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1. Background – Information & Analysis System 
 
The Oak Ridges Moraine Groundwater Program (ORMGP; Appendix A) maintains a 
Groundwater Information and Analysis System.  The ORMGP information system contains 
data and mapping related to, but not limited to, geology, groundwater levels and quality, 
streamflow and climate.  The information system also contains a digital library of documents 
related to the study area that includes consultant and agency reports, journal articles, etc.  
Interpretive products are also available such as the three-dimensional arrangement of 
geologic units as depicted on the cross-sections included in this document (e.g. Figure 1). 
 
All information managed by the ORMGP is available to all partner agencies (Regions of York, 
Peel, Durham, City of Toronto, and the nine Conservation Authorities on the Oak Ridges 
Moraine) and their designates (e.g., consultants).  Much of the information is available 
publically on the Program’s website (www.oakridgeswater.ca).  Since late 2015, technical 
staff members at other government agencies (e.g., Ontario Geological Survey, Geological 
Survey of Canada, and Ontario Ministry of Environment, Conservation and Parks (MECP)) 
have also been provided with access to the Program’s password protected website, and more 
recently the Program has started a subscription access to the consulting community.  The 

http://www.oakridgeswater.ca/
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goal is to increase the user-base which is seen as a key aspect of the continual improvement 
philosophy of the information and analysis system. 
 
In order by facilitate increased utilization of water-related information into the decision-making 
process, work is being conducted to prepare mapping of known/expected areas where 
groundwater issues may be encountered.  The goal is to avoid groundwater condition 
‘surprises’ related to subsurface construction and/or maintenance.  The main objective is to 
assess, understand and map areas that might pose a groundwater concern related to 
subsurface construction at the planning and development stage, as well as in the longer term.  
A key aspect of this mapping is that the interpretations can be refined as new information is 
incorporated.  It should be noted that a groundwater issue (too much groundwater, or 
groundwater under pressure) in one location perhaps related to subsurface construction 
considerations may also be viewed as an opportunity from another perspective (e.g., heat 
exchange, water supply).   

2. Regional Groundwater Issues – ORMGP Study Area 
 
The ORMGP study area covers much of south-central Ontario (see Appendix A for study 
area).  A working hypothesis is that groundwater issues or potential areas of concern for 
south-central Ontario generally relate to four types of hydrogeologic settings (Figure 1) as 
follows: 
 

1) Confined shallow aquifers, particularly the Oak Ridges Aquifer Complex (ORAC). The 
ORAC occurs within Oak Ridges Moraine sediments. Example areas include 
Richmond Hill and Stouffville; 

2) Areas of aquifer outcrop/subcrop along steep topographic slopes.  Examples include 
along deep river valleys, along the Lake Iroquois shoreline, and along steep slopes 
associated with the Niagara Escarpment and the Oak Ridges Moraine where 
discharge from aquifers to the surface occurs or is restricted by confining units on the 
slopes. An example includes the Caledon East Meltwater Channel situated within Peel 
Region which is a source aquifer utilized for municipal water supply for Caledon East 
(Stantec and WHI, 2004; Geo Kamp Limited, 2014); 

3) Coarse-grained sand and gravel deposits (channels) within sediments beneath the 
Lower Newmarket till, or more generally in the shallow subsurface.  Examples include 
the ‘Yonge Street Aquifer’ in the communities of Aurora, Newmarket, Holland Landing 
and Queensville and in the Markham-Stouffville area such as at 16th Avenue and 
Highway 48; and 

4) Gravel zones within bedrock valleys (e.g. western part of the City of Toronto, Peel 
West Trunk sewer at Erin Mills Parkway and Britannia Road). 

 
It is acknowledged that there may be miscellaneous local areas with thin aquifers of limited 
lateral extent that may be under confined conditions.  It is also acknowledged that much of 
the overall ORMGP study area may contain shallow water table conditions that will need to 
be controlled during excavation and construction.  Also, locations situated near large lakes 
(e.g., Lake Ontario) may need groundwater control in perpetuity. The groundwater “Areas of 
Concern” visualized here are considered areas where groundwater control may pose 
problems (and therefore costs) beyond the typical situations of water table control during 
and/or post construction.  It is proposed that the mapping included here serve as guidance to 
the decision making process for Peel Region, Town of Caledon and Conservation Authority 
staff, and possibly to developers with land holdings in Peel Region. 
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3. Local Groundwater “Areas of Concern” – Peel SWS Area 
 

3.1 Physical Setting 
 
The Region of Peel’s Scoped Subwatershed Study (SWS) is situated in the central part of 
Peel Region, within the Town of Caledon, between Mayfield Road in the south and the 
Greenbelt in the north (Figure 2). This area is herein referred to as the study area.  The 
ground elevation ranges from a high of approximately 310 metres above sea level (masl) in 
the north to a low of approximately 210 masl in the south-southeast along the valley of the 
West Humber River (Figure 3).  The study area is situated just south and east of two major 
geologic features that form topographic highs in southern Ontario, the Niagara Escarpment 
situated to the west and the Oak Ridges Moraine situated to the north. Surficial drainage is 
provided by Etobicoke Creek and tributaries over the western part of the study area, and by 
the West Humber River and tributaries over the eastern part of the study area. 
 
The surficial geology for the study area is largely glacial diamict (till) with minor deposits of silt 
and clay, and sand (Figure 4; Ontario Geological Survey, 2010).  The Brampton Esker occurs 
along Heart Lake Road south of Mayfield Road, and many former Brampton municipal wells 
obtained a water supply from this feature (Figure 4).  The western half of the study area (west 
of Airport Road) is underlain by shale of the Queenston Formation, while the eastern half of 
the study area is underlain by shale of the Georgian Bay Formation (Ontario Geological 
Survey, 2006).  Quaternary sediment thickness ranges from a low of approximately 10 m 
along parts of Mayfield Road in the south to a high of approximately 200 m thick beneath the 
Oak Ridges Moraine in the north (Figure 5; Figure 6).  The greatest thickness of Quaternary 
sediment above bedrock appears to be associated with bedrock valleys.  The interpreted 
thalwegs of study area bedrock valleys are shown on Figure 5. 
 
Groundwater flow within Quaternary sediments is generally from the upland areas in the north 
and northwest (Niagara Escarpment, Oak Ridges Moraine) towards the southeast, with local 
deflections towards creeks and rivers.  For the study area the interpreted water table ranges 
from a high of 300 masl to a low of 210 masl (Figure 7).  The interpreted depth to the water 
table is shown on Figure 8. The eastern half of the study area also contains many flowing 
wells, particularly along King Street.  While many flowing wells plot within the study area, 
significant groundwater discharge to streams (as measured by TRCA staff) does not occur 
within the study area but rather further downstream south of Mayfield Road (Figure 9). 
 
Many communities around the study area obtain, or historically obtained, municipal water 
supplies from groundwater.  Municipal groundwater supplies are currently obtained in the 
towns of Cheltenham, Inglewood, Caledon Village, Alton, Caledon East and Palgrave, all 
located north of the study area.  Historical municipal water supplies from groundwater were 
also previously located in Bolton (groundwater pumping ceased in January 2002; SPL Beatty, 
2011), Centreville and Brampton (Figure 2).  Brampton started to receive Lake Ontario water 
in May 1966 and it is believed that the Brampton municipal supply wells had stopped 
pumping by 1973 (Regional Municipality of Peel, 2006).  Groundwater level recovery 
following the change from groundwater-based to a lake-based supply is shown on Figure 20 
(monitor W021).  The Centreville municipal wells are believed to have been shut down prior 
to 2002 based on the last known MECP Permit to Take Water which expired on March 31, 
2002 (permit number 94-P-3063). 
 
For further information related to the hydrogeology of the study area, detailed investigations 
have been conducted as part of landfill siting investigations over the east part of the study 
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area south of Bolton (Interim Waste Authority Limited, 1993a; 1993b; 1993c) and immediately 
south of the western part of the study area (Interim Waste Authority Limited, 1993d; 1994).  
These investigations cover the range of hydrogeologic conditions that occur within the study 
area where thick Quaternary sediments over bedrock occur to the north and east, and thin 
drift over bedrock occurs to the south and west. 
 

3.2 Factors/Considerations 
 
Groundwater “Areas of Concern” within the study area generally occur where the Oak Ridges 
Aquifer Complex (ORAC) pinches out and is overlain by Halton Till along the south slope of 
the Oak Ridges Moraine (Figure 4 plan view; Figure 6 cross-section view).  This zone is 
characterized by artesian, and often flowing, aquifer conditions which can lead to instability 
and/or groundwater control concerns during and post-construction.  Locally confined 
conditions are created by elevated hydraulic heads driven by higher groundwater levels that 
occur to the north beneath the Oak Ridges Moraine and along the Niagara Escarpment 
(groundwater flow is northwest to southeast, Figure 7).  Shallow perched water table 
conditions may exist in some areas along the Oak Ridges Moraine, but these are not 
considered here.   
 
Key to delineating groundwater “Areas of Concern” within the study area is the presence of 
the ORAC, and where groundwater levels are near or above ground surface within the 
ORAC.  The factors considered in this “Areas of Concern” mapping are as follows: 
 

a) Interpreted thickness of ORAC, particularly when overlain by Halton Till.  The ORAC 
thickness is shown on Figure 10, with cross-section views shown on Figure 11 and 
Figure 12; 

b) Areas where groundwater levels (water table or potentiometric surface) within the 
ORAC are either above the ground surface, or within 4 m of ground surface (Figure 8). 
The depth of 4 m was chosen here to reflect the approximate depth of typical 
subsurface excavations (e.g. sewers) or basement structures such as one or two 
levels of underground parking.  Obviously site-specific subsurface details need to be 
considered depending on the final construction depth and form proposed.  The 
methodology used to interpret the water table is included in Appendix C; 

c) Known well locations where groundwater levels are at or above ground surface (a.k.a. 
‘flowing’ well locations; Figure 8); 

d) Groundwater Knowledge locations (Figure 13).  These are known locations where 
previous activities (e.g. drilling, construction) have encountered groundwater 
problems.  Many of them require groundwater control, either during construction or in 
perpetuity.  These locations are being compiled through discussion with senior 
practitioners who are sharing their experience with ORMGP staff.  Within the study 
area, known locations of flowing wells and/or groundwater issues could be enhanced 
with the assistance of Peel Region, Town of Caledon and TRCA staff for future 
versions of this mapping; and 

e) Long-term groundwater level trends.  Long-term is defined here as being time frames 
longer than seasonal changes in upper aquifer groundwater levels, where seasonal 
highs occur in spring and lows occur in the fall. 

 
Factor ‘e’ is seen as an important consideration as the interpreted water table described 
above (Factor ‘b’) is considered an average water table condition based on data collated from 
multiple locations on different years and seasons.  Any transient change in groundwater 
levels may affect “Areas of Concern” mapping.  Observed long-term groundwater levels for 
the shallow subsurface (water table in surficial till; ORAC) are available for the locations listed 
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in Table 1. Figure 14 shows locations of long-term groundwater monitoring wells within or 
near the study area. Monitoring wells at three of these locations also provide groundwater 
levels within the deep aquifer system contained within Thorncliffe Formation and 
Scarborough Formation sediments (PGMN-CVC-W165 Warwick, ORMGP Boston Mills Road, 
PGMN-TRCA-W327 Bolton) and allow comparison of groundwater level variation within both 
the shallow and deep subsurface.  Hydrographs of groundwater levels within or near the 
study area are shown on Figures 16 to 20.  Observed seasonal groundwater level fluctuations 
for the shallow subsurface (Halton Till, ORAC) exhibit a 1 to 1.5 m fluctuation range.  
Observed seasonal groundwater fluctuations for the deep aquifer system are more subdued 
at less than a 1 m range. 
 
Observed average groundwater levels at the monitoring locations shown compare favorably 
to the regional average water table interpretation shown on Figure 7.  Observed groundwater 
levels for the last decade at all locations, except W329 Centreville (Figure 18), appear to lack 
any long-term trends in groundwater level fluctuations other than seasonal.  This provides 
confidence in use of the average water table interpretation as a screening tool.  The cause of 
the long-term increase in groundwater levels at W329 Centreville to date remains unknown, 
but may be due to cessation of pumping from Centreville municipal wells in 2002.  The lack of 
apparent long-term trends (beyond seasonal) in shallow groundwater levels is also confirmed 
by observed streamflow hydrographs for three Environment Canada gauges shown on 
Figures 21 and 22.  Streamflow gauge locations are south and east of the study area as 
shown on Figure 14. 
 
Table 1: Long-term groundwater monitoring locations within or near the study area.  
Monitoring locations shown on Figure 14. Monitoring wells at three locations (Warwick, 
Boston Mills Road and Bolton) are screened within the deep aquifer system. 

Monitor Name Geologic Unit 
Screened 

Monitor 
Installation 
Date 

Start Date - 
Regular 
Groundwater 
Levels 

PGMN-CVC-Warwick-W165s Halton Till 11-Jun-2002 09-Oct-2002 
W165int (damaged) ORAC 11-Jun-2002 25-Jun-2002 

W165d Scarborough Fm. 11-Jun-2002 25-Jun-2002 
ORMGP Boston Mills Road Scarborough Fm. 16-Jun-2005 09-Sep-2006 
PGMN-TRCA-Caledon E-EW3-1-W330 ORAC 12-Dec-2002 25-Apr-2003 
PGMN-TRCA-Centreville-TW5/75-W329 ORAC 27-Nov-1975 02-Oct-2003  
PGMN-TRCA-Bolton-W327s Halton Till 27-Apr-1994 28-Apr-1994 

W327deep Thorncliffe Fm. 27-Apr-1994 27-Apr-1993 
Peel Bolton TW3/80d Scarborough Fm. 1980 07-Oct-2002 

PGMN-TRCA-Heart Lake N-W021 Shallow 
Thorncliffe Fm. 

10-Feb-1960 03-Jan-1974 

PGMN-TRCA-Heart Lake Beach-W366 ORAC (esker) 2003 30-Sep-2003 
 
Another data set that could be considered in future versions of “Areas of Concern” mapping 
for the study is the MECP Permit to Take Water (PTTW) locations (Figure 23), particularly 
those permits related to construction dewatering activities that might be indicative of 
groundwater problem areas.  These locations have not been considered in this 2020 mapping 
exercise (version 1) owing to uncertainty regarding the actual source and quantity of takings 
(surface water versus groundwater) in the currently available MECP PTTW database.  Active 
permits are available for viewing on the Source Protection Information Atlas web site 
operated by the MECP. 
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In summary, the proposed methodology to delineate groundwater “Areas of Concern” within 
the study area includes: 

1) Factors ‘a’ and ‘b’:  The study area is characterized as having an upper aquifer 
(ORAC) pinching out from north to south along the south flank of the Oak Ridges 
Moraine.  Locally the ORAC is overlain by the Halton Till which can create confined 
aquifer conditions.  Groundwater “Areas of Concern” for the study area are expected 
to occur where the water table/potentiometric surface within the upper aquifer system 
(ORAC)  is either above, or within 4 m of ground surface; and 

2) Factors ‘c’, ‘d’, and ‘e’:  The locations considered in Factors ‘c’ and ‘d’ are seen as 
checks on the interpreted water table/potentiometric surface for the upper aquifer 
system (Factor ‘b’).  If the area delineated by Factor ‘b’ does not include the locations 
listed in Factors ‘c’ (‘flowing’ wells in upper aquifer) and ‘d’ (groundwater knowledge), 
then the mapping is adjusted to incorporate these locations.  The mapping area is 
also informed by considering Factor ‘e’, which in this case has been used to test the 
level of confidence in using the interpreted water table surface. 

 

3.3 Mapping & Summary 
 
Figure 24 illustrates where the current interpretation of the water table or potentiometric 
surface is within 4 m of ground surface or above ground surface (blue shading), and/or the 
interpreted ORAC thickness is greater than 5 m (grey shading).  The shaded areas 
(blue/grey) outline groundwater “Areas of Concern” for the study area.  Two point sources of 
data are also shown on Figure 24 as a check of the shaded areas.  These locations include 
wells where an observed groundwater level is at or above ground surface (‘flowing’ wells), 
and ‘Groundwater Knowledge’ locations, in this case two locations where groundwater control 
measures, either temporary or in perpetuity, are known to occur.  All flowing well and 
‘Knowledge – Groundwater’ locations are included within the delineated “Areas of Concern”.  
The groundwater ‘Areas of Concern’ map can be refined as more information is obtained. 
 
This memo has outlined the various factors that have been considered to prepare “Areas of 
Concern” mapping for the Region of Peel SWS study area.  These areas can be used by Peel 
Region, the Town of Caledon and the TRCA to inform the development approval process and 
applicable requirements for pre and post-development necessary regarding groundwater 
investigation and control. 
 
Should you have any questions or wish to discuss further please do not hesitate to contact 
the undersigned. 
Sincerely, 

 
Richard Gerber, Ph.D., P.Geo. 
Hydrogeologist, Oak Ridges Moraine Groundwater Program (ORMGP) 
rgerber@owrc.ca; 416-737-1550 
 
Version Date Note 
Version 1 18-Aug-2020  
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Figure 1: North-south cross-section through the ORMGP study area from Lake Simcoe to 
Lake Ontario.  Also showing generalized groundwater issue area hydrogeologic settings. 

 
Figure 2: Region of Peel Scoped Subwatershed Study area. Figure provided by the TRCA. 
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Figure 3: Ground surface topography. Greenbelt shown as hatched area with purple 
boundary. 
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Figure 4: Quaternary (surficial) geology (OGS, 2010). Green = glacial diamict (till), blue = silt 
and clay, yellow = sand. The Brampton Esker occurs along Heart Lake Road south of 
Mayfield Road. 
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Figure 5: Interpreted Quaternary sediment thickness (m). Brown lines are interpreted bedrock 
valley thalwegs.  Magenta line is the edge of the Niagara Escarpment.  Greenbelt delineated 
by green line. 
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Figure 6: North-south cross-section along Airport Road through the study area.  Interpreted 
geology from ORMGP, 2018 based on Earthfx Inc., 2006, 2014. 
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Figure 7: Interpreted water table elevation (masl).  Shallow groundwater flow is perpendicular 
to water table elevation contours. Greenbelt delineated by green line. 
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Figure 8: Depth to average water table less than 4 metres.  Also shown are locations of 
known wells with groundwater levels at or above ground surface.  Well and river location 
(Strahler code 4 and above) with average water table used are shown with ‘+’ symbol. 
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Figure 9: Summary of TRCA low flow streamflow surveys (data up to November 2019 
provided by TRCA).  Locations with flow greater than 0 L/s labelled with streamflow values.  
Location point scaled to streamflow value.  Greenbelt shown in green shading. 
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Figure 10: Interpreted thickness of the ORAC (m).  Greater than 5 m thickness shown as 
shaded area.  Greenbelt delineated by green line. 



Peel Region/ORMGP/TRCA – Peel SWS Area - Groundwater “Areas of Concern” Mapping 
 

 
V1 – August 18, 2020  Page 17 of 28 

 
Figure 11: Southwest-northeast cross-section along King Street (6km north of Mayfield Rd). 

 
Figure 12: Southwest-northeast cross-section along Mayfield Road. 
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Figure 13: Groundwater Knowledge (artesian) locations (2 no.) where known flowing wells, 
groundwater issues or control measures have historically occurred. Greenbelt shown in green 
shading. 
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Figure 14: Study area monitoring locations. Greenbelt shown in green shading. 
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Figure 15: Observed groundwater levels at CVC PGMN W165 Warwick (Heart Lake Road). 

 
Figure 16: Observed groundwater levels at ORMGP Boston Mills Road. 
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Figure 17: Observed groundwater levels TRCA PGMN W330 Caledon East EW3-1. 

 
Figure 18: Observed groundwater levels TRCA PGMN W329 Centreville. 
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Figure 19: Bolton area monitor groundwater levels. Data from Peel Region and TRCA. 

 
Figure 20: Observed groundwater levels for TRCA PGMN wells located near Heart Lake. 
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Figure 21: Average annual streamflow summary at West Humber River and Etobicoke Creek. 

 
Figure 22: Average annual streamflow summary 02HC023 Cold Creek near Bolton. 
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Figure 23: MECP PTTW locations (as of 20-April-2020; MECP database). Greenbelt 
delineated by green line. 
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Figure 24: Peel SWS study area groundwater “Areas of Concern”.  Includes areas where 
water table is within 4 m of ground surface (blue shading) and/or ORAC is greater than 5 m 
thick (grey shading).  Greenbelt delineated by green line. 
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Appendix A: Oak Ridges Moraine Groundwater Program 
 
The Oak Ridges Moraine Groundwater Program (ORMGP) was initiated in 2001, driven by 
the encroachment of development onto the Oak Ridges Moraine and the recognition of an 
absence of high quality environmental data and analyses, particularly with respect to 
groundwater.  Since inception, the program has provided partner agencies with an actively 
managed water-related database and the regional geological and groundwater context for on-
going day-to-day water resource management activities (e.g. development review, PTTW 
review, watershed management, source water protection, etc.).  The framework for the 
program is succinctly summarized in the adjacent figure, taken from the Council of Canadian 
Academies 2009 report “The Sustainable Management of Groundwater in Canada.”  
 

 
Mandate 
The mandate of the ORMGP partnership is to provide a 
multi-agency, collaborative approach to collecting, 
analyzing and disseminating water resource data as a 
basis for effective stewardship of water resources. The 
ORMGP builds, maintains and provides to partnered 
agencies the regional geological and hydrogeological 
context for ongoing groundwater studies and 
management initiatives within the partnership area.  
 
As such the program will:  

• Build and maintain a master database of water-related information that is accessible 
to all partner agencies;  

• Build and maintain a digital geological construction of the subsurface layers that is 
accessible to all partner agencies;  

• Build and maintain a numerical groundwater flow model(s) that can be used to 
address any number of issues that arise at any of the partner agencies;  

• Coordinate and lead investigations that will acquire new field data that will strategically 
infill key data gaps;  

• Provide technical support to Source Water Protection Teams to ensure that 
interpretations used in source water are consistent with the regional understanding; 

• Provide technical support to planning authorities to ensure that Official Plan policies 
are developed in a manner which makes them consistent with up to date groundwater 
science as derived from the project; and 

• Provide technical support to all partnered agencies for addressing other Provincial 
legislation.  

 
Further information regarding the program can be found at www.oakridgeswater.ca. 
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Figure A1:  Oak Ridges Moraine Groundwater Program (ORMGP) area.  Note that for data 
management purposes the program area comprises the entirety of three Source Water 
Protection Regions: 1) Credit/Toronto/Central Lake Ontario (CTC); 2) Southern Georgian Bay 
– Lake Simcoe (SGBLS); and 3) Lower Trent (TCC).  Focus of work is largely directed to the 
GTA municipalities (York, Peel, Durham, and Toronto) and their associated Conservation 
Authorities (CA). 

 

Appendix B: Mapping Qualifying Statement 
 
The purpose of this map is to provide generalized information for discussion and planning 
purposes only.  It is intended to act as a flag of possible areas where hydrogeologic 
conditions exist that the user (planners, project managers, decision-makers) should be made 
aware of, as these conditions may have cost implications. It must not be used for actual 
design purposes.  Due diligence must be exercised in any site specific undertaking.  This 
map was prepared utilizing existing information which was available at the time the mapping 
was conducted.  New information may alter the interpretation shown.  The information 
sources used and the assumptions made regarding the preparation of this mapping are 
included in the accompanying descriptive text. Locations situated outside of mapped Areas of 
Concern may contain unknown conditions that are of concern. 
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Appendix C: Water Table Metadata (June2020-v5) 
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