain at Failure

ist 2nd 3rd  4th

Measurement §2




LOG OF BOREHOLE BH21-4

1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site
CLIENT: Primont Homes
PROJECT LOCATION: Welland, Ontario

DRILLING DATA
Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DATUM: Geodetic Date: Oct-27-2021 ENCL NO.: 5
BOREHOLE LOCATION: See Drawing 1 N 4765324 E 641710
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCE PLOT& pLASTIC OIRAY  Liauin| | [& METHANE

- 5 e 20 40 60 80 100 LUMIT - Gontent  LMITIE |t | AND

ELEV |, %E 25| & [SHEARSTRENGTH (kPa) - E% % s DIGS'?I'/I:’IINBS'II'TIOEN
DEPTH DESCRIPTION < |a JS|ZE5| & |o unconemen  + FERVAE C188)ET )

=z ¥ |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) s

184.1 'J; % i z ) 8 ﬁ 20 40 60 80 100 10 20 30 GR SA SI CL
L 0.0/ TOPSOIL: 300 mm .&. 184f
[ 183.8 ~111ss| 2 - o
- 0.3 CLAYEY SILT: disturbed/reworked, B
[ trace organics, brown, moist, soft [
[ 183.2 B
L1 0.9| SILTY CLAY: trace sand, silt i
i seams/layers, brown, moist, very //A 2|88 |19 183} 175
i stiff /Y -
i //YVY 3| 8s | 27 i o 225
2 oy i
B % 182
- ’*;;I:YY 4|ss |27 - 225
- grey below 3m /{/ 181}
- % 58S | 19 - 9 175
i % 180
-179.5 ﬁ i
L 4.6| SILT: reddish brown, moist, [
ij compact to dense 61 ss | 20 [ o 225
i 179}
0 i
B 178}
- 7|8ss| 36 B o
[177.4 -

6.7| END OF BOREHOLE
Notes:
1. Borehole dry upon completion.
GROUNDWATER ELEVATIONS Sg?gg +3,x3: {‘(‘)“é“;es’;\;f;e‘ © ®73% Syain at Failure

ist 2nd 3rd  4th

Measurement §2




LOG OF BOREHOLE BH21-5 1 OF 1

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site DRILLING DATA
CLIENT: Primont Homes Method: Solid Stem Augers
PROJECT LOCATION: Welland, Ontario Diameter: 150 mm REF. NO.: 21-339-300
DATUM: Geodetic Date: Oct-27-2021 ENCL NO.: 6
BOREHOLE LOCATION: See Drawing 1 N 4765353 E 641503
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCEPLOT — pLASTIC ILRAY  Liauin| | [& METHANE
™) 5 E o 20 40 60 80 100 |UMT oontent LMTIE_ |5 | AND
%) €|5%| GRAIN SIZE
ELEV g |, ZE = 5| & [SHEARSTRENGTH (kPa) QA o |- 2 2| bisTRIBUTION
DEPTH DESCRIPTION < |a JS|ZE5| & |o unconemen  + FEDUAE 18812 )
=z ¥ |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
183.9 'J; % = z G} 8 o 20 40 60 80 100 10 20 30 GR SA SI CL
0.0] TOPSOIL: 300 mm L2 -
[ 183.6 11| ss 5 B d
- 0.3 CLAYEY SILT: disturbed/reworked, [~
[ trace organics, brown, moist, firm -
[ 183.1 -
-, 0.8] SILT: some clay, trace sand, 183
- brown, moist, compact 2| ss 19 - a
i 3|/8s| 20 182f )
| 2 |
; 4| SS | 23 i e
g 181}
- grey below 3m -
- 5|8SS | 24 [ a 225
i 180}
| 4 |
, 6|ss| 20 179 o 225
i 178f
| 6 |
: wet -
- 7]ss| 18 - ° 150
[177.2 i
6.7| END OF BOREHOLE
Notes:
1. Borehole wet at 6m depth during
drilling.
GRAPH 3 3. Numbers refer 8=3% . .
GROUNDWATER ELEVATIONS NOTES +2, X2 to Sensitivity e} Strain at Failure

1st 2nd 3rd  4th
Measurement §2




LOG OF BOREHOLE BH21-6

1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site
CLIENT: Primont Homes
PROJECT LOCATION: Welland, Ontario

DRILLING DATA
Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DATUM: Geodetic Date: Oct-28-2021 ENCL NO.: 7
BOREHOLE LOCATION: See Drawing 1 N 4765297 E 641336
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCEPLOT — pLASTIC WILRAL  Liquin| | [& METHANE
(m) 5 B o 20 40 60 80 100 |UMT  content MMTIE_f5 GR:IZZIZE
1%) [ R
ELEV z =g (25| & [SHEARSTRENGTH (kPa) ' . 18212 | oistrBUTION
DEPTH DESCRIPTION < [ & O2|ZE| E |o UNCONFINED  + FELDVANE 835+
2| a a®|Sal| < & Sensitivity oLz )
=z ¥ |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) b
184.1 'J; % i z ) 8 ﬁ 20 40 60 80 100 10 20 30 GR SA SI CL
i 18%8 TOPSOIL: 300 mm N 184
- 0:3 CLAYEY SILT: disturbed/reworked, 1| SS 5 [ °©
[ trace organics, brown, moist, firm WL 183.6 m
[ 183.2 A 11%
Lt 0.9| SILTY CLAY: trace sand, silt ’
; J 2022
seams/layers, brown, moist to very //A 2| Ss 17 u?gg Q
moist, very stiff to firm /V [
! % 3|ss| 13 i o
2 /*/ -
[ % 182
a ﬁ 4|ss| 20 s o 200
El /Y i
[ grey, very moist below 3m /{/ 181F
% S5|ss| 7 - [ 1 0 2 56 41
[« A/ﬁ*/} -
I /;X/**,’ry \VANE 180}
-179.5 o i
i 4.6| SILT: some sand, trace clay, grey, N
B wet, compact 6| ss | 26 [ q 0 14 81 5
i 179f
g :
[ 178
[ 7| SS | 28 i <]
[ 177.4 5
6.7| END OF BOREHOLE
Notes:
1. 50mm dia. monitoring well
installed upon completion.
2. Water Level Readings:
Date: ~ Water Level(mbgl):
Nov. 11,2021 0.54
May 10, 2022 0.66
June 27,2022 0.78
GRAPH 3 3. Numbers refer 8=3% . .
GROUNDWATER ELEVATIONS NOTES +2, X2 to Sensitivity e} Strain at Failure

i1st 2nd 3rd  4th

Measurement §2




LOG OF BOREHOLE BH21-7

1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site
CLIENT: Primont Homes
PROJECT LOCATION: Welland, Ontario

DRILLING DATA
Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DATUM: Geodetic Date: Oct-28-2021 ENCL NO.: 8
BOREHOLE LOCATION: See Drawing 1 N 4765120 E 641247
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCEPLOT — pLasTIc WATURAL - 1oup| [ & METHANE
w umr MOISTURE =yl z | 2 AND
m) 5 " E oo 20 40 60 80 100 CONTENT e GRAIN SIZE
W, w w, >
ELEV g |, ZIE = 5| & [SHEARSTRENGTH (kPa) D |7 2 2| bisTRIBUTION
DEPTH DESCRIPTION < |u JS|ZE| & |o unconemen  + FEDVAE 18812 )
=z ¥ |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) b
184.2 'J; % i z 0] 8 ﬁ 20 40 60 80 100 10 20 30 GR SA SI CL
- 0.0/ TOPSOIL: 300 mm Ny i
1839 141 ss | 3 184} S
- 0.3 CLAYEY SILT: disturbed/reworked, i
[ trace organics, brown, moist, soft [
1833 -
- 0.9] SILTY CLAY: trace sand, silt B
[ seams/layers, brown, moist to very //A 2188 |15 183} °
- moist, very stiff to firm /V -
I % 3|ss| 24 a > 225
H oy i
i % 182}
- ﬁ 4|ss| 16 i ° 225
5 ,}/
- grey, very moist, stiff below 3m /{/ L
: % 5[ss| o 181 o 75
. 1 z
! ﬁ 180}
s firm below 4.6m / [
B ’ﬁr 6|ss| 7 - q
- ///VY 179}
[ ﬁ 'VANE| [ +
61782 -
L 6.0| SILT: some sand, brown, wet, B
i compact 178
- 7|ss| 28 I
[177.5 -
6.7| END OF BOREHOLE
Notes:
1. Borehole wet at 6m depth during
drilling.
GROUNDWATER ELEVATIONS Sg?gg +3,x3: {‘(‘)“é“;es’;\;f;e‘ © ®73% Syain at Failure

ist 2nd 3rd  4th

Measurement §2




LOG OF BOREHOLE BH21-8

1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site
CLIENT: Primont Homes
PROJECT LOCATION: Welland, Ontario

DRILLING DATA
Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DATUM: Geodetic Date: Oct-27-2021 ENCL NO.: 9
BOREHOLE LOCATION: See Drawing 1 N 4765201 E 641601
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
@ RESISTANCEPLOT = pLasTIc WATURAL - 1oup| [ & METHANE
w Lt MOISTURE =iz | 2 AND
m) = g 20 40 60 80 100 CONTENT e A
=] 9. |22 =z ! . L L . We w w, |=€|3%| craNsizE
ELEV (ol %E Z 0| © |SHEARSTRENGTH (kPa) o |2%|2 2| oisTRIBUTION
DEPTH DESCRIPTION T As 25| & |o unconFmned  + & Soncitay 83[57 %)
=z ¥ |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
183.6 'J; % i z ) 8 ﬁ 20 40 60 80 100 10 20 30 GR SA SI CL
[ 0.0 TOPSOIL: 300 mm L2 -
[ 183.3 11| ss 7 i °
- 0.3] SANDY SILT: disturbed/reworked, i
[ trace topsoils, brown, moist, loose 183 -
[ 182.7 B
Lt 0.9 SILTY CLAY: silt seams/layers, [
brown, moist, hard to firm /i’*/i’/ 2|85 | 18 W. L. 182.5 m o
g Xxﬁf 222
- / No , 2021
i /*’ 3|ss| 32 B °
2 % i
: ﬁ 4|ss| 16 181F 5
s /Y [
- grey, very moist, firm below 3m /{/ B 44
- /*’ 585 | 5 i 0 0 3466
- X/ﬁrr 180}
- % i 3.0
B /;X/**,’ry VANE i +
5 ﬁ 179)
B % 6|Ss| 4 i o
a jf*r \VANE 178 +°
[ 177.6 /*/ i
L 6.0| SILT: some sand, trace clay, o
[ brown, wet, compact -
i 7|18S| 10 [ o
[ 176.9 177¢
6.7| END OF BOREHOLE
Notes:
1. 50mm dia. monitoring well
installed upon completion.
2. Water Level Readings:
Date: ~ Water Level(mbgl):
Nov. 11,2021  1.37
May 10, 2022  1.11
June 27,2022 1.12
GROUNDWATER ELEVATIONS SSIT\EQ +3 x3: g“é";iﬁ\;f;e‘ 0 ®%3% Syain at Failure

ist 2nd 3rd  4th

Measurement §2




LOG OF BOREHOLE BH21-9

1 OF 1

CLIENT: Primont Homes

PROJECT LOCATION: Welland, Ontario

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site

DRILLING DATA

Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DATUM: Geodetic Date: Oct-27-2021 ENCL NO.: 10
BOREHOLE LOCATION: See Drawing 1 N 4765147 E 641707
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
@ RESISTANCEPLOT = pLasTIc WATURAL - 1oup| [ & METHANE
w Lt MOISTURE =iz | 2 AND
= = 20 40 60 80 100 CONTENT T
m S o |£2]| 2 ! . L L : We w w, |=€|3%] craNsizE
ELEV & S 8 [SHEAR STRENGTH (kPa) o 9212 5| pisTRIBUTION
SeoTh DESCRIPTION < |5 Ql % E |~ UNCONFINED ~ + FIELDVANE e EE
DEPTH Ela a° |55 |wg. 184 N & Sensitivity % 5|2 (%)
=|ls| ¥ 0z 10 209Y/ICK TRIAXIAL X LABVANE | WATER CONTENT (%) z
=15 : ¥ O &y 10, 20
183.5 nl|z i z [ w %0 40 60 80 100 10 20 30 GR SA SI CL
- 0.0/ TOPSOIL: 300 mm A - ‘
[ 183.2 L 11| ss 5 - °
L 0.3] SANDY SILT: disturbed/reworked, W.L.183.3m
- trace topsoils, brown, moist, loose Noyggt, 2021
| 182.6 B
L 0.9] SILTY CLAY: trace sand, silt -
seams/layers, brown, moist, very /i’*/i’/ 2|88 | 23 \‘ﬁlml‘z; 8220.6232m o
stiff to firm /V ;
- jj’} 182]
[ /*’ 3|ss| 20 i o
[ 2 % [
a ﬁ 4|ss |10 181F
El /Y i
- grey, firm below 3m /{/ [
/ 5(ss| 6 i ¢ { 0 3 4156
- % 180f
I /;X/**,’ry \VANE i +7
5 . ﬁ 179f
- wet below 4.6m i
s X/ﬁ 6|ss| 4 i
i ﬁ VANE 178 7
s o -
/ 7| SS 6 i )
- % 177F
K o a a0
[ 176.2 A |VANE i +
7.3 END OF BOREHOLE
Notes:
1. 50mm dia. monitoring well
installed upon completion.
2. Water Level Readings:
Date: ~ Water Level(mbgl):
Nov. 11,2021  0.25
May 10,2022 -0.5
June 27,2022 0.97

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

GROUNDWATER ELEVATIONS
1st 2nd 3rd 4t
Measurement z

GRAPH

3 3. Numbers refer
NOTES X

" to Sensitivity

o 8=3%

Strain at Failure




LOG OF BOREHOLE BH21-10 1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site DRILLING DATA

CLIENT: Primont Homes Method: Solid Stem Augers

PROJECT LOCATION: Welland, Ontario Diameter: 150 mm REF. NO.: 21-339-300
DATUM: Geodetic Date: Oct-27-2021 ENCL NO.: 11

BOREHOLE LOCATION: See Drawing 1 N 4765113 E 641466

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCE PLOT& pLASTIC ILRAL  Liauin| | [& METHANE
) 5 = 20 40 60 80 100 |“MT conrent MMTIE_ |t R R/-GII:IIDSIZE
1%) ol|>57
ELEV a =£|= 5| & [SHEARSTRENGTH (kPa) [ [75-3 ég DISTRIBUTION
DEPTH DESCRIPTION < o O |2 E £ | o unconFnED + FIELDVANE 83 g g y
12| uw @ 32 & | ® QuIcK TRIAXIAL X LAB VANE WATER CONTENT (%) |* |2 )
183.7 51212 |z |§38] & 20 40 60 80 100 10 20 30 GR SA SI CL
L 0.0/ TOPSOIL: 300 mm A -
[ 183.4 L 11| ss 6 L °
- 0.3 CLAYEY SILT: disturbed/reworked, [
[ trace topsoils, brown, moist, firm -
[ 182.9 183f
-, 0.8| SILTY CLAY: trace sand, silt / [
u seams/layers, brown, moist, very /i’ 21ss | 21 - o
- stiff to firm X// -
- % 182
[ /r 3| ss | 21 i o
H /{’ i
- % 4|ss| 12 181f 0
i grey, wet, firm below 3m / [
i % 5(ss| 4 B o
B % 180f
. i z
i % VANE . +
i ﬁ 179f
A % 6|ss| 5 i
- / : 50
[ % 'VANE| 178 +
L4777 / -
- 6.0/ SANDY SILT: brown, wet, compact || [
- 7|8s| 12 i o
[ 177.0 : 177k
6.7| END OF BOREHOLE
Notes:
1. Borehole wet below 3m depth
during drilling.
GROUNDWATER ELEVATIONS Sg?gg +3,x3: {‘(‘)“é“;es’;\;f;e‘ © ®73% Syain at Failure

1st 2nd 3rd  4th
Measurement §2



LOG OF BOREHOLE BH21-11

1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site
CLIENT: Primont Homes
PROJECT LOCATION: Welland, Ontario

DRILLING DATA
Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DATUM: Geodetic Date: Oct-27-2021 ENCL NO.: 12
BOREHOLE LOCATION: See Drawing 1 N 4765056 E 641193
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCEPLOT = pLasTic WATURAL - 1oup] [ & METHANE
w umr MOISTURE =yl z | 2 AND
m) = K 20 40 60 80 100 CONTENT N =
=] 9 |22 =z ! . . L . We w w |=€|3%| craNsizE
ELEV ol ZE|[2 S| & [SHEARSTRENGTH (kPa) —— o |£5]%2| bisTRIBUTION
DEPTH DESCRIPTION < |a JS|ZE5| & |o unconemen  + FERUAE BN )
=z & |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) b
184.3 'J; % i z [0) 8 ﬁ 20 40 60 80 100 10 20 30 GR SA SI CL
L 0.0[ TOPSOIL: 450 mm Al -
[ 183.8 1SS 4 184
- 0.5 CLAYEY SILT: disturbed/reworked, 3
[ 183.5] trace topsoil, brown, moist, firm 4 xnl‘z'; 2,29;2
[ 08| SILTY CLAY: trace sand, silt / MS Lig ooy
i seams/layers, brown, moist to very / 2| SS | 14 ay 19, o
moist, very stiff to firm //’Y 183F
[ 5 | ss | 18 n o
2 /Y [
i very moist, stiff below 2.3m % 182
i /*’ 4(ss|n [ o
: i ?
- grey below 3m /Y -
% 5|8S| 10 181f : i 0 3 48 50
[ / W.L.180.8 m
[ /Y Nov 11, 2021
3 i :
ﬁ 180f
wet, firm below 4.6m % [
2 % 6|ss| 4 n o
% 179}
[ / i 23
i /*’ VANE i +
. i g
I silt layers / -
g ﬁ 7lss| 7 178 5
. ﬁ S
[ 177.0 ] [VANE . +
7.3| END OF BOREHOLE
Notes:
1. 50mm dia. monitoring well
installed upon completion.
2. Water Level Readings:
Date: ~ Water Level(mbgl):
Nov. 11,2021 3.47
May 10,2022 0.77
June 27,2022 0.57
GROUNDWATER ELEVATIONS SSIT\EQ +3 x3: g“é";iﬁ\;f;e‘ © ®73% Syain at Failure

i1st 2nd 3rd  4th

Measurement §2




LOG OF BOREHOLE BH21-12 1 OF 1

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site DRILLING DATA
CLIENT: Primont Homes Method: Solid Stem Augers
PROJECT LOCATION: Welland, Ontario Diameter: 150 mm REF. NO.: 21-339-300
DATUM: Geodetic Date: Oct-28-2021 ENCL NO.: 13
BOREHOLE LOCATION: See Drawing 1 N 4765024 E 641312
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCEPLOT — pLASTIC OIRAY  Liauin| | [& METHANE
™) 5 E o 20 40 60 80 100 |UMT oontent LMTIE_ |5 | AND
%) € |5%| GRAIN SIZE
ELEV g |, ZIE = 5| & [SHEARSTRENGTH (kPa) QA o |- 2 2| bisTRIBUTION
DEPTH DESCRIPTION < |a JS|ZE5| & |o unconemen  + FERVAE 188)ET )
=z ¥ |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
183.8 'J; % i z ) 8 ﬁ 20 40 60 80 100 10 20 30 GR SA SI CL
0.0 TOPSOIL: 300 mm A i
- 183.5 11 lss| s - o
0.3| SILTY SAND: disturbed/reworked, .l'.| 1.. i
trace topsoil, brown, moist, loose {.l'.l. i
183.0 I i
-, 0.8] SILTY CLAY: trace sand, brown, /i"/i’ 183
- moist to very moist, very stiff to firm % 2|1 ss | 16 i °
[ % 3|ss| 2 182f s
H / -
- stiff below 2.3m ,{’*/{’X N
I /*’ 4| ss| 14 I o
i % 181}
| 3
- grey, wet, firm below 3m /Y [
i % 5/ss| 6 o o
: i 180]
| 4 / B
i % VANE - +
o ﬁ 6|ss| 6 1791 °
i % VANE [ +
- o 178
[6 % i
- ﬁ 7|s8s| 7 -
i :ir’*//r 177f
| 7 / -
1765 ] [VANE ! +
7.3 END OF BOREHOLE
Notes:
1. Borehole wet below 3m depth
during drilling.
GROUNDWATER ELEVATIONS Sg?gg +3 x3: {‘(‘)“é“;es’;\;f;e‘ © ®73% Syain at Failure

1st 2nd 3rd  4th
Measurement §2




LOG OF BOREHOLE BH21-13

1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site
CLIENT: Primont Homes
PROJECT LOCATION: Welland, Ontario

DRILLING DATA

Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DATUM: Geodetic Date: Oct-27-2021 ENCL NO.: 14
BOREHOLE LOCATION: See Drawing 1 N 4765022 E 641489
DYNAMIC CONE PENETRATION
SOIL PROFILE SAWPLES | RESISTANGE PLOT — s MTURAL Lo N
w LMt MOSTURE “puls |2 AND
m) = E 20 40 60 80 100 CONTENT R
g » g 2 - 1 L 1 1 I We w w, |~2|5%] GRAINSIZE
ELEV ol ZE|[2 2| & [SHEARSTRENGTH (kPa) —— o |£5]%2| bisTRIBUTION
DEPTH DESCRIPTION i As 25| & |o unconFmneD  + & Soncitay 83[57 %)
=z ¥ |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
183.4 'J; % i z ) 8 ﬁ 20 40 60 80 100 10 20 30 GR SA SI CL
[ 0.0 TOPSOIL: 300 mm W -
[ 183.1 11| ss 7 B q
| 0.3] CLAYEY SILT: disturbed/reworked, 183
[ 1826 trace topsoil, brown, moist, firm W. L. 182.8 m
, 0.8 SILTY CLAY: trace sand, brown, / Nev 19, 202
[ moist to very moist, very stiff to soft /i’ 21ss | 15 L
ﬁ 182}
' % 3|ss |20 - o
[ 2 /’ [
a stiff below 2.3m % 181}
i /*’ 4|ss| 12 B o
- grey, wet, firm below 3m / [ 41
% 5|ss| 5 180l 0 3 37 60
B /*/ VANE ! +
% 179}
, ﬁ 6|ss| 6 - o
X// 178f
[ /IX}YY \VANE i 425
6 :**,’*y*’/r 5
I soft / -
5 % 7|ss| 3 177} 0
[ 176.7 el i
6.7| END OF BOREHOLE
Notes:
1. 50mm dia. monitoring well
installed upon completion.
2. Water Level Readings:
Date: ~ Water Level(mbgl):
Nov. 11,2021 0.55
May 10, 2022 0.52
June 27,2022 0.54
GROUNDWATER ELEVATIONS SSIT\EQ +3 x3: g“é";iﬁ\;f;e‘ O #73% Strain at Failure

1st 3rd  4th

Measurement §2

2nd




LOG OF BOREHOLE BH21-14

1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site
CLIENT: Primont Homes
PROJECT LOCATION: Welland, Ontario

DRILLING DATA
Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DATUM: Geodetic Date: Oct-28-2021 ENCL NO.: 15
BOREHOLE LOCATION: See Drawing 1 N 4764872 E 641346
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | RESISTANCE PLOT — e e ool e | vemane
w LMt MOSTURE “puls |2 AND
m) = K 20 40 60 80 100 CONTENT P =
=] 9 |22 =z ! . L L . We w w, |=€|3%| craNsizE
ELEV (ol %E Z 0| © |SHEARSTRENGTH (kPa) o |2%|2 2| oisTRIBUTION
DEPTH DESCRIPTION < |w JS|ZE5| & |o unconemen  + FERVAE 8s(5+ )
=z ¥ |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
183.6 'J; % b 4 G} 8 o 20 40 60 80 100 10 20 30 GR SA SI CL
- 0.0 TOPSOIL: 300 mm W i
- 183.3 11 lss| 4 i o
- 0.3 CLAYEY SILT: disturbed/reworked, [
[ trace topsoil, brown, wet, firm -
[ W1B3183.1 m
182.8 1
-, 0.8] SILTY CLAY: trace sand, trace / l\%;y 6 2"
u gravel, brown, moist to very moist, /i’ 2| ss| 13 i °
i very stiff to soft % I
i % 182}
- 3| S8SS | 18 B o
2 /Y i
- stiff below 2.3m ,{’*/{’X B
- / 4SS | 13 181F o
- grey, firm below 3m /Y [
- % 5(ss| 6 B I 1 6 36 57
i % 180}
i % VANE s +
wet below 4.6m ,{’*/{’X 179f
-, % 6|ss| 3 [ °
N / : 22
B % VANE 178} +
o X/y/r*’ -
- soft / [
- % 7|ss| 3 B q
i % 177F
176.3 ] [VANE 5 +
7.3| END OF BOREHOLE
Notes:
1. 50mm dia. monitoring well
installed upon completion.
2. Water Level Readings:
Date: ~ Water Level(mbgl):
Nov. 11,2021 0.56
May 10, 2022 0.67
GROUNDWATER ELEVATIONS SSIT\EQ +3 x3: g“é";iﬁ\;f;e‘ © #73% Syain at Failure

ist 2nd 3rd  4th

Measurement §2




LOG OF BOREHOLE BH21-15 1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site DRILLING DATA

CLIENT: Primont Homes Method: Solid Stem Augers

PROJECT LOCATION: Welland, Ontario Diameter: 150 mm REF. NO.: 21-339-300
DATUM: Geodetic Date: Oct-28-2021 ENCL NO.: 16

BOREHOLE LOCATION: See Drawing 1 N 4764896 E 641312

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
P RESISTANCE PLOT& pLASTIC NATURAL oy | & METHANE
w Lt MOISTURE = | 2 AND
m) 5 2w 20 40 60 80 100 CONTENT o5 | GRAIN SIZE
[%2] o |57
ELEV g |, SE[25| & [SHEARSTRENGTH (kPa) J b é?i DISTRIBUTION
DEPTH DESCRIPTION < |5 92 |2 E| E |o UNCONFINED 4+ FIELD VANE S ES
Z | a a®|Sal| < & Sensitivity oLz )
=z ¥ |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
184.1 'J; % = z [0} 8 o 20 40 60 80 100 10 20 30 GR SA SI CL
- 0.0[ TOPSOIL: 300 mm L2 184}
183.8 — 1| ss 5 [ o
0.3| CLAYEY SILT: disturbed/reworked, [
trace topsoil, brown, wet, firm [
183.3 -
-, 0.8| SILTY CLAY: trace sand, trace / [
u gravel, brown, moist to very moist, /Y 2 | ss 17 183 i
i very stiff to soft % i
i :ir’*//r 3|ss |23 i s
H [
i ﬁ 182}
- % 4|ss| 17 - o
] i z
I /Y 181}
- X/?yr 5(ss| 1 B o
9 ﬁ/i’/r
B % 180}
grey, wet, soft below 4.6m ,{’*/{’X -
B /*’ 6|ss| 3 B o
- ’*//{*XX 179f
- / - 3.0
i % \VANE - +
o % i
i oy 178f
- ﬁ 71ss| 4 s o
B /X/Y; [
1768 W] [VANE s -
7.3| END OF BOREHOLE
Notes:
1. Borehole wet below 4.6m during
drilling.
GRAPH 3 3. Numbers refer 8=3% . .
GROUNDWATER ELEVATIONS notes TOXT Sensitivity o Strain at Failure

1st 2nd 3rd  4th
Measurement §2




LOG OF BOREHOLE BH21-16

1 OF 1

PROJECT: Preliminary Geotechnical Investigation, Welland Thorold Site
CLIENT: Primont Homes
PROJECT LOCATION: Welland, Ontario

DRILLING DATA
Method: Solid Stem Augers

Diameter: 150 mm

REF. NO.: 21-339-300

DS SOIL LOG 21-339-300 BOREHOLE LOGS.GPJ DS.GDT 22-7-19

DATUM: Geodetic Date: Oct-28-2021 ENCL NO.: 17
BOREHOLE LOCATION: See Drawing 1 N 4764776 E 641281
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
@ RESISTANCEPLOT = pLASTIC WILRAL  Liauin| | [& METHANE
= e 20 40 60 80 100 [“MT  content LMITIE_|E AND
m S o |£2]| 2 ! . L L : We w w, |=€|3%] craNsizE
ELEV ol ZE|[a S| & [SHEARSTRENGTH (kPa) —— o |£5]%2| bisTRIBUTION
DEPTH DESCRIPTION il As 25| & |o unconFmneD  + & Soncitay . 51 =l %)
=z & |. oz & | ® QuICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
183.4 'J; % i z 0] 8 ﬁ 20 40 60 80 100 10 20 30 GR SA SI CL
0.0/ TOPSOIL: 600 mm & i
. oy 1] SS | 4 i
-182.8 " 183
[ 0.6] CLAYEY SILT: disturbed/reworked, W.L.182.9m
[ 182.4 trace topsoil, brown, wet, firm Way 1082027
1702 Jun 27, 2022
L 1.0| SILTY CLAY: trace sand, trace / 21SsS| 11 i o
gravel, brown, moist to very moist, / [
[ very stiff to firm / 182
i jj’*{ 3|ss| 18 -
2 % N
i stiff below 2.3m % 181F
i % 4]ss| o !
: o :
- grey, firm below 3m L
% 5(ss| s . [ i 0 0 49 51
[« /,r**,’rr - i
[ / \VANE i +
/ | 179k
- / JW. Z91 79.0 m
- / ‘|Nov 11, 2021
2 ﬁ 6|ss| s : o o
i % 178f
B 40
i //Yr VANE] i +
g % -
[ % 7/8s| 6 177: o
[ 176.7 g%
6.7| END OF BOREHOLE
Notes:
1. 50mm dia. monitoring well
installed upon completion.
2. Water Level Readings:
Date: ~ Water Level(mbgl):
Nov. 11,2021 4.43
May 10,2022 0.54
June 27,2022 0.72
GROUNDWATER ELEVATIONS SSIT\EQ +3,x3: g“é";iﬁ\;f;e‘ © ®%3% Syain at Failure

i1st 2nd 3rd  4th

Measurement §2




DS SOIL LOG 22-339-302 QUAKER RD AND FIRST AV - COPY.GPJ DS.GDT 22-7-22

LOG OF BOREHOLE BH22-01 1 OF 1
PROJECT: Additional Geotechnical Investigation DRILLING DATA
CLIENT: Primont Homes Method: Hollow Stem Auger
PROJECT LOCATION: Quaker Road and First Avenue, Welland, ON Diameter: 200 mm REF. NO.: 21-339-302
DATUM: Geodetic Date: Mar-08-2022 ENCL NO.: 18
BOREHOLE LOCATION: See Figure 1 N 4765406.469 E 641715.248
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCEPLOT — pLASTIC IRAY  Liquin| . [& METHANE
. 5 ., 20 40 60 80 100 |"MT conrenr UMTIF_f5 | AND
%) 2 |5%| GRAINSIZE
ELEV T |, =£|= 5| & [SHEARSTRENGTH (kPa) Aol |5 25| pisTRIBUTION
DEPTH DESCRIPTION < |w 28|25 | & |o unconrmep  + FEDYAE 18812 )
sl=| & | oz & | ® QUICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
184.3 'J; % i z ) 8 o 20 40 60 80 100 10 20 30 GR SA SI CL
+88:6—J OPSOIL: 350 mm % i 184F
TOR % - . — 3
T85-4[ \SILT: some topsoil, 2 W1 taaa
2182.0 'th[]berggi‘;‘f’ftﬁd' trace sand, [ 3 ] W.L. 182.7m
2.3 - - 4 Mar 25, 2022 [¢)
ILT TO SILTY CLAY: trace 5 3 °
B avel, brown, moist, hard —1 s
[ 179.7| SILT: some sand, brown, moist, 180F
4.6| Yense to very dense | 6 i +H 1 3 8214
§178.3| CLAYEY SILT: trace gravel, trace -
6.0] ‘sand, brown, wet, hard 7 178
SILT: trace clay, brown, wet, dense [ 3
B to compact EDEIES 1765 q 0 0 92 8
} EED 2 °
B 174F
|10 [ SS | 28 3 [
12172.1 F
12.2] SILTY CLAY: brown, wet, very stiff o [11] SS | 20 172p
170.6 -
? 13.7| SILT:trace sand, clay seams, grey, |12 [ SS | 19 170 5 °
wet, compact E
" 13 [ SS | 20 1
168F
|14 [ SS | 25 2 e
%166.0 166E
18.3| CLAYEY SILT TILL: grey, wet, very o] 15| SS | 20 g
stiff to hard / =
20 I g
VI I6LSS [ 19 164f
e s
|2 4 17 |_SS ] _40 -
162F
| 18 | SS | 50/ 2
£150.9 25muf 160k
24.4| CLAYEY SILT TO SILT: brown, -
wet, hard -
126 o
158F
Les (19SS | 50/ i B 0 0 8 12
/ 156
5m i
30 ;
[153.8 154F
30.5| SILTY CLAY TILL: brown, moist, /*j |20 | SS | 47 s
hard / s
52 -
//YTY 152F
34 /VVY 21 SS | 69 3 ©
ﬁu 150f
148.7 ﬂj: 22| SS [ 69 g
35.6| END OF BOREHOLE
Notes:
1) 50 mm dia. monitoring well
installed upon completion.
2) Water Levels Readings:
Date Water Level (mbgs)
Mar. 25, 2022 1.57
April 12, 2022 1.33
June 27, 2022 1.18

GRAPH 3 3. Numbers refer 8=3%
NOTES X " to Sensitivity o

GROUNDWATER ELEVATIONS Strain at Failure
ist 2nd 3rd  4th

Measurement §2




DS SOIL LOG 22-339-302 QUAKER RD AND FIRST AV - COPY.GPJ DS.GDT 22-7-22

LOG OF BOREHOLE BH22-02 1 OF 1
PROJECT: Additional Geotechnical Investigation DRILLING DATA
CLIENT: Primont Homes Method: Hollow Stem Auger
PROJECT LOCATION: Quaker Road and First Avenue, Welland, ON Diameter: 200 mm REF. NO.: 21-339-302
DATUM: Geodetic Date: Mar-02-2022 ENCL NO.: 19
BOREHOLE LOCATION: See Figure 1 N 4764772.797 E 641331.348
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
x RESISTANCEPLOT — pLASTIC OIRAL  Liauin| | [& METHANE
- = E 20 40 60 8 100 |UMT conment UMT|E | AND
g » g 2 - 1 1 L I 1 We w w, =¢|5%| GRAINSIZE
ELEV [l %E Z 0| © |SHEARSTRENGTH (kPa) o |9%|2 3| oisTRIBUTION
DEPTH DESCRIPTION < |a JS|ZE| & |o unconrmen  + FEDVAE 835+ )
==z ¥ |. oz & | ® QUICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
183.6 'J; % b z 3 o %0 40 60 80 100 10 20 30 GR SA SI CL
138:2 JOPSOIL: 400 mm ‘L] 1]SS| 3 W L 1834m o
1884 ILTY CLAY:disturbed/reworked, 2SS | 17 Jun 27, 2022 g
. own, moist, soft 3 1SS | 20 182 ®
SILTY CLAY: with silt seams, trace =
! f 4 1SS | 12 - o
gravel, brown, moist to wet, very stiff /i’ AR 9 3 d
B to firm / 180F
layer of silt, grey, wet, loose //X 6 | SS 4 » 20 o 0 0 51 49
P /Y VANE 178 +
/ 7SS 4 3 °
176.0 / 1765
¢ 7.6| SILT: some sand, with clay 8 | SS 8 s o
seams/layers, brown, wet, loose -
o 9 | SS 4 174; (o]
0] SS | 5 3 5
2 172F
11| SS | 8 2 N
169.9 170k
? 13.7| SILTY CLAY: trace to some gravel, 121 SS | 15 5 o
reddish brown, moist, very stiff to /Y -
1o hard % 13] Ss | 16 168f a
% 455 | 23 3 °
s oy 166}
/i/ 15 SS | 31 -
163.8 164
[~ 19.8/ CLAYEY SILT TO SILT: trace 16| SS | 54 - 3 1 3 84 12
sand, some clay, brown, moist, hard -
|2 17| SS | 55 162;
160.7 =
22.9| CLAYEY SILT TILL: brown, moist, 18| SS | 37 1 g o
24 hard to very stiff 60;
“|[19] SS | 43 - o
26 158F
B V11|20 SS | 46 g o
les 21| SS | 25 156 o
., 22| SS | 18 15 4 o
23] S5 | 28 g °
. 152F
24| SS | 25 3 q
e 251 S5 [ 39 150F 5
148.0 % 55 | 33 b °
35.6/ END OF BOREHOLE i
Notes:
1) 50 mm dia. monitoring well
installed at 6.10 mbgs upon
completion.
2) Water Levels Readings:
Date Water Level (mbgs)
Mar. 25, 2022 Not Accessible
April 12, 2022 1.15
June 27,2022  0.17
GROUNDWATER ELEVATIONS GRAPH 1.3 5 3. Numbersrefer o 8=3% gy ot Failure

ist 2nd 3rd  4th

Measurement §2

NOTES

" to Sensitivity




DS SOIL LOG 22-339-302 QUAKER RD AND FIRST AV - COPY.GPJ DS.GDT 22-7-22

LOG OF BOREHOLE BH22-03

1 OF 1

PROJECT: Additional Geotechnical Investigation
CLIENT: Primont Homes
PROJECT LOCATION: Quaker Road and First Avenue, Welland, ON

DRILLING DATA
Method: Hollow Stem Auger

Diameter: 200 mm

REF. NO.: 21-339-302

DATUM: Geodetic Date: Mar-03-2022 ENCL NO.: 20
BOREHOLE LOCATION: See Figure 1 N 4764874.239 E 641283.907
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES . RESISTANCE PLOT — orsne MR Lo N
w UmiT  MOISTURE  “runls |2 AND
m) = = 20 40 60 80 100 CONTENT e
9 » g 2 - ) 1 L I 1 We w w, |~2|5%] GRAINSIZE
ELEV DESCRIPTION g |, ZE[3 8| & |SHEARSTRENGTH (kPa) o 522 2| pisTRIBUTION
DEPTH T Zs | ZE| & |o unconFneD  + SR N 1S = %)
=z ¥ |. oz & | ® QuUICK TRIAXIAL X LAB VANE WATER CONTENT (%) s
184.0 'J; % b z 3 o %0 40 60 80 100 10 20 30 GR SA SI CL
189-Q[ TOPSOIL 300 mm, over A EEES = R )
0 o[ disturbed/reworked clayey silt to /.' 21 SS | 10 = Ma:ﬂ_éﬁ @22“ o
B ndy silt , , 3]55 ] 22 Jungy, 2022 o
SILTY CLAY: reddish brown, with 71355 21 i = °
silty sand seams/layers, trace /{’ R . a2
. gravel, moist to very moist, very stiff /{’ 5SS | 1 s °
B to soft /Y 180F
Vr¥1ith layer of silty sand, grey below 3 //X 51 5S 7 3 I 1 0 1 54 45
6 1 o
| 6 wet, firm below 4.6m ? VAN 1735 5100
-8 layer of wet, very loose silty sand at / 7 | SS 2 176k o
6m //{’X g
= 2.0
. /*/ —VAN 7k +
173.3 /4 s
10.7| SILT: with clay seams, brown, wet, 8 | SS 6 - ¢
" loose to compact 179k
918SS | 19 g ¢}
= 10] S5 | 23 170f
; 1] s | 14 3 0
B 168E
167.2 g
16.8| CLAYEY SILT TILL: some sand, 12| 8S | 27 2 o
18 some gravel, brown, moist, very stiff 166 5
to hard 3] S5 | 68 3 9
164.2 141 SS | 81 o
¥ 19.8] SANDY SILT: trace clay, brown, 164f
moist to wet, very dense 2
|22 151 SS | 77 162% q 0 2867 5
e 160F
16| SS | 64 3
2 158%
156.5 3
|2 27.5]  CLAYEY SILT TILL: trace gravel, 171 SS | 59 156F °
brown, moist, hard to very stiff
% -
o 1 154f
e EEESE g °
o2 1 152F
& 1¢[[25] S | 18 150E o
148.4 26 55 | 38 3 °
35.6| END OF BOREHOLE
Notes:
1) 50 mm dia. monitoring well
installed at 6.10 mbgs upon
completion.
2) Water Levels Readings:
Date Water Level (mbgs)
Mar. 25,2022  0.15
April 12,2022  0.28
June 27,2022 0.87
GRAPH 3 3. Numbers refer 8=3% ) .
GROUNDWATER ELEVATIONS notes T X7 Sensitivity e} Strain at Failure

st 2nd 3rd  4th

Measurement SZ




Log of Borehole No. 1

Project No: SM 220530-G
Project: Proposed Residential Development

Project Manager: lan Shaw, P.Eng.
Borehole Location: See Drawing No. 1

Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765186
Client: Primont (Thorold/Welland) Inc.

E: 641731

Depth

Elevation (m)

Symbol

Description

Well Data

SAMPLE

Type

Number

Blow Counts
Blows/300mm
Recovery

PP (kgf/lcm2)

U.Wt.(kN/m3)

Moisture Content
W%
10 20 30 40

A

Standard Penetration Test

blows/300mm
20 40 60 80

O©CONOOAPWN-_OD

ft| m

D

183.32

Ground Surface

179.82

174.64

Topsoil
Approximately 200 millimetres of
topsoil.

Silty Clay/Clayey Silt
Brown to reddish brown, some organics
in upper levels, firm to very stiff.

Transition in colour to grey.

13

14

e

Sandy Silt/Silt

Reddish brown, occasional gravel,
loose to very dense.

SS

SS

SS

SS

SS

SS

SS

SS

SS

10

SS

1"

SS

12

3,3,6,8 9

7,7,9,13 16

7,11,16,19 | 27

5,7,10,13

N
~

4,3,5,6

3,2,4,5

2,234

1,2,2,4

6,6,7,8

6,7,7,6

-

3,3,6,7

N

O

4,6,7,10

<1.0

>4.5

>4.5

25

1.5

A
=
o

A
-
o

A
=
o

Datum: Geodetic
Field Logged by: IC
Checked by: IS
Sheet: 1 of 2

Drill Method: Hollow Stem Augers  gojl-Mat Engineers & Consultants Ltd.

Drill Date: December 07, 2022 401 Grays Road - Hamilton, Ontario - L8E 273

Hole Size: 200 Millimetres T: 905.318.7440 - TF: 800.243.1922 - F: 905.318.7455
: www.soil-mat.ca - E: info@soil-mat.ca

Drilling Contractor: Elements Drilling Ltd.




Log of Borehole No. 1

Project No: SM 220530-G

Project: Proposed Residential Development
Location: Quaker Road & First Avenue, Welland
Client: Primont (Thorold/Welland) Inc.

Project Manager: lan Shaw, P.Eng.
Borehole Location: See Drawing No. 1
UTM Coordinates - N: 4765186

E: 641731

Description

Depth

Elevation (m)

SAMPLE

Moisture Content

Well Data
Type

Number

Blow Counts
Blows/300mm

Recovery

A w% A
10 20 30 40

Standard Penetration Test
o blows/300mm o
20 40 60 80

PP (kgf/lcm2)
U.Wt.(kN/m3)

14

AN NN N N NN symbo

2
162.90]:

SS | 13 | 4,6,10,12

SS | 14 6,6,8,8

-
N

SS | 15 | 5,7,13,16

~
N

R

SS | 16 [9,24,48,50/5"

End of Borehole
NOTES:

1. Borehole was advanced using

2 solid stem auger equipment on

a depth of 20.4 metres.
and 'Dry' upon completion and

903.

by our client.
24

December 07, 2022 to termination at

2. Borehole was recorded as open

24 backfilled as per Ontario Regulation

2 3. Soil samples will be discarded after
3 months unless otherwise directed

Drill Method: Hollow Stem Augers  gojl-Mat Engineers & Consultants Ltd.

Drill Date: December 07, 2022 401 Grays Road - Hamilton, Ontario - L8E 273
T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455

Hole Size: 200 Millimetres
Drilling Contractor: Elements Drilling Ltd.

www.soil-mat.ca - E: info@soil-mat.ca

Datum: Geodetic
Field Logged by: IC
Checked by: IS
Sheet: 2 of 2




Log of Borehole No. 2

Project No: SM 220530-G

Project: Proposed Residential Development

Project Manager: lan Shaw, P.Eng.
Borehole Location: See Drawing No. 1

Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765226
Client: Primont (Thorold/Welland) Inc.

E: 641680

Depth

Elevation (m)

Symbol

Description

Well Data

SAMPLE

Moisture Content

Type

Number

Blow Counts
Blows/300mm

Recovery

A w% A
10 20 30 40

Standard Penetration Test
o blows/300mm o
20 40 60 80

PP (kgflcm2)
U.Wt.(kN/m3)

O©CONOOAPWN-_OD

ft| m

183.26

Ground Surface

D

182.96

2
180.83

[$;]

177.93

Topsoil
Approximately 300 millimetres of
topsoil.

Silty Clay/Clayey Silt
Brown, occasional gravel, firm to very
stiff.

Transition in colour to grey.

©

175.04

N

Sandy Silt/Silt

Reddish brown, compact.

13

14

End of Borehole

NOTES:

1. Borehole was advanced using solid stem auger equipment on December 06, 2022 to

termination at a depth of 8.2 metres.

2. Borehole was recorded as caved to 6.0 metres and 'Wet' at a depth of 4.8 metres
below the existing ground surface upon completion and backfilled as per Ontario

Regulation 903.

3. Soil samples will be discarded after 3 months unless otherwise directed by our client.

SS

SS

SS

SS

SS

SS

SS

2,2,3,5

5,7,11,14

6,11,16,21

4,5,6,7

4,3,4,6

2,3,3,5

5,5,6,10

-
o

‘EEE

4,7,9,9

N
o

>4.5

>4.5

1.0

_
[$,]

A
=
o

Drill Method: Solid Stem Augers
Drill Date: December 06, 2022
Hole Size: 150 Millimetres

Soil-Mat Engineers & Consultants Ltd.
401 Grays Road - Hamilton, Ontario - L8E 273

T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455

Drilling Contractor: Elements Drilling Ltd.

www.soil-mat.ca - E: info@soil-mat.ca

Datum: Geodetic
Field Logged by: IC
Checked by: IS
Sheet: 1 of 1




Log of Borehole No. 3

Project No: SM 220530-G Project Manager: lan Shaw, P.Eng.
Project: Proposed Residential Development Borehole Location: See Drawing No. 1
Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765364
Client: Primont (Thorold/Welland) Inc. E: 641633
SAMPLE )
Moisture Content
A w% A
= E A 10 20 30 40
%_ £ Description g g %I E
) 5 g . 3 S e 8| Z .
A S |5 S g o % 9 | 5 | < |Standard Penetration Test
s |E = | 8| E z £| 8| |g | _blows300mm e
L 2152 & [&8|&|&|35]| 20 4 60 8o
_ftim_1183.80 Ground Surface
1 ﬁ Topsoil ss | 1 34,75 >4.5
2 |\ Approximately 200 millimetres of
3 1 ;ﬂ: topsoil. ss| 2
4 1 . - 5,7,10,12 >4.5
5 ﬁ: Silty Clay/Clayey Silt
6 Brown, occasional gravel, firm to very ss | 3 | 8,11,16,22 >4.5
752 181.60 1] siifr
g T sandy Silt/Silt SS | 4 | 22,26,30,44
3 i+ Reddish brown, more silt content with
= depth, trace clay, compact to dense. ss | 5 | 21.23.24.20
4 et
et
5 et SS | 6 5,6,5,8 Zi
et
6 et
o ss| 7 | 717.22,22 i-
7 e
et
8175.58 7 SS | 8 | 13,16,18,23 E-
End of Borehole
9
NOTES:
! 1. Borehole was advanced using solid stem auger equipment on December 06, 2022 to
termination at a depth of 8.2 metres.
! 2. Borehole was recorded as open and 'Dry' upon completion and backfilled as per
Ontario Regulation 903.
K 3. Soil samples will be discarded after 3 months unless otherwise directed by our client.
1
14
Drill Method: Solid Stem Augers Soil-Mat Engineers & Consultants Ltd. Datum: Geodetic
Drill Date: December 06, 2022 401 Grays Road - Hamilton, Ontario - L8E 273 Field Logged by: IC

.. - T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455 .
Hole Size: 150 Millimetres www.soil-mat.ca - E: info@soil-mat.ca Checked by: IS

Drilling Contractor: Elements Drilling Ltd. Sheet: 1 of 1




Log of Borehole No. 4
Project No: SM 220530-G Project Manager: lan Shaw, P.Eng.
Project: Proposed Residential Development Borehole Location: See Drawing No. 1
Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765208
Client: Primont (Thorold/Welland) Inc. E: 641522
SAMPLE )
Moisture Content
A w% A
= E A 10 20 30 40
%_ £ Description g g %I E
o 5 2 = 3 S| 2|82 .
A S 5 8 ) o % o % | < | Standard Penetration Test
8§ | & = Q £ > = | 8§ = § ®  Dblows/300mm °
L@ 2 |22 ® m|&|& |5 [ 2 4 60 80
_ftim_1183.54 Ground Surface
1 ﬁ Topsoil ss | 1 4,568 >4.5
2 |\ Approximately 200 millimetres of
3 1 ;ﬂ: topsoil. ss| 2
4 1 . - 5,7,11,16 >4.5
5 g Silty Clay/Clayey Silt
6 ﬁ Brown, firm to hard. ss | 3 | 8,15,19,25 >4.5
7 2
/
g 180.65ﬁ: SS | 4 5,6,7,10 2.0
105= 3 Z Transition in colour to grey.
11 T SS| 5 3,3,4,5 7 <1.0
12 g
135 4 ﬁ
14 nas
15
RE 50| 2000 |7 0
17 g
18 ﬁ
19 o
205 6[177.30 5
21 i Sandy Silt/Silt ss | 7 | s202228 | 42 [
22 %l Reddish brown, trace clay, compact to
235 7 | q
i dense.
24 Gnnn
25 T
gg 8117532 SS| 8 | 6677 i-
28 End of Borehole
29
30 °©
31 NOTES:
32 1
gz 1. Borehole was advanced using solid stem auger equipment on December 06, 2022 to
35 termination at a depth of 8.2 metres.
36
37 ! 2. Borehole was recorded as open and 'Dry' upon completion and backfilled as per
38 Ontario Regulation 903.
39
40 K 3. Soil samples will be discarded after 3 months unless otherwise directed by our client.
41
42
43 = 1
44
45
465 14
47
48
o | [ [ [ 1 [ ]
Drill Method: Solid Stem Augers Soil-Mat Engineers & Consultants Ltd. Datum: Geodetic
Drill Date: December 06, 2022 401 Grays Road - Hamilton, Ontario - L8E 273 Field Logged by: IC

.. - T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455 .
Hole Size: 150 Millimetres www.soil-mat.ca - E: info@soil-mat.ca Checked by: IS

Drilling Contractor: Elements Drilling Ltd. Sheet: 1 of 1




Log of Borehole No. 5

Project No: SM 220530-G
Project: Proposed Residential Development
Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765091

Project Manager: lan Shaw, P.Eng.
Borehole Location: See Drawing No. 1

Client: Primont (Thorold/Welland) Inc. E: 641718
SAMPLE )
Moisture Content
A w% A
= E S| @ 10 20 30 40
%_ £ Description © % g > % £
c - o
a S |5 3 & ] Q10| % § Standard Penetration Test
g 2 = Q £ 3 % g | = § *  blows/300mm ®
o | 2512 & |&8|&|2|3| 20 40 s0 80
_ftim_]183.12 Ground Surface
1 T Topsoil ss | 1 1,1,1,4 >4.5
2 |\ Approximately 200 millimetres of
b o ﬁ: topsoll. i ss| 2| 681117 >4.5
Silty Clay/Clayey Silt
5
6 | Brown to reddish brown, firm to very ss | 3 5,8,11,17 >4.5
752 ﬁ: Stiff.
8 g
9 i 4 5,6,8,10 >4.5
105= 3 ﬁ:
11 ;Q: 5 3,3,4,4, 7 <1.0
is e
13 490 4=
14 :[j]; Transition in colour to grey.
15 pis
16-F ﬁ 6 | 3233 Z- <1.0
17 ;1?]5
18 i
19 ;I?F
0= © i
21 176 42% SS 7 2,224 Z- <1.0
22 - -
23 7 End of Borehole
24 .
o5 NOTES:
26 8 .
o7 1. Borehole was advanced using
28 solid stem auger equipment on
29 9 December 07, 2022 to termination at
30 a depth of 6.7 metres.
31
32 1 2. Borehole was recorded as open
33 and 'Dry' upon completion and
gg backfilled as per Ontario Regulation
36 1 903.
37 . . .
38 3. Soil samples will be discarded
39 1 after 3 months unless otherwise
10 ] directed by our client.
41
42 ’ 4. A monitoring well was installed
43 and the following groundwater level
44 readings have been measured:
ig 14 January 3 2023 : 0.83 metres
47
48
49

Drill Method: Solid Stem Augers
Drill Date: December 07, 2022
Hole Size: 150 Millimetres

Soil-Mat Engineers & Consultants Ltd.
401 Grays Road - Hamilton, Ontario - L8E 273

T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455

Drilling Contractor: Elements Drilling Ltd.

www.soil-mat.ca - E: info@soil-mat.ca

Datum: Geodetic
Field Logged by: IC
Checked by: IS
Sheet: 1 of 1




Log of Borehole No. 6
Project No: SM 220530-G Project Manager: lan Shaw, P.Eng.
Project: Proposed Residential Development Borehole Location: See Drawing No. 1
Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765198
Client: Primont (Thorold/Welland) Inc. E: 641374
SAMPLE )
Moisture Content
A w% A
= E S| @ 10 20 30 40
£ £ Description g g %I £
5 c & 3 S 2| 8| 2
A S 5 8 Fo} o % o S, | ¥ | Standard Penetration Test
g _g = o -g z z g | = § ®*  blows/300mm ®
L 2152 & [&8|&|&|35]| 20 4 60 8o
_ftim_1183.83 Ground Surface
1 o7 _ Topsoil ss | 1 24,57 9 >4.5
Approximately 200 millimetres of
i :ﬁ topsoil.
i j/? Silty Clay/Clayey Silt ss| 2 | 581114 | 19 >4.5
5 :ﬁ Brown, firm to very stiff.
6 ) Ss| 3 | 69,1922 | 28 >4.5
£ B
8
9 ’181.09:1;F ___________________________________ SS | 4 4,55,6 10 1.0
10 3 :[j]; Transition in colour to grey.
/
11 ges ss| 5 | 2345 | 7 <1.0
12 :ﬁ
135 4 -
14 £
15 ges
165 . :ﬁ ss| 6 | 2235 z. <1.0
17 -
18 e
i ﬁ
20 177 5911
21 17713 Sandy Silt/Silt ss| 7 | 57,1217 E.
22 ——\_Reddish brown, compact.
23 7 End of Borehole
24
25
265 g
o7 NOTES:
28
g 1. Borehole was advanced using solid stem auger equipment on December 08,
0 9 2022 to termination at a depth of 6.7 metres.
31 2. Borehole was recorded as 'Wet' at a depth of 5.9 metres below the existing
32 ] ground surface upon completion and backfilled as per Ontario Regulation 903.
33
34 3. Soil samples will be discarded after 3 months unless otherwise directed by our
35 client.
36 1
37
38
39
| [ 1 ] | |

Drill Method: Solid Stem Augers
Drill Date: December 08, 2022

Soil-Mat Engineers & Consultants Ltd.
401 Grays Road - Hamilton, Ontario - L8E 273

T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455

Hole Size: 150 Millimetres www.soil-mat.ca - E: info@soil-mat.ca
Drilling Contractor: Elements Drilling Ltd.

Datum: Geodetic
Field Logged by: IC
Checked by: IS
Sheet: 1 of 1




Log of Borehole No. 7

Project No: SM 220530-G
Project: Proposed Residential Development
Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765042

Project Manager: lan Shaw, P.Eng.

Borehole Location: See Drawing No. 1

Client: Primont (Thorold/Welland) Inc. E: 641421
SAMPLE )
Moisture Content
e A w% A
= A 10 20 30 40
£ £ Description g g %I €
5 s S 3 S| 2|8 |2
A S 5 8 Fo} o % o % | < | Standard Penetration Test
s | € = | gt z 28| =| g |° bows300omm e
L 2152 & [&8|&|&|35]| 20 4 60 8o
_ftim_]183.52 Ground Surface
o Y183.27] f
1 Topsoil ss| 1| 1356 | 8 >4.5
2 ;Q: Approximately 250 millimetres of
3 ﬁ topsoil.
+f | ¢ _ Silty Clay/Clayey Silt S| 2 | 571218 | 19 >4.5
5 ~~~| Brown, firm to very stiff.
6 2 %ﬁ SS | 3 6,12,14,18 | 26 >4.5
7
8 ﬁ
9 ﬁ ‘:}; gL SS | 4 5,6,7,10 13 2.0
1053 s
11 aee 5 | 3447 | 8 2.0
/
12 g
18 ahroatf
14 :[j]; Transition in colour to grey.
15 C
i, e
17 ﬁ
18 ges
19 6177 43;ﬁ
20 -
et Sandy Silt/Silt
21 8,9,9,9
o 176.82): Reddish brown, compact. ST i-
2357 End of Borehole
24
25
265 g
07 NOTES:
28
g 1. Borehole was advanced using solid stem auger equipment on December 08,
0 9 2022 to termination at a depth of 6.7 metres.
31 2. Borehole was recorded as caved to 5.9 metres and 'Dry' upon completion and
32 backfilled as per Ontario Regulation 903.
335 1
34 3. Soil samples will be discarded after 3 months unless otherwise directed by our
35 client.
36 1 4. A monitoring well was installed and the following groundwater level readings
37 have been measured:
38 January 3 2023 : 1.6 metres
> | [ 1 ] | [

Drill Method: Solid Stem Augers
Drill Date: December 08, 2022

Soil-Mat Engineers & Consultants Ltd.
401 Grays Road - Hamilton, Ontario - L8E 273

T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455

Hole Size: 150 Millimetres www.soil-mat.ca - E: info@soil-mat.ca
Drilling Contractor: Elements Drilling Ltd.

Datum: Geodetic
Field Logged by: IC
Checked by: IS
Sheet: 1 of 1




Log of Borehole No. 8
Project No: SM 220530-G Project Manager: lan Shaw, P.Eng.
Project: Proposed Residential Development Borehole Location: See Drawing No. 1
Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765199
Client: Primont (Thorold/Welland) Inc. E: 641192
SAMPLE )
Moisture Content
A w% A
= E A 10 20 30 40
%_ £ Description g g %I E
[ S s . 3 Q = | 9 P4 .
A S 5 8 ) o % o % | < | Standard Penetration Test
8§ | & = Q £ > = | 8§ = § ®  Dblows/300mm °
L |3 2 12|2| 8 |&|&|&|3] 20 4 60 8
_ftim_1184.94 Ground Surface
1 Z Topsoil ss | 1 2,3,4,6 2.0
2 |\ Approximately 200 millimetres of
3 1 ;ﬂ: topsoil.
4 i - - SS | 2 47,712 4.0
5 g Silty Clay/Clayey Silt
6 | Brown, occasional gravel, firm to very ss | 3 5,9,15,20 >4.5
752 ﬁ: Stiff.
g ﬁ: SS | 4 | 461015 >4.5 4
3 ﬁf
g ss| 5 | 67910 4.0 4
4 180.83ﬁ ___________________________________
:[j]; Transition in colour to grey.
/
5 179_76;1? ss| 6 | 44711 Ii 15 4
e Sandy Silt/Silt
6 / Reddish brown, compact.
— ss| 7 | 491217 i-
(.
-
8117672 ss| 8| 6799 i-
End of Borehole
9
NOTES:
! 1. Borehole was advanced using solid stem auger equipment on December 08, 2022 to
termination at a depth of 8.2 metres.
! 2. Borehole was recorded as caved to 7.3 metres and 'Wet' at a depth of 6.7 metres
below the existing ground surface upon completion and backfilled as per Ontario
14 Regulation 903.
3. Soil samples will be discarded after 3 months unless otherwise directed by our client.
1
14
Drill Method: Solid Stem Augers Soil-Mat Engineers & Consultants Ltd. Datum: Geodetic
Drill Date: December 08, 2022 401 Grays Road - Hamilton, Ontario - L8E 273 Field Logged by: IC

.. - T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455 .
Hole Size: 150 Millimetres www.soil-mat.ca - E: info@soil-mat.ca Checked by: IS

Drilling Contractor: Elements Drilling Ltd. Sheet: 1 of 1




Log of Borehole No. 9

Project No: SM 220530-G
Project: Proposed Residential Development

Project Manager: lan Shaw, P.Eng.
Borehole Location: See Drawing No. 1

Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765253

Client: Primont (Thorold/Welland) Inc. E: 641229
SAMPLE )
Moisture Content
A w% A
= £ A 10 20 30 40
=4 E Description © ‘g & - % £
c - o
a S |5 8 g 8 2| ¢ s § Standard Penetration Test
e | € = | g|€ z = | 8| g |* Dblows300mm e
L |3 2 12|2| 8 |&|&|&|3] 20 4 60 8
L ftim_|184.05 Ground Surface
1 1837572 Topsoil ss | 1 2,246 4.0
2 ﬁ Approximately 300 millimetres of
S | \topsoll i ss| 2| 67911 >4.5
: :ﬁ Silty Clay/Clayey Silt
6 5 :ﬁ Brown, firm to very stiff. ss | 3 7,9,11,14 >4.5
7
8 :ﬁ
9 SS 4 5,9,12,17 >4.5
105 3 ;ﬁ
11 180.40ﬁ SS 5 4,6,7,8 <1.0
1 E ahresdir] Transition in colour to grey.
]‘5‘ / Sandy Silt/Silt
22 Reddish brown, compact.
165 5 it SS| 6 | 511,13,16 | 24
17 i
18 /
9E |-
g; 177.35 ss| 7 | 7111421 E-
23 7 End of Borehole
24
25 NOTES:
26 8
27 1. Borehole was advanced using
28 solid stem auger equipment on
gg 9 December 08, 2022 to termination at
31 a depth of 6.7 metres.
32
33 1 2. Borehole was recorded as caved
34 to 5.4 metres and 'Wet' at a depth of
35 5.3 metres below the existing ground
36 1 surface upon completion and
37 backfilled as per Ontario Regulation
38 903.
39 13
2(1’ 3. Soil samples will be discarded
42 after 3 months unless otherwise
43 1 directed by our client.
44
45
465 14
a7
18
49

Drill Method: Solid Stem Augers
Drill Date: December 08, 2022
Hole Size: 150 Millimetres

Soil-Mat Engineers & Consultants Ltd.
401 Grays Road - Hamilton, Ontario - L8E 273

T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455

Drilling Contractor: Elements Drilling Ltd.

www.soil-mat.ca - E: info@soil-mat.ca

Datum: Geodetic
Field Logged by: IC
Checked by: IS
Sheet: 1 of 1




Log of Borehole No. 10
Project No: SM 220530-G Project Manager: lan Shaw, P.Eng.
Project: Proposed Residential Development Borehole Location: See Drawing No. 1
Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765588
Client: Primont (Thorold/Welland) Inc. E: 641174
SAMPLE )
Moisture Content
A w% A
= E A 10 20 30 40
%_ £ Description g g %I E
[ S s . 3 Q = | 9 P4 .
A S 5 8 ) o % o % | < | Standard Penetration Test
8§ | & = Q £ > = | 8§ = § ®  Dblows/300mm °
L |3 2 12|2| 8 |&|&|&|3] 20 4 60 8
_ftim_1184.23 Ground Surface
1 Z Topsoil ss | 1 21,34 1.5
2 |\ Approximately 200 millimetres of
3 1 ;ﬂ: topsoil.
2 1 : - SS| 2 | 467,11 >4.5
5 g Silty Clay/Clayey Silt
6 | Brown, some organics in upper levels, ss | 3 | 511,15,18 >4.5
752 ﬁ: firm to very stiff.
8 gae ss| 4 | 5679 25
9 s
3 g
word A ss| 5 | 2345 | 7 1.0
Transition in colour to grey.
4 180.12;1;? orey
e Sandy Silt/Silt
@124 Reddish brown, compact to dense.
5 o ss | 6 | 6111214 | 23 I
-
6 /
e ss| 7 10,16,19,245-
7 /
-
8[176.01 / Ss| 8 6,6,9,10 E-
End of Borehole
9
NOTES:
! 1. Borehole was advanced using solid stem auger equipment on December 09, 2022 to
termination at a depth of 8.2 metres.
! 2. Borehole was recorded as caved to 6.4 metres and 'Wet' at a depth of 5.7 metres
below the existing ground surface upon completion and backfilled as per Ontario
14 Regulation 903.
3. Soil samples will be discarded after 3 months unless otherwise directed by our client.
1
14
Drill Method: Solid Stem Augers Soil-Mat Engineers & Consultants Ltd. Datum: Geodetic
Drill Date: December 09, 2022 401 Grays Road - Hamilton, Ontario - L8E 273 Field Logged by: IC

.. - T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455 .
Hole Size: 150 Millimetres www.soil-mat.ca - E: info@soil-mat.ca Checked by: IS

Drilling Contractor: Elements Drilling Ltd. Sheet: 1 of 1




Log of Borehole No. 11

Project No: SM 220530-G
Project: Proposed Residential Development
Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765518

Project Manager: lan Shaw, P.Eng.

Borehole Location: See Drawing No. 1

Client: Primont (Thorold/Welland) Inc. E: 641270
SAMPLE )
Moisture Content
A w% A
= £ A 10 20 30 40
%_ £ Description g g %I £
[ 5 s . 3 Q = | 9 P4 .
a = | © 3 g o % ® | 5 | £ |Standard Penetration Test
s | € = | gt z 28| =| g |° bows300omm e
L 2152 & [&8|&|&|35]| 20 4 60 8o
_ftim_]183.23 Ground Surface
1 o7 _ Topsoil ss | 1 2,2,5,5 7 2.0
Approximately 200 millimetres of
2 :ﬁ topsoil
3 - -
i j/? Silty Clay/Clayey Silt ss| 2 | 34711 | 11 >4.5
5 ~"| Brown, some organics in upper levels,
jﬂ: firm to very stiff.
6 ) :ﬁ SS| 3 | 47,1216 | 19 >4.5
; o
8 180.64
9 :Qf Transition in colour to grey. ‘&* i SS | 4 478,10 15 25
10 3 s
11 ﬁ: 5 3,4,3,7 9 2.0
12 ﬁ:
135 4 g
14 ﬁ
15 -
165 . g 6 | 3357 Z. 15
/
17 g
18 ﬁ
19 o
0= 6 ﬁ:
21 g ss| 7| 2334 E. <1.0
o 176.537
b3 7 End of Borehole
24
25
26 8 NOTES:
g; 1. Borehole was advanced using solid stem auger equipment on December 09,
bo 2022 to termination at a depth of 6.7 metres.
9
30 2. Borehole was recorded as 'Wet' at a depth of 5.4 metres upon completion and
31 backfilled as per Ontario Regulation 903.
32
335 1 3. Soil samples will be discarded after 3 months unless otherwise directed by our
34 client.
35 4. A monitoring well was installed and the following groundwater level readings
3651 have been measured:
37 January 3 2023 : 0.0 metres
38
39

Drill Method: Solid Stem Augers
Drill Date: December 09, 2022
Hole Size: 150 Millimetres

Soil-Mat Engineers & Consultants Ltd.
401 Grays Road - Hamilton, Ontario - L8E 273

T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455

Drilling Contractor: Elements Drilling Ltd.

www.soil-mat.ca - E: info@soil-mat.ca

Datum: Geodetic
Field Logged by: IC
Checked by: IS
Sheet: 1 of 1




Log of Borehole No. 12
Project No: SM 220530-G Project Manager: lan Shaw, P.Eng.
Project: Proposed Residential Development Borehole Location: See Drawing No. 1
Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4765409
Client: Primont (Thorold/Welland) Inc. E: 641213
SAMPLE )
Moisture Content
e A w% A
= S| = 10 20 30 40
%_ £ Description © % g > (:IEJ E
c - o
a S |5 3 & 3 ol ¢ = § Standard Penetration Test
S | E = | g | ¢ > 21 8| <| < | bows300mm e
L |3 2 12|2| 8 |&|&|&|3] 20 4 60 8
_ftim_1184.19 Ground Surface
1 Z Topsoil ss | 1 0,2,3,5 1.5
2 |\ Approximately 200 millimetres of
3 1 ;ﬂ: topsoil.
4 ooy . - Ss| 2 | 581013 >4.5
5 g Silty Clay/Clayey Silt
6 ﬁ Brown, firm to very stiff. ss | 3 538,12,16 >4.5
7 2
/
8 i ss | 4 | 6101316 >4.5
9 s
3 180 84%
o Transition in colour to grey. 88| 5 | 4877 15
4 ﬁ
i
179.32
5 T . . SS| 6 3,5,15,19 E- 1.5 4
e Sandy Silt/Silt
i1 Reddish brown, compact to dense.
6 et
e SS | 7 | 12,16,21,25 z- 4
T
7 it
e
817597, . SS | 8 | 12,14,26,28 E- 4
End of Borehole
9
NOTES:
! 1. Borehole was advanced using solid stem auger equipment on December 09, 2022 to
termination at a depth of 8.2 metres.
! 2. Borehole was recorded as open and 'Dry' upon completion and backfilled as per
Ontario Regulation 903.
K 3. Soil samples will be discarded after 3 months unless otherwise directed by our client.
1
14
Drill Method: Solid Stem Augers Soil-Mat Engineers & Consultants Ltd. Datum: Geodetic
Drill Date: December 09, 2022 401 Grays Road - Hamilton, Ontario - L8E 273 Field Logged by: IC

.. - T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455 .
Hole Size: 150 Millimetres www.soil-mat.ca - E: info@soil-mat.ca Checked by: IS

Drilling Contractor: Elements Drilling Ltd. Sheet: 1 of 1




Log of Borehole No. 13

Project No: SM 220530-G
Project: Proposed Residential Development

Project Manager: lan Shaw, P.Eng.
Borehole Location: See Drawing No. 1

Location: Quaker Road & First Avenue, Welland UTM Coordinates - N: 4764871
Client: Primont (Thorold/Welland) Inc.

E: 641196

Depth

Elevation (m)

Symbol

Description

Well Data

SAMPLE

Moisture Content

Type

Number

Blow Counts
Blows/300mm
Recovery

A w% A
10 20 30 40

Standard Penetration Test
o blows/300mm o
20 40 60 80

PP (kgf/lcm2)
U.Wt.(kN/m3)

O©CONOOAPWN-_OD

ft| m

183.94

Ground Surface

D

[$;]

178.76

177.24

R

Topsoil
Approximately 200 millimetres of
topsoil.

Silty Clay/Clayey Silt

Brown, firm to very stiff.

Transition in colour to grey.

13

14

End of Borehole

NOTES:

1. Borehole was advanced using
solid stem auger equipment on
December 09, 2022 to termination at
a depth of 6.7 metres.

2. Borehole was recorded as 'Wet' at
a depth of 5.6 metres upon
completion and backfilled as per
Ontario Regulation 903.

3. Soil samples will be discarded
after 3 months unless otherwise
directed by our client.

SS

SS

SS

SS

SS

SS

0,2,3,6

5,7,8,11

7,7,10,15

6,12,16,19

4,7,8,11

3,4,8,8

2,234

.

_
[$,]

>4.5

>4.5

>4.5

3.0

<1

<1

Drill Method: Solid Stem Augers
Drill Date: December 09, 2022
Hole Size: 150 Millimetres

Soil-Mat Engineers & Consultants Ltd.
401 Grays Road - Hamilton, Ontario - L8E 273

T:905.318.7440 - TF: 800.243.1922 - F: 905.318.7455

Drilling Contractor: Elements Drilling Ltd.

www.soil-mat.ca - E: info@soil-mat.ca

Datum: Geodetic
Field Logged by: IC
Checked by: IS
Sheet: 1 of 1




Appendix C

Hydraulic Conductivity Analyses



Normalized Head (m/m)
o

BAIL-DOWN RECOVERY

Data Set: C:\...\BH21 01 _new_2023.aqt
Date: 05/16/23 Time: 15:01:11

1 PROJECT INFORMATION

Company: Terra-Dynamics Consulting Inc.
Client: Primont (Welland/Thorold) Inc.
Location: Welland/Thorold, ON

Test Well: BH21-1

Test Date: May 10, 2023

SOLUTION

Aquifer Model: Confined
Solution Method: Bouwer-Rice

001 | | | | ‘ | | | |

Time (min)

36.

K =4.831E-7 m/sec
60. y0=3.131m

Saturated Thickness: 7.96 m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 2.35m
Total Well Penetration Depth: 7.96 m
Casing Radius: 0.0254 m

WELL DATA (BH21-1)

Static Water Column Height: 7.96 m
Screen Length: 3.05 m
Well Radius: 0.075 m




1.
BAIL-DOWN RECOVERY
Data Set: C:\...\BH21_02.aqt
Date: 05/16/23 Time: 16:09:23
€
£ PROJECT INFORMATION
b Company: Terra-Dynamics Consulting Inc.
2 Client: Primont (Welland/Thorold) Inc.
3 Location: Welland/Thorold, ON
N Test Well: BH21-02
g Test Date: May 10, 2023
S
zZ
SOLUTION
Aquifer Model: Confined
Solution Method: Bouwer-Rice
01 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 K = 4131E_9 m/SeC
0. 400. 800. 1.2E+3 1.6E+3 2.0E+3 y0=1.741m
Time (min)
AQUIFER DATA
Saturated Thickness: 5.47 m Anisotropy Ratio (Kz/Kr): 1.
WELL DATA (BH21-02)
Initial Displacement: 2.18 m Static Water Column Height: 5.47 m
Total Well Penetration Depth: 5.47 m Screen Length: 3.05 m

Casing Radius: 0.0254 m Well Radius: 0.075 m




Normalized Head (m/m)
o

001 | | | | ‘ | | | |

0. 1.8E+3  3.6E+3

Time (min)

5.4E+3

7.2E+3

9.0E+3

BAIL-DOWN RECOVERY

Data Set: C:\...\BH21 3.aqt
Date: 05/08/23 Time: 10:16:51

PROJECT INFORMATION

Company: Terra-Dynamics Consulting Inc.
Client: Primont (Welland/Thorold) Inc.
Location: Welland/Thorold, ON

Test Well: BH21-3

Test Date: November 9, 2022

SOLUTION

Aquifer Model: Confined
Solution Method: Bouwer-Rice

K =2.611E-9 m/sec
y0 =1.596 m

Saturated Thickness: 4.552 m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 1.963 m
Total Well Penetration Depth: 4.55 m
Casing Radius: 0.0254 m

WELL DATA (BH21-3)

Static Water Column Height: 4.552 m
Screen Length: 3.05 m
Well Radius: 0.075 m




Normalized Head (m/m)
o

001 | | | | ‘ | | | |

Time (min)

42.

56.

70.

BAIL-DOWN RECOVERY

Data Set: C:\...\BH21_06.aqt
Date: 05/16/23 Time: 15:57:15

PROJECT INFORMATION

Company: Terra-Dynamics Consulting Inc.
Client: Primont (Welland/Thorold) Inc.
Location: Welland/Thorold, ON

Test Well: BH21-06

Test Date: May 10, 2023

SOLUTION

Aquifer Model: Confined
Solution Method: Bouwer-Rice

K =2.858E-7 m/sec
y0 =1.866 m

Saturated Thickness: 5.54 m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 1.97 m
Total Well Penetration Depth: 5.54 m
Casing Radius: 0.0254 m

WELL DATA (BH21-06)

Static Water Column Height: 5.54 m
Screen Length: 3.05 m
Well Radius: 0.075 m




Normalized Head (m/m)

01 | | | | ‘ | | | | ‘

0. 1.4E+3 2.8E+3 4.2E+3

Time (min)

5.6E+3

7.0E+3

BAIL-DOWN RECOVERY

Data Set: C:\...\BH21_11.aqt
Date: 05/16/23

Time: 15:42:38

PROJECT INFORMATION

Company: Terra-Dynamics Consulting Inc.
Client: Primont (Welland/Thorold) Inc.
Location: Welland/Thorold, ON

Test Well: BH21-11

Test Date: May 10, 2023

SOLUTION

Aquifer Model: Confined
Solution Method: Bouwer-Rice

K =1.179E-9 m/sec
y0=1.672m

Saturated Thickness: 6.75 m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 2.11m
Total Well Penetration Depth: 6.75 m
Casing Radius: 0.0254 m

WELL DATA (BH21-11)

Static Water Column Height: 6.75 m
Screen Length: 3.05 m
Well Radius: 0.075 m




Normalized Head (m/m)

d'il
)
B
1
B
[m]

0.1 o o
0. 800.

1.6E+3 2.4E+3

Time (min)

3.2E+3

4.0E+3

BAIL-DOWN RECOVERY

Data Set: C:\...\BH21_13.aqt
Date: 05/08/23

Time: 10:07:41

PROJECT INFORMATION

Company: Terra-Dynamics Consulting Inc.
Client: Primont (Welland/Thorold) Inc.
Location: Welland/Thorold, ON

Test Well: BH21-13

Test Date: November 9, 2022

SOLUTION

Aquifer Model: Confined
Solution Method: Bouwer-Rice

K =3.617E-9 m/sec
y0 =0.9899 m

Saturated Thickness: 3.801 m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 0.4983 m

Total Well Penetration Depth: 3.801 m

Casing Radius: 0.0254 m

WELL DATA (BH21-13)

Static Water Column Height: 3.801 m
Screen Length: 3.05 m
Well Radius: 0.075 m




BAIL-DOWN RECOVERY

Data Set: C:\...\BH21_14.aqt
Date: 05/08/23 Time: 09:50:10

PROJECT INFORMATION

Company: Terra-Dynamics Consulting Inc.
Client: Primont (Welland/Thorold) Inc.
Location: Welland/Thorold, ON

Test Well: BH21-14

Test Date: November 9, 2022

Normalized Head (m/m)
o

SOLUTION

Aquifer Model: Confined
Solution Method: Bouwer-Rice

0.01\\\\\\\\\\\\\\\\\\\\\\\\ K =1.132E-8 m/sec
0. 400. 800. 1.2E+3 1.6E+3 2.0E+3 y0 =2.166 m

Time (min)

AQUIFER DATA
Saturated Thickness: 5.38 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH21-14)

Initial Displacement: 2.191 m Static Water Column Height: 5.38 m
Total Well Penetration Depth: 5.433 m Screen Length: 3.05 m
Casing Radius: 0.0254 m Well Radius: 0.075 m




1. o I I I I I I I I I I I I I I I I I I I
- . BAIL-DOWN RECOVERY
"' Data Set: C:\..\BH21_16.aqt
Date: 05/17/23 Time: 11:24:15
E
£ PROJECT INFORMATION
b Company: Terra-Dynamics Consulting Inc.
2 Client: Primont (Welland/Thorold) Inc.
3 Location: Welland/Thorold, ON
N Test Well: BH21-16
g Test Date: May 5, 2023
S
2 L b
SOLUTION
Aquifer Model: Confined
Solution Method: Bouwer-Rice
01 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 K = 3583E_10 m/sec
0. 4 0E+3 8.0E+3 1.2E+4 1.6E+4 2.0E+4 y0=1.83m
Time (min)
AQUIFER DATA
Saturated Thickness: 5.13 m Anisotropy Ratio (Kz/Kr): 1.
WELL DATA (BH21-16)
Initial Displacement: 2.45 m Static Water Column Height: 5.13 m
Total Well Penetration Depth: 5.13 m Screen Length: 3.05 m

Casing Radius: 0.0254 m Well Radius: 0.075 m




Normalized Head (m/m)
o

001 | | | | ‘ | | | |

0. 80. 160. 240.

Time (min)

BAIL-DOWN RECOVERY

Data Set: C:\...\BH22 02.aqt
Date: 05/17/23 Time: 10:41:00

PROJECT INFORMATION

Company: Terra-Dynamics Consulting Inc.
Client: Primont (Welland/Thorold) Inc.
Location: Welland/Thorold, ON

Test Well: BH22-02

Test Date: May 5, 2023

SOLUTION

Aquifer Model: Confined
Solution Method: Bouwer-Rice

K =4.158E-8 m/sec
y0=1.178 m

Saturated Thickness: 4.97 m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 1.92 m
Total Well Penetration Depth: 4.97 m
Casing Radius: 0.0254 m

WELL DATA (BH22-02)

Static Water Column Height: 4.97 m
Screen Length: 3.05 m
Well Radius: 0.075 m




Normalized Head (m/m)

01 | | | | ‘ | | | | ‘

0. 1000. 2.0E+3 3.0E+3

Time (min)

4.0E+3

5.0E+3

BAIL-DOWN RECOVERY

Data Set: C:\...\BH22 03.aqt
Date: 05/17/23

Time: 10:49:31

PROJECT INFORMATION

Company: Terra-Dynamics Consulting Inc.
Client: Primont (Welland/Thorold) Inc.
Location: Welland/Thorold, ON

Test Well: BH22-03

Test Date: May 5, 2023

SOLUTION

Aquifer Model: Confined
Solution Method: Bouwer-Rice

K =2.151E-9 m/sec
y0=2.129 m

Saturated Thickness: 5.84 m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 2.22 m
Total Well Penetration Depth: 5.84 m
Casing Radius: 0.0254 m

WELL DATA (BH22-03)

Static Water Column Height: 5.84 m
Screen Length: 3.05 m
Well Radius: 0.075 m




Normalized Head (m/m)

BAIL-DOWN RECOVERY

Data Set: C:\...\MW11_SM.aqt
Date: 05/17/23 Time: 11:36:55

PROJECT INFORMATION

Company: Terra-Dynamics Consulting Inc.
Client: Primont (Welland/Thorold) Inc.
Location: Welland/Thorold, ON

Test Well: MW-11 SM

Test Date: May 10, 2023

SOLUTION

Aquifer Model: Confined
Solution Method: Bouwer-Rice

01 | | | | ‘ | | | | ‘

0. 180. 360. 540.

Time (min)

I B K:Mm/sec
720.  900. y0 = 1.424 m

Saturated Thickness: 6.31 m

AQUIFER DATA
Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 2.02 m
Total Well Penetration Depth: 6.31 m
Casing Radius: 0.0254 m

WELL DATA (MW-11 SM)

Static Water Column Height: 6.31 m
Screen Length: 3.05 m
Well Radius: 0.075 m




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH21-2 SS5 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines

1
0.1
0.01
0.001
0.0001 .
0.00001 - -
S D @ XN & @ & & @& & S
SRS A NN SR S PR AN L
0.000001 &Q\@ & &9 %@)@« &S A & N & R N
N & Q ?
0.0000001 ,° (@ & 3
B © @ ©
&\\ v &
0%\
&
s Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 2.E-07 2.E-09 0.00
Hazen K (cm/s) = d;g (mm) 3.E-07 3.E-09 0.00
Slichter 4.E-08 4.E-10 0.00
Terzaghi 6.E-08 6.E-10 0.00
Beyer 2.E-07 2.E-09 0.00
Sauerbrei 1.E-07 1.E-09 0.00
Kruger 2.E-05 2.E-07 0.01
Kozeny-Carmen 4.E-06 4.E-08 0.00
Zunker 3.E-06 3.E-08 0.00
Zamarin 3.E-06 3.E-08 0.00
USBR 7.E-08 7.E-10 0.00
Barr 4.E-08 4.E-10 0.00
Alyamani and Sen 7.E-07 7.E-09 0.00
Chapuis 6.E-10 6.E-12 0.00
Krumbein and Monk 3.E-05 3.E-07 0.03
Shepherd 4.E-05 4.E-07 0.03
geometric mean 6.E-07 6.E-09 0.00
arithmetic mean 9.E-06 9.E-08 0.01




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH21-3 SS5 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines

1
0.1
0.01
0.001
0.0001
0.00001 - —
S D & XN & @ & & &S KL S
SRS A NN SR S PR AN L
0.000001 (@ < & & %@)@« &S A & N & &R &
N (\* N o)
0.0000001 ,° (@ & 3
\6\ © L N
\é(\ v ‘Li\)
(\%
&
Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 7.E-08 7.E-10 0.00
Hazen K (cm/s) = d;g (mm) 1.E-07 1.E-09 0.00
Slichter 2.E-08 2.E-10 0.00
Terzaghi 2.E-08 2.E-10 0.00
Beyer 8.E-08 8.E-10 0.00
Sauerbrei 5.E-08 5.E-10 0.00
Kruger 1.E-05 1.E-07 0.01
Kozeny-Carmen 2.E-06 2.E-08 0.00
Zunker 2.E-06 2.E-08 0.00
Zamarin 2.E-06 2.E-08 0.00
USBR 2.E-08 2.E-10 0.00
Barr 2.E-08 2.E-10 0.00
Alyamani and Sen 4.E-08 4.E-10 0.00
Chapuis 2.E-10 2.E-12 0.00
Krumbein and Monk 8.E-05 8.E-07 0.07
Shepherd 8.E-06 8.E-08 0.01
geometric mean 1.E-07 1.E-09 0.00
arithmetic mean 2.E-06 2.E-08 0.00




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH21-6 SS5 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines

1
0.1
0.01
0.001
0.0001
0.00001 - _— .
S D &R & > & S & K L SRS
SRS A NN SR S PR AN L
0.000001 (& < & & %@)@« &S A & N & &R S
N (\* N >
0.0000001 ,° (@ & 3
\‘7\ © L N
\é(\ v \L_&\)
(\%
&
Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 1.E-07 1.E-09 0.00
Hazen K (cm/s) = d;g (mm) 2.E-07 2.E-09 0.00
Slichter 3.E-08 3.E-10 0.00
Terzaghi 4.E-08 4.E-10 0.00
Beyer 1.E-07 1.E-09 0.00
Sauerbrei 8.E-08 8.E-10 0.00
Kruger 1.E-05 1.E-07 0.01
Kozeny-Carmen 3.E-06 3.E-08 0.00
Zunker 2.E-06 2.E-08 0.00
Zamarin 3.E-06 3.E-08 0.00
USBR 4.E-08 4.E-10 0.00
Barr 3.E-08 3.E-10 0.00
Alyamani and Sen 2.E-07 2.E-09 0.00
Chapuis 4.E-10 4.E-12 0.00
Krumbein and Monk 4.E-05 4.E-07 0.03
Shepherd 2.E-05 2.E-07 0.02
geometric mean 3.E-07 3.E-09 0.00
arithmetic mean 5.E-06 5.E-08 0.00




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH21-8 SS5 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines

1
0.1
0.01
0.001
0.0001
0.00001 - —_
S D & XN & @ & & &S KL S
SRS N R P S P S
0.000001 (@ &\@ & &9 %@)@« & ,(};5“ A & N & R @v
S S N <@
0.0000001 ,® 2 & o
\6\ © L N
\é(\ v ‘Li\)
(\%
&
Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 5.E-08 5.E-10 0.00
Hazen K (cm/s) = d;g (mm) 6.E-08 6.E-10 0.00
Slichter 1.E-08 1.E-10 0.00
Terzaghi 2.E-08 2.E-10 0.00
Beyer 5.E-08 5.E-10 0.00
Sauerbrei 4.E-08 4.E-10 0.00
Kruger 2.E-05 2.E-07 0.01
Kozeny-Carmen 2.E-06 2.E-08 0.00
Zunker 2.E-06 2.E-08 0.00
Zamarin 2.E-06 2.E-08 0.00
USBR 1.E-08 1.E-10 0.00
Barr 1.E-08 1.E-10 0.00
Alyamani and Sen 7.E-10 7.E-12 0.00
Chapuis 2.E-10 2.E-12 0.00
Krumbein and Monk 2.E-04 2.E-06 0.16
Shepherd 3.E-06 3.E-08 0.00
geometric mean 3.E-08 3.E-10 0.00
arithmetic mean 6.E-07 6.E-09 0.00




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH21-9 SS5 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines

1
0.1
0.01
0.001
0.0001
0.00001 e —_—
&L é\q) & 35\ & & & & & & %Qg & <,)-®° SER
O S e RO < Q Q Q Q o
0.000001 (@ < & & &Q}x & %IOOQ} & &S /\;b@ N e b@
N (\* N >
0.0000001 ,® 3§ N &
N ¢ L L
& S
$ A
o%\
&
Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 5.E-08 5.E-10 0.00
Hazen K (cm/s) = d;g (mm) 7.E-08 7.E-10 0.00
Slichter 1.E-08 1.E-10 0.00
Terzaghi 2.E-08 2.E-10 0.00
Beyer 6.E-08 6.E-10 0.00
Sauerbrei 4.E-08 4.E-10 0.00
Kruger 2.E-05 2.E-07 0.02
Kozeny-Carmen 2.E-06 2.E-08 0.00
Zunker 2.E-06 2.E-08 0.00
Zamarin 2.E-06 2.E-08 0.00
USBR 1.E-08 1.E-10 0.00
Barr 1.E-08 1.E-10 0.00
Alyamani and Sen 4.E-09 4.E-11 0.00
Chapuis 1.E-10 1.E-12 0.00
Krumbein and Monk 1.E-04 1.E-06 0.12
Shepherd 4.E-06 4.E-08 0.00
geometric mean 5.E-08 5.E-10 0.00
arithmetic mean 1.E-06 1.E-08 0.00




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH21-11 SS5 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines

1
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S D @ XN & @ B &Sy S
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0.000001 (@ < & & %@)@« &S A & N & &R &
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0.0000001 ,° (@ & 3
\6\ © L N
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Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 7.E-08 7.E-10 0.00
Hazen K (cm/s) = d;g (mm) 9.E-08 9.E-10 0.00
Slichter 1.E-08 1.E-10 0.00
Terzaghi 2.E-08 2.E-10 0.00
Beyer 8.E-08 8.E-10 0.00
Sauerbrei 4.E-08 4.E-10 0.00
Kruger 1.E-05 1.E-07 0.01
Kozeny-Carmen 2.E-06 2.E-08 0.00
Zunker 2.E-06 2.E-08 0.00
Zamarin 2.E-06 2.E-08 0.00
USBR 2.E-08 2.E-10 0.00
Barr 2.E-08 2.E-10 0.00
Alyamani and Sen 3.E-08 3.E-10 0.00
Chapuis 2.E-10 2.E-12 0.00
Krumbein and Monk 8.E-05 8.E-07 0.07
Shepherd 7.E-06 7.E-08 0.01
geometric mean 1.E-07 1.E-09 0.00
arithmetic mean 2.E-06 2.E-08 0.00




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH21-13 SS5 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines

1
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0.001
0.0001
0.00001 - —_
S D & XN & @ & & &S KL S
SRS N R P S P S
0.000001 (@ &\@ & &9 %@)@« & ,(};5“ A & N & R @v
S S N e
0.0000001 ,® 2 & o
\6\ © L N
\é(\ v ‘Li\)
(\%
&
Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 5.E-08 5.E-10 0.00
Hazen K (cm/s) = d;g (mm) 6.E-08 6.E-10 0.00
Slichter 1.E-08 1.E-10 0.00
Terzaghi 2.E-08 2.E-10 0.00
Beyer 5.E-08 5.E-10 0.00
Sauerbrei 4.E-08 4.E-10 0.00
Kruger 2.E-05 2.E-07 0.01
Kozeny-Carmen 2.E-06 2.E-08 0.00
Zunker 2.E-06 2.E-08 0.00
Zamarin 2.E-06 2.E-08 0.00
USBR 1.E-08 1.E-10 0.00
Barr 1.E-08 1.E-10 0.00
Alyamani and Sen 7.E-10 7.E-12 0.00
Chapuis 2.E-10 2.E-12 0.00
Krumbein and Monk 2.E-04 2.E-06 0.19
Shepherd 3.E-06 3.E-08 0.00
geometric mean 3.E-08 3.E-10 0.00
arithmetic mean 6.E-07 6.E-09 0.00




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH21-14 SS5 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines

1
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O I S R AN I AR SRS
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0.000001 (@ < & & %@)@« &S A & N & d@Q &
N (\* N >
0.0000001 ,° (@ & S
B © @ ©
&\\ v &
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Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 5.E-08 5.E-10 0.00
Hazen K (cm/s) = d;g (mm) 7.E-08 7.E-10 0.00
Slichter 1.E-08 1.E-10 0.00
Terzaghi 2.E-08 2.E-10 0.00
Beyer 5.E-08 5.E-10 0.00
Sauerbrei 3.E-08 3.E-10 0.00
Kruger 2.E-05 2.E-07 0.02
Kozeny-Carmen 2.E-06 2.E-08 0.00
Zunker 2.E-06 2.E-08 0.00
Zamarin 2.E-06 2.E-08 0.00
USBR 1.E-08 1.E-10 0.00
Barr 1.E-08 1.E-10 0.00
Alyamani and Sen 3.E-09 3.E-11 0.00
Chapuis 1.E-10 1.E-12 0.00
Krumbein and Monk 2.E-04 2.E-06 0.13
Shepherd 4.E-06 4.E-08 0.00
geometric mean 5.E-08 5.E-10 0.00
arithmetic mean 1.E-06 1.E-08 0.00




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH21-16 SS5 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines

1
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SRS A NN SR S PR AN L
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N (\* N >
0.0000001 ,° (@ & 3
\6\ © L N
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Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 7.E-08 7.E-10 0.00
Hazen K (cm/s) = d;g (mm) 9.E-08 9.E-10 0.00
Slichter 2.E-08 2.E-10 0.00
Terzaghi 2.E-08 2.E-10 0.00
Beyer 8.E-08 8.E-10 0.00
Sauerbrei 5.E-08 5.E-10 0.00
Kruger 1.E-05 1.E-07 0.01
Kozeny-Carmen 2.E-06 2.E-08 0.00
Zunker 2.E-06 2.E-08 0.00
Zamarin 2.E-06 2.E-08 0.00
USBR 2.E-08 2.E-10 0.00
Barr 2.E-08 2.E-10 0.00
Alyamani and Sen 2.E-08 2.E-10 0.00
Chapuis 2.E-10 2.E-12 0.00
Krumbein and Monk 8.E-05 8.E-07 0.07
Shepherd 7.E-06 7.E-08 0.01
geometric mean 1.E-07 1.E-09 0.00
arithmetic mean 2.E-06 2.E-08 0.00




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH22-1 SS6 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines
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s Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 9.E-07 9.E-09 0.00
Hazen K (cm/s) = d;g (mm) 1.E-06 1.E-08 0.00
Slichter 2.E-07 2.E-09 0.00
Terzaghi 3.E-07 3.E-09 0.00
Beyer 1.E-06 1.E-08 0.00
Sauerbrei 1.E-06 1.E-08 0.00
Kruger 3.E-05 3.E-07 0.02
Kozeny-Carmen 1.E-05 1.E-07 0.01
Zunker 8.E-06 8.E-08 0.01
Zamarin 9.E-06 9.E-08 0.01
USBR 1.E-06 1.E-08 0.00
Barr 2.E-07 2.E-09 0.00
Alyamani and Sen 6.E-06 6.E-08 0.01
Chapuis 5.E-09 5.E-11 0.00
Krumbein and Monk 4.E-05 4.E-07 0.03
Shepherd 2.E-04 2.E-06 0.15
geometric mean 4.E-06 4.E-08 0.00
arithmetic mean 5.E-05 5.E-07 0.04




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH22-2 SS6 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines

1
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Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 8.E-08 8.E-10 0.00
Hazen K (cm/s) = d;g (mm) 1.E-07 1.E-09 0.00
Slichter 2.E-08 2.E-10 0.00
Terzaghi 3.E-08 3.E-10 0.00
Beyer 9.E-08 9.E-10 0.00
Sauerbrei 6.E-08 6.E-10 0.00
Kruger 1.E-05 1.E-07 0.01
Kozeny-Carmen 2.E-06 2.E-08 0.00
Zunker 2.E-06 2.E-08 0.00
Zamarin 2.E-06 2.E-08 0.00
USBR 2.E-08 2.E-10 0.00
Barr 2.E-08 2.E-10 0.00
Alyamani and Sen 2.E-08 2.E-10 0.00
Chapuis 3.E-10 3.E-12 0.00
Krumbein and Monk 8.E-05 8.E-07 0.07
Shepherd 7.E-06 7.E-08 0.01
geometric mean 1.E-07 1.E-09 0.00
arithmetic mean 2.E-06 2.E-08 0.00




K (m/d)

K from Grain Size Analysis Report Date: 26-Apr-23

Sample Name: BH22-3 SS6 Primont Homes, Welland

Mass Sample (g): 100 T (oC) 20

Poorly sorted clay with fines
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Met criteria Failed criteria geometric mean arithmetic mean
Estimation of Hydraulic Conductivity cm/s m/s m/d de
Hazen 7.E-08 7.E-10 0.00
Hazen K (cm/s) = d;g (mm) 1.E-07 1.E-09 0.00
Slichter 2.E-08 2.E-10 0.00
Terzaghi 2.E-08 2.E-10 0.00
Beyer 8.E-08 8.E-10 0.00
Sauerbrei 5.E-08 5.E-10 0.00
Kruger 1.E-05 1.E-07 0.01
Kozeny-Carmen 2.E-06 2.E-08 0.00
Zunker 2.E-06 2.E-08 0.00
Zamarin 2.E-06 2.E-08 0.00
USBR 2.E-08 2.E-10 0.00
Barr 2.E-08 2.E-10 0.00
Alyamani and Sen 4.E-08 4.E-10 0.00
Chapuis 2.E-10 2.E-12 0.00
Krumbein and Monk 8.E-05 8.E-07 0.07
Shepherd 8.E-06 8.E-08 0.01
geometric mean 1.E-07 1.E-09 0.00
arithmetic mean 2.E-06 2.E-08 0.00




Appendix D

Groundwater Datalogger Charts
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Water Level Elevation (masl)
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Primont BH21-03 Water Level Elevation vs. Precipitation from May 10,2022 to November 17, 2023
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Water Level Elevation (masl)
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Water Level Elevation (masl)
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Primont BH21-14 Water Level Elevation vs. Precipitation from May 10, 2022 to November 17,
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Appendix E

Wetland Monitoring



Top Dp-> Water=32.5cm
Depth at DP=28.5cm
Temp=8.6 Cond=208

Primont Site Visit April 5, 2023




SW-2

e Top Dp->Water=60.3cm
e Depth at DP=4cm (small pool)
e Temp=11.25 Cond=455us



SW-3

e Top Dp->Water=49.5cm
e Depth at DP=18.5cm
e Temp=10.5 Cond=305us



SW-4

e Top Dp->Water=59.5cm
e Depth at DP=5.5cm
e Temp=9.5 Cond=98us



SW-5

e Top Dp->Water=60.2cm
e Depth at DP=8.5cm
e Temp=11.9 Cond=64us



SW-6

e Top Dp-> Water=30.5m
e Depth at DP=31.5cm
e Temp=9.5 Cond=58us



SW-7

e Top Dp->Water=52.4cm
e Depth at DP=16cm
e Temp=10.2 Cond=310us



SW-8

e Top Dp->Water=37cm
e Depth at DP=19.5cm
e Temp=7.3 Cond=120us



SW-9

e Top Dp->Water=54.4cm
e Depth at DP=8cm
e Temp=10.3 Cond=132us



SW-10

e Top Dp->Water=53.2cm
e Depth at DP=7.9cm
e Temp=7.7 Cond=125



SW-11

e Top Dp->Water=48.8cm
e Depth at DP=10.5cm
e Temp=7.8 Cond=264us



SW-12

e Top Dp->Water=50.3cm
e Depth at DP=10.4cm
e Temp=7.5 Cond=154us



SW-13

e Top Dp-> Water=53.5m
e Depth at DP=8.5cm
e Temp=7.5 Cond=82us0



SW-14

e Top Dp->Water=39.5cm
e Depth at DP=27.2cm
e Temp= 8.6 Cond=80us



SW-15

e Top Dp->Water=36.5cm
e Depth at DP=25cm
e Temp=9.3 Cond=77us



SW-16

e Top Dp-> Water=62cm
e Depth at DP=7cm
e Temp= 8.5 Cond=153us



SW-17

e Top Dp-> Water=58cm
e Depth at DP=7.5cm
e Temp=7.8 Cond=6us



SW-18

e Top Dp->Water=36.3cm
e Depth at DP=21.6cm
e Temp=7.3 Cond=46us



Surface Water Level (m)

Primont SW-1 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Surface Water Level (m)
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Primont SW-1 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Surface Water Level (m)
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Primont SW-2 Surface Water Level vs. Precipitation from August 10 to November 20, 2023

I H e

[

=
o

THAREN T

I Precipitation

=
—— Surface Water Level 40 o
S~
€
£
50 §
®
Logger time errors, gap of 2
Oct 21-25, 2023 60 ]
a
70
80
WMMMM JkJ 90
Ml I‘l I 100
05 <05, 05 O O 05 05 <05 05 “O5. S0 <05 <0 05 <05 05 <0
2, ", @ ev,e B>, , R, 0 ev,ev,e 2, "R, R, R, e&e&eu,e\,,e&eo,e&e\,,e&e 2, e 2y R, "R, TR,
2, %, %, %, %, 0, \’0 %, \’z % " 70, 0 Yo, o, 0& 0& G ‘07 2, Qf %, %, 2 0 % Qo RN \’z
2 0% G 2, 2, Y0 T 0 0 T T 2 Y B Y % N W N O Ve @ s 0

Date



Surface Water Level (m)

Primont SW-2 Surface Water Level vs. Precipitation from August 10 to November 20, 2023
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Surface Water Level (m)
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Primont SW-3 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Primont SW-4 Surface Water Level vs. Precipitation from July 21, 2022 to October 18, 2023

TR T

0.9 10

0.8 20

0.7 30

I Precipitation

0.6 40
Surface Water Level
0.5 50
Logger had time error, data
0.4 collection stopped Oct 18, 2023 60
0.3 70
0.2 80
0.1 90
0.0 " L MW‘ MM‘ 100
RN I I S I I I N N N I N T N
R R, R R, \9 B Ry Ry, Ry, R, W W R R R, R, R R, R
‘)0) 0 % ‘)oé, ‘)09 "o 2 0 ‘)JO ‘)\{, ‘)\{, "‘ze "{, ‘0 0, e 2 O 0 TG G 0 O TG Qg 0 Y Y
> % D % 8 ) % X% Qo % 9\9 9\9 9@ \70) 99 Yo Y \77 ")0 Yo B Y QG Y @ O

Date

Precipitation (mm/day)



Surface Water Level (m)

0.9

0.8

0.7

0.6

o
u

o
IS

o
w

0.2

0.1

0.0

Primont SW-4 Surface Water Level vs. Precipitation from July 21, 2022 to October 18, 2023

L N ) HF ”N] TNr ”I' A U
10
20
30
I Precipitation
40
Surface Water Level
50
Logger had time error, data
collection stopped Oc ,
llect topped Oct 18, 2023 60
70
80
90
100
D D . . . . . . . . . . . . oo o o . . oo o . . . 0. . .
Oee @, "%, <i> <’e 2 % % R %, %, eq) eq, eq, e\,, e\,, 23,, D % % R, R, R R R R % %
2 Qp \7\7\7\7\7‘00 On 0n 0. O TOs Oy Qs Oy Oy Ny %
d’éi 0\7\7\99 <’<’ S, B, T, ®, R, R, R, R0 e @
% D G ti) % X% Qo % 9\9 9\9 ‘>d> \7\9 ?39 Vo Y Yo Y Yo B Y Q Y @ O

Date

Precipitation (mm/day)



Surface Water Level (m)

1.0

0.9

0.8

0.7

o
o

o
5

©
~

0.3

0.2

0.1

0.0

Primont SW-5 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023

i

Wil

CTIT

VLTI T

0 3z
ke
~

N €

I Precipitation I
50 §

—— Surface Water Level =
2

‘S

60 2
o

70

80

90

- \ .Ik -LJLMJL‘A.A_A._ 100

D D D D D D . . D D D D . . . D D D D .
2, % %, %) \9\70\70\{,\{,4,4,0 0\,0{,0{,0\90\90?070&0\90606 2N CPO\OQJO\JO{;\{;
v % v % D > i X % 2% % i D e N e % e G e D b D

Date



Surface Water Level (m)

0.8

0.7

0.6

o
5

o
~

o
w

0.2

0.1

0.0

Primont SW-5 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023

0.9||I|I-. N r ||’]|1r‘[|'||].. r.I. ’ '1”] '|-'|'|T “ll- Fpie: [1 ” 0
10
20
30
0 3z
el
~
€
I Precipitation I
50 §
—— Surface Water Level =
£
‘S
60 2
o
70
80
90
Lis 100
D D D D D D D D D D D D D D D D D D . D D D D D D D D D D Y. Y.
2>, 05, s, B>, B>, R, B, 5, R, B, 5, R, B, B, By s, R, B 0, R, B, 0, R, D, 0, R, 0, R, 0 0,
2R, R, R, R, R, R, R, R, R, R, S, S, S, S, SR SR SR SR
D% B R B o o R Rl YD 2R D% % A YEE,DD BB X 0 %
TV % O % DN D D Y DDl el N e e e Y e D



Surface Water Level (m)

Primont SW-6 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Primont SW-6 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Primont SW-8 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Primont SW-9 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Primont SW-10 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Primont SW-10 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Primont SW-12 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Primont SW-13 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Primont SW-15 Surface Water Level vs. Precipitation from July 21, 2022 to November 20, 2023
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Appendix F

Tow Path Drain Surface Water Monitoring



Tow Path Drain Staff Gauges, Welland, Ontario

SG-101 (October 23, 2023)

Photo taken at 12:00 facing to the North.



SG-102 (October 23, 2023)

Photo taken at 10:20 facing the West.



SG-103 (October 23, 2023)

Photo taken at 10:50 facing the West.



SG-104 (October 23, 2023)

Photo taken at 11:40 facing the South.
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Tow Path Drain SG-101 Water Elevation and Precipitation August 10 to November 20, 2023
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SG-103 Water Elevation and Precipitation August 10 to November 20, 2023
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SG-103 and SW-3 Water Elevation and Precipitation August 10 to November 20, 2023
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SG-103 and SW-4 Water Elevation and Precipitation August 10 to November 20, 2023
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SG-103, SW-8 and SW-9 Water Elevation and Precipitation August 10 to November 20, 2023
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Supporting Information
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