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Dear Mr. Christie: 
 
We are pleased to provide the final report titled ñWellhead Protection Area Delineation, Vulnerability 
Scoring, and Threats Assessment for the Freelton Water Supplyò.  The study described in this report 
was undertaken to provide updated wellhead protection areas (WHPA) and vulnerability and threats 
analysis for the Freelton supply wells under an amended permitted pumping rate.  The current 
version of the report reflects changes to the permitted pumping rates.  
 
The study began with a review previous work and a compilation of relevant hydrogeologic data.  
These data were used to update the ñNorth Hamiltonò hydrostratigraphic model, previously 
developed by Earthfx, and were incorporated into an updated three-dimensional groundwater flow 
model for the area.  In addition, a detailed hydrologic model was developed and calibrated for the 
study area to provide improved estimates of long-term average groundwater recharge.   
 
Once the updated models were recalibrated, reverse particle tracking techniques were applied to 
define WHPA zones based on time-of-travel from the new wells.  Next, forward particle tracking 
techniques were applied to estimate water table to well advective travel times (WWAT).  Unsaturated 
zone travel times (UZAT) were calculated and added to determine surface to well travel times 
(SWAT) and assign aquifer vulnerability scores.  Results for the vulnerability analyses were then 
used to conduct a Drinking Water Threats Assessment and analyze uncertainty.   
 
Should you have any questions regarding this report, the methods applied, or study results, please 
feel free to contact us. 
 
Yours truly, 
Earthfx Incorporated 
 

     
Dirk Kassenaar, M.Sc., P.Eng.      E.J. Wexler, P.Eng., M.S.E., M.Sc.,  
President       Director of Modelling Services  
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1 Introduction 

 Study Overview 1.1

The rural settlement area (RSA) of Freelton recently completed a new permit to take water (PTTW) 
application to increase the maximum daily withdrawal rate at one of their two production wells, 
FDF01.  The new pumping rate will change the groundwater flow patterns in the wellfield areas and, 
as a result, an update to the previously-defined wellhead protection areas (WHPA) and vulnerability 
scoring is required, as per The Clean Water Act (2006).  The permit was granted by the Ontario 
Ministry of the Environment and Parks (MECP) but with additional restrictions on water use.   
 
Earthfx Incorporated was retained by The City of Hamilton, herein referred to as ñThe Cityò to 
conduct this groundwater study to update the delineation of the wellhead protection areas and 
assign new vulnerability scores for the Freelton municipal wells.  Earthfx completed the previous 
WHPA delineation and vulnerability scoring for Freelton, Carlisle, Lynden and Greensville using a 
regional-scale MODFLOW model referred to as the ñNorth Hamiltonò model (NH Model) as described 
in Earthfx (2010).  The NH Model provided the foundation for this study.   

 Project Objective and Scope 1.2

The principal objective of this study was to update the delineation of the WHPAs and assign 
vulnerability scores for the Freelton supply wells.  Specifically, the study involved completion of the 
following key tasks: 
 

¶ review previous work and compile relevant hydrologic and hydrogeologic data; 

¶ update the previously developed ñNorth Hamiltonò hydrostratigraphic model (described in 
Earthfx, 2010) and groundwater flow model with recent data; 

¶ update the previously-developed hydrologic model to refine estimates of long-term average 
groundwater recharge in the study area; 

¶ conduct steady-state groundwater simulations using the new permitted pumping rates 

¶ apply reverse particle tracking techniques to define WHPA zones based on time-of-travel 
from the municipal wells; 

¶ use forward particle tracking from the water table to the municipal well intakes to estimate 
water table to well advective travel times (WWAT) and assign aquifer vulnerability scores; 

¶ analyze uncertainty related to the WHPA delineation and vulnerability scoring. 

 Study Area 1.3

The NH Model covers 1141 square kilometres (km²) encompassing the North Hamilton and 
surrounding area.  The study area surrounds Freelton, which falls in the northeast portion of the NH 
Model (Figure 1.1).  For brevity, this report focuses only on the study area.  For background and 
modelling information outside of the study area, the reader is referred to Earthfx (2010).   
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Figure 1.1: Study area and North Hamilton (NH) model extents.  
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2 Background Wellfield Information 

 Production Wells and Monitoring Wells 2.1

The majority of Freelton residents obtain their drinking water from two municipal pumping wells: 
FDF01 and FDF03.  Both wells are completed in a confined or semi-confined bedrock aquifer.  
FDF01, the shallower of the two wells, is located in a residential neighbourhood at 15 Fireside Drive.  
It is completed to a depth of 21.13 metres below ground surface (mbgs), and in 2011, a stainless-
steel liner was extended through the bedrock to a depth of 19.13 mbgs, isolating a productive aquifer 
zone at the base of the well.  Only about a metre of till overburden overlies the bedrock at FDF01.  
FDF03 is located north of the main settlement area at 369-413 Freelton Road.  A steel casing was 
completed through the overburden to the top of bedrock located at 22.56 mbgs and the well was 
extended as an open hole down to 50.3 mbgs (Dillon, 2008).  
 
The Freelton municipal monitoring network consists of nine wells, all completed in bedrock.  Each 
screen/open hole is monitored by a pressure transducer recording at 1- to 30-minute intervals. The 
location of the production wells and monitoring wells are shown in Figure 2.1.  Well completion 
details for all wells are summarized in Table 2.1.  
 

Table 2.1: Well completion details for the Freelton municipal wells.  

Well Name Date Completed 
Well Depth 

(mbgs) 
Interval Top 

(mbgs) 
Interval Bottom 

(mbgs) 

FDF01 21/07/2011 21.13 19.13 21.13 

FDF03 30/11/2005 50.3 22.6 50.3 

FDF-01-02 23/10/2002 11.90 8.60 11.90 

FM-01-03 31/01/2003 21.64 6.10 21.64 

FM-03 25/10/1982 21.34 2.13 21.34 

FM-04 30/10/1982 30.48 12.80 30.48 

FM-06-05 11/11/2005 48.77 21.64 48.77 

FM-01-10-D 11/12/2010 54.86 9.14 54.86 

FM-02-10-D 16/11/2010 54.86 6.10 54.86 

FM-01-17-SB 
25/09/2017 

11.85 8.80 11.85 

FM-01-17-D 20.74 19.22 20.74 

FM-01-18-SB 
9/4/2018 

12.19 na na 

FM-01-18-D 19.18 13.41 16.46 

 

 Permit to Take Water 2.2

An amended permit to take water (PTTW) was issued to the City of Hamilton in for the Freelton wells 
(see Table 2.2 below) in April 2019.  While granting the request to increase the maximum daily 
pumping rate for FDF01 from 10.2 L/s to 18.3 L/s, the permit introduced (1) a restriction for the 
combined maximum daily taking from the two wells of 1,607,040 L/day (18.6 L/s), and (2) the 
amended permit further restricted the annual daily average taking from the two wells to 648,000 
L/day (7.5 L/s).  Given these new restrictions on the maximum and average takings, the WHPA 
delineation provided in the previous draft of this report was felt to be overly conservative because it 
used a combined pumping rate of 28.8 L/s.   
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Figure 2.1: Freelton municipal wells.  

 










































































































































































































