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1. Introduction 

Palmer was retained by Brookvalley Project Management Inc. (Brookvalley) to complete a 

Hydrogeological Assessment for the Mayfield West Phase 2 Stage 3 (MW2-3) project. The study area is 

approximately 430 hectare (ha) in size, with 208 ha of tableland development area, and is bounded to the 

north by Old School Road, to the west by Chinguacousy Road, to the east by Highway 10, and to the 

south by Etobicoke Creek (Figure 1). The site is within the jurisdiction of the Toronto and Region 

Conservation Authority (TRCA) and is situated within the Etobicoke Creek Watershed. The Land Use 

Plan, created by MGP (2022) is given in Appendix A. 

Palmer hydrogeologists have been actively working on the site since 2017 collecting groundwater and 

wetland water level data. This work was focused on characterizing groundwater and surface water 

interactions within the wetland communities and watercourses present on the site. A series of 

groundwater monitoring wells were installed across the MW2-3 site, and wetland communities and 

Etobicoke Creek (including tributaries) were instrumented with wetland mini-piezometers (MP) to measure 

groundwater and surface water levels. The intent of this work was to assess each wetland from a 

hydrological and hydrogeological perspective to characterize each as groundwater supported, surface 

water supported, or a combination of both to allow for a representative impact assessment and future 

feature-based water budget to be completed, where necessary.  

 

1.1 Scope of Work 

The scope of work for Palmer Hydrogeological Assessment includes the following main tasks: 

• Review of available background information and data for the study area, including the AMEC 

Secondary Plan and the associated Hydrogeological Assessment Report; 

• Characterize the surface and sub-surface geological and hydrogeological conditions through a 

borehole drilling and monitoring well installation program completed in 2017. This drilling program 

included a series of shallow and deep nested groundwater monitoring wells; 

• Develop and test monitoring wells to estimate hydraulic conductivity, assess groundwater flow, 

and the distribution of aquifers and aquitards; 

• Characterize the groundwater / surface water interaction within wetland communities, Etobicoke 

Creek and its tributaries through the installation and monitoring of mini-piezometers; 

• Complete monthly groundwater and surface water level monitoring for 1-year, and continuous 

groundwater level and wetland water level monitoring for 18 months to establish seasonal trends 

in groundwater and surface water/ wetland water levels; 

• Complete a site scale water balance to establish infiltration and runoff volumes under pre-

development conditions; 

• Complete a preliminary post-development water balance to assess pre-to-post changes  

• Provide recommendations for Low Impact Development (LID) measures to maintain infiltration 

volumes post-development;  

• Prepare a Hydrogeological Assessment Report to document the study findings for the OPA 

submission; and, 

• Provide hydrogeological and water balance information to support the Comprehensive 

Environmental Impact Study and Management Plan (CEISMP) Report for the site. 
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2. Regional Conditions 

2.1 Physiography and Topography 

The site is located within the South Slope physiographic region (Chapman and Putnam, 1984), which lies 

between the Oak Ridges Moraine (ORM) and the Peel Plain. The South Slope was formed along the 

shorelines of the Iroquois Plain, and is characterized by predominately clay till soils derived from former 

glacial lakes.  The South Slope begins on the south side of the Niagara Escarpment, and slopes 

downwards towards Lake Ontario. Local to the site, topography slopes towards Etobicoke Creek and its 

tributaries. Surface elevation varies between approximately 255 meters above sea level (masl) and 270 

masl. 

2.2 Surficial and Bedrock Geology  

The surficial and bedrock geology at the site as described by OGS mapping is described in detail below. 

2.2.1 Modern Alluvium Deposits 

Recent deposits of alluvial silts, sands, and gravels are found in the Etobicoke Creek Valley (Figure 2). 

The Etobicoke Creek follows an ancestral valley system which has subsequently infilled with modern and 

historical alluvium (TRCA, 2010). These soils have been described as undifferentiated gravels, sands, 

silts, and muck (Karrow, 2005).   

 

2.2.2 Fine Grained Glaciolacustrine Deposits 

Fine grained glaciolacustrine sediments (silt and clay) are located within small regions of the site along 

Etobicoke Creek (Figure 2). These soils were deposited in former glacial lakes in calm, offshore 

environments, and are generally less than 1 m in thickness. The soil textures range from near shore sand 

and beach deposits from the shoreline of Lake Iroquois, to fine sand, silts, and clay deposits of 

glaciolacustrine ponding. 

2.2.3 Halton Till 

The Halton Till overlies the majority of the study area, and consists of clayey silt to silty clay textured till 

representing the final advance of ice at the end of the Wisconsinan glaciation (Figure 2). Typically, this 

unit is between 3 and 6 m in thickness, however, locally can exceed 15 to 30 m west of Brampton. It has 

a predominantly silty clay to silt matrix, and contains isolated lenses of laminated sand, silt, and clay. 

Regionally the unit acts as a surficial aquitard, with hydraulic conductivities ranging from 10-10 m/sec to 

10-6 m/sec (Interim Waste Authority, 1994), however can often provide sufficient water for residential use 

where isolated sand lenses occur. Within the till soils, groundwater flow is typically downwards towards 

the more permeable bedrock aquifer. The water table is commonly high within the till due to the poorly 

drained nature of the soil. 
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2.2.4 Oak Ridges Moraine Formation 

The Oak Ridges Moraine sand and gravel deposits formed approximately 13,000 ybp and is a significant 

regional aquifer unit in Southern Ontario. Although the Oak Ridges Moraine (ORM) landform lies 

approximately 12 km north of the study area, “finger-like” protrusions of highly permeable ORM sediments 

are known to extend southward below the South Slope physiographic region in the vicinity of the study 

area, and pinch out beneath the Halton Till south of Mayfield Road. Some ORM sediments are also 

present at surface within the headwaters of Etobicoke Creek north of Mayfield Road (Figure 2). These 

deposits are generally less than 30 m thick, and especially thin out south of Mayfield Road. 

Where low-lying watercourse or wetland features encounter permeable ORM sand and gravel deposits 

below the Halton Till, groundwater discharge is expected, which can support wetland function and stream 

baseflow. 

2.2.5 Newmarket Till 

The Newmarket Till is a regionally extensive subglacial till which underlies the Oak Ridges Moraine and 

most of south central Ontario (Sharpe et al., 1997). Typically, this unit is characterized by a dense, over-

consolidated till deposit, which ranges in thickness from 1 to 50 m. Sediments in the till are comprised of 

sandy silt to silt with trace gravel. Generally, it is massive however coarser textured features, such as 

interbeds and sand dykes, are common. 

2.2.6 Bedrock Geology 

Bedrock at the site is characterized as Queenston Shale (Figure 3), and is described as Upper 

Ordovician aged, dark red, hematic shale interbedded with grey to green limestone and occasionally 

sandstone. Shale of the Queenston Formation does not fracture readily and is reportedly compact and 

dense with relatively poor interconnectivity of pore spaces (Singer et al., 2x003). It is expected that the 

depth to bedrock at the site is approximately 17 mbgs - 25 mbgs according to the bedrock found in MECP 

Well IDs # 4908096 and 4904291 respectively. 

 

2.2.7 Physiographic Region 

The South Slope physiographic region (Figure 4) (Chapman and Putnam, 1984), deposited by 

successive glaciers between 135,000 and 13,000 years ago.  This area is a sloping glaciolacustrine till 

plain that extends across the City of Toronto, as well as York, Peel, Halton and Durham Regions, and 

Northumberland County.  The dominant soil texture of the region is clay and silt, but some deposits of 

sand and gravel may be found. In the Halton Region the South Slope begins on the south side of the 

Niagara escarpment and slopes downward to the south. The topography in this region is gently rolling 

with numerous drumlins oriented up slope. 

 

2.3 Regional Aquifers and Aquitards 

Hydrostratigraphic units can be subdivided into two distinct groups based on their capacity to permit 

groundwater movement: an aquifer or an aquitard. An aquifer is classically defined as a layer of soil  
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permeable enough to permit a usable supply of water to be extracted. Conversely, an aquitard is a layer 

of soil that inhibits groundwater movement due to its low permeability. The major regional 

hydrostratigraphic units at the site are described below. 

The Halton Till consists of clayey silt to silt textured till, and forms a regional aquitard at the site. 

Generally, groundwater flow through these soils is predominantly downwards (vertical), providing 

recharge (albeit limited) to deeper aquifers. Shallow groundwater flow is expected to mimic site 

topography and generally flow towards major creek valleys (i.e., Etobicoke Creek). The hydraulic 

conductivity of the Halton Till ranges between 10-10 m/sec to 10-6 m/sec (Interim Waste Authority, 1994). 

More permeable sand and gravel lenses are known to occur within the Halton Till, which can provide 

sufficient water for domestic supply and provide localized areas of groundwater discharge to support 

streams and wetlands. 

The Oak Ridges Moraine (ORM) is a significant regional aquifer in Southern Ontario due to its 

predominantly sandy surface soils and hummocky topography. It is identified by OGS mapping to occur 

approximately 12 km north of the site, however ORM sediments that have extended south were identified 

within the project boundary (Figure 2). These sediments were observed at surface near Etobicoke Creek 

where Halton Till was absent, and beneath the Halton Till through the rest of the site. South of Mayfield 

Road these sediments tend to thin and pinch out. The hydraulic conductivity of the ORM sediments is 

generally in the range of 3x10-6 m/sec to 7x10-3 m/sec (Sharpe et al., 2003), and is tapped by numerous 

private wells and several municipal supply wells.  

The Newmarket Till acts as a significant regional aquitard at the study area. It is a poorly sorted sandy 

silt to sand till that forms a thick aquitard unit of fine textured sediments. This limits groundwater recharge 

and contaminant migration, however thin discontinuous sand layers present in the till cause some 

heterogeneity. The hydraulic conductivity of the till generally ranges between 10-11 to 10-9 m/sec (Sharpe 

et al., 2003), however more permeable regions may have hydraulic conductivity values between 10-6 to 

10-2 m/sec (Fenco-Mclaren, 1994). 

The Queenston Shale bedrock is present underlying the site and surrounding region, including much of 

the Caledon and Brampton area. Generally, the bedrock forms a regional confining unit that limits 

groundwater movement to deeper bedrock aquifers, however the upper 3 – 6 m can be more highly 

weathered and can provide significant water for groundwater supplies. The hydraulic conductivity of the 

shale bedrock is typically in the range of 10-5 to 10-8 m/sec (Lee and ESG International, 2002). The well 

yield from the weathered zone is typically low. 

2.3.1 Surface Water Protection 

The site is located within the Toronto Region Conservation Authority. The Source Water Protection Plan 

identifies four main regulatory factors under the Clean Water Act (2006) relating to local hydrogeology to 

consider for site development: Significant Groundwater Recharge Areas (SGRAs), Highly Vulnerable 

Aquifers (HVAs), and Wellhead Protection Areas (WHPAs), and Intake Protection Zones (IPZs). 

 

A Wellhead Protection Area (WHPA) is the area around the wellhead where land use activities have the 

potential to affect the quality or quantity of water that flows into the well. These areas are delineated into 

zones of vulnerability (A, B, C, and D) based on the time of travel of water into the well, and zones around 

a surface water body influencing a Groundwater Under Direct Influence (GUDI) (E, F). Other zones (Q1, 
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and Q2) are defined as the areas where new water takings or reduced recharge could impact the quantity 

of water available to municipal supply wells. IPZs are the area on the water and land surrounding a 

municipal surface water intake. HVAs are aquifers that are susceptible to contamination as a result of the 

soil structure/material or due its location near the ground surface. Lastly, SGRAs are areas where 

recharge is important to maintain the water level in a community drinking water aquifer.  

 

The site is not located within any WHPA-A to D, IPZs, SGRAs, or WHPA Q1 or Q2 areas. There are 

HVAs scattered across the site with a vulnerability scoring of 6 (Figure 5). Based upon this assessment, 

there are no significant restrictions to development within the MW2-3 lands from Source Water Protection 

Policies and that changes to the post-development infiltration rates should be focused on the potential 

impacts to features. 

 

2.3.2 MECP Water Wells 

Based on a review of the MECP water well records, a total of 130 water wells are present within a 500 m 

radius of the MW2-3 lands, including within the site (Figure 6). Of these, 61 wells are used for domestic 

purposes, 26 are used for monitoring, 12 are used for domestic and livestock purposes, 4 are just used 

for livestock, one is used for monitoring and testing and the last use stated is for public use. Of the 

remaining wells 8 are marked as no longer in use, and the remaining 17 have no use stated.  

A door-to-door water well survey is recommended as part of the Environmental Implementation Reporting 

(EIR) stage to confirm the presence/ absence of active potable groundwater wells. 

3. Local Conditions 

3.1 Site Geology 

Borehole drilling investigations at the site for hydrogeological purposes was conducted from November 13 

– 15, 2017. Eleven boreholes (MW-1, MW-2s/d, MW-3, MW-4, MW-5s/d, MW-6, MW-7s/d, MW-8) were 

drilled by DrillTech Ltd. under the supervision of Palmer staff, to depths ranging from 7.85 mbgs to 12.80 

mbgs. Borehole drilling was completed using solid stem auger methods, and soil samples were collected 

using a 0.61 m long split spoon. Each borehole was completed as a 51 mm diameter monitoring well 

using schedule 52 PVC pipe and a 1.5 m long screen. The location of each borehole is presented on 

Figure 1, and the details of the installed monitoring wells are provided on Table 1. Nested wells, which 

consisted of one deep and one shallow monitoring well, were installed at MW-2s/d, MW-5s/d, and MW-

7s/d. Borehole logs are presented in Appendix B1. 

In addition, monitoring wells that were previously installed by AMEC Earth and Environmental (AMEC) 

(now called Wood.) as part of the Mayfield West Phase 2 Secondary Plan Environmental Impact Study 

(AMEC, 2010) where utilized as part of this study. The locations of all AMEC wells (BH1 to BH6) are 

shown on Figure 1. The available details for these monitoring wells are provided in Table 1, and 

available borehole logs are provided in Appendix B2. 
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Table 1. Monitoring Well Installation Data 

MW ID 

Approximate 

Elevation 

(masl) 

UTM Coordinates Stick 

Up 

(m) 

Borehole 

Depth 

(mbgs) 

Screened 

Interval 

(mbgs) 

Screened Geology 
Easting Northing 

MW-1 268 590927 4843009 0.65 7.90 4.57 – 6.09 
(ORM or Equivalent) Sand and 

silt 

MW-2s 268 591429 4843102 0.66 9.22 3.35 – 4.88 
(Newmarket Till) Clayey silt to 

silty clay till 

MW-2d 268 591429 4843102 0.75 9.22 5.79 – 8.84 
(Newmarket Till) Clayey silt to 

silty clay till 

MW-3 263 591415 4842905 0.75 7.92 4.57 – 7.62 
(Newmarket Till) Silty sand to 

silty clay till 

MW-4 266 592077 4844413 0.68 10.91 6.40 – 7.92 
(ORM or Equivalent) Fine to 

medium sand and silt 

MW-5s 260 592688 4844656 0.71 12.32 4.57 – 6.10 
(ORM or Equivalent) Silt and fine 

sand 

MW-5d 260 592688 4844656 0.62 12.32 9.14 – 10.67 
(ORM or Equivalent) Silt and fine 

sand 

MW-6 263 592407 4843628 0.68 7.85 3.66 – 5.18 
(ORM or Equivalent) Fine sand 

and silt, some clay 

MW-7s 259 592776 4843760 0.81 11.13 4.57 – 6.10 
(ORM or Equivalent) Fine sand, 

silt, some clay 

MW-7d 259 592776 4843760 0.84 11.13 9.14 – 10.67 
(Newmarket Till) Clayey silt till, 

some sand, some gravel 

MW-8 263.24 592323 4844727 0.73 12.80 9.75 – 11.28 
(ORM or Equivalent) Fine to 

coarse sand, some silt 

BH1 263.24 592316 4844433 0.51 9.60 6.05 – 9.10 
(ORM or Equivalent) Sandy silt, 

trace gravel, trace clay 

BH2 264.14 592320 4844728 0.92 9.60 6.05 – 9.10 
(ORM or Equivalent) Sandy silt, 

trace gravel, trace clay 

BH3 259.30 592088 4842354 - 9.60 6.05 – 9.10 
(ORM or Equivalent) Silt, some 

sand, trace clay 

BH4s 259.50 593192 4843477 - 30.50 7.20 – 10.25 
(ORM or Equivalent) Silt, some 

sand, trace clay 

BH4d 259.50 593192 4843477 - 30.50 27.3 – 30.45 
(Newmarket Till) Silt and sand, 

gravelly, trace clay 

BH5 258.91 593200 4844357 0.55 9.60 6.05 – 9.10 
(ORM or Equivalent) Sandy silt, 

trace gravel, trace clay 

BH6 261.0 592942 4841754 - 9.60 6.05 – 9.10 
(Newmarket Till) Clayey Silt till, 

embedded sand and gravel 

Note: “-“ indicates specifications are unknown. 
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Three (3) hydrostratigraphic cross sections through the site were interpreted based on borehole drilling 

investigations by Palmer, as well as drilling results reported by AMEC (2010), and are provided on 

Figures 3, 4, and 5. Cross sections were completed through three transects labelled A-A’, B-B’, and C-C’ 

(noted on Figure 2) within the MW2-3 lands. In addition to boreholes drilled by Palmer, the cross sections 

incorporate borehole logs completed by AMEC (2010). 

The following soil condition, and their associated hydrostratigraphic units were encountered and 

interpreted in MW2-3 study area over the depth of drilling:  

Topsoil: All boreholes encountered topsoil that ranged in thickness from 0.69 m (MW-7s/d) to 1.45 m 

(MW-2, MW-3, MW-5s/d, and MW-6). Topsoil is generally described as loose fine sand, silt, and clay, with 

some organics. Generally, the soil material was moist to dry, and brown in colour. 

Clayey Silt Till (Halton Till): A surficial unit of clayey silt till was encountered in MW-1, MW-5s/d, MW-6, 

MW-7s/d, and all AMEC wells (BH-1 – BH6). This unit is generally described as very stiff brown clayey silt 

to silty clay till with some sand and gravel. The thickness of this unit ranged from 0.8 m (BH-2) to 6.72 m 

(BH-4). 

Fine to Medium Sand and Silt (Oak Ridges Moraine and Equivalent): A laterally extensive unit of fine 

and medium sand and silt with some clay was encountered in all boreholes. The thickness ranged 

between 0.79 m (MW-2) to 8.2 m (MW-5). Note that the lower extent of the unit could not be determined 

at MW-8 as the depth of the borehole did not exceed the depth of the silt and fine sand. The ORM 

sediments were encountered directly under either the topsoil sediments or less than 1 m of Halton Till at 

MW2s/d, BH-2. MW-3, and MW-4.  

Clay: Layers of fine-textured glaciolacustrine clay was noted either underlying or overlying the ORM 

sediments at MW-2s/d, MW-3, MW-4, MW-5s/d and MW-7s/d. The thickness of the clay layers ranged 

from 0.26 m (MW-3) to 1.88 m (MW-4). 

Sandy Silt to Silty Sand Till (Newmarket Till): A lower till unit, interpreted to be the Newmarket Till 

Formation was encountered in all boreholes with the exception of MW-8, BH-1, BH-2, and BH-3. This unit 

is generally described as red/brown silty clay to sandy silt till with some sand, gravel, and cobbles. A The 

red/brown colouration of the soils is a result of the erosional material from the underlying Queenston 

Shale bedrock during glaciation. The depth to the Newmarket Till from surface ranged from 2.6 mbgs 

(MW-2s/d) to 11.73 mbgs (MW-5s/d). All boreholes where the Newmarket Till was encountered were 

terminated within this unit. 



Hydrogeological Assessment – Mayfield West Phase 2 Stage 3 
Lands, Caledon, Ontario  

 

July 4, 2022 
1701616 MW2-3 Hydrog Report_4Jul22 17 
 

3.2 Groundwater Level and Flow 

Within the study area, groundwater levels were monitored by Palmer staff for a period between October 

2017 and April 2019, with an additional monitoring event completed in May 2022 to provide updated 

spring water level data. A water level tape was used to measure the depth to water level to the nearest 

centimeter. The monitoring data collected to date is provided in Table 2. Generally, these results indicate 

shallow groundwater depths ranging between 0.06 mbgs (MW-3) and 9.08 mbgs (MW-8). It is expected 

that local shallow groundwater flow follows topography and is directed towards the valleylands of 

Etobicoke Creek and its associated tributaries. Previous water level data collected and reported by AMEC 

(2010) at monitoring wells BH-1 to BH-6 from April 23, 2009 to October 22, 2009 is also included for 

reference.  

 

The ranges of groundwater water levels in the spring of 2022 were mostly found to be within previously 

reported and manually measured data. Groundwater levels at MW-3 were found -0.15 mbgs or 0.15 

metres above ground surface (mags) in April 2019, while the deepest groundwater level observed 

remains 9.08 (MW-8). 

Deeper vertical groundwater movement at the site is hydraulically influenced by the higher permeability 

sand and silt soils of the ORM, and the upper weathered zone of the Queenston Shale bedrock compared 

with the Halton and Newmarket Till units. The vertical hydraulic gradient was noted at the three nested 

monitoring wells installed on site (MW-2s/d, MW-5s/d, and MW-7s/d). At MW-7s/d, the shallow and deep 

wells were installed within the ORM and the Newmarket Till units, respectively. The upwards gradient 

suggests groundwater flowing from the Newmarket Till towards the higher permeability ORM. A similar 

upwards gradient was noted at monitoring completed at BH-4s/d on April 23, 2009, by AMEC (2010) 

which also has wells screened in the Newmarket Till and ORM sediments. At MW-2s/d, both the shallow 

and deep screened zones were installed within the Newmarket Till, and a downwards gradient was 

identified. This is potentially reflective of groundwater flowing downwards towards the higher permeability 

upper weathered zone of Queenston Shale bedrock.  

Within the ORM Aquifer, it is expected that groundwater will flow laterally towards groundwater discharge 

areas. At MW-5s/d, both wells are screened within silt and fine to medium sand of the ORM. The near 

neutral gradient in these wells is therefore reflective of screening within the same geological unit and the 

predominance of lateral vs. vertical groundwater flow.  

It is expected that regional groundwater flow within the site is ultimately directed to the southeast towards 

Lake Ontario.  
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Table 2. Groundwater Level Monitoring Data 

MW ID Screened 

Geology 

Water Level Measurement (mbgs) 

23-Apr-

2009* 

30-Jul-

2009* 

6-Aug-

2009* 

10-Sept-

2009* 

9-Oct-

2009* 

22-Oct-

2009* 

5-Dec-

2017 

10-Jan-

2018 

26-Feb-

2018 

26-Mar-

2018 

17-May-

2018 

13-Jun-

2018 

19-Jul-

2018 

27-Aug-

2018 

29-Oct-

2018 

16-Apr-

2019 

25-May-

2022 

MW1 ORM or Equivalent  - - - - - - 1.38 1.49 0.66 0.82 0.41 0.88 1.22 1.40 1.58 0.19 0.48 

MW2s Newmarket Till - - - - - - 1.66 1.83 0.67 1.21 0.28 0.98 1.18 1.61 1.92 0.15 0.73 

MW2d Newmarket Till - - - - - - 1.74 1.98 0.84 1.32 0.41 1.12 0.94 1.73 1.99 0.02 0.77 

MW3 Newmarket Till - - - - - - 0.59 0.7 0.06 0.34 0.12 0.49 0.8 0.89 0.88 -0.15 0.17 

MW4 ORM or Equivalent - - - - - - 4.53 4.6 4.32 4.44 4.29 4.35 4.48 4.51 4.585 4.19 4.41 

MW5s ORM or Equivalent - - - - - - 5.74 5.79 5.34 5.56 5.23 5.5 5.76 5.84 5.84 5.21 5.33 

MW5d ORM or Equivalent - - - - - - 5.77 5.8 5.38 5.62 5.29 5.56 5.79 5.86 5.85 5.23 5.38 

MW6 ORM or Equivalent - - - - - - 2.24 2.44 0.61 1.07 0.51 1.12 1.44 1.64 2.33 0.25 0.96 

MW7s ORM or Equivalent - - - - - - 3.91 4.02 2.33 3.57 3.01 3.65 4.33 4.33 4.11 2.26 3.26 

MW7d Newmarket Till - - - - - - 3.63 3.84 2.09 3.32 2.66 3.51 4.47 4.05 3.73 0.94 2.91 

MW8 ORM or Equivalent - - - - - - 8.97 9.04 8.7 9.01 8.89 - 9.14 9.08 9.055 8.72 8.98 

BH1 ORM or Equivalent 6.23 6.31 6.33 6.40 6.41 6.42 6.57 6.66 6.59 6.64 6.44 5.845 6.57 6.60 6.7 6.47 - 

BH2 ORM or Equivalent 8.56 dry - dry 8.76 8.72 8.66 dry 8.37 8.68 8.56 dry dry dry 8.72 8.38 8.84 

BH3 ORM or Equivalent 1.98 2.50 2.59 2.55 2.76 - - - - - - - - - - - - 

BH4s ORM or Equivalent 3.10 3.53 3.64 3.63 3.68 3.65 - - - - - - - - - - - 

BH4d Newmarket Till 1.21 1.65 1.73 1.75 1.77 1.80 - - - - - - - - - - - 

BH5 ORM or Equivalent  6.46 7.42 - 7.55 7.47 7.38 7.43 7.44 6.49 7.18 6.82 7.34 7.64 7.49 7.41 6.46 - 

BH6 Newmarket Till  2.12 2.68 - 2.92 3.16 3.40 - - - - - - - - - - - 

 

* Note: April 23, 2009 – October 22, 2009 groundwater levels were reported by AMEC (2010). 
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3.3 Hydraulic Conductivity 

3.3.1 In-situ Hydraulic Testing 

Palmer personnel conducted single well response tests at each monitoring well on a series of dates, 

December 5 and 6, 2017, January 10, 2018, and February 26, 2018, to determine the hydraulic 

conductivity (K) of the identified hydrostratigraphic units. Response tests included both slug testing and 

injection testing. Injection testing was completed only in the case where there was insufficient water in the 

monitoring well to successfully conduct a slug test. 

Slug tests were completed by lowering a 1 m long slug into each well (slug test) to create a change in 

hydraulic head. Hydraulic conductivity values were estimated by measuring the rate of change in recovery 

of the water level once the slug was inserted into the well (also known as a Falling Head (FH) Test). Once 

the Falling Head Test was terminated, the slug was removed and the subsequent rate of change in the 

water level was recorded (also known as a Rising Head (RH) Test). Where slug testing was conducted 

(MW-1, MW-2s/d, MW-3, MW-4, MW-5d, MW-6, and MW-7s/d) both rising head (RH) and falling head 

(FH) tests were completed. Injection tests were completed where the water level within the well was too 

low to accommodate the length of the slug (MW-5s and MW-8). In these cases, approximately 2 L of 

water was instantaneously added to each well to create a change in hydraulic head 

Water levels in each well were recorded using a datalogger set to record water levels at 2-second 

intervals. Manual water-level measurements were also collected during the tests to gauge recovery. Tests 

were terminated once either 80% recovery had been attained, or 30-minutes had elapsed, whichever 

occurred first. 

 

K values were calculated using the displacement-time data and were analysed using the Hvorslev (1951) 

method for confined aquifers, and Bower and Rice (1976) method for unconfined aquifers, as modelled by 

Aqtesolv™ software. The analysis results are presented in Appendix C, and the range of calculated 

hydraulic conductivity values are summarized in Table 3. 

3.3.2 Grain Size Analysis 

The Puckett Method is typically used for calculating the hydraulic conductivity of low permeability clay and 

silt soils from grain size data (Puckett et al., 1985). This method utilizes the percentage of the total 

sample that is finer than 0.002 mm by weight. Puckett’s method was utilized on the clayey silt till soil 

sample from BH-1, and was based on the grain size distribution curves completed by Terraprobe (2010) 

provided in Appendix B2. The resulting K value using this method is approximately 5.3x10-8 m/sec, and 

is provided in Table 3. 

The Hazen Method is typically used for calculating the hydraulic conductivity of more permeable sandy 

soils (Hazen, 1892), by incorporating the 10% “finer than” grain size data. Hazen’s method was utilized on 

the silt and sand soil samples from BH-2, BH-3, BH-4, and BH-5, and was based on the grain size 

distribution curves completed by Terraprobe (2010) provided in Appendix B2. The resulting K values 

using this method range from 1.0x10-7 m/sec (BH-5) to 2.25x10-6 m/sec (BH-2) and are provided in Table 

3. 
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Table 3. Hydraulic Conductivity Results 

Well Test Type 
Aquifer 

Type 
Solution 
Method 

Hydraulic 
Conductivity 

(m/sec) 
Aquifer Material 

K 
Geometric Mean 

(m/sec) 

BH-1 Grain Size - Puckett 5.3x10-8 Halton Till 5.3x10-8 

MW-1 
Slug – FH 

Confined Hvorslev 
1.3x10-6 

ORM  
(or equivalent) 

3.8x10-6 

Slug – RH 1.0x10-6 

MW-4 
Slug – FH 

Unconfined 
Bower 

and Rice 

1.4x10-5 

Slug – RH 6.1x10-6 

MW-5s 
Injection 1 

Unconfined 
Bower 

and Rice 

1.9x10-6 

Injection 2 2.3x10-6 

MW-5d 
Slug – FH 

Unconfined 
Bower 

and Rice 

9.9x10-7 

Slug – RH 1.9x10-6 

MW-6 
Slug – FH 

Confined Hvorslev 
6.4x10-6 

Slug – RH 9.9x10-6 

MW-7s Slug – FH Unconfined 
Bower 

and Rice 
5.2x10-6 

MW-8 
Injection 1 

Unconfined 
Bower 

and Rice 

2.8x10-5 

Injection 2 3.0x10-5 

BH-2 Grain Size  Hazen 2.3x10-6 

MW-2s 
Slug – FH 

Confined Hvorslev 
1.3x10-6 Sand/ Gravel Layer  

within 
Newmarket Till Complex 

1.2x10-6 Slug – RH 6.3x10-7 

BH-4 Grain Size - Hazen 2.0x10-6 

MW-2d 
Slug – FH 

Confined Hvorslev 
5.1x10-7 

Newmarket Till 3.9x10-7 

Slug – RH 5.1x10-7 

MW3 
Slug – FH 

Confined 
Hvorslev 4.6x10-7 

Slug – RH  3.4x10-7 

MW-7d Slug – FH Confined Hvorslev 4.3x10-7 

BH-5 Grain Size - Hazen 1.0x10-7 

BH-6 Grain Size - Puckett 8.4x10-7 

Based on the results of the single well response testing and grain size analyses, the geometric mean 

hydraulic conductivity of the Halton Till is approximately 5.3x10-8 m/sec, the ORM is approximately 

3.8x10-6 m/sec, and the Newmarket Till is approximately 3.9x10-7 m/sec. It should be noted that sand and 

gravel layers may exist within the Newmarket Till, such as the ones encountered at MW-2s/d and BH-4, 

that could increase the bulk hydraulic conductivity of the unit. Based on the results of slug testing 

completed at MW2s and the Hazen analysis on BH-4, the geometric mean K value of this layer is 

approximately 1.2x10-6 m/sec.  

These values are comparable with previously reported values, which specified a k values in the range of 

10-10 to 10-6 m/sec for the Halton Till (IWA, 1994), 3x10-6 to 7x10-3 m/sec for ORM sediments (Sharpe et 

al., 2003), and 10-11 to 10-9 m/sec for the Newmarket Till (Sharpe et al., 2003) with regions of higher 

permeability ranging from 10-6 to 10-2 m/sec (Fenco-Mclaren, 1994). The ORM sediments were found to 

be within the lower range of their expected permeability, potentially as a result of higher than typical silt 

and clay content and being less well sorted. 
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3.4 Groundwater Chemistry 

Groundwater quality sampling was completed at MW6 on December 6, 2017 and January 10, 2018. The 

sample was analyzed for a suite of water quality parameters such as turbidity, TSS, pH, metals, and 

cations and anions. A summary table of the groundwater analysis results is presented on Table 4, and 

the Certificate of Analysis is provided in Appendix D.  

Results were compared against Microbiological and Chemical criteria, and Aesthetic and Operational 

Guidelines under the Ontario Drinking Water Standards (ODWS). No exceedances to ODWS criteria were 

measured, with the exception of Turbidity.  Total Suspended Solids (TSS) and turbidity were found to be 

very high in the sample at 64,900 mg/L and >4,000 NTU, respectively, and is likely due to the fine grained 

nature of the aquifer material and the sampling methods used.  

Table 4. Groundwater Chemistry Results from MW6 

Parameter Units Detection Limit 

ODWS Sample Concentration 

Microbiological 
and Chemical 

Standards 

Aesthetic and 
Operational 
Guidelines 

MW6 

Physical Tests      

Color, Apparent C.U. 2.0 - 5 2321 

pH 
pH 

units 
0.10 - 6.5-8.5 7.98 

Redox Potential mV -1000.00 - - 3501 

Total Suspended Solids mg/L 4 - - 64,900 

Total Dissolved Solids Mg/L 20 - 500 369 

Turbidity NTU 0.10 - 5 >40001 

Anions and Nutrients     

Acidity (as CaCO3) mg/L 5.0 - - 30.01 

Alkalinity, Total (as CaCO3) mg/L 10 - 30-500 2341 

Ammonia, Total (as N) mg/L 0.020 - - 0.159 

Bromide (Br) mg/L 0.10 - - <0.101 

Chloride (Cl) mg/L 0.5 - 250 5.211 

Fluoride (F) mg/L 0.020 1.5 - 0.1261 

Nitrate (as N) mg/L 0.020 10.0 - <0.0201 

Nitrite (as N) mg/L 0.010 1.0 - <0.0101 

Total Kjeldahl Nitrogen mg/L 1.5 - - 8.0 

Phosphate-P (ortho) mg/L 0.0030 - - <0.00301 

Phosphorous, Total mg/L 0.030 - - 38.3 

Sulfate (SO4) mg/L 0.30 - 500 54.01 

Organic / Inorganic Carbon     

Dissolved Organic Carbon mg/L 1.0 - 5 1.8 

Dissolved Metals      

Aluminum (Al) mg/L 0.050 - 0.1 <0.0050 

Antimony (Sb) mg/L 0.0010 0.006 - 0.00053 

Arsenic (As) mg/L 0.0010 0.01 - 0.00161 

Barium (Ba) mg/L 0.0020 1.0 - 0.162 

Beryllium (Be) mg/L 0.0010 - - <0.00010 

Bismuth (Bi) mg/L 0.00050 - - <0.000050 

Boron (B) mg/L 0.10 5.0 - 0.016 

Cadmium (Cd) mg/L 0.000050 0.005 - <0.0000050 

Calcium (Ca) mg/L 5.0 - - 73.9 
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Parameter Units Detection Limit 

ODWS Sample Concentration 

Microbiological 
and Chemical 

Standards 

Aesthetic and 
Operational 
Guidelines 

MW6 

Cesium (Cs) mg/L 0.00010 - - <0.000010 

Chromium (Cr) mg/L 0.0050 0.05 - <0.00050 

Cobalt (Co) mg/L 0.0010 - - 0.00056 

Copper (Cu) mg/L 0.010 - 1 0.00026 

Iron (Fe) mg/L 0.50 - 0.3 <0.010 

Lead (Pb) mg/L 0.00050 0.01 - <0.000050 

Lithium (Li) mg/L 0.010 - - 0.0119 

Magnesium (Mg) mg/L 0.50 - - 21.9 

Manganese (Mn) mg/L 0.0050 - 0.05 0.0418 

Molybdenum (Mo) mg/L 0.00050 - - 0.00365 

Nickel (Ni) mg/L 0.0050 - - 0.00156 

Phosphorus (P) mg/L 0.50 - - <0.050 

Potassium (K) mg/L 0.50 - - 3.44 

Rubidium (Rb) mg/L 0.0020 - - 0.00154 

Selenium (Se) mg/L 0.00050 0.05 - 0.000142 

Silicon (Si) mg/L 1.0 - - 7.02 

Silver (Ag) mg/L 0.00050 - - <0.000050 

Sodium (Na) mg/L 5.0 20 200 5.59 

Strontium (Sr) mg/L 0.010 - - 0.312 

Sulfur (S) mg/L 5.0 - - 19.0 

Tellurium (Te) mg/L 0.0020 - - <0.00020 

Thallium (Tl) mg/L 0.00010 - - 0.000013 

Thorium (Th) mg/L 0.0010 - - <0.00010 

Tin (Sn) mg/L 0.0010 - - 0.00010 

Titanium (Ti) mg/L 0.0030 - - <0.00030 

Tungsten (W) mg/L 0.0010 - - <0.00010 

Uranium (U) mg/L 0.00010 0.02 - 0.00168 

Vanadium (V) mg/L 0.0050 - - 0.00155 

Zinc (Zn) mg/L 0.030 - 5 <0.0010 

Zirconium (Zr) mg/L 0.0030 - - <0.00030 

1Sample collected on January 10, 2018 (others collected on December 6, 2017) 

ONTARIO DRINKING WATER STANDARDS (ODWS) 

 Analytical result for this parameter exceeds Guideline Limit for Schedule 1 (Microbiological) and 2 (Chemical) ODWS 

 Analytical result for this parameter exceeds Guideline Limit for Aesthetic and Operational ODWS 

 

3.5 Natural Features 

3.5.1 Surface Water 

The study area lies within the Etobicoke Creek Headwaters Subwatershed, where Etobicoke Creek first 

appears as many small tributaries, groundwater springs, and wetland pockets. The drainage area of the 

subwatershed is roughly 6,300 ha and occupies portions of the Town of Caledon and the City of 

Brampton. The land use where Etobicoke Creek appears is primarily agricultural. The overall groundwater 

and surface water flow within the watershed is directed southeast towards Lake Ontario. 
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There are two main branches of Etobicoke Creek within the Mayfield West Phase 3 lands. The first is 

present flowing from east to west immediately south of the study area, and the second flowing north to 

south along the eastern boundary of the site (Figure 1). These branches ultimately converge at a culvert 

flowing beneath Highway 410 just south of the site boundary. The main branches are characterized by 

permanently flowing channels situated within a relatively defined valley setting. Several tributaries to 

Etobicoke Creek are also present throughout the site which are headwaters to the creek. These 

tributaries are characterized as undefined drainage features which are primarily surface water supported.  

3.5.2 Groundwater / Surface Water Interactions 

Identified wetlands, and portions of Etobicoke Creek and its tributaries were instrumented with shallow 

mini-piezometers on October 23-24, and October 31, 2017, to measure groundwater and surface water 

interactions and hydraulic gradients at these features. In addition, eleven (11) surface water flow 

observation stations were established at creek culvert locations bordering the study area to monitor 

seasonality in surface water flow conditions. 

A total of 9 mini-piezometers (MP-1 – MP9) were installed at the locations shown on Figure 1. Five of the 

MPs were installed within headwater tributaries/ riparian marsh communities leading to Etobicoke Creek 

(MP-1, MP-2, MP-3, MP-6, and MP-8), and the remaining four were installed within the main branches of 

Etobicoke Creek (MP-4, MP-5, MP-7, and MP-9). MP4s/d was installed in an online shallow aquatic 

marsh wetland created by beaver dam activity. Reach delineation of Etobicoke Creek within the Mayfield 

West study area was completed by AMEC (2010).  

Groundwater and surface water levels were monitored over a period of ~18 months from late October 

2017 to mid-April 2019. An additional visit was conducted in May 2022 to ensure that current water levels 

continue to be within expected ranges. Water levels were collected using manual monthly measurements 

by Palmer, as well as leveloggers set to record water levels continuously in hourly intervals. Continuous 

water level hydrographs from each MP are presented in Appendix E. The details of the water level 

measurements collected to date and calculated vertical hydraulic gradients from the mini-piezometers are 

summarized in Table 5.  

In addition to monitoring the groundwater and surface water levels at the MPs, surface water flow to 

Etobicoke Creek was observed at the tributaries crossing the site boundary along Chinguacousy Road 

and Old School Road. Locations of the flow monitoring stations are identified on Figure 1, and 

coordinates are listed in Table 6. If flow was present at the time of observation, a visual quantitative 

estimation was made and recorded. The results of the flow observations are provided in Table 6. 

Groundwater and surface water results from the smaller tributaries of Etobicoke Creek suggest that these 

features are ephemeral to intermittent and are primarily surface water supported. At the tributaries near 

Chinguacousy Road (MP-1, MP-2, and MP-3), the calculated hydraulic gradients were mainly neutral to 

negative, and the surface water levels were observed dry at each monitoring event except February, 

March, and May 2018. This indicates the tributaries in this part of the creek are likely ephemeral and are 

surface water supported throughout the year. In comparison, the central tributary which crosses 

McLaughlin Road (MP-6) was slightly more inundated through the year, and surface water levels were 

observed above ground at all monitoring events except in January, June, and July 2018. Additionally, the 

hydraulic gradients were generally neutral to slightly positive indicating that this portion of the tributary is 
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likely intermittent and may receive some seasonal groundwater discharge. Lastly, the tributary near 

Hurontario Street (MP-8) had surface water present through the full monitoring period, and the hydraulic 

gradients were +0.45 on February 26, 2018, +0.16 on May 17, 2018, and +0.22 on August 27, 2018, 

indicating the presence of seasonal groundwater discharge. 

Within the main branch (MP-7 and MP-9), preliminary results indicate a permanent flow regime. Surface 

water levels were always present, though certain measurements do not indicate it as the water level 

elevation had dropped below the elevation of the MP. When measured, water levels ranged from 0.02 

mags (MP-7) to 0.35 mags (MP-9). The hydraulic gradients measured at MP-9 fluctuate from negative to 

positive through the year suggesting seasonal groundwater recharge and discharge, whereas at MP-7 the 

gradients are positive indicating groundwater discharge. This assessment corresponds with the presence 

of the confined to unconfined ORM Formation present throughout the site, that is likely intercepted by 

Etobicoke Creek within the valleylands and shown on the cross-sections (Figure 3, 4 and 5) 

MP4s/d is installed within a shallow aquatic marsh wetland formed through recent beaver activity. It is 

likely this feature is fed through groundwater discharge as surface water levels were always present 

ranging from 0.36 mags (June 2018) to 0.63 mags (August 2018), and hydraulic gradients in the deep 

mini-piezometer were positive ranging from +0.09 (August 2018) to +0.21 (June 2018). MP-5 is installed 

in a small tributary connecting the wetland to the larger tributary containing MP-9. In contrast to the 

shallow aquatic marsh wetland, this feature is not likely connected to the water table as water levels 

ranged from dry (June and July 2018) to 0.21 mags (December 2017), and the hydraulic gradients were 

generally negative or neutral.  

In 2022 manual monitoring showed the groundwater levels in the MPs to fall within the previous ranges 

reported except levels recorded for MP4S and D. Between 2017-2019 beaver activity in the area had 

created an open water wetland at the MP4S/D location, which is no longer present in May 2022 

suggesting that the beaver dam had been washed out. MP4D still had a water level close to ground 

surface consistent with the expected upwards hydraulic gradient at this location. In addition, during the 

May 2022 monitoring, MP1 and MP5 were unable to be located and MP7 and MP8, some were found 

damaged. As 18 months of continuous data had already been collected from these locations, this loss of 

monitoring locations does not impact the overall trends and conclusions of the report.  

 

Surface water flow was generally absent in the winter months as the tributaries were either dry or frozen 

over (Table 6). During the warmer period in February 2018, and early spring (March and May 2018) flow 

was present at most stations and ranged from <1 L/sec at Flow Stations 5 and 6 where ponded water was 

present, to approximately 62.5 L/sec at Flow Station 11. Very low to no flow was common in the summer 

months (June to August 2018), where only Flow Stations 9, 10, and 11 had observable flow. The April 16, 

2019 monitoring event captured flows following a significant precipitation event and are therefore more 

representative of storm flow than the other monitoring events that capture primarily baseflow conditions.  

Flow estimates were made in May 2022 and were generally consistent with previous spring flow trends.  
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Table 5. MP Manual Monitoring Data 

MP ID Location Measurement Water Level (meters below ground surface) 

5-Dec-
2017 

10-Jan-
2018 

26-Feb-
2018 

26-Mar-
2018 

17-May-
2018 

13-Jun-
2018 

19-Jul-
2018 

27-Aug-
2018 

29-Oct-
2018 

16-Apr-
2019 

25-May-2022 

MP-1 Tributary/ Riparian Wetland 

GW 0.075 0.705 -0.245 0.075 -0.095 0.425 0.665 0.75 0.545 -0.125 - 

SW dry dry -0.225 -0.045 -0.105 dry dry dry dry -0.205 - 

Gradient - - 0.02 -0.13 -0.01 - - - - -0.07 - 

MP-2 Marsh Wetland 

GW dry 0.49 0 0.76 0 dry dry dry 0.75 0.08 0.22 

SW dry dry -0.07 dry -0.02 dry dry dry dry 0.02 dry 

Gradient - - -0.09 - -0.03 - - - - -0.09 - 

MP-3 Tributary 

GW 0.94 0.89 -0.36 -0.04 -0.02 0.32 0.53 0.42 0.99 -0.28 -0.25 

SW dry dry -0.36 -0.16 0.07 dry dry dry dry -0.35 -0.25 

Gradient - - 0.00 -0.12 0.09 - - - - -0.07 0.04 

MP-
4s 

Etobicoke Creek/ Shallow  Aquatic 
Wetland 

GW -0.12 -0.07 -0.26 -0.2 -0.3 -0.04 -0.15 -0.335 -0.13 -0.47 dry 

SW -0.12 -0.06 -0.26 -0.19 -0.32 -0.05 -0.15 -0.33 -0.15 -0.48 dry 

Gradient 0.00 0.03 0.00 0.03 -0.06 -0.03 0 0.02 0.24 0.94 - 

MP-
4d 

Etobicoke Creek/ Shallow Aquatic 
Wetland 

GW -0.365 -0.425 -0.695 -0.675 -0.725 -0.545 -0.59 -0.715 -0.525 -0.835 -0.02 

SW -0.405 -0.425 -0.575 -0.525 -0.605 -0.355 -0.455 -0.63 -0.455 -0.815 dry 

Gradient -0.04 0.00 0.13 0.17 0.13 0.21 0.15 0.09 0.13 0.11 - 

MP-5 Etobicoke Creek 

GW -0.205 -0.115 -0.115 0.175 0.085 0.565 0.13 -0.095 -0.275 -0.055 - 

SW -0.205 -0.165 -0.035 -0.005 0.025 dry dry -0.1 -0.345 -0.025 - 

Gradient 0.00 -0.05 0.08 -0.18 -0.06 - - -0.01 0.06 0.00 - 

MP-6 Tributary/ Mineral Meadow Marsh 

GW -0.07 -0.07 -0.19 0.04 -0.11 0.22 0.41 -0.07 -0.03 -0.07 -0.04 

SW -0.06 dry -0.16 0.04 -0.09 dry dry -0.05 -0.05 -0.16 -0.01 

Gradient 0.01 - 0.04 0 0.03 - - 0.03 -0.01 -0.07 0.03 

MP-7 Etobicoke Creek GW -0.12 -0.11 -0.44 -0.09 -0.65 -0.42 -0.3 -0.26 -0.19 -0.02 damaged 

SW -0.12 -0.11 -0.27 0 0 dry dry 0.02 -0.11 -0.2 

Gradient 0.00 0.00 0.18 0.10 0.71 - - 0.30 0.10 -0.18 

MP-8 Tributary GW -0.115 -0.115 -0.645 0.005 -0.285 -0.265 -0.185 -0.285 -0.215 0.195 damaged 

SW -0.105 -0.135 -0.185 -0.055 -0.125 dry dry -0.06 -0.11 -0.205 

Gradient 0.01 -0.02 0.45 -0.06 0.16 - - 0.22 0.10 -0.40 

MP-9 Etobicoke Creek GW -0.12 -0.19 -0.28 0.06 -0.18 -0.1 -0.055 -0.15 -0.18 -0.48 0.48 

SW -0.06 -0.23 -0.35 -0.04 -0.11 -0.1 dry -0.035 -0.08 -0.36 dry 

Gradient 0.06 -0.04 -0.07 -0.10 0.07 0 0.05 0.11 0.09 0.10 - 

Notes: - negative gradient indicates groundwater recharge, and a positive gradient indicates groundwater discharge. 

- “tributary” or “main branch” designation based on the Mayfield West Phase 2 Secondary Plan Comprehensive Environmental Impact Study and Management Plan completed by AMEC, 2010 
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Table 6. Surface Water Flow Observations at Tributaries to Etobicoke Creek 

 
Flow 

Station ID 

Location 
within 

Etobicoke 
Creek 

UTM 
Coordinates 

Approximate Flow Measurement 
(L/sec) 

Easting 
(m) 

Northing 
(m) 

5-Dec-2017 10-Jan-2018 26-Feb-2018 26-Mar-2018 17-May-2018 13-Jun-2018 19-Jul-2018 27-Aug-2018 29-Oct-18 16-Apr-19 25-May-22 

Flow Point 1 Tributary 591944 4841766 5 - 10 7.5 3 - - - - 16 <1 

Flow Point 2 Tributary 591550 4842151 - - 2 - 10 0 - - - 11.4 <1 

Flow Point 3 Tributary 591322 4842378 - - 0.5 - 3 - - - - 35.1 <1 

Flow Point 4 Tributary 591098 4842601 - - 3 - 3 - - - - 10.9 0 

Flow Point 5 Tributary 590852 4843042 - - 0 - - - - - - <1 0 

Flow Point 6 Tributary 590983 4843206 - - 0 - - - - - - <1 0 

Flow Point 7 Tributary 591558 4843979 - - 20 4 21 0 - - - 14.7 0 

Flow Point 8 Tributary 591813 4844290 - - 4 - - - - - - 8.8 - 

Flow Point 9 
Etobicoke 

Creek 
592003 4844544 4 - 20 20 19 0 0 <1 21 37.5 20 

Flow Point 
10 

Tributary 592229 4844855 4 - 20 20 15 12 7.3 12.9 24 64.9 0 

Flow Point 
11 

Etobicoke 
Creek 

592852 4844727 12 5 50 35 62.5 1 1 18.9 35 19.4 40 

Notes:  

“tributary” or “main branch” designation based on the Mayfield West Phase 2 Secondary Plan Comprehensive Environmental Impact Study and Management Plan completed by AMEC, 2010. 

“ - “ indicates no flow or dry conditions were observed.  
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4. Water Budget 

4.1 Methodology 

The study area is just outside of the TRSPA Online Water Balance Tool coverage and therefore this 

method was not used for pre-development conditions. A Thornthwaite and Mather water balance method 

was therefore utilized. 

 

4.1.1 Water Surplus 

The water surplus describes the difference between precipitation and evapotranspiration (ET) to estimate 

the amount of water or surplus that is available to contribute to infiltration and runoff. The surplus was 

calculated using the monthly soil-moisture balance approach as described in Thornthwaite and Mather 

(1957). A soil moisture storage value of 200 mm was chosen, appropriate for shallow-rooted crops in silty 

clay loam. Data for average monthly precipitation and temperature was derived from the 1981 – 2010 

climate normals from the Georgetown WWTP (43°38' N/79°52' W) meteorological station. This is the 

closest climate station to the site, at approximately 11 km from the site. Actual evapotranspiration is 

calculated based on a potential ET (or PET) and soil-moisture storage withdrawal. Monthly PET is 

estimated using monthly temperature data and is defined as a water loss from a homogeneous 

vegetation-covered area that never lacks water (Thornthwaite, 1948; Mather, 1978). 

 

4.1.2 Infiltration Factors 

The partitioning of the water surplus between runoff and infiltration depends on soil type, topography and 

vegetation cover. Water will infiltrate more easily through sands compared to clays, on flat slopes 

compared to steep slopes, and through natural vegetated soils compared to agricultural crops or urban 

areas. The method developed by Bernard (1932) and described by the MOEE (1995) was used to 

estimate infiltration for the site. 

 

The infiltration factors are described in the MOEE manual and are reproduced here for reference (Table 

7). The infiltration factor is calculated by adding the individual sub-factors at the site. The water surplus is 

then multiplied by the total infiltration factor to determine the partitioning between the amount of runoff 

and the amount of infiltration that occurs annually. The runoff is the total amount of surplus remaining 

after taking into account infiltration or (1) – (infiltration factor) = (runoff factor). 

 

This approach takes into consideration three factors: topography/slope, soil type, and land cover. The 

topography factor for each Ecological Land Classification (ELC) area was estimated based on different 

elevation lines drawn across the site, after ELC areas were combined the lowest topographic factor was 

chosen. The soil type factor was determined from surficial geology mapping published by the Geological 

Survey of Canada (Sharpe et al., 1999) (Figure 2). The final factor in the MOEE (1995) methodology is 

based on land cover and utilized the ELC mapping completed by Palmer staff (see CEISMP Report, 

2022). The total average annual infiltration estimates for each section was then calculated by multiplying 

the appropriate water surplus value by the sum of the three individual factors.  
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Table 7. Summary of Infiltration Factors 

Area Description Infiltration Factor Value 

SOIL TYPE  

Modern alluvial deposits; silt, sand 0.40 

Halton Till; clay to silt-textured till 0.10 

ORM deposits: fine to medium sand and silt 0.30 

Fine Grained Glaciolacustrine; massive to well laminated clay and silt 0.10 

TOPOGRAPHY/SLOPE  

10% slope 0.05 

5% slope 0.10 

1% slope 0.15 

0.5% slope 0.20 

0.1% slope 0.25 

VEGETATION FACTOR  

Agricultural 0.1 

Anthropogenic (rural residential) 0.1 

Roads 0.0 

Natural Heritage Features 0.3 

PRE-DEVELOPMENT LAND COVER  

Agricultural 0.45 

Anthropogenic (rural residential) 0.35 

Roads 0.00 

Natural Heritage Features 0.75 
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4.2 Site Wide Water Budget 

4.2.1 Pre-Development Conditions 

The total yearly precipitation as published in the Georgetown WWTP 1981 – 2010 Climate Normals was 

877 mm/yr. The calculated actual ET (or AET) based on the Thornthwaite and Mather monthly water 

balance model is approximately 559.7 mm within the study area (Table 8). The calculated PET for the 

study area is 594 mm/yr, or about 68% of the total precipitation. There is a total soil moisture deficit of 

about 98 mm/yr, equivalent to 11% of the total precipitation in the study area. The estimated water 

surplus for the site area is approximately 318 mm/yr (36% of the total precipitation). 

 

Table 8. Summary of Annual Water Surplus 

Water Balance 
(mm) 

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

Precipitation 67.8 60 57.2 76.5 79.3 74.8 73.5 79.3 86.2 68.3 88.5 65.9 877 

Temperature (C) -6.3 -5.2 -0.9 6 12.3 17.4 20 19 14.8 8.4 2.8 -2.9 7.12 

Potential  
Evapotranspiratio

n  
(PET) 

0 0 0 32 77 112 132 116 77 38 10 0 594 

P-PET 68 60 57 45 2 -37 -59 -36 10 30 78 66 283 

Change in Soil  
Moisture Storage 

0 0 0 0 0 -34 -43 -21 5 18 75 0 0 

Soil Moisture 
Storage 

200 200 200 200 200 166 123 102 107 125 200 200 0 

Actual  
Evapotranspiratio

n  
(AET) 

0 0 0 32 77 109 117 100 77 38 10 0 560 

Soil Moisture 
Deficit 

0 0 0 0 0 -34 -43 -21 0 0 0 0 -98 

Surplus (P-AET) 68 60 57 45 2 -34 -43 -21 10 30 78 66 318 

 

Based on OGS surficial geology mapping and drilling results, the site is mostly underlain by till with some 

fine textured glaciolacustrine deposits (infiltration factors of 0.1), near the creeks there are modern alluvial 

deposits (infiltration factor of 0.4). The site is hilly within forested areas and near the creeks with slopes 

ranging from 1% to 11% resulting in a range of infiltration factors. Given the results of the ELC study there 

is also a variety of vegetation factors for each ELC. Table 9 presents the interpreted vegetation, soil and 

slope factors used for each pre-development land use area. The selection of these values is generally 

based on the MOEE (1995) values and are presented in Table 7.  
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Table 9. Infiltration Factors for the Site Pre-Development 

Land use (ELC) Area (ha) 
Vegetation 

Factor 
Soil 

Factor 
Slope 
Factor 

Infiltration 
Factor 

Run off 
Factor 

Agricultural 253.3 0.1 0.1 - 0.15 
0.15 – 
0.20 

0.45 0.55 

Anthropogenic 22.9 0.1 0.1 0.15 0.35 0.65 

Roads 4.4 - - - 0.00 1.00 

Natural Heritage 
Features 

149.4 0.3 0.2 - 0.4 
0.05 – 
0.15 

0.75 0.25 

 

Using the method in the MOE SWM manual and MOEE (1995) for guidance, it is estimated that 

approximately 54% (181 mm/yr) of the surplus runs off, and the remaining 46% (152 mm/year) infiltrates. 

Based on a site area of 430 ha, it is estimated that 652,390 m3/yr of precipitation infiltrates and 778,232 

m3/yr runs off.  Results are summarized in Table 10. Eventually, this runoff may either enter the local 

creeks or recharge the local groundwater system. 

 

4.2.2 Post-Development Conditions 

The proposed development on site will include low and medium density residential units, parklands, 

roads, stormwater management facilities, schools, commercial facilities, natural heritage system (NHS) 

and Greenbelt Lands. The post-development water balance is presented in Table 11. 

 

In the absence of mitigation measures, it is estimated that post-development, 616,436  m3/yr of 

precipitation will infiltrate and 1,328,407  m3/yr of precipitation will run off within the MW2-3 area. This 

represents a decrease in infiltration of 6% or 35,954 m3/yr. The overall change in pre-to-post development 

infiltration has been buffered by the change from agricultural land use to Greenbelt over 64.9 ha of MW2-

3 area. Over time, this large land area is expected to naturalize which will reduce runoff and increase 

recharge over the existing condition. This change has off set some of the infiltration losses from 

residential development and has been accounted for in the pre-to-post development water budget.   
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Table 10. Pre-Development Water Balance Results 

Land Use Area (ha) 
Impervious 

Factor 
Impervious 

area (ha) 

Water Surplus 
on 

Impermeable 
Surfaces 

(m/yr) 

Run off from 
Impervious 
Area (m3/yr) 

Estimated 
Pervious 
Area (ha) 

Water 
Surplus on 
Vegetated 
Pervious 

Areas (m/yr) 

Runoff 
Coefficient 

Runoff Volume 
From Pervious 

Area (m3/yr) 

Infiltration 
Coefficient 

Infiltration 
Volume from 

Pervious Area 
(m3/yr) 

Total Runoff 
Volume (m3/yr) 

Total 
Infiltration 

Volume (m3/yr) 

Agricultural 253.3 0.00 0.00 0.790 0 253.30 0.318 0.65 522,858 0.35 281,539 522,858 281,539 

Anthropogenic 22.9 0.41 9.39 0.790 74,133 13.51 0.318 0.65 27,889 0.35 15,017 102,022 15,017 

Roads 4.4 1.00 4.40 0.790 34,741 0.00 0.318 0.75 0 0.25 0 34,741 0 

Natural Heritage 
Features 

149.4 0.00 0.00 0.790 0 149.40 0.318 0.25 118,611 0.75 355,834 118,611 355,834 

Total 430.0 
 

13.79 
 

108,874 416.21 
 

0.51 669,358 0.49 652,390 778,232 652,390 
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Table 11. Post-Development Water Balance Results 

Land Use Area (ha) 
Impervio
us Factor 

Impervious 
area (ha) 

Water 
Surplus on 
Impermeab
le Surfaces 

(m/yr) 

Run off 
from 

Impervious 
Area (m3/yr) 

Estimated 
Pervious 
Area (ha) 

Water 
Surplus 

on 
Vegetate

d 
Pervious 

Areas 
(m/yr) 

Runoff 
Coefficie

nt 

Runoff 
Volume From 

Pervious 
Area (m3/yr) 

Infiltratio
n 

Coefficie
nt 

Infiltration 
Volume from 

Pervious 
Area (m3/yr) 

Total Runoff 
Volume (m3/yr) 

Total 
Infiltration 

Volume 
(m3/yr) 

Roads 60.4 1.00 60.40 0.790 476,900 0.00 0.318 0.65 0 0.35 0 476,900 0 

Stormwater Management Facilities 15.1 0.50 7.55 0.790 59,613 7.55 0.318 0.65 15,585 0.35 8,392 75,197 8,392 

Parkland and Recreation Facilities 14.6 0.07 1.02 0.790 8,069 13.58 0.318 0.65 28,027 0.35 15,092 36,097 15,092 

Schools 5.6 0.43 2.41 0.790 19,013 3.19 0.318 0.65 6,589 0.35 3,548 25,602 3,548 

Commercial 8.2 0.44 3.61 0.790 28,488 4.59 0.318 0.65 10,652 0.35 5,104 39,139 5,104 

Residential 104.0 0.42 43.68 0.790 344,884 60.32 0.318 0.65 135,576 0.35 67,045 480,460 67,045 

Future Trail (Railway Corridor) 7.7 0.20 1.54 0.790 12,159 6.16 0.318 0.65 12,715 0.35 6,847 24,875 6,847 

Greenbelt Lands 165.5 0.00 0.00 0.790 0.00 165.50 0.318 0.25 131,393 0.75 394,180 131,393 394,180 

Natural Heritage System 48.8 0.00 0.00 0.790 0.00 48.80 0.318 0.25 38,743 0.75 116,229 38,743 116,229 

Total 430.0  120.21  949,126 309.69  0.45 379,281 0.55 616,436 1,328,407 616,436 
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5. Development Considerations 

5.1 Low-Impact Development Recommendations 

The use of Low Impact Development (LID) measures is recommended as part of the overall stormwater 

management plan to help achieve at least 5 mm of stormwater retention and minimize changes to the 

existing water budget. As stated in Low Impact Development Stormwater Management Planning and 

Design Guide Version 1.0 (2010) by CVC and TRCA,  

“Developing stormwater management plans requires an understanding of the 

depth to water table, depth to bedrock, native soil infiltration rates, estimated 

annual groundwater recharge rates, locations of significant groundwater 

recharge and discharge, groundwater flow patterns and the characteristics of 

the aquifers and aquitards that underlay the area” (TRCA and CVC, 2010). 

For sites with deep water table conditions and high permeability soils, LID practices can significantly 

improve infiltration and groundwater recharge to maintain the groundwater characteristics of the 

underlying aquifer. Conversely, for sites with low permeability soils and high water table conditions, the 

amount of infiltration is limited by the saturated hydraulic conductivity of the soil (i.e., the rate at which 

water can infiltrate).  

LID measures need to take the permeability of the soils, and depth to the seasonally high-water table into 

consideration. Based on OGS surficial geology mapping and borehole drilling results, the surficial material 

across the site consists primarily of low permeability clayey silt to silty clay till of the Halton Till formation 

(K value of 10-8 m/sec), higher permeability alluvial deposits, and silt and fine sand of the ORM formation 

(K value of 10-6 m/sec) near the Etobicoke Creek valley. Based on initial water level monitoring results, 

the shallow water table ranges between approximately 0.41 mbgs and 9.14 mbgs within the ORM sand 

and silt deposits, and between approximately 0.06 mbgs and 4.47 mbgs within the Newmarket Till. 

Infiltration trenches, vegetated swales and bioretention areas can all be effective in low permeability soils 

to increase infiltration. It is recommended that the implemented LIDs target areas associated with the 

deeper water table to ensure that the minimum separation requirement of 1 m from the seasonally high 

water table is met.  

The north corner of the site near the Etobicoke Creek valley and Old School Road has a high infiltration 

capacity due to the presence of higher permeability ORM and alluvial soil deposits at surface, as well as a 

very deep water table (approximately 4.29 – 9.14 m below ground). A wide variety of infiltration-based 

LIDs, such as infiltration chambers (i.e., clean water collection systems), infiltration galleries, trenches or 

soakaway pits, are expected to be effective in this area. 

For the overall site, it is recommended that site and rear yard grading should be directed to the main 

branches and tributaries of Etobicoke Creek to contribute infiltration and overland flow to these features 

and maintain the water balance pre- to post-development, where applicable.  
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5.2 Groundwater Recharge and Discharge 

5.2.1 Groundwater Recharge and Discharge 

While the study area is predominantly underlain by low permeability aquitard materials, it still functions as 

a groundwater recharge area, albeit limited by the surficial soils. Over the majority of the site, the ORM 

aquifer is present below the Halton Till, which acts as a groundwater recharge feature and discharge 

feature depending upon the specific location in the MW2-3 area.  In addition, long-term groundwater 

monitoring data that shows a wide range of groundwater level but generally, little seasonal and temporal 

change in groundwater levels at each well location.  

 

The area with highest infiltration potential is found along the Etobicoke Creek valley, which is part of the 

protected Greenbelt Lands and Natural Heritage System. These lands will remain undeveloped, and 

naturalization of the greenbelt lands will over time be expected to increase the recharge function of this 

area. 

 

Due to the low permeability Halton Till aquitard at surface, the dominant groundwater flow direction in the 

study area is downwards towards deeper aquifers. Near breaks in slope, shallow groundwater flow 

generally follows topography, and flows towards rivers and topographic lows. Lateral groundwater flow 

over the majority of the study area is towards the Etobicoke Creek valleylands. Many areas where the 

ORM aquifer intercepts Etobicoke Creek, its tributaries or valley wetlands, the features are supported by 

groundwater support discharge and baseflow. Maintaining groundwater recharge on tableland areas that 

directly contribute to groundwater discharge to these features should be the focus of LID measures and 

future SWM design. 

 

5.3 Aquifers and Groundwater Users 

The ORM aquifer is present at shallow depths over the majority of the study area, and is expected to be 

utilized by older, shallow dug water wells. A search of the MECP database identified potable water wells 

in the vicinity of the MW2-3 area, however it is expected that municipal water will be available in the near 

future.  Newer well records generally target deeper overburden or bedrock aquifers below the Newmarket 

Till. These deeper wells would not be impacted by the proposed development.  

The primary groundwater recharge area for the ORM aquifer is from lands north of the MW2-3 area and 

with LID measures implemented, no impacts to this aquifer are expected. A door-to-door water well 

survey should be completed at a future design phase to confirm the number of active wells and assess 

the risks to individual groundwater users.  

5.4 Groundwater Supported Natural Features 

As presented in Cross Section in Figures 7, 8 and 9, Etobicoke Creek, its tributaries and valley wetlands 

are interpreted to be supported by groundwater discharge from the ORM aquifer where the valleylands 

have incised through the Halton Till. These areas are contained within the protected NHS and Greenbelt 

Lands and will not be directly impacted. Targeted infiltration based LID measures are recommended to be 

employed in tableland areas where groundwater flow is towards these on-site features.  
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Shallow drainage features and wetlands on the tableland areas are interpreted to be perched on the 

Halton Till and not connected to the groundwater table.  

 

6. Conclusions 

The following summarizes the key results of the Hydrogeological Investigation for the Mayfield West 

Phase 2 Stage 3 Lands: 

 

• The MW2-3 study area lies within the South Slope physiographic region, characterized by 

predominately the clayey silt to silty clay Halton Till soils, derived from former glacial lakes. 

Modern alluvial deposits of clay, silt, sand, gravel, and organics are present within the Etobicoke 

Creek valley. Based on the results of borehole drilling, fine to medium sand and silt deposits 

associated with the Oak Ridges Moraine Formation were identified and mapped in the 

northwestern portion of the study area near Etobicoke Creek and Old School Road. 

 

• The site is located within the Etobicoke Creek Headwaters Subwatershed. Etobicoke Creek is 

present along the eastern and southern boundaries of the site, and ultimately flows south towards 

Lake Ontario. Small tributaries leading to the creek are also present through the site. 

 

• The Halton Till is the dominant surficial unit across the site and behaves as an unconfined 

aquitard. Based on single well response testing and grain size analyses results, the geometric 

mean hydraulic conductivity of the Halton Till is approximately 5.3x10-8 m/sec, the underlying 

ORM aquifer is approximately 3.8x10-6 m/sec, and the Newmarket Till is approximately 3.9x10-7 

m/sec. Note that more permeable gravel layers may occur within the Newmarket Till. Based on 

the results of slug testing, these deposits have a geometric mean K value of approximately 

1.2x10-6 m/sec. 

 

• Groundwater quality was tested for a suite of parameters included turbidity, TSS, pH, metals, and 

cations and anions, and compared with Ontario Drinking Water Standards. No exceedances were 

with the exception of turbidity, which is related to aquifer materials and sampling methods. 

 

• Within the study area, groundwater levels were monitored by Palmer staff  for a period between 

October 2017 and April 2019, with an additional monitoring event completed in May 2022 to 

provide updated spring water level data. Generally, these results indicate shallow groundwater 

depths ranging between 0.06 mbgs (MW-3) and 9.08 mbgs (MW-8). It is expected that local 

shallow groundwater flow follows topography and is directed towards the valleylands of Etobicoke 

Creek and its associated tributaries.  

 

• Groundwater and surface water monitoring was completed at MPs installed within the main 

branch and tributaries to Etobicoke Creek, as well as surface water flow measurements at 

tributaries surrounding the site. Groundwater and surface water results of the tributaries indicate 

an ephemeral to intermittent flow regime, as these reaches of the creek were often observed as 

dry and had hydraulic gradients indicative of surface water supported features. Monitoring of the 

main branch indicates a permanent flow regime, and seasonal to continual groundwater 
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discharge. Results suggest that the tributaries to the creek can be characterized as 

ephemeral/intermittent, and the main branch is permanent.  

 

• A water budget was completed for the site under the pre-development scenario. Results of this 

analysis showed that over the MW2-3 area it is estimated that approximately 54% (181 mm/yr) of 

the surplus runs off, and the remaining 46% (152 mm/year) infiltrates. Based on a site area of 430 

ha, it is estimated that 652,390 m3/yr of precipitation infiltrates and 778,232 m3/yr runs off.   

Development will change the infiltration factors of the site. Planned changes to the landscape will 

increase the impervious area from 13.79 ha to 120.21 ha and with no mitigation measures, it is 

estimated that post-development, 614,436 m3/yr of precipitation will infiltrate and 1,328,407 m3/yr 

of precipitation will run off within the site area. This represents a decrease of 6% in pre-to-post 

development infiltration.  

 

• Given the low permeability soils over most of the study area, LID measures should focus on 

infiltration trenches, vegetated swales and bioretention areas, which can all be effective in low 

permeability soils to increase infiltration. Site grading and rear yard grading should be directed to 

the main branches and tributaries of Etobicoke Creek to contribute overland flow to these 

features and maintain the water balance, where applicable. Opportunities for higher volume 

infiltration type LIDs should be explored south of Old School Road where a deeper water table is 

expected, and the higher permeability ORM materials were encountered at surface (BH-2, MW-4, 

and MW-8). 
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Appendix A 

Land Use Plan: Mayfield West Phase 2 – 

Stage 3, Caledon (MGP, 2022) 
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Appendix B 

Borehole Logs and Grain Size Distributions 

B1. Borehole Logs (Palmer, 2018) 

B2. Borehole Logs and Grain Size (AMEC, 2010) 
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Appendix B1 

Borehole Logs (Palmer, 2018) 
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Appendix B2 

Borehole Logs and Grain Size (AMEC, 2010) 
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Appendix C 

Single Well Response Test Analyses 

(AqtesolvTM, 2018) 
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Appendix D 

Groundwater Chemistry Certificate of 

Analysis (ALS, 2017) 
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Appendix E 

Calibrated Levellogger Monitoring Data 

Palmer (2022) 

 

 

 

 




