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This memorandum reports the numerical groundwater modeling efforts undertaken to delineate the 

Wellhead Protection Areas (WHPA) for the Uxville Water Supply System. The WHPA was delineated 

using an existing numerical groundwater flow model that was built and later updated by Gartner Lee 

Limited.  

 

The numerical groundwater flow model was first built in 2002 as part of the initial study for Wellhead 

Protection, Groundwater Use Assessment, and Contaminant Sources Inventory Study (Gartner Lee 

Ltd., 2003
1
). The purpose of the model was to delineate the wellhead protection areas for the wells in 

Uxbridge and Uxbridge Industrial Park. This “original” model was subsequently updated in 2004, to 

include more detailed information that was available, and the modeled area was reduced (Gartner 

Lee Ltd., 2004
2
). 

 

The model efforts are reproduced in this memo from their original reports, to enable the identification 

of the details of model construction (Gartner Lee Ltd, 2003; Gartner Lee Ltd, 2004) 

 

 

 

                                                      
1Gartner Lee Ltd, 2003. Durham Region Wellhead protection, Groundwater Use Assessment, and Contaminant 

Sources Inventory Study 
2 Gartner Lee Ltd., 2004. Sentry Well Installations & Model Upgrade – Township of Uxbridge 
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1. Model Development 

1.1 “Original” Model Construction 

The deep wells of the Uxville Water Supply System obtain water from the Oak Ridge Moraine (ORM) 

aquifer complex. The modelling area for the Uxbridge Industrial Park was conceptualized based on 

the GSC geologic model for the ORM as well as the basic conceptualization that was done until 2003 

by the Conservation Authorities Moraine Coalition / York, Peel, Durham, Toronto (CAMC/YPDT) 

groundwater study team. 

 

The approach used by Gartner Lee to develop the model included: 

 

1. analysis of the available data regarding the ORM and the lower deposits (e.g., MOE well logs, 

geophysical data, soils and surficial geology maps, aquifer test results, climate and 

streamflow data, and municipal pumping and other water use data); 

2. synthetize available data and define a conceptual hydrogeological model of the Township of 

Uxbridge area; 

3. develop and calibrate a three-dimensional steady-state groundwater flow model representing 

the overburden aquifers and the confining unit; and 

4. apply the model to delineate well capture zones and Time of Travel (TOT). 

 

In the Gartner Lee (2003) report, the first version of the model consisted of four layers representing 

the following stratigraphy (Figure 1 and 2): 

 

 Model Layer 1 - Oak Ridges Moraine, recent fluvial deposits, and glacial Lake Iroquois 

deposits; 

 Model Layer 2 - Newmarket Till (where the till was interpreted to be less than 2 m in 

thickness, it was conservatively assumed to be a hydraulic „window‟ and a hydraulic 

conductivity representing the recent deposits was applied); 

 Model Layer 3 - Thorncliffe Formation or equivalent (upper portion of lower sediments) 

and Scarborough Formation or equivalent (lower portion of lower sediments); and 

 Model Layer 4 - Bedrock. 

 

 

The domain for this original version of the model extends from Lake Simcoe in the north, Lake Ontario 

in the south, Beaver River in the east, and west past the York-Durham municipal boundary (Gartner 

Lee, 2003). 

 

As indicated in Figure 3, the northern and southern boundaries were assigned as constant head 

boundaries that represented average water levels of Lake Simcoe and Lake Ontario, respectively. 
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The eastern and western boundaries were assigned as no-flow boundaries as they were generally 

parallel to the groundwater flow direction. Creeks and streams within the modelling area were 

assigned as drainage boundaries.  Surface water elevations of these water courses were based on a 

10 m Digital Elevation Models (DEM) provided by the MNR.  

 

The recharge function was developed on a spatial basis by multiplying water surplus with the 

infiltration partitioning coefficients across the modelling area.  The surplus was calculated by the 

Thorntwaite and Mather (1957) method, analyzing data from 48 stations using 30 year monthly mean 

data. The infiltration partitioning coefficient distribution was developed spatially in a GIS platform 

using an MOE approved methodology that considers a combination of factors, including surficial 

geology, land slope and vegetation cover. The recharge distribution is presented in Figure 4. 

 

The grid was designed to optimize resolution in the vicinity of the municipal wells. The grid was 

oriented north-south and east-west consistent with the Universal Transverse Mercator coordinate 

system. The model consists of 465 rows by 405 columns by four (4) layers, forming 753,300 cells. 

 

1.2 Updated Model Construction 

In 2004, new sentry wells were installed during a groundwater investigation at the Uxbridge Industrial 

Park.  Following this field work, the numerical model for the Uxbridge Industrial Park was updated 

with the new data collected. In 2003, Jagger Hims Limited (JHL) completed a 24-hour pumping test 

on MW2 at the permitted rate of 1,898 m³/day (290 igpm). The results of this test, along with the 

results of two previous pumping tests completed by G. Hart and Sons, were incorporated as 

calibration targets during the model update. The model update provided a higher level of confidence 

in the steady-state capture area for the municipal wells at their current permitted capacity of 1,898 

m³/day (290 igpm; Gartner Lee Ltd, 2004). In addition, the model predictions were verified and 

compared to the modeling work completed by the CAMC/YPDT groundwater study team which 

demonstrated consistency between the two modelling efforts. 

 

The specific work completed for this update of the numerical groundwater flow model in the Uxbridge 

Industrial Park area included: 

1. Analysis of the historic pumping tests completed in 1990 and 1991 by G. Hart & Sons; 

2. Analysis of pumping tests completed in 2003 at MW2 by JHL; 

3. Modification to the GSC stratigraphy to better reflect the site specific hydrostratigraphy as 

defined by G.Hart & Sons in their well logs for TW2 and TW1-90 and other monitoring wells 

present in the study area; 

4. Model calibration to site monitoring targets in addition to regional MOE water well record 

information; 

5. Steady-state model calibration to G.Hart & Sons pumping test rate (4,726 m³/day) and the 

observed maximum drawdown (19.8 ms) by the end of the test; 
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6. Simulation of the permitted pumping rate of 1,898 m³/day, and the estimation of the resulting 

TOT and zone of influence; and 

7. Simulation of a pumping rate of 3,927 m³/day, and the estimation of the resulting TOT and 

zone of influence. 

 

To facilitate the model update, the original regional model domain was reduced. The updated model 

domain was limited to just north of the crest of the ORM. The model limits were chosen to ensure that 

the northern model boundary would not affect model predictive simulations as it was on the other side 

of the groundwater divide. Under stressed conditions (i.e., constant pumping of the municipal wells) 

the static groundwater divide could be pushed further north.  However, the hydraulic gradient between 

the northern boundary and the municipal wells would be mild (e.g., 0.001) in such cases. Assuming a 

high hydraulic conductivity of 1 x 10
-4 

m/s in the ORM aquifer and a porosity of 0.3, it could take more 

than 700 years for groundwater to travel from the northern boundary to the municipal wells. Figure 5 

illustrates the model domain configuration used in the site specific model update for the Uxville Wells 

capture area predictions. 

 

The depth of the municipal wells is approximately 60 mbgs and do not intersect the full sequence of 

geology interpreted by the GSC. The Newmarket Till confining unit, for example, was not identifiable 

in the local stratigraphy and it was concluded that this unit is either absent or at a deeper elevation at 

this location. To compensate, model hydrostratigraphy was updated to include an additional layer 

representing the aquifer that is present at the site. The layer thickness was applied based on the 

geology identified in the two well logs produced by G.Hart & Sons. The aquifer saturated thickness 

was approximately 10.36 m thick at the TW2 (MW1) location. A uniform layer thickness was applied 

throughout the model domain to ensure aquifer extent at the site scale was achieved. Hydraulic 

conductivities of this aquifer layer obtained from the pumping test were applied at a local scale only 

since confirmation of the full lateral extend was not possible. Hydraulic conductivities for this layer in 

the rest of the modeling area were assigned based on a regional approximation. Figure 6 illustrates a 

model cross-section through the Uxbridge Industrial Park Municipal well and the present 

hydrostratigtraphic configuration applied in the model. 

 

 

1.3 Calibration of Updated Model 

Two levels of calibration were carried out for the updated model. An initial model calibration was 

performed using MOE water well records only and did not include site monitoring wells at the 

Uxbridge Industrial Park. The initial calibration focused on water balance with particular attention to 

HYDAT station base flow volumes at a Quaternary watershed scale. The second level model 

calibration involved matching the groundwater levels in the site-specific monitoring wells in an attempt 

to best represent the hydrogeological conditions in proximity to the Uxville water supply wells.  

 

Once a reasonable match to the additional calibration data at the site scale was achieved, a 

calibration under stressed conditions was attempted. The G. Hart and Sons pumping test results were 

analyzed and the results were incorporated into the model to ensure a reasonable representation of 
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aquifer parameters at the site scale. Figures 7 and 8 represent the scatter-plot of simulated and 

observed levels. As illustrated, the Normalized RMS is not as good for the  site-scale correlation 

versus the regional scale one, however, this was mostly due to the deviation at one location (BH03-1) 

on the top layer.  The simulated water levels are presented on Figure 9. The result of the model 

calibration is a better representation of groundwater elevations and gradients at the site compared to 

the original model. This level of calibration provides a higher level of confidence in model predictions 

with respect to capture areas and drawdown associated with different pumping rates.  

 

The maximum drawdown at the pumped well (MW2) was observed as 19.8 m. The actual pumping 

test did not achieve steady state drawdown as illustrated by the continued downward trend in the 

water level data at the termination of pumping. Therefore, the actual drawdown at steady state for the 

4,726 m³/day test rate is unknown and is likely deeper The objective of the model simulation was to 

calibrate to a drawdown in the range of the observed 19.8 m drawdown and to maintain hydraulic 

conductivities consistent to those obtained from the pumping test. The model simulated a steady-

state drawdown of approximately 19 m at the pumped well. The simulated drawdown contours are 

presented on Figure 10. This simulated drawdown compares favourably with the observed drawdown 

for the G.Hart & Sons pumping test and provides a higher level of confidence to the model predictions 

under stressed conditions. 

 

 

2. WHPA Delineation 

The WHPA for Uxbridge Water Supply was delineated assuming the permitted rate of 1,898 m³/day. 

The steady-state drawdown associated with this pumping rate was estimated to be approximately 4 m 

at the pumping well. The updated WHPA is presented in Figure 11. The breadth of the capture area 

has decreased slightly from the original model predictions because the aquifer layer of the updated 

model was thinner and more permeable than that of the original model. As the pumping well draws 

water from a thinner formation with greater hydraulic conductivity, the system influence is expanded 

from the greater movement of water through the thinner formation. Therefore, the well head capture 

area is slightly reduced from east to west. The length of the capture area increases substantially from 

the previous model simulations (it is approximately 2,600 m). The length of the well head capture area 

could also be shortened or lengthened based on higher or lower porosity values respectively. 

 

The WHPA delineation was based on a calibrated four-layer groundwater flow model developed as 

part of an earlier study.  The delineated WHPA are considered to reflect a reasonable estimate of 

capture zones based on the calibrated response and the assumptions used to construct the original 

model.  It is understand that since the construction of this numerical flow model, a more detailed 

hydrostratigraphic model of the study area has been created by the CAMC/YPDT groundwater study. 

Consideration should be given to updating the numerical model based on this new hydrostratigraphic 

understanding in subsequent updates to the Assessment Report.   
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3. List of Figures 

Figure 1. Cross Section Locations 

Figure 2. North-South Cross Section - Uxbridge (Looking East) 

Figure 3. Model Boundary Conditions 

Figure 4. Model Recharge Distribution 

Figure 5. Domain for Uxville Industrial Park Model Upgrade 

Figure 6. Model Cross-Section  

Figure 7. Calibration Scatterplot – Regional Scale 

Figure 8. Calibration Scatterplot – Site Scale 

Figure 9. Simulated Groundwater Contours in the Aquifer 

Figure 10. Simulated Steady-State Drawdown 

Figure 11. WHPA for Uxville Water Supply System 
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©2009 AECOM Canada Ltd. All Rights Reserved.
This document is protected by copyright law and may not be used,
reproduced or modified in any manner or for any purpose except
with the written permission of AECOM Canada Ltd. ("AECOM") or
a party to which its copyright has been assigned.  AECOM accepts
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This map was produced for the Regional Municipality of Durham, for the purpose of completing the 
CTC (Credit Valley, Toronto and Region, and Central Lake Ontario) Assessment Report.  
Base data have been complied from various sources under data sharing agreements.  
While every effort has been made to accurately depict the base data, errors may occur.
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