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Executive Summary 
 

GENERAL 
This report presents results of an analysis of intrinsic vulnerability to contamination at all active 
municipal wells in the Regional Municipality of York.  The study was completed as part of York 
Region’s source water protection initiative supported through the Ministry of Environment’s 
2005-2006 Source Protection Grant Program. The project was carried out in accordance with 
the objectives outlined in the MOE Draft Guidance Module 3 for Groundwater Vulnerability 
Analysis (MOE, 2006) and the Region of York’s Request for Proposal (RFP) P-06-73.   We have 
fully complied with the modules and data standard requirements outlined in the MOE document.  
Results of this study are to provide the foundation for the future Water Quality Risk Assessment 
and analysis of threats to municipal drinking water sources and supplies. 
 

STUDY COMPONENTS 
The study area includes 37 active municipal groundwater supply wells operated by York Region.  
The Schomberg, Aurora, Newmarket, Ansnorveldt, Holland Landing, Queensville, Ballantrae, 
and Mt. Albert wellfields are located north of the regional groundwater divide that runs parallel to 
the east-west axis of the Oak Ridges Moraine (ORM).  The Nobleton, Kleinburg, King City, and 
Stouffville wellfields are located south of the regional groundwater divide.  The northern 
wellfields are within the jurisdiction of Lake Simcoe Region Conservation Authority (LSRCA) 
while the southern wells are within the jurisdiction of the Toronto and Region Conservation 
Authority (TRCA). 
 
Most of the wells are screened in the deeper, confined aquifers (i.e., the Thorncliffe aquifer 
complex (TAC) or the Scarborough aquifer complex (SAC)).  Previously defined wellhead 
protection areas (WHPA) based on conservative time-of-travel (TOT) analyses do not account 
for the true time of travel from ground surface to the well screen.  The purpose of this study was 
to conduct a more realistic assessment of the vulnerability of York Region’s municipal wells to 
contamination from surface and near-surface sources.  This involved (1) refinement of the TOT 
analyses conducted as part of the 2001 Ministry of Environment (MOE) Groundwater Studies 
Initiative; (2) use of forward particle-tracking techniques to determine the water-table-to-well 
advective times (WWAT); and (3) assignment of intrinsic vulnerability scores (IVS) to areas 
within the TOT zones as per the Ontario Ministry of the Environment (MOE) Guidance Module 3 
(MOE, 2006).  Additional objectives of this study were to (1) collect, organize and analyze data 
required to conduct the TOT and WWAT analyses; (2) identify data gaps and data uncertainty; 
(3) assess the relative uncertainty of the IVS scoring due to data gaps and uncertainty; and (4) 
provide assistance to York Region staff in interpreting study results and provide 
recommendations on how to reduce the levels of uncertainty. 
 

STUDY METHODOLOGY 
A key task of this project was to (1) collect, organize and analyze data required for WWAT 
analyses and vulnerability scoring and (2) provide recommendations for filling any critical data 
gaps identified.  The critical review of existing data for the 37 municipal well operated by York 
Region concentrated on analyzing borehole information from supply wells, observation wells, 
and exploratory test well drilling in the areas surrounding the municipal wells.  Transient water 
level data, collected by York Region over several decades, were also analyzed to ascertain 
whether the data could be used to determine the degree of confinement at the deeper municipal 
supply wells.  Data from the King City wellfield, for example, showed that the water level 
response in the upper aquifer was not correlated to pumping in the lower aquifer.  This 
suggested that the shallow system is isolated from the deeper aquifer system.  Data from other 
wellfields were less conclusive, because the shallow wells were affected by seasonal effects, 
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which also correlate with seasonal changes in pumping.  Water quality data were analyzed in a 
separate study by Genivar Ontario Incorporated (Genivar, 2007). 
 
The study used a numerical groundwater flow model developed for the CAMC-YPDT Oak 
Ridges Moraine Hydrogeology Program (Kassenaar and Wexler, 2006).  The report provides an 
overview of the geologic and hydrologic setting of the area and a description of the conceptual 
model that integrates the physical, geologic, and hydrogeologic features of the study area and 
provides the basis for the eight-layered numerical model.   
 
Refinement of the model since the original development and changes in permitted pumping 
rates at some of the municipal wells were incorporated in updating of the previous TOT zones.  
Guidance Module 3 (MOE, 2006) provided the main reference for procedures used to delineate 
TOT zones for the York Region municipal wells, to assess the relative vulnerability, and assign 
vulnerability scoring for all these municipal wells.   
 

STUDY RESULTS 
Data Review and Data Reconciliation -- Data collection, organization and analysis involved a 
number of preliminary tasks including (1) synchronization and re-integration of the York Region 
monitoring data with the May 2006 YPDT-CAMC database release, (2) reconciliation of historic 
monitoring locations and database names; and (3) updating of well locations based on new 
GPS survey data.  These tasks resulted in the full integration of York Region’s field data with the 
YPDT-CAMC master database.  While data reconciliation was not specifically part of the 
Groundwater Vulnerability Analysis, the effort facilitated the analysis of the monitoring data to 
determine the degree of aquifer confinement based on temporal trends and observed water 
level response and helped in identifying data gaps and evaluating uncertainty. 
 
Data Summary -- York Region maintains 37 active and 7 inactive pumping wells located in 13 
major wellfields.  Wellfield operations are currently monitored by 97 wells with digital data 
loggers and 152 wells with manual water level readings (37 wells have both logger and manual 
data sets).  The majority of the monitoring wells are located in the northern part of York Region, 
immediately north of Newmarket.  There is no consistent pattern to the spatial coverage of the 
monitoring network.   
 
An analysis of the vertical distribution of the screened zone in the monitoring well showed that 
spatial coverage in the upper aquifer (i.e., above the top of the Thorncliffe Formation) was less 
comprehensive than for the lower aquifers.  Although fewer pumping wells are located in the 
upper aquifer, it is important to monitor the shallow aquifer for potential contaminants and the 
impacts of pumping on groundwater levels and discharge to streams.   
 
The study identified other sources of high-quality geologic and hydrologic data that could be 
incorporated by York Region to help augment their monitoring programs and improve the 
understanding of the local hydrogeology in the wellhead protection areas.  The digital library of 
consultant and government reports, available in the YPDT-CAMC database, was identified as a 
particularly important source of high-quality data that can be “mined” to improve the overall 
understanding of the groundwater system.  
 
Time of Travel Zones -- The groundwater flow model was used to delineate time-of-travel 
(TOT) zones for the municipal supply wells based on the current maximum permitted water 
takings.  Assigning pumping rates to individual wells within wellfields that have caps on 
cumulative pumping (e.g. the Yonge Street Area wells) was done in a conservative manner.  
This was done because well operations may change over time (for example, a well that 
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historically had a low pumping rate may suddenly be required to pump at full capacity and a 
larger protection area would be required). 
 
Wellhead protection areas (WHPA) were defined as per Guidance Module 3 (MOE, 2006) 
where Zone A (Pathogen Security/Prohibition Zone) is a 100-metre radius around the pumping 
well; Zone B (Pathogen Management Zone) is the 2-year TOT zone; Zone C 
(DNAPL/Contaminant Protection Zone) is the 5-year TOT zone; and Zone D (Secondary 
Protection Zone) is the 25-year TOT zone.  The WHPAs represent the vertical projection of the 
true, three-dimensional TOT surfaces onto a two-dimensional map.  This simplification 
represents a very conservative approach for wells in confined aquifers because not all water 
particles entering at land surface will arrive at the well within the specified time interval.  Vertical 
travel through the confining layers can add tens or hundreds of years to the total travel time. 
 
TOT zones were defined using conservative estimates of aquifer porosity in the calculation of 
average groundwater velocities.  The small values used result in higher velocities and therefore 
shorter travel times.  The simulated 2-, 5-, 10-, and 25-year TOT zones for all wellfields were 
presented in a series of maps.  The TOT zones differed slightly from the ones defined 
previously (e.g., Gartner Lee Limited, 2006a - 2006e) due primarily to the changes assumed in 
the rates of pumping and updating of geologic surfaces and model parameters.  The shapes of 
the capture zones are determined primarily by the regional flow patterns, variations in aquifer 
properties, proximity to features such as bedrock valleys and tunnel channels, and mutual 
interference between wells.  The results demonstrated the importance of using a larger-scale 
model to simulate the effect of mutual interference between nearby wells on the shape of the 
TOT zones.   
 
Wellhead Protection Area Implementation 
MOE Guidance Module 3 identifies the Surface-to-Well Advective Time (SWAT) method as a 
means of identifying highly vulnerable sub-areas within the wellhead protection areas.  The 
SWAT analysis is composed of two parts: (1) estimating travel time through the unsaturated 
zone down to the water table (UZAT); and (2) estimating travel time from the water table to the 
well screen (WWAT).  MOE Guidance Module 3 also recognized that (1) there is limited 
information on soil properties in the unsaturated zone, (2) the unsaturated zone may be thin in 
areas, and (3) large spills of contaminants may travel through the unsaturated zone much faster 
than the natural rate of infiltration.  Because of these factors, the Guidance Module states that 
some municipalities may choose to eliminate the UZAT part of the SWAT calculation.  In line 
with York Region’s conservative approach to wellhead protection, only the WWAT component of 
the SWAT analysis was considered in this study.   
 
The relative vulnerability of sub-areas within each WHPA was assessed using the WWAT 
values to categorize relative vulnerability as High, Medium, or Low (H, M, and L) as per MOE 
Guidance Module 3.  To conduct the WWAT analysis, virtual particles were placed along the top 
face of all model grid cells within the 25-year TOT zone and then tracked to their discharge 
point.  The total travel time for tracks ending at a production well was assigned to the originating 
cell.  Results for wells in the Oak Ridges Aquifer Complex (ORAC), (e.g., the shallow Stouffville 
wells) matched the results of the previous TOT analyses.  WWAT analyses for the confined 
wells showed that most of the TOT areas had WWAT values greater than 25 years, indicating 
lower vulnerability than would be indicated by the TOT analyses alone.  In some cases, 
particularly for the deeper wells, very little of the water entering within the TOT zones actually 
discharged to the wells.  These areas were considered to have extremely low vulnerability. 
 
WHPA sensitivity zones (Zones A, B, C, and D) were then intersected with the relative aquifer 
vulnerability zones (H, M, L) to assign intrinsic vulnerability scores (IVS) ranging from 2 (low 
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vulnerability) to 10 (high vulnerability) as per MOE Guidance Module 3.  Maps were prepared for 
each wellfield to show (1) pathogen intrinsic vulnerability scores, (2) DNAPL intrinsic 
vulnerability scores, and (3) general contaminant intrinsic vulnerability scores.   
 
Uncertainty Assessment 
Uncertainty associated with the WWAT and IVS methods was attributed to the uncertainty in the 
three processes involved in developing final IVS values: (1) the numerical groundwater flow 
model, (2) the TOT delineation, and (3) the WWAT assessment.  The numerical model used in 
this study is very detailed and well calibrated.  However, there is uncertainty associated with the 
WWIS water well data used in building the model.  As more high-quality geologic and 
hydrogeologic data are obtained over time and the model is updated periodically, the level of 
uncertainty associated with the numerical model will decrease. 
 
Even though a numerical model produces a good match to the observed water levels and 
groundwater discharge, it does not follow that the model can predict the exact extent of the TOT 
zones.  This is due to (1) limitations in the data used to build the model; (2) intrinsic errors in the 
WWIS data used to produce maps of the water table and potentiometric surfaces that served as 
calibration targets; and (3) the effect of localized variation in aquitard or aquifer thickness, 
aquifer and aquitard hydraulic conductivity values, and/or recharge rates.  While it is difficult to 
match the exact extent of the TOT zones, by focussing the model calibration effort on matching 
the observed patterns of flow, the certainty that the model predicted the likely extent of the TOT 
zones was increased.  By using conservative assumptions where possible, it is likely that we 
have increased the possibility that an area that did not need protection will be protected but we 
have thereby decreased the possibility of not protecting an area that truly needs protection. 
 
Additional simulations were conducted to examine sensitivity and uncertainty in the TOT 
delineations.  These showed that results were most sensitive to hydraulic conductivity in the 
TAC and less sensitive to the hydraulic conductivity of the overlying Newmarket Till (within the 
range tested).  Results were extremely sensitive, however, to the assumed presence or 
absence of the till unit.  We tested a stochastic technique to examine sensitivity and uncertainty.  
The results confirmed that the TOT zones are not very sensitive to the assumed value for 
hydraulic conductivity of the Newmarket Till (within the range tested).  The method was difficult 
to implement for other parameters such as the hydraulic conductivity of the TAC.  TOT zones 
are highly sensitive to aquifer porosity but little data on porosity are available.  We used 
conservative values that were less than half of typical values thus resulting in larger TOT zones. 
 
With respect to uncertainty of the IVS scoring, it should be noted that of the recommended 
methods listed in Guidance Module 3 (MOE, 2006) for vulnerability assessment, the WWAT 
method is the most scientifically sound because it is based on assessing travel times using 
numerical models that have been calibrated to match observed water levels and flow directions   
However, subdivision of the TOT zones into multiple sub-areas based on the WWAT analyses 
adds an unknown level of uncertainty because the WWAT results cannot be field-verified or 
easily tested.  The creation of multiple sub-areas whose boundaries may shift (if pumping rates 
change or as new data become available) also presents a difficult challenge to municipal 
planners responsible for incorporating these areas into long-term municipal plans.  It is 
recommended that alternate simplified methods of scoring be examined. 
 
In summary, we have applied sound scientific principles and hydrogeologic modelling 
techniques to delineate TOT zones and to assign intrinsic vulnerability scores to areas within 
the TOT zones.  We have made conservative assumptions in applying the models including the 
pumping rates and aquifer porosity values.  We still recognize that there is uncertainty 
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associated with the TOT delineation and that application of the IVS methods introduces a new 
level of uncertainty.  Accordingly, we recommend that: 
 

• The TOT results be adopted to protect the larger area around the municipal wells, 
where possible, and especially in the areas outside of the “Yonge Street aquifer” 
(YSA).   

• Within the YSA, providing a uniformly high level of protection to the full TOT zones 
may not be practical.  Results of the IVS analyses should be used primarily as a 
means of establishing priorities for monitoring, planning, and data collection. 

• Results of the IVS scoring will likely be used as input into a parcel-by-parcel water 
quality risk assessment used to rank individual properties that pose a significant risk 
to the drinking water sources.  The inherent uncertainty in the IVS scoring should be 
strongly considered in these analyses. 

• The models and TOT zones should be updated periodically as new data on aquifer 
and aquitard properties, continuity of aquitards, and location of tunnel channels and 
bedrock valleys become available. 

• TOT zones should also be updated if significant changes in wellfield operations 
(such as decommissioning a well) are planned. 

• York Region should review the existing monitoring program to address how effective 
the network is in assessing pumping impacts, water quality, ecological impact, 
seasonal and drought sensitivity, private well interference, and future water supply 
issues. 

• York Region should continue to improve its monitoring network over time and 
incorporate the available high-quality data, especially within the TOT zones, and 
thereby reduce the level of uncertainty associated with the numerical models. 

• York Region should seek to increase monitoring of the upper aquifer in the WHPA 
areas.  Although few production wells are located in the upper aquifer, it is important 
to monitor the shallow aquifer for potential contaminants.   

• York Region should initiate a program to locate, catalogue, and properly 
decommission its abandoned wells and provide financial assistance to well owners to 
properly decommission their abandoned wells.  Priorities can be assigned to each 
abandoned well based on the results of the IVS analysis 
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Vulnerability Assessment and Scoring of Wellhead 
Protection Areas, Regional Municipality of York  

 
1 Introduction  
 
The Province of Ontario has introduced legislation under the Clean Water Act to protect drinking 
water at the source, as part of an overall commitment to human health and the environment.  A 
key objective of the legislation is the production of locally-developed, science-based source 
water assessment reports and protection plans. 
 
One component of the source water assessment (SWA) addresses the intrinsic vulnerability of 
groundwater aquifers within a Source Protection Area.  According to Guidance Module 3, one of 
several technical guidance documents issued by the Ontario Ministry of Environment (MOE), 
the SWA must identify vulnerable areas and then map the relative vulnerability of the aquifers 
within each vulnerable area (MOE, 2006).  Vulnerable areas considered in the SWA include: (1) 
Wellhead Protection Areas around existing municipal drinking water supply wells; (2) highly 
vulnerable aquifers (HVA); (3) significant groundwater recharge areas (SGRA); and (4) future 
municipal supply areas (FMSA).   
 
The study described in this report specifically addresses the mapping of Wellhead Protection 
Areas (WHPA) around the municipal drinking water supply wells in the Regional Municipality of 
York.  The report documents the methods used to delineate the 100-metre (m), 2-year, 5-year, 
and 25-year time-of-travel (TOT) zones around each well.  In addition, the report describes the 
use of the water-table-to-well advective time (WWAT) method to estimate the total travel time 
(both horizontal and vertical) from the water table to each well.  Travel time through the 
unsaturated zone (UZAT) was not considered in these analyses because of the uncertainties 
involved.  The results of the WWAT analyses were used to assign intrinsic vulnerability scores 
(IVS) and delineate zones of higher vulnerability within the TOT zones.  The level of confidence 
in the IVS results is also discussed.  IVS maps produced in this study can be used by York 
Region to assess areas of increased risk to municipal water supplies from surface and near-
surface sources of contamination and allow the Region to focus further assessments, 
monitoring, and groundwater protection efforts on these higher risk areas. 
 
The location of the municipal wellfields with respect to other major geographic features is shown 
in Figure 1.  Locations of the individual wells are shown in Figure 2 through Figure 4.  UTM 
coordinates for the wells are provided in Table 1.  
 
The Schomberg, Aurora, Newmarket, Ansnorveldt, Holland Landing, Queensville, Ballantrae, 
and Mt. Albert wellfields are all located north of the regional groundwater divide which generally 
runs parallel to the east-west axis of the Oak Ridges Moraine.  The Mt. Albert wells fall within 
the Black River watershed, the wells in Queensville fall within the Maskinonge River watershed, 
and the remaining wellfields fall within the Holland River watershed.  These watersheds are 
managed by the Lake Simcoe Region Conservation Authority.  The Nobleton, Kleinburg, King 
City, and Stouffville wellfields are located south of the regional groundwater divide.  Most fall 
within the Humber River watershed.  The Stouffville wells fall within the Rouge River and Duffins 
Creek watersheds.  The southern watersheds are managed by the Toronto and Region 
Conservation Authority.   
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Table 1: Active Municipal Well Locations. 

 
Well Name 

 
MOE Well 

Record Number 

 
Northing 

 
Easting 

Ansnorveldt-1 692672 616813 4882064 
Ansnorveldt-2 NA 616821 4882055 
Aurora-1 6908523 622589 4873415 
Aurora-2 6908520 622577 4873385 
Aurora-3 6908524 622573 4873362 
Aurora-4 6915114 622581 4873373 
Aurora-5 6918439 622621 4875027 
Aurora-6 6921375 624395 4875372 
Ballantrae #1 6923496 634580 4876920 
Ballantrae #2 6923533 634575 4876941 
Holland Landing 1 6912655 622192 4883499 
Holland Landing 2 6914319 622358 4883980 
King City 3 6915645 617212 4865527 
King City 4 6915645 617249 4865535 
Kleinberg 2 6907094 610712 4856217 
Kleinberg 3 6921378 608341 4855089 
Kleinberg 4 A032015 608399 4855076 
Mt. Albert-1 6914352 635240 4887690 
Mt. Albert-2 6922568 635225 4887646 
Newmarket-1  621924 4878474 
Newmarket-2 6904204 621906 4878549 
Newmarket-13 6914314 622297 4876467 
Newmarket-14 6914611 625759 4880650 
Newmarket-15 6915134 621693 4879513 
Newmarket-16 6916976 622290 4876491 
Nobleton 2 6902458 608010 4861743 
Nobleton 3 6908538 608342 4862013 
Queensville-1 6922338 625852 4889140 
Queensville-2 6921868 625853 4889114 
Queensville-3 6922299 624272 4886641 
Queensville-4 6922300 624244 4886634 
Schomberg-2  NA 605452 4873047 
Schomberg-3 6915581 605254 4873481 
Stouffville #1 6924458 642402 4870758 
Stouffville #2 6924459 642407 4870738 
Stouffville #3 6913511 641889 4871360 
Stouffville #5 6908212 638247 4872998 
Stouffville #6 6908211 638063 4872828 
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The current study utilizes a conceptual geologic and numerical groundwater flow model that was 
developed as part of the Oak Ridges Moraine Hydrogeology Program conducted by York, Peel 
and Durham Regions, the City of Toronto, and the Conservation Authorities of the Moraine 
Coalition (YPDT-CAMC).  The YPDT-CAMC groundwater model is described in a report by 
Kassenaar and Wexler (2006). 

1.1 Study Objectives 
The overall objective of this study was to assess the vulnerability of York Region’s municipal 
wells to contamination from surface and near-surface sources.  This involved refinement of the 
TOT analyses conducted as part of the 2001 MOE Groundwater Studies Initiative (as described 
in Kassenaar and Wexler (2006)) and in a series of reports by Azimuth Environmental 
Consulting Inc. (2005a – 2005c) and Gartner Lee Limited (GLL, 2006a -2006e).  The WWAT 
analyses methods were used to assess travel times from the water table to the wells and IVS 
scores were assigned to zones within the TOT zones as per MOE Guidance Module 3 (2006).  
 
Specifically the objectives of the study were to:  
 

1. Collect, organize and analyze data required to conduct the TOT and WWAT 
analyses and identify data gaps and data uncertainty; 

2. Map the wellhead protection areas using TOT methods and assess the vulnerability 
of areas within the WHPAs using WWAT methods.   

3. Assign intrinsic vulnerability scores to the areas within the WHPAs (from low to high 
intrinsic vulnerability) in accordance with MOE Guidance Module 3; 

4. Assess the relative uncertainty of the IVS scoring as it relates to data gaps, data 
uncertainty, and uncertainty in the methodology;  

5. Provide assistance to York Region staff in interpreting study results and provide 
recommendations on how to reduce uncertainty in the analysis.   

 
Concurrent to this study, an assessment of water quality related to the municipal drinking water 
wells was conducted by Genivar Ontario Incorporated (formerly MacViro Consultants 
Incorporated) with technical support from Earthfx.  The objective of that study, documented in 
Genivar (2007), was to provide a general assessment of the current state of groundwater quality 
conditions and trends using data from the network of municipal water supply and monitoring 
wells.  Joint meetings were held with York Region, Azimuth, Earthfx, and Genivar to discuss 
technical findings and to ensure that the water quality analyses and the numerical modelling 
were producing a consistent interpretation of hydrogeologic conditions in the vicinity of the 
municipal wells. 

1.2 Scope of Work 
Several key tasks were identified in the Terms of Reference to achieve the study objectives.  
These tasks, modified to be consistent with the October 2006 draft of MOE Guidance Module 3, 
are listed below.   

1.2.1 Task 1: Data Collection and Gap Analysis  
Data required to conduct the WWAT analysis and vulnerability scoring will be collected, 
organized, and analyzed.  Should data gaps be identified, the Study Team will provide 
recommendations and prioritize areas for filling the various data gaps.  No new field data will be 
collected. 



  
Vulnerability Assessment and Scoring of WHPAs, York Region November 2007 (revised Oct. 2009) 
 

Earthfx Inc.  16 

1.2.2 Task 2: Mapping and Assessing the Vulnerabili ty of WHPAs 
The vulnerability assessment of the Regions WHPAs will be conducted using the WWAT 
approach as outlined in MOE Guidance Module 3 (Appendix 3).  The WWAT method will be 
applied to updated TOT zones.  The TOT zones and WWAT analysis will be completed using 
the three-dimensional numerical groundwater model developed as part of the YPDT-CAMC Oak 
Ridges Moraine (ORM) study.  The maps produced will provide a relative indication of the 
susceptibility of the aquifer supplying the well to contamination from potential surface sources. 

1.2.3 Task 3: Assignment of Vulnerability Scores 
Intrinsic vulnerability scores (IVS) will be assigned in a two-step process.  First, the relative 
vulnerability of the aquifer will be categorized as high, medium, and low based on the results of 
the WWAT analysis as per Table 4.1 in MOE Guidance Module 3.  Then, IVS scores ranging 
from 2 (low intrinsic vulnerability) to 10 (high intrinsic vulnerability) will be assigned to sub-areas 
within the TOT zones also as per Table 4.1 in MOE Guidance Module 3. 

1.2.4 Task 4: Assessment and Rating of Uncertainty 
A sensitivity analysis will be undertaken to quantify uncertainty in the vulnerability assessment 
mapping and vulnerability scoring.  This will provide an assessment of the confidence in the 
study results and form a basis for recommendations toward reducing uncertainties.  The 
analysis will be done in accordance with Appendix 6 in MOE Guidance Module 3. 

1.2.5 Data Transfer 
Information generated through the technical work completed under this study will be used in the 
future to support the development of assessment reports and source protection plans.  All 
information and data collected and generated for this project will be formatted in a way that 
facilitates the inclusion of the information/data in a watershed-based plan.  All technical and 
analytical data, including final digital files associated with the numerical modelling completed for 
the vulnerability analysis, will be transferred to York Region and will meet data standard 
requirements including format standards, data structure standards, and content standard as set 
in the MOE guidelines for Outputs: Data Specifications, Version 1.0 dated March 7, 2006.  

1.3 Background Review  
This source water assessment is based on a comprehensive understanding of the physical 
characteristics of the local groundwater system and its functioning within the larger context of 
the regional groundwater flow system.  Much work has been done recently to develop an 
understanding of the hydrogeology of York Region, in particular, a multi-year effort by the 
Geological Survey of Canada (GSC) to characterize the geologic setting of the ORM (e.g., 
Sharpe et al., 1997 and Sharpe et al., 1999).  The YPDT-CAMC study of the ORM (Kassenaar 
and Wexler, 2006) built on the work by the GSC and focussed a significant amount of attention 
on York Region and the municipal wells.  A numerical groundwater model for the central part of 
the ORM, referred to as the “Core Model”, covered all of York Region and the Greater Toronto 
Area (GTA) and was used to develop the TOT zones that have been incorporated in the Official 
Plan for York Region. 
 
Studies of the municipal groundwater supplies for York Region include work by Gartner Lee 
Limited (1987 and 1996), Golder (1993), and an early modeling study of the Yonge Street 
wellfields by International Water Consultants Ltd. (1991).  Numerous small-scale studies of 
individual wellfields have been conducted as part of applications for permits to take water 
(PTTW) and other environmental assessment studies. 
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The YPDT-CAMC ORM study has provided the high level of understanding needed to refine the 
wellhead protection delineation utilizing three-dimensional modelling techniques.  A general 
description of the hydrogeologic setting of York Region is provided in this report.  The reader is 
referred to Kassenaar and Wexler (2006) for more detailed discussions.   

1.4 Methodology 
The Time-of-Travel (TOT) method is the approach specified by MOE Guidance Module 3 for 
delineating wellhead protection areas around municipal supply wells.  Appendix 2 of MOE 
Guidance Module 3 (MOE, 2006) describes a number of methods for delineating TOT zones 
ranging from simple analytical methods, such as the calculated fixed-radius and uniform-flow 
method, to three-dimensional advective flow modelling.  Three-dimensional advective flow 
modelling, which was used in this study, is the “preferred method” because numerical models 
can represent spatial variability of aquifer and aquitard properties and recharge rates.  Because 
the model covers all of York Region, mutual interference between supply wells and the effect of 
surface water features on the groundwater flow patterns can also be represented. 
 
While numerical models account for the three-dimensional flow through the groundwater 
system, delineation of the TOT zones is based on an upward projection of the time of travel 
analysis results onto a two-dimensional map.  The TOT method is very conservative when 
applied to wells that are screened in confined or semi-confined aquifers, in that it does not fully 
account for the vertical time of travel across the confining units.  Even for wells in unconfined 
aquifers, the TOT method is conservative in that it does not consider (1) the time of travel 
through the unsaturated zone between ground surface and the water table and (2) the vertical 
travel time from the water-table to the well screen.  The TOT method also does not consider 
attenuation mechanisms such as dispersion, chemical reactions and dilution by mixing with 
uncontaminated water flowing to the well.  It is a reasonable approach, however, where 
confining units may not be continuous, where abandoned wells may provide pathways for rapid 
downward movement of contaminants, and where contamination by dense non-aqueous phase 
liquids (DNAPLs) such as chlorinated solvents is possible.  This conservative approach is 
recommended by the MOE because it allows consideration of more direct connections between 
the surface and municipal aquifers due to natural or anthropogenic factors.  

1.4.1 Model Selection 
There are several types of numerical methods and many computer codes available to model 
three-dimensional groundwater flow.  The U.S. Geological Survey (USGS) MODFLOW code 
was selected for use in this study because this code is recognized worldwide and has been 
extensively tested and verified.  The MODFLOW code is extremely well-suited for modelling 
both regional and local-scale flow in multi-layered aquifer systems and can easily account for 
irregular boundaries, complex stratigraphy, and spatial variations in hydrogeologic properties.  
The version of MODFLOW used in this study is documented in McDonald and Harbaugh (1988) 
and Harbaugh and McDonald (1996).  Best practices for groundwater modelling and 
professional judgement were used when applying numerical models for TOT capture zone 
delineations.  Application of the MODFLOW model was done in accordance with ASTM (2000) 
standards for groundwater flow modelling. 
 
The U.S. Geological Survey MODPATH code, as documented in Pollock (1989), was used to 
simulate groundwater flow paths and travel times which, in turn, were used to define TOT zones 
for the York Region municipal wells.  The MODPATH code uses the aquifer potentials 
determined by MODFLOW along with estimates of aquifer porosity to determine groundwater 
velocities.  Particle tracks are defined by following the paths of virtual particles released from the 
well screen and tracked backwards through the aquifer for specified time intervals.  TOT zones 
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were created by manually drawing a polygon around the well that encompassed all particle 
locations at a particular time.  Adequate model discretization around the wellhead and the 
release of a large number of virtual particles ensured that the TOT zones were drawn as 
accurately as possible. 

1.4.2 Modelling Approach 
MODFLOW/MODPATH results were used to delineate the primary wellhead protection TOT 
zones for each municipal well (2-, 5- and 25-year TOT zones) which correspond to the WHPA 
sensitivity zones B, C, and D.  The 10-year TOT zone is not used in the WWAT analyses.  A 
circle with a 100-metre radius was also drawn around each well.  This corresponds to WHPA 
Sensitivity Zone A, which serves as a Pathogen Security/Prohibition Zone.  The primary 
sensitivity designation for each WHPA TOT is provided in Table 2 and all zones (primary and 
secondary) are shown schematically on Figure 5. 
 

Table 2: Time of Travel (TOT) zones and corresponding primary sensitivity zones. 

Zone 
Name 

Purpose Delineation 
Method 

Zone A Pathogen Security/Prohibition Zone 100-metre radius 
Zone B Pathogen Management Zone 2-year TOT zone 
Zone C DNAPL/Contaminant Protection Zone 5-year TOT zone 
Zone D Secondary Protection Zone 25-year TOT zone 

1.4.3 Simulated Pumping Rates 
The time of travel to a well depends, in part, on the rate of pumping assumed for the well.  York 
Region currently operates 37 municipal wells.  The maximum pumping rates used in the 
simulations were determined on the basis of the current Permit to Take Water (PTTW) issued 
by the MOE.  For each well or wellfield, the PTTW specifies limits on the maximum daily 
pumping rates and maximum peak pumping rates.   
 
Historically, the Newmarket, Aurora, Holland Landing, and Queensville wells have been 
grouped together as the “Yonge Street Aquifer” wells.  The term implies that there is a single, 
bounded aquifer that supplies these wells.  In reality, the permeable deposits in these areas are 
part of three different regional aquifer complexes that may or may not be separated locally by 
the regional aquitards.  In this report, the wells are referred to as the Yonge Street Area (YSA) 
wells.  The permit for the YSA wells has a limit on the total annual withdrawal which translates 
to an average daily limit of 42,000 cubic metres per day (m3/d). 
 
New permits for the Ballantrae and Mt. Albert wells also have restrictions on total annual 
withdrawals.  To be conservative, we assumed that any well could, for operational reasons, be 
pumped at its maximum permitted rate for an extended period of time (as long as the pumping 
rates at other wells were adjusted to keep the total withdrawal below the maximum limit).  We 
therefore simulated each YSA well at its maximum permitted rate even though the combined 
rates used in the model exceed the maximum allowable taking.  The WHPAs delineated using 
these rates will be larger and more conservative than if reduced pumping rates were used. 
 
Not all wells are operated at the same time.  For example, Queensville 1 and 2 are operated on 
a weekly rotation where Well 2 is on line when Well 1 is off line.  The same applies to 
Queensville 3 and 4.  Nobleton 2 and Kleinburg 2 are meant to be operated as standby wells.  
Where well pairs were located so close together that they fell within the same model cell (e.g. 
Queensville 1 and 2), the combined or maximum pumping rate was applied to one of the wells 
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and the other was not pumped.  Municipal wells operated by the City of Bradford , Durham 
Region and Peel Region and other large non-municipal takings (e.g., golf course wells) were 
also simulated in the Core Model. 
 
Wells were assigned to different aquifers based on their screen settings.  The Oak Ridges 
Aquifer Complex (ORAC) is the shallowest aquifer and can be confined or unconfined, the 
Thorncliffe and Scarborough Aquifer Complexes (TAC and SAC) are deeper and usually 
confined.  Discussions related to the occurrence and properties of the aquifers are found later 
on in this report.   
 
The municipal wellfields and their reported annual average pumping rates for 2006 (data 
provided by York Region) along with maximum permitted average pumping rates are provided in 
Table 5.  As can be seen, most wellfields take less than half of their permitted withdrawals.  
Cumulative pumping in the Yonge Street area, however, was at the permitted limit in 2006.  The 
short-term exceedences are allowed by the PTTW for fire prevention and maintaining the 
drinking water supply. 

1.4.4 Model Grid Design  
The MODFLOW code uses the finite-difference method and requires that the study area be 
subdivided horizontally and vertically into a grid of small rectangular cells.  The Core Model 
used eight hydrostratigraphic layers to represent the overburden and a weathered bedrock unit 
(Kassenaar and Wexler, 2006).  A uniform 100-m by 100-m cell size was used and this level of 
detail was shown to be adequate to represent groundwater/surface water interaction and for 
WHPA delineation (Kassenaar and Wexler, 2006).  A portion of the grid in the Yonge Street 
area is shown in Figure 6 to illustrate the level of detail.  A sensitivity analysis done for the 
Stouffville wells showed that the shape of the TOT zones was not significantly improved by 
changing the resolution to a 25-m by 25-m grid spacing (Kassenaar and Wexler, 2006).  

1.4.5 Time-of-Travel Analysis 
Time-of-travel zone analyses were conducted using the USGS MODPATH code.  MODPATH 
uses simulated heads and flow rates from the MODFLOW output along with data on aquifer 
porosity to calculate average groundwater velocities.  Although the porosity of soil samples can 
be easily determined in the laboratory, there has been no systematic collection and mapping of 
the distribution of porosity values in the study area.  To be conservative, values at the lower end 
of the typical ranges for these materials were assumed (e.g., Freeze and Cherry, 1979). 
 
The MODPATH code tracks virtual particles from their point of release as they move through the 
aquifer.  Each particle is tracked until it reaches a point of discharge.  Whenever a particle 
crosses the boundary of a finite-difference cell, the particle location and time are recorded.  
MODPATH has the ability to backward-track particles from a discharge point back to the point of 
entry to the aquifer as well as the ability to do forward tracking.   
 
To delineate the TOT zones, particles were placed in an 18-by-18 array on all four sides of the 
cell containing a production well. The 1296 particles for each well were tracked backwards in 
time as they moved through the aquifers and aquitards.  TOT zones were drawn manually by 
connecting the ends of the particle tracks at specified times, as shown in Figure 7.
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Table 3: PTTW values for York Region municipal wells outside the Yonge Street Area. 

Well Name 
MOE 
PTTW 

Number 

Pumped 
Aquifer 

Maximum 
Permitted 
Pumping 

(m3/d) 

Simulated  
Maximum  
Pumping  

(m3/d) 
Ansnorveldt 1 

02-P-3050 
SAC 101 101 

Ansnorveldt 2 SAC 184 184 
Ballantrae 1 

1088-6MMNAA 
TAC 2618 2290 

Ballantrae 2 TAC 2618 2290 
Total Ballantrae Pumping (Sum of Individual Permits ) 1 3636 4580 
Total Ballantrae Pumping (Maximum Annual Allowed)  1 2618 4580 
King City 3 

8634-67HR9L 
TAC 1964 1964 

King City 4 TAC 2619 2619 
Kleinberg 23 

3568-6R7MD85 
TAC 950 (90 day/yr) 238 

Kleinberg 3 and 4 SAC 3283 3283 
Mt. Albert 12 

2274-6PAJGV 
TAC 3273 1800 

Mt. Albert 2 TAC 3273 0 
Total Mt. Albert Pumping (Sum of Individual Permits ) 6546 1800 
Total Mt. Albert Pumping (Maximum Combined Pumping)  4352 1800 
Total Mt. Albert Pumping (Maximum An nual Allowed) 2 1800 1800 
Nobleton 24 

7433-6HWTED 
SAC 1964 (Well 3 off) 1964 

Nobleton 3 SAC 1964 1964 
Schomberg 2  

3451-66BNPB 
SAC 1637 1637 

Schomberg 3 SAC 2290 2290 
Stouffville 1 

6008-6DBPNT 

TAC 2946 2946 
Stouffville 2 TAC 2946 2946 
Stouffville 3 ORAC 2946 2946 
Stouffville 5 ORAC 2290 2290 
Stouffville 6 ORAC 3110 3110 
Total Non -YSA Pumping  35,610 36,862 
Notes: 1 – Ballantrae wells are allowed to pump a combined average of 2,618 m3/d.  However, the  
                  maximum combined daily pumping can be increased, on a temporary basis (not more than 
                  21 consecutive days), up to 4,580 m3/d during May to October.  Pumping was assigned to 
                  Ballantrae 1 and 2, with each well assigned a value of 2,290 m3/d or one-half of 4,580 m3/d.    
           2 – Mt. Albert wells are allowed a maximum combined flow of 4352 m3/d.  However, pumping at a 
                 rate exceeding 3273 m3/d is limited to16 hours per day for no more than 7 consecutive days  
                 and no more than 21 days per year.  The annual average rate must be less than 1800 m3/d.  
                 The annual average rate (1800 m3/d) was used in the model and applied to Mt. Albert 1.  Mt. 
                 Albert 2 is in the same model cell as Mt. Albert 1. 
           3 – Kleinburg 2 is operated as a standby well when Kleinburg 3 and 4 are not in service.  Model 
                 assumed a maximum of 90 days per year at allowed rate 
           4 – Nobleton 2 is operated as a standby well when Nobleton 3 is off-line.  Because the wells are 
                 over 400 m apart, both wells were simulated at their maximum pumping rate. 
           5 – Permit was revoked January 2008, replaced with PTTW 2411-789N8E (see data gaps).   
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Table 4: PTTW values for York Region municipal wells in YSA and rates used in the simulation. 

Well Name 
MOE 
PTTW 

Number 

Pumped 
Aquifer 

Maximum 
Permitted 
Pumping 

(m3/d) 

Simulated  
Maximum  
Pumping  

(m3/d) 
Aurora-1 

6623- 
68QQ6L 

TAC 3273 3273 
Aurora-2 TAC 5892 5892 
Aurora-3 TAC 5237 5237 
Aurora-4 TAC 7856 7856 
Aurora-5 SAC 5892 5892 
Aurora-6 TAC 3470 3470 
Holland Landing-1 TAC 2291 2291 
Holland Landing-2 SAC 3600 3600 
Newmarket-1 TAC 2291 2291 
Newmarket-2 TAC 4583 4583 
Newmarket-13 SAC 5892 5892 
Newmarket-141 ORAC 2291 1144 
Newmarket-15 SAC 3273 3273 
Newmarket-16 SAC 5630 5630 
Queensville-1 TAC 6546 6546 
Queensville-22 TAC 6546 (Well 1 off) 0 
Queensville-3 TAC/SAC 6546 6546 
Queensville-43 TAC/SAC 6546 (Well 3 off) 0 
Total YSA  Pumping (Sum of Individual Permits) 87,656 74,563 
Total YSA Pumping (Maximum Annual Allowed) 42,000 74,563 

 
Total Non -YSA Pumping (From Table 3)  35,610 34,898 
Total Annual York Pumping  (with Maximum Annual YSA) 77,610 109,461 
Notes: 1 – Steady pumping could not be sustained in the model at the maximum permitted rate.  A 
                  sustainable rate of 1144 m3/d was used instead.  This is above the average annual usage. 
           2 – Queensville Well 2 generally does not operate at the same time as Well 1.  Pumping was 
                 applied to Queensville 1.  Queensville 2 is in the same model cell as Queensville 1. 
           3 – Queensville Well 4 generally does not operate at the same time as Well 3.  Pumping was 
                 applied to Queensville 3.  Queensville 4 is in the same model cell as Queensville 3. 
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Table 5: Annual average permitted rates for York Region wells compared to 2006 pumping. 

Wellfield 

Annual  
Average 

Permitted 
Withdrawal 

(m3/d) 

2006 
Annual 

Average 
Withdrawal  

(m3/d) 

Percent 
of 

Permitted 
Withdrawal  

Aurora 31,619 13,843 44 
Newmarket, Holland, Landing, Queensville 56,037 28,434 50 
YSA 42,000 42,277 100.7 
    
Ansnorveldt 285 53.4 19 
Ballantrae 2618 1065 59 
King City 4583 1527 33 
Kleinburg  32831 1585 48 
Mt. Albert 1800 935 52 
Nobleton 3928 1051 27 
Schomberg 3927 681 17 
Stouffville 14,238 4934 35 
Notes:  1 – Maximum permitted rate based on Kleinburg Wells 3 and 4 only.  Well 2 assumed to 
                   be for standby only (although Well 2 was used heavily in June-August 2006) 
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1.4.6 Vulnerability Assessments Methods  
MOE Guidance Module 3 (MOE, 2006) presents a detailed description of the methodologies 
available for assessing the relative vulnerability of the aquifers that supply water to the 
municipal wells.  The main purpose of this assessment is to assign intrinsic vulnerability scores 
that can be used in future water quality risk assessment work.  By highlighting areas of high 
intrinsic vulnerability, groundwater protection strategies as well as monitoring activities and data 
collection can focus on areas of greatest risk.  
 
Numerous approaches have been developed for assessing the intrinsic vulnerability of aquifers 
to contamination from surface sources, ranging from qualitative hydrogeological interpretations 
to basic mapping methods (including GIS-type overlays and indexing methods) to detailed 
numerical modelling.  While the methods vary, they are all premised on the concept that the 
vulnerability of the aquifer decreases as the time of travel to the well increases.  Most methods 
do not calculate actual times of travel.  Instead, a vulnerability index is calculated as the sum of 
the weight assigned to easily mapped factors such as soil type and depth to water.  For 
example, in the intrinsic susceptibility index (ISI) method, an ISI value is calculated by summing 
the product of the thickness of each lithologic unit overlying the pumped aquifer multiplied by its 
corresponding K-Factor (where the K-Factor is a number loosely related to the negative 
exponent of the vertical hydraulic conductivity of the material).  The ISI value for each area is 
then compared against pre-determined thresholds in order to characterize the area as High (H) 
Medium (M), or Low (L) relative vulnerability.  The weights and thresholds used in these 
methods tend to be very subjective.  
 
Alternative methods evaluate the relative vulnerability in units of travel time.  Different travel 
times can be used in the IVS analysis ranging from the time of travel from surface to the water 
table (UZAT) to the total time of travel from the surface to the well screen (SWAT).  Descriptions 
of the terms used in these travel time analyses are provided in Table 6 and shown schematically 
in Figure 8.   
 
Early on in this project, York Region staff determined that the WWAT method would be the most 
appropriate method of calculating travel times.  The WWAT method calculates travel time from 
the water table to the well screen but does not factor in unsaturated zone travel time.  While 
there are approximate methods available to estimate the additional time of travel through the 
unsaturated zone, the amount of data available to accurately assess UZAT is minimal and the 
level of uncertainty involved is high.  Accordingly, York Region decided to take a conservative 
approach and not include UZAT in the IVS analysis. 
 
To determine the WWAT values, virtual particles were placed at the water table in all model grid 
cells within the 25-year TOT zone.  If the water-table was below the base of a Model Layer 1, 
the particles were released from the top of the uppermost active model layer.  The MODPATH 
code was used to track each virtual particle forward from its starting point to a discharge point 
which could be a either a well or a stream.  A post-processor (developed by Earthfx) examined 
the subset of particle tracks that ended up in the York Region wells.  The total travel time for 
each track was determined and then assigned to the originating cell.  As an example, Figure 9 
shows WWAT values from 0.1 to 25 years in the vicinity of the King City wells.  The blue areas 
inside the 25-year TOT zone have WWAT values greater than 25 years while particles released 
in the white areas never arrive at the King City wells and discharge to other wells or streams. 
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Table 6: Definitions of terms used in travel time analyses for delineating WHPAs. 

 WHPA 
Term 

Definition  

SWAT Surface to Well Advective Time  -- The zone in which all particles are assumed to 
be able to travel from ground surface down to a well screen.  Note that the SWAT is 
equivalent to the UZAT plus WWAT. 

WWAT Water table to Well Advective Time  -- The zone in which all particles are 
assumed to be able to travel from the water table to the well screen. 

WAAT Water table to Aquifer Advective Time  -- The zone in which all particles are 
assumed to be able to travel from the water table to the top of the pumped aquifer 

SAAT Surface to Aquifer Advective Time  -- The zone in which all particles are assumed 
to be able to travel from ground surface to the top of the pumped aquifer (or top of 
the water table if the pumped well is in an unconfined aquifer). 

UZAT Unsaturated Zone Advective Time  -- An estimate is made of the vertical travel 
time of water from the ground surface (or near ground surface) to the water table 
surface.  Note that the UZAT plus the WWAT is equivalent to the SWAT. 

TOT Time of Travel Zone  -- Zone in which all particles will be able to travel to the well 
within the specified time.  The TOT is a projection of the three-dimensional time-of-
travel zone onto a two-dimensional map. 

 

The calculation of WWAT times within the WHPAs allows the intrinsic vulnerability results to be 
compared to the TOT zones with a common unit of measure.  It should be noted that the travel 
times are advective travel times and are therefore independent of the nature of the potential 
contaminants, release mechanisms, and attenuation processes (e.g., diffusion, dispersion, 
adsorption and chemical transformation).  Appendix 4 of Guidance Module 3 (MOE, 2006) 
recommends translating the travel times obtained from the WWAT analyses into relative 
measures of intrinsic vulnerability as summarized in Table 7.  
 

Table 7: High, Medium, and Low intrinsic vulnerability categories  
as related to WWAT values (from MOE, 2006). 

WWAT Value IV Category 
> 25 years Low 

5 to 25 Years  Medium 
0 to 5 years High 

1.4.7 Intrinsic Vulnerability Scores 
The WHPA sensitivity zones (Zones A, B, C, and D corresponding to the 100-metre, 2-year, 5-
year, and 25-year TOT zones, respectively) determined through the TOT analyses are 
intersected with the relative aquifer vulnerability zones (H, M, L).  Final intrinsic vulnerability 
scores (IVS) ranging from 2 (low vulnerability) to 10 (high vulnerability) are assigned to sub-
zones within the WHPA.  The method is outlined in Table 4.1 of MOE Guidance Module 3 
(MOE, 2006) along with all the other acceptable methods.  A simplified version of the table is 
presented in Table 8 (of this report) which is applicable to studies using WWAT methods.  The 
table also shows that pathogen protection zones and DNAPL protection zones have IVS values 
assigned independently of the ISI analysis in certain zones, as per the prescribed scoring in 
Guidance Module 3 (MOE, 2006).  Figure 10 presents a schematic showing the results of the 
application of the IVS method. 
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Table 8: Determining intrinsic vulnerability scores in the WWAT method (Simplified from 
Table 4.1 in MOE (2006)). 

IVS for studies using WWAT method 
WHPA 
Zone 

High 
WWAT 

(0 to 5 yr) 

Medium 
WWAT 

(5 to 25 yr) 

Low 
WWAT 
(>25 yr) 

 DNAPL 
Zones 

Path-
ogen 

Zones 

Comment 

Zone A 
100 m  
Radius 

10 10 10  10 10 Pathogen Security/ 
Prohibition Zone is 
assigned an IVS of 10 
irrespective of WWAT 
score. 

Zone B 
(0 to 2 yr) 

10 8 6  10 6 – 10 Pathogen Management 
Zone B scores depend on 
advective times and apply 
to all contaminants but 
DNAPLs.  

Zone C 
(2 to 5 yr) 

8 6 2  10 0 DNAPL Contaminant 
Protection Zone  

Zone D 
(5 to 25 yr) 

8 6 2  2 - 8 0 Zone D scoring depends 
on advective times and 
applies to all contaminants 
but pathogens. 

 
Adjustments to the score may be needed to account for the presence of constructed preferential 
pathways that might bypass the natural protective geologic layers (e.g., improperly constructed 
wells; improperly decommissioned wells, and pits and quarries).  Where applicable, the ISI 
value is increased by one step (e.g., from low to medium or medium to high) to reflect the higher 
vulnerability due to the constructed pathways.  Natural preferential pathways, such as fracturing 
and karst features, are assumed to be accounted for in the assessment of intrinsic vulnerability. 

1.4.8 Uncertainty Assessment 
There is level of uncertainty associated with the results of applying the WWAT and IVS 
methods.  The uncertainty is a product of the underlying uncertainties associated with each of 
the three processes used to develop the final IVS values:  (1) the numerical groundwater flow 
model, (2) the time-of-travel analyses, and (3) the WWAT and IVS methodologies.  This study 
evaluated the relative levels of uncertainty and addressed the issues discussed in the following 
sections.  
 
1.4.8.1 Numerical Model Uncertainty 
Uncertainty relating to the numerical model is, to a large degree, related to the uncertainty 
associated with the underlying conceptual geologic and hydrogeologic models.  Answers to 
questions such as: “How well have the geologic formations been defined?”; “How well are the 
geologic surfaces interpolated?”; “Have all significant erosional features that can affect 
continuity of aquitards been identified?”; “Are the aquifer property values reasonable?”; and 
“How certain are the rates of recharge assigned?” help to determine, in a qualitative manner the 
degree of certainty associated with the model and model results.   
 
MOE Guidance Module 3 lists a number of factors that should be considered in evaluating the 
level of confidence in the groundwater vulnerability assessment including: 
 

• The distribution, variability, quality and relevance of data available to support the 
hydrogeological conceptualization (including vertical and horizontal distribution of the 
aquifers), and the corresponding sensitivity of the modelling (or method) results to 
this uncertainty. 
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• The ability of the methods and models selected to account for flow processes in the 
hydrogeologic system conceptualized from the available data (e.g., multiple aquifers, 
spatial and temporal variability in model parameterization, groundwater/surface water 
interactions, etc.). 

•  The ability of the methods and models selected to account for flow processes in the 
hydrogeologic system conceptualized from the available data (e.g., multiple aquifers, 
spatial and temporal variability in model parameterization, groundwater/surface water 
interactions, etc.). 

• The level of QA/QC procedures applied in reviewing/filtering/revising data used to 
construct the models and the potential for errors in the application of the models 
(e.g., data processing errors, model simulation errors, etc.). 

• The extent (and level) of calibration and validation achieved for the numerical models 
and the presence of independent field data that could be used (e.g., geochemistry 
information) to support the calculations and/or general assessments completed. 

 
1.4.8.2 Uncertainty for Time-of-Travel Analyses 
MOE Guidance Module 3 discusses methods for evaluating the uncertainty in the WHPA.  In the 
“Scenario Approach” multiple model simulations were conducted using alternative model 
parameter values that (1) lie within the range of available field data and (2) provide reasonable 
calibration to independently observed data (e.g., hydraulic heads and baseflow).  The scenario 
approach resulted in multiple sets of capture zones for a given time of travel. The capture areas 
of the most reasonable scenarios were analyzed and the area of overlap between scenarios 
was considered to have a higher level of confidence.  
 
Other methods, such as stochastic analyses using Monte Carlo techniques, can produce more 
quantitative estimates of uncertainty.  Stochastic methods were tested in this study in which 
random hydraulic conductivity fields were generated for the aquifers and confining units using a 
cross-correlated random field generator, as described in Robin et al. (1993) and the resulting 
TOT zones and WWAT values were determined.   
 
1.4.8.3 Vulnerability Mapping 
The TOT and WWAT methods produce nearly identical results for wells in unconfined aquifers.  
The WWAT method, however, produces a much more representative estimate of relative 
vulnerability where the municipal supply well is located in a confined aquifer.  The wells are 
most vulnerable to contaminants that enter the subsurface in proximity to the well where travel 
times would be quickest assuming that the confining unit is relatively uniform in thickness and 
hydraulic conductivity.  If the properties are not uniform and/or if the thickness varies and there 
are “windows” in the confining unit where the unit is missing, then the pathways to the well will 
be complex and travel times will vary spatially.  The study addressed the level of uncertainty 
introduced by trying to map out these complex pathways and assign intrinsic vulnerability 
scores.   
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2 Study Results  

2.1 Data Review 
As noted earlier, Task1 of this study was to (1) collect, organize, and analyze all data required 
to conduct the WWAT analysis and vulnerability scoring and (2) identify any data gaps and 
make recommendations for addressing them.  Accordingly, Earthfx conducted a review of 
existing data for the 37 municipal wells within York Region.  As indicated in the MOE Guidance 
Module, data needed to develop a conceptual understanding of the groundwater flow system 
can include:  
 

• earlier studies and reports, including previously delineated WHPAs and vulnerability 
mapping; 

• water well and other borehole records; 
• Quaternary and bedrock geology mapping; 
• aquifer and aquitard thickness mapping; 
• aquifer and aquitard hydraulic conductivity and storage properties 
• depth to water table and piezometric surface mapping; 
• geological cross-sections; and  
• topographic surface and surface water feature mapping. 

 
Much of this information has already been collected and analyzed as part of the YPDT-CAMC 
Hydrogeology of the Oak Ridges Moraine studies (see Kassenaar and Wexler, 2006 for details).  
Data accumulation and data analysis continues as part of the YPDT-CAMC program and the 
latest update of the database (May, 2006 for the major update with incremental updates to April 
2007) was used for this project.   
 
The data collection effort concentrated on analyzing borehole information from the supply wells, 
observation wells, and exploratory test well drilling in the areas surrounding the municipal 
wellfields.  It also included an analysis of transient water level data to corroborate our 
understanding of the degree of confinement afforded to the deep municipal wells (see Section 
2.8.4).  This study was conducted in parallel with the Water Quality Characterization project and 
workshops were conducted over the course of the two studies to facilitate exchange of 
information.   

2.1.1 Background 
York Region has been collecting groundwater monitoring data for decades and likely has one of 
the most extensive datasets in the Province of Ontario.  York Region has been particularly 
proactive in compiling their high-quality data into the YPDT-CAMC database.  This effort aided 
enormously in the analysis of information for this project and for the Water Quality 
Characterization project.  These data were augmented by additional information and mapping 
from the MOE Water Well Information System (WWIS), the Geological Survey of Canada 
(GSC), Ontario Geological Survey (OGS), and the Ontario Ministry of Natural Resources 
(MNR). 

2.1.2 Approach  
The following subtasks were undertaken to facilitate the completion of Task 1: 
 

• incorporation of the May 2006 YPDT-CAMC database release; 
• synchronization and re-integration of the York water level monitoring data; 
• reconciliation of historic monitoring locations and database names; 
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• update of well locations based on new GPS survey data; 
• assessment of data coverage and data gaps; and 
• general wellfield assessment of water level trends and response to pumping. 

 
The first four subtasks were required to fully integrate York Region’s field data collection 
database within the YPDT-CAMC master database to facilitate our analysis of data uncertainty 
and data gaps.  Prior to this project, the data logger files were not fully cross-referenced with 
consistent location identification numbers (LocIDs) in the YPDT-CAMC database.  Although the 
work was critical to this project, funding for the work was from a separate York Region project to 
maintain and update the groundwater information.  Some of the specific work items completed 
in this task are shown in the table below: 
 

Municipal Production Wells  
1 All production data (as of October 2006) were uploaded to the master database.  Data were linked to 

the corrected well locations. 
2 Production well details (revised coordinates, permit numbers, geologic logs, and other information) 

were uploaded to the database and cross-referenced to determine LocID’s and MOE IDs.  
3 Historic MOE IDs were identified for 41 of 44 wells (new wells do not have an MOE ID).  Alternate 

MOE IDs were identified for 10 of 44 pumping wells, indicating possible duplicate records. 
4 Well locations were checked against airphotos and updated to the most recent GPS coordinates.  

Pumping well purpose codes were updated, and the Location Area field was set to “York Region 
Wellfields” to ease querying of York Region production well data. 

York Region Monitori ng Wells  
1 All digital data logger and manual water level data (as of October 2006) were uploaded to the master 

database.  York Region LocIDs and names were preserved to ensure consistency for future updates. 
2 Well details and updated GPS coordinates were uploaded to the master database and cross-

referenced against Location Names and LocIDs 
3 A summary table was uploaded to uniquely identify digital data logger locations, manual water level 

monitoring locations, proposed future monitoring locations, and production well locations. 
4 Original MOE ID numbers were identified for 113 of 164 locations (not all locations are expected to 

have original MOE ID numbers). 
 
Some duplicate monitoring well locations may still exist in the database and quality checking by 
York Region staff is recommended to further verify and consolidate the information.   

2.1.3 Data Overview 
York Region maintains 37 active and 7 inactive pumping wells located in 13 major wellfields.  
Wellfield operations are currently monitored by 97 wells with digital data loggers and 152 wells 
with manual water level monitoring (37 wells have both logger and manual data sets).  Location 
of these wells is shown on Figure 2, Figure 3 and Figure 4.  The database contains a total of 
294 locations tagged as York Region data monitoring locations.  Some of these may no longer 
be in use and others may be duplicate records that need to be merged.  
 
The majority of the monitoring wells are located in the northern part of York Region, immediately 
north of Newmarket.  There is no clear pattern to the spatial distribution of the monitoring wells 
except for those in close proximity to the production wells.  It should be noted that York Region 
has begun an independent assessment and optimization of their monitoring network, identifying 
new locations to add to the network, as well as the removal of old or redundant locations.  This 
assessment will benefit from the improved understanding of the groundwater system in York 
Region that has been obtained as a result of the YPDT-CAMC ORM study, this study, and other 
recent geotechnical studies in York Region.   
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The vertical distribution of the monitoring wells was considered in evaluating the coverage of the 
network in the vicinity of the production wells.  To simplify the analysis, wells were grouped into 
“upper aquifer wells” (above the top of the TAC) and “lower aquifer wells” (below the top of the 
TAC), as shown in Figure 2, Figure 3 and Figure 4.  Wells that were unable to be reconciled, 
older wells with no geologic and/or well construction information, and new wells for which we 
have not been provided detailed logs were grouped under “Unclassified Wells”.  As can be seen 
the shallow monitoring network is much less complete than in the lower aquifer network.  While 
few production wells are located in the upper aquifer, the lack of shallow monitoring wells limits 
the ability to monitor water quality trends and contaminant threats in the shallow aquifers that 
can serve as a source of water to the lower aquifers. 
 
The YPDT-CAMC database development efforts have focused on identifying other sources of 
high quality wells and information data sets that can complement the York Region monitoring 
programs.  The location of “higher” quality data is shown in Figure 11.  Several points should be 
noted.  First, a large amount of geotechnical data from the City of Toronto has been 
incorporated into the database.  The geotechnical data collected in York Region, however, is 
limited mainly to recent information from the York-Durham Sewage System (YDSS) expansion 
projects.  It is likely that a wealth of additional geotechnical data can be obtained from the local 
municipalities and other sources within York Region.  These data could be used to improve the 
interpretation of the shallow geology in the wellfield areas.   
 
Second, the digital library of scanned consultant and government reports in the YPDT-CAMC 
database contains valuable information (e.g., additional geologic logs, water level data, and 
aquifer test results) that could be further “mined” to improve the overall understanding of the 
groundwater system. Third, there are a large number of wells in the study area that were drilled 
for other purposes.  These include contaminant source monitoring wells, exploratory drilling for 
landfill siting and OGS/GSC research, and PGMN wells.  Many of these wells could be 
incorporated into an expanded monitoring network at lower cost than having to drill new wells.   
 
A second level of data review was conducted once the time of travel zones were delineated to 
evaluate how well the available data and monitoring wells are distributed within the critical 
areas.  Results are presented in Section 2.8.5. 

2.2 Topography and Physiography 
A map showing land surface topography in the study area, based on a 100-m digital elevation 
model (DEM) provided by the Ontario Ministry of Natural Resources, is presented in Figure 12.  
Higher elevations occur along the axis of the Oak Ridges Moraine (ORM) with maximum 
elevations of about 380 metres above sea level (masl) along the east boundary of York Region.  
Lowest elevations in the area north of the ORM occur at Lake Simcoe (219 masl) and range 
between 150 to 200 masl along the southern York Region/Toronto border.  Lake Ontario, about 
17 km south of the study area, is at an elevation of 75 masl.  
 
Figure 13 shows the major physiographic regions within the study area.  The ORM is the most 
prominent.  The surface of the OMR is hilly, with a knob-and-basin (hummocky) relief (Chapman 
and Putnam, 1984).  The main ridge of sand and gravel deposits is generally believed to be an 
interlobate moraine that formed during the recession of the Wisconsinan glaciation about 13,000 
years ago.  It is aligned east-west and lies roughly midway between Lake Simcoe and Lake 
Ontario.  The majority of the moraine’s hills are composed of sandy or gravelly materials, 
however, some of the highest points are formed of till which caps the sand.   
 



  
Vulnerability Assessment and Scoring of WHPAs, York Region November 2007 (revised Oct. 2009) 
 

Earthfx Inc.  30 

The elongate structure of the ORM is divided into four major “wedges” where the north-south 
extent of the moraine widens.  The study area includes the western part of the Uxbridge wedge.  
Due to its predominantly sandy surface soils and hummocky topography, the moraine serves as 
the primary recharge area to underlying aquifers and to York Region’s municipal wells.  The 
ORM forms a surface water and groundwater divide between water flowing south to Lake 
Ontario and water flowing north to Lake Simcoe and Georgian Bay. 
 
The South Slope physiographic region is a till plain that gently slopes southward from the 
southern flank of the ORM towards Lake Ontario.  These tills are surface expressions of the 
regional confining units that overlie many of York Regions municipal wells.  Overlying the south 
slope is the Peel Plain and Pell Pond clay deposits.  The major south-flowing streams (Humber, 
Don, and Rouge Rivers and Duffins Creek) have cut deep valleys through the clay soils.  Similar 
deposits are associated with glacial Lake Schomberg north of the ORM.  The latter deposits 
occur in the Yonge Street area between Aurora and Holland Landing, and near Mt. Albert and 
Schomberg.  The Lake Simcoe lowlands are areas that were flooded by glacial Lake Algonquin 
and include the major agricultural area associated with the Holland Marsh.  The presence of 
clays and tills at surface limits local recharge and therefore, the municipal wells are more 
dependent on the recharge over the ORM and through breeches in the till confining units.  

2.3 Geology and Hydrogeology 

2.3.1 Bedrock Geology 
The bedrock underlying York Region is part of a sequence of Middle to Late Ordovician marine 
sedimentary rocks which lie unconformably on a basement of highly deformed and 
metamorphosed rocks of the Precambrian Grenville Province.  The Paleozoic rocks are 
essentially undeformed and dip gently to the south or southwest.  In York Region, limestones of 
the Middle Ordovician Verulam Formation and limestones and shales of the Late Ordovician 
Lindsay Formation subcrop beneath the Quaternary sediments (Figure 14).  Both of these units 
belong to the Simcoe Group (Johnson et al., 1992).   
 
A map of bedrock surface topography is shown in Figure 15 and is discussed in detail in 
Kassenaar and Wexler (2006).  It should be noted that the bedrock valleys, shown on the figure, 
play an important role in the groundwater flow system in York Region.  Coarse-grained 
sediments infilling the valleys are often targeted as sources for municipal water supply and 
many of York Region’s production wells are located in or adjacent to bedrock valley systems.  
Flow patterns, particularly in the deeper sediments are influenced by proximity to the bedrock 
valleys.  The Laurentian Valley, a major bedrock valley system, runs north-south through the 
western part of the study area.  A deep, narrow tributary valley is interpreted to run north-south 
through the centre of the study area passing between Newmarket and Aurora.   

2.3.2 Quaternary Geology 
A map of Quaternary geology is shown in Figure 16.  The Quaternary succession in York 
Region consists almost entirely of sediments deposited during or after the final major phase of 
glaciation, known as the Wisconsinan stage, which ended about 10,000 years ago.  Older 
sediments may be present, but these are only scattered remnants lying in protected areas on 
the bedrock surface and are of no importance regionally.  The major sedimentary units of the 
area are described below from oldest to youngest. 
 
Scarborough Formation  -- The Scarborough Formation consists of a gradually coarsening-
upward sequence starting with silt-clay rhythmites at the base and passing upward into 
channelized cross-bedded sands at the top (Kelly and Martini, 1986).  This unit marks the onset 
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of the Wisconsinan glaciation, which started approximately 100,000 years ago.  These deposits 
are interpreted as a fluvio-deltaic system, fed by large braided melt-water rivers, which 
deposited prograding organic-rich sands over silts and clays (Karrow, 1967 and Eyles, 1997).  
The delta is considered to extend over 200 km2 and was probably deposited by a large river 
flowing from Georgian Bay along the Laurentian Channel to ancestral Lake Ontario.  Lake levels 
are interpreted to have been approximately 45 m higher than present with the top of the 
Scarborough Formation at approximately 120 masl in the Toronto area.  This unit provides 
water to several of York Region’s deeper municipal wells. 
 
Sunnybrook Drift  -- The Sunnybrook Drift consists of a lower member, originally called the 
Sunnybrook Till (Terasmae, 1960), and is composed of a clast-poor silt to silty-clay diamicton, 
and a rhythmically laminated clay unit termed the Bloor Member.  The Sunnybrook Drift was 
deposited in proximity to the edge of the ice sheet that reached the study area about 45,000 
years ago.  Interpretation of these deposits by geologists varies considerably.  The Sunnybrook 
Drift is generally less than 10 to 20 m thick but thickens over lows such as within bedrock valley 
systems.  It has also been partially removed by erosional processes, particularly along the 
western part of the region where the bedrock rises west of York Region.  The level of protection 
afforded by the low-permeability Sunnybrook Drift to the municipal wells in the Scarborough 
Formation depends on the local thickness and continuity of the unit.  

Thorncliffe Formation  -- The Thorncliffe Formation includes glaciofluvial deposits of sand and 
silty sand and glaciolacustrine deposits of silt, sand and pebbly silt and clay.  This unit provides 
a source of water to the majority of York Region’s municipal wells.  In general, this unit was 
deposited by glacial meltwaters entering a deep, ice-dammed ancestral Lake Ontario 
approximately 30,000 to 50,000 years ago (Barnett, 1992). The Thorncliffe Formation is 
characterized by significant facies changes over short distances, generally on the kilometre 
scale (Interim Waste Authority Limited, 1994a-e; M.M. Dillon Limited, 1990).  The basal part of 
the unit is commonly marked by silt-clay rhythmites.  Marked variation in grain-size and 
thickness of sands within the Thorncliffe Formation in York Region may represent the deposition 
of coarser material by fluvial or subaqueous processes in a north-to-south linear or fan-like 
fashion from a more northerly source (Sharpe et al., 2002b).   

Thorncliffe Formation deposits are present through most of the study area, but they may be 
absent locally due to non-deposition or to erosion by glacial ice or subglacial tunnel channel 
activity (described further on).  Where tunnel channels have incised the Thorncliffe Formation, 
channel infill deposits are often in lateral hydraulic connection with the adjacent Thorncliffe 
sediments.  The Thorncliffe Formation is generally absent in the northeast near Lake Simcoe 
where thin, younger tills often occur directly over limestone bedrock.  The top of the Thorncliffe 
Formation is generally less than 260 masl beneath the ORM and drops to approximately 150 
masl along the York Region/Toronto boundary.  The general drop in elevation of the Quaternary 
sediments from north to south and westward towards the Laurentian bedrock channel reflects a 
generalized draping of the sediments on the bedrock surface.   
 
Newmarket Till  -- The Newmarket Till is typically a massive, over-consolidated, stony (3-10 %) 
and dense silty sand diamicton (Gwyn, 1976; Barnett et al., 1991; and Sharpe et al., 2002a).  
The till matrix is predominantly calcite-cemented sandy silt to silty sand.  Locally, the unit can 
contain 2-5 cm thick interbeds of sand and silt, boulder pavements, and fractures and joints.  
 
The Newmarket Till has been traced across the entire study area and separates the upper 
aquifer systems associated with the ORM sediments from the lower aquifer systems that occur 
within deposits of the Thorncliffe Formation and the Scarborough Formation.  The Newmarket 
Till is locally up to 100 m thick but typical thickness is 20-30 m.  The till has been partially or 
completely eroded where glacial meltwater flow has cut down into underlying sediments.  
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Beneath the ORM, the elevation of the top of the Newmarket Till is generally less than 300 masl 
and drops to approximately 170 masl along the York Region/Toronto boundary.  The level of 
protection afforded by the low-permeability Newmarket Till to the municipal wells in the 
Thorncliffe and Scarborough Formation depends on the local thickness and continuity of the 
unit, and the presence or absence of secondary permeability structures. 
 
Regional Unconformity (“Tunnel Channels”)  -- The regional unconformity, originally 
identified by the GSC Stratigraphic Framework (Sharpe et al., 1999), includes an interpreted 
network of south to southwest-oriented channels that have cut into or even through the 
Newmarket Till.  Researchers at the GSC and elsewhere have attributed this channel network to 
subglacial meltwater flood events (Barnett, 1990; Shaw and Gilbert, 1990; and Russell et al., 
2002b) as illustrated in Figure 17.  The infill deposits within these “tunnel channels” are thought 
to be products of waning flow after the flood event (Shaw and Gorrell, 1991; see Figure 18).   
 
As part of the YPDT-CAMC ORM study (Kassenaar and Wexler, 2006), these channels have 
been located, extended, and refined from information provided in Russell et al. (2003) and from 
the interpretation of subsurface information and ground surface topography north of the ORM.  
A map of the extent and location of the tunnel channels based on this work is presented in 
Figure 19.  The surface expression of the channels disappears beneath the ORM.  Drilling by 
Barnett (1993), and seismic reflection profiling (Pugin et al., 1996) show that channels continue 
beneath the ORM but mapping them becomes less certain.  The channels at surface are 1 to 4 
km wide and tens of metres deep.  The channels buried beneath the ORM tend to be narrower - 
1 to 2 km wide - but are still tens of metres deep (Pugin et al., 1999).   
 
The channels generally contain sandy sediments that fine upwards.  However, some channels 
contain 10 to15 m thick cross-bedded gravels at the base (Shaw and Gorrell, 1991; Pugin et al., 
1999 and Russell et al., 2002a).  The YPDT-CAMC ORM study (Kassenaar and Wexler, 2006) 
showed that silt layers are common in the upper portions of the channel infill deposits.  These 
channel deposits may be hydrogeologically significant because they can serve as high yield 
aquifers (Sharpe et al., 1996). Also, the channel silts affect the amount of leakage between 
upper aquifers associated with the ORM and the deeper aquifers. 
 
Various channel systems were identified in the study area.  One major channel system trends 
from the Holland Landing area southward toward Nobleton and Kleinburg.  In the Holland Marsh 
area, this channel appears to follow a tributary of the Laurentian Valley that emanates from 
Cooks Bay on Lake Simcoe.  Another channel system trends through the Mount Albert and 
Ballantrae areas and appears to end somewhere beneath the moraine.  
 
Oak Ridges Moraine Deposits  -- The ORM is an extensive stratified sediment complex 160 km 
long and 5 to 20 km wide, that is arranged as four sediment wedges each widening westward.    
The western part of the Uxbridge wedge (second from the west) lies within York Region.  ORM 
deposits occur primarily within fan-shaped bodies that are around 10 to 100 m thick, 100 to 
5,000 m long and 10 to 1000 m wide.  These sediments are arranged from coarse to fine 
downflow (westward) and upsection.  Core logs show that moraine sediments may consist of 
two to three fining-upward sequences (Gilbert, 1997 and Russell et al., 1997).   
 
Rhythmically interbedded fine sands and silts are the dominant ORM sediments, but coarse, 
diffusely-bedded sands and heterogeneous gravels are prominent locally, at the apex of fans 
and at depth in channels.  Clay laminae are also present locally.  Recent studies have shown 
the predominant paleoflow direction in the ORM sediments to be east-west and deposition from 
the north and south was likely minimal.  
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There is considerable uncertainty about the origin and nature of sand and gravel deposits 
identified on the flanks of the moraine.  The borehole and water-well record database show the 
presence of significant sand bodies lying either within a single till unit or sandwiched between 
two different till units, particularly in the low lying areas south of the moraine.  These deposits 
may be associated with the processes that created the moraine and therefore lie on top of the 
Newmarket Till or, alternatively, they may be isolated sand bodies within the Newmarket Till.  
These deposits along with the ORM deposits have been grouped, from a hydrostratigraphic 
perspective, into the Oak Ridges Aquifer Complex (ORAC) or the stratigraphic equivalent. 
 
Halton/Kettleby Till  -- The last significant glacial ice advance over the southern part of the 
study area occurred about 13,000 years ago when glacial ice moving out of the Lake Ontario 
basin deposited the Halton Till.  At about the same time, late stage ice in the Lake Simcoe area 
deposited the Kettleby Till, a relatively minor silty clay to clay till.  The Halton Till is texturally 
variable but is generally a sandy silt to clayey silt till interbedded with silt, clay, sand and gravel 
(Russell et al., 2002a).  In some areas it is very clay-rich where the ice has overridden 
glaciolacustrine deposits of the Lake Ontario basin.  The Halton Till is typically 3 to 6 m thick but 
locally it can exceed 15 to 30 m in thickness, such as at Mount Wolfe (west of Kleinburg) and in 
King Township (White, 1975; Russell et al., 2002a).  On the southern flanks of the ORM, it has 
overridden the granular ORM deposits extending as far north as Oak Ridges in Richmond Hill 
and to Vandorf Sideroad near Stouffville.  The fine-grained deposits of the Halton Till tend to 
limit recharge to the underlying units but also serve to impede vertical movements of 
contaminants to the ORM and deeper formations.   
 
Surficial Glaciolacustrine Deposits  -- The youngest geologic unit consists of glaciolacustrine 
deposits that overlie the Halton, Kettleby, and Newmarket tills.  These deposits include near-
shore sands and gravelly beach deposits of glacial lakes Algonquin and Iroquois, as well as fine 
sands, silts and clays of glaciolacustrine pondings in the Aurora, Newmarket and East 
Gwillimbury areas.  Although these sediments generally form a thin veneer, locally they can be 
several metres thick.  These units represent local ponding of water or higher water levels in 
major lake basins following retreat of the glaciers approximately 12,500 years ago.  Glacial Lake 
Iroquois (ancestral Lake Ontario) water levels were at least 40 to 60 m higher than present, due 
to ice blockage and damming of water along the St. Lawrence River (Anderson and Lewis, 
1985; Eyles, 1997).  Maximum lake levels for Glacial Lake Algonquin (ancestral Lake Huron) in 
the Lake Simcoe area are estimated to have been 245 to 260 masl (Finnamore, 1985; Sharpe 
et al., 1997), which is up to 40 m higher than present Lake Simcoe lake levels.  Shoreline 
elevations are still slowly changing as a result of postglacial isostatic rebound (Eyles, 1997).  
While these deposits can provide water to private wells, they are not tapped by any of the 
municipal wells in York Region. 

2.3.3 Local Geology and Water Quality Indicators  
This section presents a geologic section and a brief description of the local geologic setting of 
each wellfield.  Section lines locations are shown on Figure 20.  A summary of the findings from 
the water quality study (Genivar, 2007) is also presented for each wellfield because water 
quality indicators often provide corroboration of the geologic setting.  For example, if a deep well 
has a geochemical signature that is different from those of other deep wells but is similar to 
those of other shallow wells; it can indicate that the confining unit is thin or missing.  Similarly, if 
the wells have indications of anthropogenic impacts, such as elevated chloride and nitrate 
levels, it can indicate possible contamination from surface sources and short travel times from 
the surface to the well.  It should be noted, however, that all York Region wells meet Ontario 
Drinking Water Standards (ODWS).   
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At Ansnorveldt , the municipal well is located in an area of fine-grained glaciolacustrine 
sediments at surface that overlie a major tunnel channel which contains infill sediments 
composed mainly of silt.  The well is screened in sands near the top of the Scarborough 
Formation (or its stratigraphic equivalent) below what is interpreted to be the Sunnybrook Drift 
(Figure 21).  The geochemical signature was unique compared to all other SAC wells in York 
Region and was attributed to a local change in bedrock type in the Ansnorveldt area (Genivar, 
2007).  The data showed a consistently stable trend for all indicator parameters and did not 
show signs of anthropogenic stress (Genivar, 2007). 
 
The municipal well for Ballantrae  is in a deep tunnel channel, with the well screen near the 
base of the infill sediment sequence in gravels and gravelly sands, overlain by silts and silty 
sands (Figure 22).  The Newmarket Till has been entirely eroded in this area.  Surface materials 
in the area are mainly glaciofluvial sands.  Water quality characteristics were not similar to those 
for either the ORAC or the deep aquifer wells.  This was attributed to possible mixing of 
groundwater facilitated by the presence of the nearby tunnel channels (Genivar, 2007).  Data 
showed a slight increasing trend in chloride and sodium concentrations but stable trends for the 
other parameters.  Genivar (2007) concluded that these wells did not show signs of 
anthropogenic stress.  
 
The Halton Till is the major surficial geological unit in the Stouffville  area, where it ranges in 
thickness from 5 to about 20 m (Figure 23).  The underlying ORAC is predominantly composed 
of sands and gravelly sands with only relatively minor silt.  It is up to 20 m thick and is the 
source aquifer for Wells 3, 5, and 6.  Beneath the ORAC, the Newmarket Till appears locally 
continuous with interpreted thickness ranging from 20 to more than 60 m.  The Thorncliffe 
Formation is about 25 m thick and locally consists of a fining upward sequence of sandy gravel, 
sandy silt and silt.  Wells 1 and 2 are screened in gravelly material near the base of this unit.  
The fine-grained Sunnybrook Drift and sandy Scarborough Formations are interpreted to be 
present but local data on these units is very limited.  Water quality data (Genivar, 2007) showed 
that groundwater within the ORAC and TAC had its own distinct signature.  Water  from Well 1 
and 2 showed low concentrations and stable trends of all the key chemical parameters except 
sodium while water quality data from the ORAC wells (Wells 3, 5, and 6) suggested potential 
anthropogenic influences (e.g., elevated chloride and nitrate). 
 
The King City  wellfield is located in an area of Halton Till outcrop (Figure 24).  The screens of 
the deep wells (i.e., King City 3 and 4) are in gravel and gravelly sand of the Thorncliffe 
Formation, beneath relatively thick Newmarket Till.  Water quality data for the King City wells 
generally had characteristics similar to other TAC wells and showed stable trends for all 
chemical indicator parameters although some variability and fluctuation in sodium and chloride 
concentrations were noted.  The data did not show signs of anthropogenic stress (Genivar, 
2007). 
 
Kleinburg  Well 2 is near the western edge of an interpreted tunnel channel below a cap of 
Halton Till.  The well is screened in gravels that probably represent the base of the channel infill 
sequence. Kleinburg Well 3 (and 4) has its screen in what is interpreted to be the Scarborough 
Formation under a sequence of sedimentary units that include fairly thick Newmarket Till and 
the Sunnybrook Drift.  Water quality characteristics were not similar to those for either the 
ORAC or the deep aquifer wells.  This was attributed to possible mixing of groundwater 
facilitated by the presence of the nearby tunnel channels (Genivar, 2007).  Data showed 
consistently stable trends for all indicator parameters and did not show signs of anthropogenic 
stress.  
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Mount Albert wells 1 and 2 are near the eastern margin of a large tunnel channel and are both 
screened in the Thorncliffe Formation (Figure 27 and Figure 28).  The thickness of the overlying 
Newmarket Till is variable and it appears to pinch out west of the wells.  Locally, the Newmarket 
Till appears as two units separated by thick sands.  Water quality characteristics were not 
similar to those for either the ORAC or the deep aquifer wells.  This was attributed to possible 
mixing of groundwater facilitated by the presence of the nearby tunnel channels (Genivar, 
2007).  Data showed a slight increasing trend in chloride and sodium concentrations but stable 
trends for the other parameters.  Genivar (2007) concluded that these wells did not show signs 
of anthropogenic stress.  
 
The production wells at Nobleton  are located in an area between two south-trending tunnel 
channels. The wells are screened in sands of the Scarborough Formation; the overlying 
Sunnybrook drift is thin or even absent locally (Figure 29).  The Thorncliffe Formation is 
interpreted to be up to 40 m thick.  The Newmarket Till ranges from five to more than 25 m thick 
in the vicinity of the wells, but is absent in the tunnel channels.  Overlying the Newmarket, the 
sands and silty sands of the ORAC are up to 45 m thick.  The entire area is capped by the 
Halton Till.  Water quality was consistent with other SAC wells and generally met ODWS 
although iron concentrations in excess of the ODWS aesthetic objective were noted.  Elevated 
iron is common in deep aquifers in York Region (Genivar, 2007).  The data showed stable 
trends for all chemical indicator parameters although some variability and fluctuation in sodium 
and chloride concentrations were noted.  The wells did not show signs of anthropogenic stress 
(Genivar, 2007). 
 
In the Schomberg  area, the major surficial sediments are the fine-grained Kettleby Till and 
glaciolacustrine silts and clays, which are up to 10 m thick (Figure 30).  These overlie up to 16 
metres (m) of silt and silty sand of the ORAC in the area of the pumping wells.  The Newmarket 
Till is quite thick at Schomberg, ranging from about 15 to more than 30 m, and contains notable 
local layers or lenses of sand and silt. The wells are screened in sand near the base of the 
Thorncliffe Formation, which is quite silty in its upper portions and is up to 50 m thick.  The 
Sunnybrook Drift is very thin or may be absent at this location.  The Scarborough Formation is 
interpreted to be present and appears to vary considerably in thickness.  The Core Model had 
the Schomberg wells assigned to the Scarborough Formation to represent that the wells were in 
the lower part of a locally-connected Thorncliffe/Scarborough unit.  It should be noted that the 
geological model has been revised in this area since the construction of the Core Model (based 
on data from new boreholes in the Schomberg area) and further refinement of the WWAT 
analyses may be needed when the numerical model is updated.  Water quality characteristics 
were similar to that of other deep wells.  The data showed a consistently stable trend with time 
for all indicator parameters and did not show signs of anthropogenic stress (Genivar, 2007). 
 
The Newmarket, Aurora, Holland Landing,  and Queensville  wells are grouped together as 
the Yonge Street Area wells.  As noted in Kassenaar and Wexler (2006), the “Yonge Street 
Aquifer” is part of a larger regional flow system that is locally influenced by a combination of 
three geologic features, including a topographic basin, tunnel channel and bedrock valley.  The 
topographic basin cuts into the ORM deposits and the associated streams (tributaries of the 
East Holland River) induce groundwater flow from outside the basin.  The tunnel channel cross-
connects the aquifer zones, both vertically and horizontally, increasing the effective 
transmissivity in the vicinity of several of the Yonge Street Area production wells.  Finally, the 
underlying bedrock valley further extends the zone of influence of the deeper (Scarborough) 
production wells along the valley axis.   
 
The Aurora  wellfield lies within a large tunnel channel with fine-grained glaciolacustrine 
sediments and possibly a thin clay till unit - the Kettleby Till – at or near surface.  The channel fill 
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sediments consist mainly of silt and sandy silt underlain by fine sand and gravel.  The screens 
for closely grouped wells 1 to 4 and well 5 are in gravels in what is interpreted as the Thorncliffe 
Formation, but could be the base of the channel fill sequence (Figure 31 and Figure 32).  The 
Newmarket Till is entirely absent.  Well 6 is on the eastern margin of the tunnel channel where 
there is thick Newmarket Till capped by thin glaciolacustrine silt and clay and Kettleby Till 
(Figure 33).  This well is screened in the Scarborough Formation (or its equivalent).  Water 
quality data from the Aurora wells had the characteristics of water similar to the signature 
identified previously in the TAC and did not show signs of anthropogenic stress (Genivar, 2007).  
Well 6, screened in the SAC, showed only slight differences in geochemical signature compared 
to the other Aurora wells.  
 
Most of the wells in Newmarket  are near the margins of a major north-south tunnel channel, but 
the wells penetrate thick Newmarket Till and are screened in the Thorncliffe Formation.  The 
sandy ORAC sediments overlying the Newmarket Till vary greatly in thickness, ranging from 
less than 5 m to more than 20 m thick (Figure 32, Figure 34, and Figure 35).  Well 14 is 
shallower than the other wells and its screen is in fine sand of the ORAC beneath a fine-grained 
surface till interpreted as Kettleby Till.  Surface sediments in the area are glaciolacustrine silt 
and clay in low lying areas, Newmarket and Kettleby till, and glaciofluvial deposits.  Water 
quality data for the deeper Newmarket wells had characteristics similar to other TAC wells, 
showed a consistently stable trend for all chemical indicator parameters, and did not show signs 
of anthropogenic stress.  Well 14 had elevated concentrations of nitrate and sulphate that could 
be due to anthropogenic sources and showed an increasing trend in sodium and chloride 
concentrations (Genivar, 2007).   
 
The Queensville  wells pass through very thick Newmarket Till, which either outcrops or is 
overlain by thin sands or fine-grained glaciolacustrine deposits (Figure 36 and Figure 37).  The 
well screens are in the sandy Thorncliffe Formation.  Water quality data for the Queensville 
wells showed characteristics similar to the signature for other TAC wells, had stable trends for 
all chemical indicator parameters and did not show signs of anthropogenic stress (Genivar, 
2007). 
 
At Holland Landing , the two municipal wells are in or adjacent to a small tunnel channel in an 
area of Kettleby Till outcrop (Figure 38 and Figure 39).  Well 1 penetrates thick sandy silt 
channel fill and possible ORAC equivalent sediments and is screened in sands of the Thorncliffe 
Formation.  Newmarket Till is absent.  However, well 2 passes through about 45m of till with no 
ORAC or equivalent sediments present.  It too is screened in the Thorncliffe Formation.  Water 
quality data for the Holland Landing wells had characteristics similar to other deep wells, had 
stable trends for all chemical indicators and did not show signs of anthropogenic stress 
(Genivar, 2007). 

2.4 Surface Water Network 
Stage (i.e., elevation of the water surface) in streams is probably the most significant influence 
on the direction of groundwater flow in the study area.  The Figure 40 shows the location of the 
principal streams in the study area (minor tributaries are not shown).  As can be seen, the 
Schomberg, Aurora, Newmarket, Ansnorveldt, Holland Landing, Queensville 3 and 4, and 
Ballantrae wells are within the Holland River watershed.  The Mt. Albert wells are in the Black 
River watershed and the Queensville Wells 1 and 2 fall within the Maskinonge River watershed.  
The Nobleton, Kleinburg, and King City wellfields fall within the Humber River watershed.  
Stouffville Wells 1, 2, and 3 are located in the Duffins Creek watershed while Stouffville Wells 5 
and 6 fall within the Rouge River watershed. 
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The high permeability of surficial soils associated with the ORM and the hummocky topography 
tend to favour infiltration of precipitation rather than runoff.  The ORM deposits are notable for 
the almost total absence of perennial streams.  The stream network that drains the study area 
generally starts as springs along the north and south flanks of the ORM.   
 
Figure 40 also shows the location of 8 active HYDAT stream gauges monitored by Environment 
Canada and 11 inactive HYDAT gauges with historic flow data.  Gauge locations, average total 
flow, and estimated baseflow for the period of record are presented in Table 9.  Baseflow 
separation techniques used in this analysis are described in Kassenaar and Wexler (2006).  
Baseflow in the study area is primarily composed of groundwater discharge and generally 
constitutes between 44 to 68% of total flow.   
 
Determining average streamflow (Table 9) helped quantify losses due to interception and 
evapotranspiration.  Average baseflow values provided an estimate of the average rate of 
groundwater recharge, assuming that most of the rainfall that recharges the groundwater within 
the gauged catchment discharges at the gauge.  This assumption is not always valid, 
particularly where the net underflow (inflow minus outflow of groundwater across the catchment 
boundaries) is a significant component of the catchment water balance  

Table 9: Environment Canada HYDAT gauges 

Station 
ID Station Name Period Act

ive 

Average  
Flow 
(m3/s) 

Esti - 
mated 

Baseflow  
(m3/s) 

% of  
Total  
Flow  

02EC008 Black River at Baldwin 1964-69, 
1983-94, 
2002-04 

Y 2.26 1.41 63 

02EC009 Holland River a Holland Landing 1965-2004 Y 1.32 0.69 52 
02EC010 Schomberg River near 

Schomberg 
1966-98, 
2002-04 

Y 0.29 0.13 45 

02HC007 Humber River above East 
Humber R. 

1953-57  3.04 1.70 50 

02HC009 East Humber River near Pine 
Grove 

1953-2004 Y 1.20 0.65 54 

02HC010 East Humber River near 
Kleinburg 

1953-56  1.19 0.53 45 

02HC011 Humber River at Woodbridge 1956-62  3.37 2.30 68 
02HC022 Rouge River near Markham 1961-2004 Y 1.51 0.70 46 
02HC023 Cold Creek near Bolton 1962-2004  0.48 0.30 63 
02HC025 Humber River at Elder Mills 1962-2003 Y 2.47 1.59 64 
02HC026 West Duffins Creek at Green 

River 
1963-1988  1.13 0.62 55 

02HC028 Little Rouge Creek near Locust 
Hill 

1963-2004 Y 0.81 0.36 44 

02HC032 East Humber River at King 
Creek 

1965-1993, 
2003-2004 

Y 0.60 0.34 57 

02HC035 Stouffville Creek below 
Stouffville 

1974-1982  0.18 0.12 67 

02HC036 Katabokokonk Creek above 
Locust Hill 

1974-1976  0.03 0.01 33 

02HC038 West Duffins Creek above 1974-1993  0.63 0.39 62 
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Green R. 
02HC039 Reesor Creek above Green 

River 
1974-1993  0.40 0.22 55 

02HC040 Reesor Creek near Altona 1974-1976  0.18 0.08 44 
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2.5 Time-of-Travel Assessment 

2.5.1 Modelling Approach 
A conceptual flow model describes the physical and hydrogeologic setting of the study area and 
the hydrologic factors that govern groundwater flow.  The conceptual model developed for the 
ORM area is described in Kassenaar and Wexler (2006).  Descriptions of the geologic setting of 
the study area and the development of the conceptual geologic and hydrostratigraphic models 
are found in Kassenaar and Wexler (2006).  Minor modifications have been made to the 
geologic model in the intervening time primarily as a result of additional borehole and aquifer 
test data obtained from ongoing work for the York-Durham Sewage System (YDSS) expansion 
project and groundwater exploration programs.   
 
Eight layers were used in the Core Model to represent the hydrostratigraphic units.  A north-
south section through the Core Model area is presented in Figure 41 to illustrate the relative 
thickness of the eight layers: 
 

• Layer 1: Surficial Deposits and/or weathered Halton/Kettleby Aquitard 
• Layer 2: Halton/Kettleby Aquitard 
• Layer 3: Oak Ridges Aquifer Complex (ORAC) and/or weathered Newmarket 
• Layer 4: Newmarket Aquitard and/or Tunnel Channel silts 
• Layer 5: Thorncliffe Aquifer Complex (TAC) and/or Tunnel Channel sediments 
• Layer 6: Sunnybrook Aquitard 
• Layer 7: Scarborough Aquifer Complex (SAC) 
• Layer 8: Weathered Bedrock 

 
Natural hydrologic boundaries, including Lake Simcoe, Lake Ontario and major watershed 
divides, were used to define the extent of the area modelled and to determine the conditions 
specified on the external boundaries of the Core Mode (Figure 42).  Much effort was expended 
to best represent the variations in aquifer properties (e.g., aquifer thickness and hydraulic 
conductivity), because these variations influence the lateral movement of groundwater.  Also 
important were variations in aquitard properties which control the vertical movement of water 
between aquifers.  Initial estimates of aquifer properties used in the Corel Model were derived 
from aquifer performance test data, from the results of previous modelling studies, and through 
analysis of the lithologic and specific capacity data from wells in the MOE WWIS database (see 
Kassenaar and Wexler, 2006).  Property estimates were refined through model calibration.   
 
The rate of groundwater recharge varies over the study area and is controlled by the spatial 
distribution of precipitation, soil properties, topography, vegetation, and land use.  Estimated 
rates and distribution of recharge in the Core Model were based mainly on surficial geology and 
corrected for decreased recharge in urbanized areas (Kassenaar and Wexler, 2006).   
 
Potentiometric surface and water-table maps were prepared using static water levels from the 
MOE WWIS database.  Well data were screened to eliminate wells with obvious location or 
elevation inaccuracies.  Limitations of this data set and the level of accuracy are discussed in 
Kassenaar and Wexler (2006).  Despite the known shortcomings, it remains the data set with 
the best spatial coverage.  The interpolated groundwater levels for the ORAC and/or equivalent 
are shown in Figure 43.  The observed water levels and flow patterns were used to guide model 
calibration and served as a quality assurance check on the results of the TOT analyses.   
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Groundwater levels for the Thorncliffe Aquifer Complex (TAC) are shown in Figure 44.  The 
potentiometric surfaces in the lower aquifers tended to be subdued replicas of those in the 
ORAC.  Water levels were lower in the TAC beneath the ORM and higher than the ORAC in the 
tunnel channel zones and in the vicinity of streams where shallow water levels are depressed.  
The interpolated water levels show a number of significant features that were matched by the 
numerical model, including: 
 

• regional groundwater mounds under the ORM;   
• the lower, almost-flat water levels within the tunnel channel zones, in particular in 

the Holland Marsh and around Aurora-Newmarket;  
• elevated water levels in the till highlands separating the tunnel channel zones; 

and 
• the influence of the stream network on the groundwater flow patterns.  

 
Groundwater is exchanged between the shallow and deeper aquifers as leakage across the 
aquitards.  The direction of vertical flow depends on the relative heads in the different aquifers.  
Leakage rates vary locally depending on the magnitude of the vertical gradients and on the 
thickness and hydraulic conductivity of the confining units.  Leakage is, therefore, downward 
beneath the ORM and upward in the tunnel channel zones and in the vicinity of streams.  
Pumping at larger municipal wells can also reverse the natural gradients and thereby induce 
downward flow to the wells across the confining units even though the wells are located in 
natural discharge areas.  The ability of the model to match local and regional gradients is an 
extremely important test of the accuracy and reliability of the TOT and WWAT analyses. 

2.5.2 Modelling Calibration and Results 
Calibration of the Core Model was done through a trial-and-error process in which initial 
estimates of hydraulic conductivity, anisotropy, and recharge rates were gradually refined until 
simulated water levels best matched the contour maps of the observed water levels.  In general, 
matching flow patterns was considered more important than matching the absolute head values 
at the wells because the shape and orientation of the time-of-travel zones are extremely 
sensitive to variation in local flow directions.   
 
Matching groundwater discharge rates to streams was a second calibration target and provided 
an independent check on the rates of recharge rates used in the model.  Further discussions of 
the calibration process, calibration statistics, and sensitivity analyses to determine the role of 
uncertainty related to aquifer and aquitard properties on the accuracy of the calibration are 
discussed in Kassenaar and Wexler (2006).  
 
Figure 45 shows the simulated heads in the Model Layer 3 which represents the ORAC, where 
present.  White areas within the model boundaries represent areas where either the ORAC is 
absent or where the simulated ORAC heads dropped below the base of the aquifer.  Simulated 
heads, flow directions, and gradients in the ORAC matched well with the observed data over 
most of the study area.  A map comparing observed and simulated heads is provided in 
Kassenaar and Wexler (2006).  Figure 46 shows the simulated heads in the TAC.  Gradients 
tend to be downward over most of the study area except in the vicinity of the stream valleys.  As 
with the ORAC heads, flow directions and gradients matched well with the observed data over 
most of the study area although the mound beneath the ORM was not as high as the observed 
in the Uxville area east of Stouffville.   
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2.6 Capture Zone Delineation 
The calibrated groundwater flow model was used to delineate time-of-travel (TOT) zones for the 
municipal supply wells.  TOT zones are defined as the portion of a capture zone in which 
groundwater will travel to a production well within a specified period of time.  For example, a 10-
year TOT zone is the area around a well in which the furthest water particle takes 10 years to 
reach the well.  TOT zones are actually three-dimensional surfaces.  Wellhead protection areas 
(WHPAs) were defined using the vertical projection of these surfaces onto a two-dimensional 
map even though not all water particles entering at land surface will actually arrive at the well 
within the specified time interval. 
 
The TOT analyses were used to define zones within the wellhead protection areas as defined 
by Guidance Module 3 (MOE, 2006) as follows: 
 

• Zone A: Pathogen Security/Prohibition Zone – 100 m radius around the pumping well;  
• Zone B: Pathogen Management Zone – 2-year TOT zone;  
• Zone C: DNAPL/Contaminant Protection Zone – 5-year TOT zone;  
• Zone D: Secondary Protection Zone – 10 and 25 year TOT zone. 

 
These were shown schematically in Figure 5.  The TOT zone analyses were conducted using 
the USGS MODPATH code as discussed in Section 1.4.5.  Capture zones were analyzed with 
all wells pumping at the rates discussed in Section 1.4.3.   
 
As noted earlier, MODPATH used the simulated heads and flow rates from the MODFLOW 
model (based on pumping rates discussed in Section 1.4.3) along with additional data on 
aquifer porosity to calculate average groundwater velocities.  Because there is little information 
on the range and distribution of porosity values in the study area, we adopted conservative 
values (i.e., small values that result in greater velocities and therefore shorter travel times) for 
the aquifers and confining units.  For example, clean, uniform sand may have a porosity of 
about 36%.  The smaller values used consider the possibility that the sands are not uniform and 
that the infilling of pores with smaller sized particles can occur.  Silts and clays which form the 
aquitards may have porosities of 40% or greater, but because much of the permeability may be 
due to fractures, lower porosities were assumed.  Values used are shown in Table 10 below. 
 

Table 10: Porosity values assumed for the capture zone analysis. 

Surficial Material  Porosity Value  
Layer 1 - Recent Deposits and Weathered Halton/Kettleby Aquitard  0.125 
Layer 2 – Halton/Kettleby Aquitard 0.125 
Layer 3 – ORAC and Weathered Newmarket Aquitard 0.125 
Layer 4 - Newmarket Aquitard 0.05 
Layer 5 - Thorncliffe Aquifer Complex 0.125 
Layer 6 - Sunnybrook Aquitard 0.05 
Layer 7 - Scarborough Aquifer Complex 0.125 
Layer 8 - Weathered Bedrock 0.05 

 
The simulated 2-, 5-, 10-, and 25-year TOT zones for Aurora and Newmarket wells are shown in 
Figure 47 and for the Holland Landing and Queensville wells in Figure 48.  The 10-year TOT is 
shown as a dashed line because it is not required in the WWAT analysis according to Guidance 
Module 3 (MOE, 2006).  Also shown is the outline of WHPA Zone A, a circle with a 100-m 
radius around each well.  The simulated 2-, 5-, 10-, and 25-year TOT zones are presented in 
separate figures for the Ballantrae wells (Figure 49), Stouffville wells (Figure 50), Mt. Albert 
wells (Figure 51), King City (Figure 52), Kleinburg wells (Figure 53), Nobleton wells (Figure 54), 
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Schomberg wells (Figure 55), and Ansnorveldt wells (Figure 56).  The TOT zones for Yonge 
Street area wells and the others may differ slightly from the ones defined previously 
representing 2004 conditions (e.g. Gartner Lee, 2006a - 2006e; Azimuth, 2005a - 2005c) due 
primarily to the changes assumed in the rates of pumping and updating of geologic surfaces 
and model parameters in the intervening time.  Table 10 shows pumping rates used in the 
current model, as well as rates used in the previous WHPA analyses.      

Table 11: Pumping rates used in current and OPA WHPA studies. 

WELL NAME 
Current Model 

Pumping Rate (m 3/d) 
OPA  

Pumping Rate (m 3/d) 
Ansnorveldt-1 101 101 
Ansnorveldt-2 184 184 
Aurora-1 3273 3273 
Aurora-2 5890 5890 
Aurora-3 5238 5238 
Aurora-4 7855 7855 
Aurora-5 5890 5890 
Aurora-6 3456 3456 
Ballantrae 1 2290 2190 
Ballantrae 2 2290 2190 
Holland Landing-1 2290 2290 
Holland Landing-2 3600 3600 
King City 3 1964 1964 
King City 4 2619 2619 
Kleinburg 2 238 950 
Kleinburg 3 (and 4) 3283 3280 
Mt. Albert-1 3264 3273 
Mt. Albert-2 3264 3273 
Newmarket-1 2291 2291 
Newmarket-2 4582 4582 
Newmarket-13 5890 5890 
Newmarket-14 1145 2291 
Newmarket-15 3273 3273 
Newmarket-16 5632 5632 
Nobleton 2 1964 1964 
Nobleton 3 1964 1964 
Queensville-1 6545 6545 
Queensville-3 6545 6545 
Schomberg-2 1636 1636 
Schomberg-3 2290 2290 
Stouffville 1 2946 1657 
Stouffville 2 2946 1657 
Stouffville 3 2946 1657 
Stouffville 5 2289 1526 
Stouffville 6 3110 2073 

 
 
The shapes of the capture zones are determined primarily by the regional flow patterns, 
variations in aquifer properties, proximity to features such as bedrock valleys and tunnel 
channels, and mutual interference between wells.  Capture zones for a particular well can also 
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vary depending on the rate of pumping at the well, the rate of pumping at nearby wells, and 
other external factors such as seasonal changes in the rate of recharge or stage in rivers.  The 
capture zones/TOT zones for isolated wells (e.g., Mt. Albert or King City) have relatively simple 
shapes, whereas the capture zones for other wells, such as those in the Yonge Street Area, are 
more strongly influenced by the presence of nearby pumping wells.  These results demonstrate 
the importance of using a larger-scale model to analyze capture zones, because models 
developed for individual wellfields cannot simulate the effects of nearby wells on the shape of 
the TOT zones.   

2.7 Wellhead Protection Area Implementation  

2.7.1 Vulnerability Assessments Methods  
In addition to defining the Time-of-Travel zones, MOE Guidance Module 3 (MOE, 2006) 
requires mapping of intrinsic vulnerability of the aquifer(s) within the WHPA such that 
vulnerability scoring can be developed to serve future water quality risk assessment work.  For 
this study, we used the water-table-to-well advective time (WWAT) method to categorize the 
relative vulnerability within the WHPAs based on the simulated travel times from the water table 
to the well screen.  The method is summarized in Section 1.4.7 of this report.  
 
As noted earlier, virtual particles were placed along the top face (water table) of all model grid 
cells within the 25-year TOT zone.  To ensure that no possible pathways were missed, particles 
were also placed in a 1- to 2-km buffer area surrounding the 25-year TOT.  If the water-table 
was below the base of Model Layer 1, particles were released from the top of the uppermost 
active model layer.  Figure 57 shows the starting points for the WWAT analysis for the Holland 
Landing and Queensville wells and Figure 58 shows the starting points for the Aurora and 
Newmarket wells.  As can be seen, most of the particles start in the shallow system (Layers 1 to 
3) but there are large areas where the water table is simulated to be within the Newmarket Till 
(Layer 4) or TAC (Layer 5).  These areas correspond to the white areas on Figure 45 which 
shows the simulated heads in the ORAC.  
 
The MODPATH code was used to track each virtual particle forward from its starting point to a 
discharge point which could be a either a well or a stream.  A post-processor developed by 
Earthfx was used to examine the subset of the particle tracks that ended up in the York Region 
wells.  The total travel time for each track was determined and then assigned to the cell from 
which that particle was released.  Results were then colour-coded for analysis.  Figure 59 
shows the 0 to 25-year WWAT values determined by forward tracking of particles released in 
the vicinity of the Stouffville wells.  A number of significant features can be seen in these results. 
 

• The colour–shaded areas around Stouffville Wells 3, 5, and 6 (which are screened in 
the ORAC which is the uppermost aquifer in this area) generally match the 
corresponding TOT zones.   

• The grey areas inside the 25-year TOT zone have WWAT values greater than 25 
years.  Particles at the water table in the vicinity of Well 1 and 2 do not make it to the 
well screens within the 25-year period as can be seen in the section through the TOT 
zone shown in Figure 60.  Thus, these areas are less vulnerable than would be 
indicated by including them in the 25-year TOT zone.   

• Particles in the white areas do not discharge to the wells.  They most likely discharge 
to nearby streams or other wells.  These areas should be considered to have 
extremely low vulnerability.  
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The calculation of WWAT times within the WHPAs allows the intrinsic vulnerability results to be 
expressed in terms of true advective travel times.  It should be recognized that the travel times 
are advective travel times and are therefore independent of the nature of the potential 
contaminants, release mechanisms, and attenuation processes (e.g., diffusion, dispersion, 
adsorption and chemical transformation). 
 
Appendix 4 of Guidance Module 3 (MOE, 2006) recommends translating the advective travel 
times obtained from the WWAT analyses into relative measures of intrinsic vulnerability, as 
presented in Table 7.  Maps of the High, Medium, Low relative vulnerability areas corresponding 
to WWAT times of 0 to 5 (red), 5 to 25 (yellow), and greater than 25 years (green) for the Aurora 
and Newmarket Wells are shown in Figure 61 and for the Holland Landing and Queensville 
wells in Figure 62.  Also shown is the outline of the 25-year TOT zone.  The High, Medium, Low 
relative vulnerability areas are presented in separate figures for the Ballantrae wells (Figure 63), 
Stouffville wells (Figure 64), Mt. Albert wells (Figure 65), King City (Figure 66), Kleinburg wells 
(Figure 67), Nobleton wells (Figure 68), Schomberg wells (Figure 69), and Ansnorveldt wells 
(Figure 70).  
 
Some general observations, similar to those discussed relating to the Stouffville wells, can be 
made regarding the results for the other wellfields.  As can be seen from the figures, the zones 
of medium to high (0 to 5 and 5 to 25 years) are relatively large for wells screened in the ORAC 
aquifer or where the confining units have been breached but are restricted to small areas or are 
non-existent for wells in the deeper, well-confined aquifers.  The remaining parts of the TOT 
zones either have low vulnerability (i.e., WWAT values > 25 years) or the particles that enter the 
water table discharge to somewhere else other than the wells (white areas on the figures).  The 
conservative nature of the TOT analysis is most apparent for wellfields where the areas of low 
to zero intrinsic vulnerability dominate the areas of medium to high vulnerability.  
 
With regards to the YSA wells, the colour–shaded areas around Newmarket Well 14 (which is 
screened in the ORAC) generally match the corresponding TOT zones.  Newmarket Wells 1, 2, 
13, and 16 have relatively large zones of medium to high intrinsic vulnerability around the wells.  
The reason for the short travel times (0 to 5 years) is that the particles were started in Layer 5 
(TAC), as shown in Figure 59, because the simulated heads were below the base of the 
Newmarket Till.  As a result, the travel times do now account for the extremely long time of 
travel through the unsaturated Halton and Newmarket Tills.  This may be an instance where 
including travel times in the unsaturated zone (UZAT) would provide a more realistic 
assessment of aquifer vulnerability. 
 
Newmarket Well 15, the Aurora Wells, the Holland Landing Wells, and Queensville Wells 
generally have small areas of medium intrinsic vulnerability surrounded by areas of low 
vulnerability.  A small area of high intrinsic vulnerability lies to the south of Queensville Wells 3 
and 4.  This is associated with a small zone of thin Newmarket Till interpreted to be present in 
this area.  The simulated water table lies below the base of this thin Newmarket Till, and as a 
result, particles in this area were started in Layer 5.  The analysis shows that, even though the 
25-year TOT zones from the different wellfields coalesce, much of the 25-year TOT for the 
Holland Landing/Queensville wellfields and the eastern part of the Aurora/Newmarket 25-year 
TOT have low intrinsic vulnerability.  

2.7.2 Intrinsic Vulnerability Scores 
In the final step of the vulnerability assessment, the WHPA sensitivity zones (Zones A, B, C, 
and D, corresponding to the 100-m, 2-year, 5-year, and 25-year TOT zones, respectively) 
determined through the TOT analyses were intersected with the relative aquifer vulnerability 
zones (H, M, L).  Final intrinsic vulnerability scores (IVS) ranging from 2 (low vulnerability) to 10 
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(high vulnerability) were assigned to sub-zones within the WHPA.  The method is outlined in 
Table 4.1 of MOE Guidance Module 3 (MOE, 2006).  A simplified version of the table was 
presented in Table 8 that is applicable to studies using WWAT methods.  The table also shows 
that pathogen protection zones and DNAPL protection zones have IVS values assigned 
independently of the WWAT analysis in certain zones, as per Guidance Module 3 (MOE, 2006).  
Figure 10 presented a schematic which shows the results of the application of the IVS method. 
 
Figure 71 shows the IVS for pathogen protection zones at Aurora and Newmarket wells; Figure 
72 shows the IVS for pathogen zones at the Holland Landing and Queensville wells.  As can be 
seen, Zone A (the 100-m radius around each well) is referred to as the “Pathogen 
Security/Prohibition Zone” and is automatically assigned a value of 10.  Zone B (2-year TOT) is 
referred to as the “Pathogen Management Zone” and is assigned values based on the aquifer 
vulnerability (H, M, L) categorization and mapping (see Table 8), such that the Zone B around 
Newmarket Well 14 has a value of 10 (because the area within the 2-year TOT has a high IVS) 
while Zone B around Newmarket Wells 1 and 2 and Newmarket Wells 13 and 16 have values 
that range between 6 and 10 (because the areas within the 2-year TOTs have IVS values that 
range between high, medium and low).  The other Aurora and Newmarket wells have values 
that range between 6 and 8 (because the areas within the 2-year TOTs have IVS values that 
range between medium and low).  The other zones (i.e., Zones C and D) are not assigned IVS 
scores for pathogens because the scoring method assumes that pathogens would not remain 
viable if the time of travel to the well was greater than 2 years.  
 
Pathogen zones are presented in separate figures for the Ballantrae wells (Figure 73), 
Stouffville wells (Figure 74), Mt. Albert wells (Figure 75), King City (Figure 76), Kleinburg wells 
(Figure 77), Nobleton wells (Figure 78), Schomberg wells (Figure 79), and Ansnorveldt wells 
(Figure 80).  Again, the shallow wells such as Stouffville Wells 3, 5, and 6 have IVS values as 
high as 10 in Zone B while the deeper wells have lower IVS scores. 
 
Figure 81 shows the IVS map for the DNAPL protection zones at the Aurora and Newmarket 
wells while Figure 82 shows the IVS map for DNAPL zones at the Holland Landing and 
Queensville wells.  As can be seen, Zone A, Zone B, and Zone C (5-year TOT) are all 
automatically assigned a value of 10.  Zone D, the area between the 5- and 25-year TOT zones, 
is assigned values based on the aquifer vulnerability (H, M, L) categorization and mapping (as 
per Table 8).  Results for these wells show that Zone D generally has small areas with scores of 
6 to 8 and a larger area with a value of 2.  It should be noted that, to be conservative, we 
assigned a value of 2 to the 25-year TOT even in areas where no particles from the water table 
end up in the well screen (white areas on Figure 61 and Figure 62).  MOE Guidance Module 3 
does not address this issue specifically.   
 
IVS scores for DNAPL protection zones were drawn for the other wells and are presented in 
separate figures for the Ballantrae wells (Figure 83), Stouffville wells (Figure 84), Mt. Albert 
wells (Figure 85), King City (Figure 86), Kleinburg wells (Figure 87), Nobleton wells (Figure 88), 
Schomberg wells (Figure 89), and Ansnorveldt wells (Figure 90).  The shallow wells such as 
Stouffville Wells 3, 5, and 6 have larger areas with IVS scores of 6 while the deeper wells have 
lower IVS scores. 
 
Finally, IVS maps were drawn to define vulnerable areas for general contaminants.  Figure 91 
shows the IVS for the general contaminant WHPA at the Aurora and Newmarket wells; Figure 
92 shows the IVS for the general contaminant WHPA at the Holland Landing and Queensville 
wells.  As can be seen, Zone A is still automatically assigned a value of 10 but all other zones 
have an IVS based on the aquifer vulnerability (H, M, and L) categorization and mapping.  
Results for Zone D are the same as the previous (DNAPL) scoring and scores for Zone B are 
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the same as the pathogen scoring.  Only Zone C is different; however, the scoring scheme is 
the same as the scoring for Zone D (as per as per Table 8). 
 
IVS scores for general contaminant zones were drawn for the other wells and are presented in 
separate figures for the Ballantrae wells (Figure 93), Stouffville wells Figure 94), Mt. Albert wells 
(Figure 95), King City (Figure 96), Kleinburg wells (Figure 97), Nobleton wells (Figure 98), 
Schomberg wells (Figure 99), and Ansnorveldt wells (Figure 100).  As before, the results show 
that shallow wells such as Stouffville Wells 3, 5, and 6 have larger areas with IVS scores of 6 
while the deeper wells have lower IVS scores.   The IVS scoring for Nobleton, Schomberg and 
Ansnorveldt point out the extremely conservative nature of this method.  In each of these cases, 
particles released within the 2-year TOT zone never reach the wells; however, these areas 
(Zone B) are still assigned an IVS of six. 
 
Adjustments to the score may be needed to account for the presence of constructed preferential 
pathways that might bypass the natural protective geologic layers (e.g., improperly constructed 
wells; improperly decommissioned wells, and pits and quarries).  Where applicable, the WWAT 
value is increased by one step (e.g., from low to medium or medium to high) to reflect the higher 
vulnerability caused by the constructed pathway. No specific data were found on improperly 
decommissioned wells or on pits and quarries that have breached the confining units.  It is 
recommended that York Region begin a program to locate, catalogue, and properly 
decommission its abandoned wells and provide financial assistance to well owners to properly 
decommission their abandoned wells.  Such a program has been carried out successfully in 
Peel Region.  Priorities can be assigned to each abandoned well based on the results of the IVS 
analysis.   
 
Natural preferential pathways, such as erosion or fracturing of the tills, are accounted for in the 
WWAT assessment according to the Guidance Module 3 (MOE, 2006).  However, despite all 
the effort by the GSC, OGS, and YPDT-CAMC to characterize the geology of the study area, it 
is unlikely that the geology will ever be known well enough to be able to directly account for all 
local-scale phenomena such as fractures or “windows” in the till aquitards in the vulnerability 
assessments.  Therefore, the results of the IVS should be viewed as a means of prioritizing 
expansion and improvements in the monitoring data, decommissioning abandoned wells, and 
addressing high-risk sites but not as a means of justifying reduced vigilance in the low-risk 
areas.   
 
As noted earlier, the IVS analysis is the first, but very important, step in conducting a risk-based 
assessment of potential threats to the York Region supply wells from past, current, or future 
land-use activities.  Further steps include conducting a threats inventory (as per the MOE Issues 
Evaluation/Threats Inventory Guidance Module) and conducting a parcel-by-parcel risk analysis 
based on the hazard to human health posed by contaminants on the site and the vulnerability of 
the drinking water source (as per the MOE Water Quality Risk Assessment Guidance Module). 

2.8 Uncertainty Assessment 
There is a degree of uncertainty associated with the WWAT and IVS analyses; however, it is 
impossible to provide a quantitative assessment of the level of uncertainty.  Rather, one can 
only say that the level is low or high. 
 
Appendix 6 of the MOE Guidance Module indicates that it would be reasonable to expect a low 
level of uncertainty in areas where data density is high, where hydrogeologic studies have been 
conducted, and where numerical models have been developed.  This study generally satisfies 
all three of these MOE criteria.  It is recognized, however, that all hydrogeologic analyses have 
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an intrinsic level of uncertainty because one can never have enough data to fully know how 
conditions vary in the subsurface.   
 
Uncertainty in the WWAT and IVS analyses can be ascribed to the three processes involved in 
developing final IVS values: (1) the numerical groundwater flow model, (2) the TOT delineation, 
and (3) the WWAT assessment.  The following discussions address each of the three sources. 

2.8.1 Numerical Model Uncertainty 
Development of the YPDT-CAMC Core Model entailed a comprehensive process of (1) 
collecting and filtering the large amount of water well, monitoring well, and other geologic data; 
(2) interpreting the geologic logs as best as possible and building a conceptual geologic model; 
(3) assigning initial estimates of aquifer properties and recharge rates and then refining the 
estimates through model calibration; and (4) performing statistical and sensitivity analyses to 
demonstrate the validity of the model calibration.  The report by Kassenaar and Wexler (2006) 
documents the procedures and focuses a great deal of attention on answering the questions 
related to assessing model uncertainty raised in Section 1.4.8.1.  It is important to note that a 
consistent approach was used for all the wellfields in this study, so the modelling approach, 
itself, does not introduce any variation in the uncertainty assessment.  
 
As noted in Phase 1 of an independent peer review of the model (Papadopulos and Associates, 
July 2006): 
 

“It is clear from the modelling report and results that a very significant effort has been 
devoted to interpreting the hydrogeology of a complex setting.  In our opinion, this effort 
has been conducted at a very high technical standard….  The analyses are ambitious in 
scale, and in our opinion the resolution of the analysis is unprecedented for models of 
this extent.”  

 
While these independent review comments increase the comfort level with the results of the 
modelling process, there is still the recognition that geologic data are always incomplete and 
that the WWIS data used in a large part to develop the models has a high degree of error and 
uncertainty.  Data obtained from municipal monitoring networks and other high-quality sources 
have less uncertainty and have provided useful information in the vicinity of the municipal 
wellfields.  The number of wells and spatial coverage of high-quality data are limited compared 
to the WWIS data, however.  It is recommended that York Region continue to improve its 
monitoring network over time and incorporate the available high quality data, especially within 
the TOT zones, and thereby reduce the level of uncertainty associated with the numerical 
models. 

2.8.2 Time-of-Travel Analyses Uncertainty 
While the numerical model produced good matches to the observed water levels and baseflows, 
the ability of the flow model to exactly reproduce local flow patterns is not as certain.  Intrinsic 
errors in the WWIS data used to map the water table and potentiometric surfaces (discussed in 
Kassenaar and Wexler, 2006) imply that we can never know the true water levels and flow 
patterns to a high level of certainty.  Subtle variations in the flow directions near the wells, 
caused by local variation in aquitard or aquifer thickness, aquifer and aquitard hydraulic 
conductivity values, and/or recharge rates can lead to significant changes in the flow paths of 
the particles.  Unfortunately, available geologic data are limited and, therefore, the level of 
uncertainty in defining the three-dimensional flow patterns and determining TOT zones to a high 
level of precision is impossible.  As indicated above, if York Region continues to expand its 
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monitoring network and obtains all available high quality data within the TOT zones, the level of 
certainty associated with the TOT delineation will increase. 
 
The times of travel scale linearly with the porosity of the formations and are highly sensitive to 
the values assumed.  Porosity values are not used in the flow model and are, therefore, not part 
of the normal model calibration process.  No specific measurements of porosity were available 
for this study, so values for the various formations were estimated based on published values 
(e.g., Freeze and Cherry, 1979, p. 37).  To be extremely conservative, we used values that were 
less than half of the published values (see Table 10), thus resulting in greater velocities and 
therefore shorter travel times. 
 
2.8.2.1 Scenario Analysis 
Guidance Module 3 identified two techniques for dealing with the level of uncertainty associated 
with WHPA delineation:  The first is the “Scenario Approach” where uncertainty in the TOT 
delineations is evaluated by simulating a fixed number of alternative model scenarios 
encompassing a reasonable range of alternative values for model parameters such as hydraulic 
conductivity, recharge rates, aquifer/aquitard geometry, and future pumping rates and locations.  
The method results in multiple sets of TOT capture zones.  The total area covered by the 
different TOT zones would, in theory, encompass the range of all reasonable TOT possibilities 
while the areas of high overlap could be considered to have a high level of confidence.   
 
Earthfx evaluated a number of alternative scenarios in which aquifer and aquitard properties 
were varied within a reasonable range.  Previously conducted sensitivity analyses for the Core 
Model (Kassenaar and Wexler, 2006) indicated that model results (as measured by calibration 
statistics) were very sensitive to the hydraulic conductivity of the ORAC and that the calibrated 
values were properly selected.  On the other hand, model results were only moderately 
sensitive to the hydraulic conductivity of the TAC and only when values were increased and 
decreased by a factor of 5.  Model results were also only moderately sensitive to the hydraulic 
conductivity of the Newmarket Till.  The values used for these parameters were shown to be the 
best values from a calibration statistics point of view, but, because of the low sensitivity, there is 
a higher degree of uncertainty associated with the values.  Accordingly, the sensitivity analyses 
conducted for the TOT zones focussed on these critical parameters.  
 
Figure 101 shows the 25-year TOT for the Aurora and Newmarket wellfields for the base case 
and for scenarios in which hydraulic conductivity of the TAC was increased and decreased by a 
factor of 5.  As can be seen, the size of the 25-year TOT increased significantly for the higher 
hydraulic conductivity value because, even though gradients have decreased, particles from 
further away can be drawn to the wells within the 25-year time period.  The size of the 25-year 
TOT decreased significantly for the lower hydraulic conductivity value because, even though 
gradients increase significantly in the well vicinity, particles can only come from a short distance 
away from the well.  Figure 101 also shows the 25-year TOT for the Aurora and Newmarket 
wellfields for scenarios in which hydraulic conductivity of the Newmarket is increased and 
decreased by a factor of 5.  These results show that the size of the 25-year TOT zone is not 
very sensitive to these changes.  The size of the High, Medium, and Low vulnerability areas 
within the 25-year TOT, however, would be highly sensitive to these changes.   
 
These simple examples show that the results of the scenario analysis method can be subjective 
and dependent on the number and types of scenarios examined.  For example, as a result of 
these four analyses, the area within the 25-year TOT zone for the lower hydraulic conductivity 
for the TAC had the greatest degree of overlap, because it was included in all four analyses.  If 
a different set of analyses had been done with the hydraulic conductivity of the TAC divided by a 
factor of 10 instead of 5, an even smaller zone would have been determined to have the same 
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high level of confidence.  If a very large number of scenarios were simulated, the results would 
eventually show that a combination of extreme value yielding the smallest TOT zones would 
have the highest degree of certainty.  It is important to realize that the highest certainty of being 
included in the 25-year TOT is not the same as being the most probable, which would still likely 
be the base case. 
 
2.8.2.2 Stochastic Analysis 
The second technique for quantifying the level of uncertainty associated with WHPA delineation:  
is a “Stochastic Approach”.  In this approach, uncertainty in wellhead time-of-travel predictions 
is evaluated using a Monte Carlo technique in which model parameter values are generated 
stochastically based on their means and standard deviations.  Results are compiled and 
expressed as TOT zone probability maps.  While this method is more realistic than the scenario 
approach (which presumes that the parameter values may be uniformly too low or too high), 
there is a general lack of data available on the true means and standard deviations of model 
parameters.  The stochastic method also requires a large number of simulations to be 
statistically meaningful, but because the TOT zones must be drawn by hand, it is extremely 
difficult to automate and conduct these analyses.   
 
Trial simulations were done using a method for generating cross-correlated random fields 
(Robin et al., 1993).  Figure 102 shows a random hydraulic conductivity field generated for the 
Newmarket Till aquitard using a mean hydraulic conductivity of 5x10-8 m/s (the value determined 
through model calibration), an assumed standard deviation of the log K of 1.5, and an assumed 
correlation length of 8000 m.  The mean hydraulic conductivity of the tunnel channel silts was 
5x10-7 m/s.  Results showed that the 25-year TOT varied slightly from the base case for this 
realization.  Trial simulations in which the hydraulic conductivity of the Thorncliffe was generated 
randomly resulted in simulated water levels and TOT zones that were radically different than 
those generated by the calibrated model.  This was because information about the spatial 
distribution of hydraulic conductivity within the aquifers obtained through model calibration could 
not be incorporated into the random fields.  Other stochastic methods, in which the calibrated 
distribution of hydraulic conductivity could be incorporated, would produce more reasonable 
results, but these would be biased based on the presumed hydraulic conductivity distribution. 
 
While the above discussion points outs some of the uncertainties associated with the TOT 
delineation and limitations associated with the methods prescribed by the Guidance Module to 
evaluate uncertainty, it should be recognized that without thorough analysis of the available 
data, conducting detailed hydrogeologic studies, and building a well-calibrated model, the levels 
of uncertainty have been so high that the results of any IVS study would have been 
meaningless given the geologic complexity of the study area.  We therefore conclude that there 
is a high level of certainty in the model’s ability to delineate likely TOT zones but that there is 
enough uncertainty in the underlying data to warrant a conservative approach to WHPA 
delineation.  By using conservative assumptions where possible, it is likely that we have 
increased the possibility that an area that did not need protection will be protected but we have 
thereby decreased the possibility of not protecting an area that truly needs protection. 

2.8.3 Vulnerability Mapping Uncertainty 
Of the recommended methods listed in Guidance Module 3 (MOE, 2006), the WWAT method is 
by far the most scientifically sound.  It is based on assessing true travel times using locally 
determined hydraulic properties that have been adjusted and refined through model calibration 
(rather than assumed “K Factors” or other types of index methods).  The models that the WWAT 
analyses were based on were developed using recognized hydrogeologic and hydraulic 
principles and have been calibrated to match the observed heads and, more importantly, the 
model was calibrated to best match the observed directions of flow by carefully representing 
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factors that influence flow patterns such as local variations in aquifer properties, recharge rates, 
aquifer and aquitard thickness and continuity as well as the effects of pumping from nearby 
wells and the influence of streams.  However, as indicated by the discussions above, it is 
difficult to quantitatively assess the certainty of the TOT zones in an unbiased way and it is even 
more difficult to assess uncertainty in the WWAT values within the TOT zones. 
 
Data from other sources, such as isotope data (for age-dating the water), geochemical data, 
and water quality indicators can provide some corroboration of the calculated travel times.  
These are discussed in a report for a parallel study on water quality at York Region wells 
(Genivar, 2007).  As an example, high chloride and nitrate levels, if present, indicate possible 
contamination form surface sources and therefore, short travel times.  The presence of tritium in 
the water can also indicate short travel times.  The absence of these indicators, however, only 
confirms that the travel times are greater than the period of time in which pumping at the well 
has induced downward flow to the wells.   
 
The use of WWAT zones to subdivide areas within the TOT zones adds another level of 
uncertainty because the WWAT results cannot be field-verified or tested easily.  The 
assignment of high IVS values to pathogen and DNAPL protection zones, regardless of actual 
travel times, is an implicit recognition by the authors of Guidance Module 3 that the level of 
uncertainty introduced is unacceptable when it comes to contaminants that present significant 
risk to human health.  The creation of multiple small zones whose boundaries may shift (if 
pumping rates change or as new data become available) will also present a difficult challenge to 
municipal planners responsible for incorporating these areas into long-term municipal plans.   
 
One subjective process that introduces additional uncertainty in the IVS analysis is the re-
classification of the WWAT values into High, Medium, and Low based on the assumed time of 
travel.  Guidance Module 3 recommends 0 to 5, 5 to 25, and greater than 25 years as the 
thresholds and these seemed reasonable at first.  The 0 to 5 year period represents a limited 
time frame in which to recognize a potential threat, detect the contaminant in the groundwater 
system, and develop a response to the problem.  These areas, therefore, present the highest 
level of risk to the supply wells.  Sufficient lead time would be afforded in areas with travel times 
greater than 5 years to react to contamination from known sources.  However, the ability to 
detect contamination from unknown sources within these zones is not guaranteed even with a 
well-designed network of sentry wells.  Even in the areas with travel times greater than 25 
years, it is still possible that contaminants from unknown sources will arrive at the well within the 
time period that the well is in use.  
 
As a suggestion, a threshold of WWAT values greater than 50 years, or a threshold based on 
the known well phase-out time (with a factor of safety) may be more justifiable for assigning 
areas a low-risk score.  Figure 103 shows the results of using an alternative two-level system for 
the Aurora and Newmarket wells based on a 50-year threshold and the same conservative 
assumptions used in the previous analyses.  Broad areas can be designated low risk and would 
need a reduced level of monitoring.  Monitoring and data collection could then focus on the 
remaining higher risk areas.  The use of a two-level system would also be much easier to 
manage from a municipal planning perspective. 

2.8.4 Uncertainty Related to Aquifer Confinement  
Uncertainty in the TOT and WWAT results for the deeper wells was found to be highly 
dependent on the uncertainty related to the degree of confinement afforded by the aquitards 
overlying the pumped aquifer.  The degree of confinement was investigated independently using 
water quality data in a separate study (Genivar, 2007) and through the analysis of continuous 
water level data recorded at monitoring wells.  Figure 104 shows the total pumping volumes and 
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water levels in the upper and lower aquifers recorded at the King City wellfield.  As can be seen, 
the shallow and deep water level responses do not appear to be correlated.  The deep water 
levels, however, show a reasonable correlation with total pumping.  This suggests that the 
shallow system is isolated from the deeper aquifer system.  This conclusion was supported by 
the water quality analysis (Genivar, 2007).  Data from other wellfields were less conclusive, 
because the shallow wells were affected by seasonal effects, which also correlate with seasonal 
changes in pumping.  Further insight into the level of interconnection between the shallow and 
deep system could be determined by performing transient simulations to match the monitoring 
and production network data.   

2.8.5 Uncertainty Related to Data Distribution with in the TOT Zones 
The degree of confidence related to the TOT and IVS assessment also depends on data 
density.  Section 2.1.3 discussed the general distribution of high quality data within York Region.  
Once the TOT zones were delineated, it was possible to look at the distribution of geologic and 
hydrologic data as well as monitoring data within or near the TOT zones.  
 
The location of monitoring and private wells in the vicinity of the King City, Kleinburg, Nobleton, 
and Schomberg wellfields is shown in Figure 105.  The location of monitoring and private wells 
in the vicinity of the YSA wells is shown in Figure 106.  The location of monitoring and private 
wells in the vicinity of the Ballantrae, Mt. Albert, and Stouffville wellfields is shown in Figure 107.  
Some general observations are that, while there are over 20,000 private wells within York 
region, most are shallow and do not provide information on aquifer properties or the degree of 
confinement in the vicinity of the supply wells.  There are also fewer wells in the database that 
are located in urban areas.  This is partly due to the fact that the MOE started collecting water 
well data years after many of the large urban areas started to have municipal servicing and few 
new private wells are being drilled in those areas.  Private wells tend to be clustered in certain 
areas such as in smaller hamlets and along the concession road network.  Other areas that tend 
to be poorly represented are river valleys, wetlands, and any area “off” the road network.  
 
The intrinsic biases in the MOE WWIS well log data is another source of uncertainty.  In 
general, well owners only drill as deep as necessary, often completing the borehole in the top of 
the first aquifer encountered.  This has resulted in a general tendency to accurately record the 
extent of low permeability materials overlying the aquifers but the wells provide limited 
information on the total thickness of the aquifer or on the properties of deeper aquifers and 
aquitards.  Other biases, such as the lack of geologic training for drillers and the poor sampling 
techniques associated with water well drilling methods, also add to the level of uncertainty.  The 
historic exploration methods used in finding new municipal supplies were also less than ideal, 
with too much emphasis on drilling new supply wells close to existing ones.  
 
Overall, however, there are a reasonable number of private and monitoring wells in most York 
Region TOT zones, in part because the zones are generally large relative to the average 
spacing of private wells.  Some of the smaller production wells have smaller TOT zones 
(Kleinburg Well 2 or the Ansnorveldt wells, for example) and have higher uncertainty because of 
the limited number of wells within the TOT zones.   
 
Uncertainties related to geologic setting and data density were assessed and summarized to 
produce a general uncertainty estimate for each wellfield (Table 12).  The individual results are 
discussed below:  
 
King City : The King City TOT zones are relatively small and there are three shallow wells in the 
0-5 year TOT zone.  There are two deep monitoring wells (KC-3D, KC-4D) which are shown in 
Figure 105. The area has a fair thickness of Halton Till and Newmarket Till but the well is 
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interpreted to be located near the edge of a tunnel channel.  There are a large number of MOE 
WWIS wells, especially to the north, to provide supplementary hydrogeologic information.  
Overall, this results in a low uncertainty rating. 
 
Kleinburg : The geologic layering is somewhat more complex than at King City.  Kleinburg 
Well 2 is interpreted to be in a tunnel channel and a bedrock rise has pinched out the 
Sunnybrook Aquitard and SAC.  Kleinburg Wells 3/4 are outside the tunnel channel and within 
the SAC.  There is excellent coverage in the deeper aquifer near Well 3 but little monitoring of 
the shallow aquifer and little monitoring around Well 2.  There is a large number of WWIS wells 
to the east of Kleinburg 2 and to the east of Kleinburg 3/4 to provide supplementary 
hydrogeologic information but fewer wells elsewhere.  Overall, this resulted in a low uncertainty 
rating. 
 
Nobleton:  The Nobleton wells are deep and interpreted to be in the SAC but the Sunnybrook 
aquitard is thin or missing in the area.  There are no monitoring wells in the vicinity and limited 
distribution of WWIS wells to the north, leading to a higher overall uncertainty rating.  Three new 
monitoring well clusters were installed in 2006 but the data have not yet been added to the 
master YPDT-CAMC database.   
 
Schomberg: The Schomberg wells are interpreted to be near the edge of a tunnel channel.  
There is little information on the Sunnybrook aquitard in that area so the degree of protection 
afforded by that unit is uncertain.  There is a large number of WWIS wells to the southeast of 
Schomberg but relatively few elsewhere.  There are deep monitoring wells in the vicinity of the 
pumping wells but limited monitoring elsewhere considering the size of the TOT zones.  Overall, 
this resulted in a low-to-high uncertainty rating. 
 
Aurora/Newmarket:  There are one or two wells in the immediate vicinity of each pumping well.  
However, there are few shallow or deep wells within the 25-year TOT zones.  There are some 
clusters of monitoring wells outside the 25-year TOT south and east of Aurora Well 1 and west 
of Newmarket Well 1.  The geology of the Yonge Street Area is complex but it has had a great 
deal of attention as part of the YPDT-CAMC and earlier studies.  There is also a large number 
of high quality wells in the area (Figure 11).  Overall, this resulted in a low uncertainty rating. 
 
Holland Landing/ Queensville:  The TOT zones for the Holland Landing and Queensville wells 
are somewhat smaller than those for Aurora/Newmarket but the number of monitoring wells is 
much higher.  The Holland Landing and Queensville areas have excellent coverage in the deep 
system and good coverage in the Sharon area.  There is little monitoring in the shallow system.  
As with Aurora-Newmarket, the geology of the area has had a great deal of study and there is a 
large number of high quality wells in the area (Figure 11).  Overall, this resulted in a low 
uncertainty rating. 
 
Ansnorveldt: The Ansnorveldt Wells are in the middle of the tunnel channel associated with the 
Holland Landing.  There is little monitoring data in the area and few private wells.  Overall, this 
resulted in a low uncertainty rating. 
 
Ballantrae:  The Ballantrae wells are interpreted to be near the edge of a tunnel channel.  There 
is fairly good coverage with monitoring wells within the TOT zones and a significant number of 
monitoring and other high quality wells to the north and west of the 25-year TOT.  The 
Ballantrae wells were the subject of detailed investigation by Azimuth (2005a) and the area was 
given a low uncertainty rating. 
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Mt. Albert:  Similarly, the Mt. Albert wells are interpreted to be near the edge of a tunnel 
channel.  There are a few monitoring wells within the TOT zones and several high quality wells 
to the north of the 25-year TOT.  These Mt. Albert wells were the subject of detailed 
investigation by Azimuth (2005b) and a recent study for a new well in the area by Marshall 
Macklin Monoghan.  The area was given a low uncertainty rating. 
 
Stouffville:  There are a few monitoring wells within the 0-5 year TOT zones but few in the 5-25 
year TOT.  There are also several high quality wells in the 0-5 year TOT zones.  The Stouffville 
wells were the subject of detailed investigation by Azimuth (2005c).  The area was given a low 
uncertainty rating. 
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Table 12: Summary of the uncertainty assessment for each wellfield. 

Wellfield Uncertainty Type Zone B Zone C Zone D 

    
(2-Year 
TOT) 

(5-Year 
TOT) 

(25-Year 
TOT) 

King City 
Numerical Model Uncertainty Low Low Low 
Time of Travel Analysis Uncertainty Low Low Low 
ISI Vulnerability Mapping Low Low Low 

  Resultant Uncertainty Low Low Low 

Kleinburg 
Numerical Model Uncertainty Low Low High 
Time of Travel Analysis Uncertainty Low Low High 
ISI Vulnerability Mapping Low Low Low 

  Resultant Uncertainty Low Low Low 

Nobleton  
Numerical Model Uncertainty Low High Low 
Time of Travel Analysis Uncertainty Low High Low 
ISI Vulnerability Mapping Low High Low 

  Resultant Uncertainty Low High Low 

Schomberg   
Numerical Model Uncertainty Low High High 
Time of Travel Analysis Uncertainty Low High High 
ISI Vulnerability Mapping Low Low Low 

  Resultant Uncertainty Low High High 

Aurora/ 
Newmarket  

Numerical Model Uncertainty Low Low Low 
Time of Travel Analysis Uncertainty Low Low Low 
ISI Vulnerability Mapping Low Low Low 

  Resultant Uncertainty Low Low Low 

Holland Landing/ 
Queensville 

Numerical Model Uncertainty Low Low Low 
Time of Travel Analysis Uncertainty Low Low Low 
ISI Vulnerability Mapping Low Low Low 

  Resultant Uncertainty Low Low Low 

Ansnorveldt   
Numerical Model Uncertainty Low Low Low 
Time of Travel Analysis Uncertainty Low Low Low 
ISI Vulnerability Mapping Low Low Low 

  Resultant Uncertainty Low Low Low 

Ballantrae   
Numerical Model Uncertainty Low Low Low 
Time of Travel Analysis Uncertainty Low Low Low 
ISI Vulnerability Mapping Low High High 

  Resultant Uncertainty Low Low Low 

Mt. Albert   
Numerical Model Uncertainty Low Low Low 
Time of Travel Analysis Uncertainty Low Low Low 
ISI Vulnerability Mapping Low Low Low 

  Resultant Uncertainty Low Low Low 

Stouffville   
Numerical Model Uncertainty Low Low Low 
Time of Travel Analysis Uncertainty Low Low Low 
ISI Vulnerability Mapping Low Low Low 

  Resultant Uncertainty Low Low Low 
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3 Recommendations  
 
In summary, we have applied sound scientific principles and hydrogeologic modelling 
techniques to delineate TOT zones and to assign intrinsic vulnerability scores to areas within 
the estimated TOT zones.  We have made conservative assumptions in applying the models 
including the pumping rates and aquifer porosity values assumed.  We still recognize that the 
IVS methods introduce a higher level of uncertainty than the TOT delineation.  Accordingly, we 
recommend that: 
 

• The TOT results should be adopted to protect the larger area around the municipal 
wells, where practical, especially in the areas outside of the YSA.   

• Within the YSA, TOT zones from the individual wellfields coalesce, and as a result, 
cover an extremely large area.   Providing a uniformly high level of protection to the 
full TOT zones may not be practical.  Therefore, results of the IVS analyses should 
be used as a means of identifying and prioritizing critical areas to be monitored so 
that municipal resources could be used more effectively. 

• Results of the IVS scoring will likely be used as input into a parcel-by-parcel water 
quality risk assessment used to rank individual properties that pose a significant risk 
to the drinking water sources.  The inherent uncertainty in the IVS scoring should be 
strongly considered in these analyses. 

• The models and TOT zones should be updated periodically as new data on aquifer 
and aquitard properties, continuity of aquitards, and location of tunnel channels and 
bedrock valleys become available. 

• TOT zones should also be updated if significant changes in wellfield operations 
(such as decommissioning a well) are planned. 

• York Region should review the existing monitoring program to address how effective 
the network is in assessing pumping impacts, water quality, ecological impact, 
seasonal and drought sensitivity, private well interference, and future water supply 
issues. 

• York Region should continue to improve its monitoring network over time and 
incorporate the available high quality data, especially within the TOT zones, and 
thereby reduce the level of certainty associated with the numerical models. 

• York Region should seek to increase monitoring of the upper aquifer in the WHPA 
areas.  Although few production wells are located in the upper aquifer, it is important 
to monitor the shallow aquifer for potential contaminants.   

• York Region should initiate a program to locate, catalogue, and properly 
decommission its abandoned wells and provide financial assistance to well owners to 
properly decommission their abandoned wells.  Priorities can be assigned to each 
abandoned well based on the results of the IVS analysis. 

• As the project moved ahead, a new PTTW was issued for the Kleinburg System 
(2411-789N8E) in January 2008, which increased the pumping rates.  The Kleinburg 
wells are planned to be removed from operation once the lake-based system is 
operational.  Should the wells remain operational, the need to modify the TOT and 
WWAT analyses will be necessary. 

 
Over the course of this project, there have been several lessons that have been learned.  
These lessons will hopefully help others doing similar work and provide feedback to the 
MOE to be considered in their next draft of the Guidance Modules.  These include: 
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1. Having a calibrated regional-scale groundwater model was extremely important to  
the process of analyzing capture zones and travel times, as it enabled us to consider 
interference between multiple wellfields. 

2. The WWAT method, as compared to other methods (e.g., the ISI technique), is a 
scientifically valid method for determining the relative vulnerability of the wells to 
contamination from surface sources where sufficient local-scale characterization of 
geology has taken place. 

3. The scoring methods (0-10, and H, M, L scales) are arbitrary and are not based on 
any scientific principles.  This should be considered when using these results in any 
parcel-based risk analysis. 

4. York Region opted to forego consideration of unsaturated zone travel times in the 
calculation of surface-to-well advective times due to the uncertainties involved.  This 
decision may be unduly conservative in areas where the wells underlie thick zones of 
unsaturated tills.   

5. Guidance Module 3 provides methodologies that are meant to be uniformly 
applicable across Ontario.  However, these methods should allow more flexibility to 
account for variations in local geologic settings.   

6. There are uncertainties at all levels of the analysis, from the modelling to the TOT 
delineation to the particle tracking and WWAT scoring.  It is difficult is to quantify the 
amount of uncertainty introduced by each step, and even more difficult to asses how 
these different levels of uncertainty add up.  The methods identified in the Guidance 
Module 3 are insufficient to address this problem. 
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4 Limitations  
 
Services performed by Earthfx Incorporated for York Region were conducted in a manner 
consistent with that level of care and skill ordinarily exercised by members of the environmental 
engineering and consulting profession. 
 
This report presents the results of data compilation and computer simulations of a complex 
geologic setting.  Data errors and data gaps are likely present in the information supplied to 
Earthfx, and it was beyond the scope of this project to review each data measurement and infill all 
gaps.  Models constructed from this data are limited by the quality and completeness of the 
information available at the time the work was performed.  Computer models represent a 
simplification of the actual geologic and hydrogeologic conditions.  The applicability of the 
simplifying assumptions may or may not be applicable to a variety of applications.    
 
This report does not exhaustively cover an investigation of all possible environmental conditions or 
circumstances that may exist in the study area.  If a service is not expressly indicated, it should not 
be assumed that it was provided.   
 
It should be recognized that the passage of time affects the information provided in this report.  
Environmental conditions and the amount of data available can change.  Discussions relating to 
the conditions are based upon information that existed at the time the conclusions were formulated. 
 
All of which is respectively submitted, 
 
EARTHFX INC. 
 
 

 
Dirk Kassenaar, M.Sc. P.Eng. 
Earthfx Inc. 
 
 
 

 
E.J. Wexler, M.Sc., M.Sc. (Eng) 
Earthfx Inc. 
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Figure 1: Location of study area showing major geographic features and wellfield locations. 
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Figure 2: Location of wells in the Yonge Street area. 
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Figure 3: Location of wells in the Stouffville, Ballantrae, and Mt. Albert areas. 
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Figure 4: Location of wells in the Schomberg, Nobleton, Kleinburg, and King City areas. 
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Figure 5: Time-of-Travel Zones for WHPA delineation (after MOE, 2006). 
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Figure 6: Portion of model grid in the Holland Landing-Queensville area showing the 100-metre 
by 100-metre cell size. 
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Figure 7: Creation of TOT zone from backward particle tracks at 25 years. 
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Figure 8: Section showing definitions of WHPA terminology. 
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Figure 9: WWAT analysis (cells colour-coded by travel time) within the 25 year TOT for the King 
City wells 
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Figure 10: Example of vulnerability scoring for WHPAs for non-DNAPL contaminants (after 
MOE, 2006). 
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Figure 11: York Region higher quality data locations. 
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Figure 12: Land surface topography. 
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Figure 13: Major physiographic features (from Chapman and Putman, 1984). 
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Figure 14:  Bedrock geology (from OGS digital mapping). 
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Figure 15: Bedrock surface topography (from Kassenaar and Wexler, 2006). 



  
Vulnerability Assessment and Scoring of WHPAs, York Region November 2007 (revised Oct. 2009) 
 

Earthfx Inc.  78 

 

Figure 16: Quaternary geology for York Region (modified from Sharpe et al., 1997). 
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Figure 17: Subglacial flow leading to erosion of tunnel channels (from Russell et al., 2002). 

 
 

 

 

Figure 18: Erosional and depositional process in tunnel channels. (Figure provided by the GSC). 
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Figure 19: Location and extent of tunnel channels (from Kassenaar and Wexler, 2006). 
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Figure 20: Location of section lines.
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Figure 21: North-South section through the Ansnorveldt wellfield. 
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Figure 22: North-South section through the Ballantrae wellfield. 
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Figure 23: Northwest-Southeast section through the Stouffville Wells 
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Figure 24: North-South section through the King City wellfield.
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Figure 25: North-South section through Kleinburg Well 2.
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Figure 26: East-West section through the Kleinburg Wells 3 and 4.
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Figure 27: East-West section through the Mt. Albert wellfield.
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Figure 28: North-South section through the Mt. Albert wellfield.
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Figure 29: East-West section through the Nobleton wellfield. 
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Figure 30: North-South section through the Schomberg Wells 



  
Vulnerability Assessment and Scoring of WHPAs, York Region November 2007 (revised Oct. 2009) 
 

Earthfx Inc.  92 

 

Figure 31: North-South section through Aurora Wells 1 to 4.
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Figure 32: North-South section through Aurora Well 5 and Newmarket Wells 13 and 16. 



  
Vulnerability Assessment and Scoring of WHPAs, York Region November 2007 (revised Oct. 2009) 
 

Earthfx Inc.  94 

 

Figure 33: East-West section through Aurora Well 6.
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Figure 34: North-South section through Newmarket Wells 1 and 15. 
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Figure 35: East-West section through Newmarket Well 14. 
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Figure 36: North-South section through Queensville Wells 1 and 2. 
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Figure 37: North-South section through Queensville Wells 3 and 4. 
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Figure 38: East-West section through Holland Landing Well 1. 
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Figure 39: East-West section through Holland-Landing Well 2. 
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Figure 40: Major streams in the study area and location of Environment Canada surface water 
gauges. 
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Figure 41: North-South cross section along Yonge Street through the Core Model. 
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Figure 42: Extent of the YPDT-CAMC Core Model for the central part of the ORM area.  
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Figure 43: Observed heads in the ORAC in metres above sea level. 
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Figure 44: Observed heads in the TAC in metres above sea level. 
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Figure 45: Simulated heads in Model Layer 3 (mostly ORAC) in metres above sea level. 
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Figure 46: Simulated heads in Model Layer 5 (mostly TAC) in metres above sea level. 
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Figure 47: Simulated time of travel zones for the Aurora and Newmarket wells. 



  
Vulnerability Assessment and Scoring of WHPAs, York Region November 2007 (revised Oct. 2009) 
 

Earthfx Inc.  109 

 

Figure 48: Simulated time of travel zones for the Holland Landing and Queensville wells. 
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Figure 49: Simulated time of travel zones for the Ballantrae wells. 
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Figure 50: Simulated time of travel zones for the Stouffville wells. 
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Figure 51: Simulated time of travel zones for the Mt. Albert wells. 
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Figure 52: Simulated time of travel zones for the King City wells. 
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Figure 53: Simulated time of travel zones for the Kleinburg wells. 
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Figure 54: Simulated time of travel zones for the Nobleton wells. 
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Figure 55: Simulated time of travel zones for the Schomberg wells. 
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Figure 56: Simulated time of travel zones for the Ansnorveldt wells. 
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Figure 57: Starting points for WWAT analysis for the Holland Landing and Queensville wells. 
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Figure 58: Starting points for WWAT analysis for the Aurora and Newmarket wells. 
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Figure 59:  Water table to well advective times (WWAT) for the Stouffville wells. 
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Figure 60: Section showing forward particle tracking from water table to Stouffville Wells 1 to 3 
at 25 years. 
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Figure 61: High, Medium, and Low vulnerability areas based on WWAT values for the Aurora 
and Newmarket wells. 
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Figure 62: High, Medium, and Low vulnerability areas based on WWAT values for the Holland 
Landing and Queensville wells. 
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Figure 63: High, Medium, and Low vulnerability areas based on WWAT values for the Ballantrae 
wells. 
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Figure 64: High, Medium, and Low vulnerability areas based on WWAT values for the Stouffville 
wells. 
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Figure 65: High, Medium, and Low vulnerability areas based on WWAT values for the Mt. Albert 
wells. 
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Figure 66: High, Medium, and Low vulnerability areas based on WWAT values for the King City 
wells. 
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Figure 67: High, Medium, and Low vulnerability areas based on WWAT values for the Kleinburg 
wells. 
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Figure 68: High, Medium, and Low vulnerability areas based on WWAT values for the Nobleton 
wells. 
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Figure 69: High, Medium, and Low vulnerability areas based on WWAT values for the 
Schomberg wells. 
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Figure 70: High, Medium, and Low vulnerability areas based on WWAT values for the 
Ansnorveldt wells. 
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Figure 71: Intrinsic Vulnerability Scoring for pathogen zones around the Aurora and Newmarket 
wells. 



  
Vulnerability Assessment and Scoring of WHPAs, York Region November 2007 (revised Oct. 2009) 
 

Earthfx Inc.  133 

 

Figure 72: Intrinsic Vulnerability Scoring for pathogen zones around the Holland Landing and 
Queensville wells. 



  
Vulnerability Assessment and Scoring of WHPAs, York Region November 2007 (revised Oct. 2009) 
 

Earthfx Inc.  134 

 

Figure 73: Intrinsic Vulnerability Scoring for pathogen zones around the Ballantrae wells. 
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Figure 74: Intrinsic Vulnerability Scoring for pathogen zones around the Stouffville wells. 
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Figure 75: Intrinsic Vulnerability Scoring for pathogen zones around the Mt. Albert wells. 
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Figure 76: Intrinsic Vulnerability Scoring for pathogen zones around the King City wells. 
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Figure 77: Intrinsic Vulnerability Scoring for pathogen zones around the Kleinburg wells. 
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Figure 78: Intrinsic Vulnerability Scoring for pathogen zones around the Nobleton wells. 
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Figure 79: Intrinsic Vulnerability Scoring for pathogen zones around the Schomberg wells. 
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Figure 80: Intrinsic Vulnerability Scoring for pathogen zones around the Ansnorveldt wells. 
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Figure 81: Intrinsic Vulnerability Scoring for DNAPL zones around the Aurora and Newmarket 
wells. 
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Figure 82: Intrinsic Vulnerability Scoring for DNAPL zones around the Holland Landing and 
Queensville wells. 
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Figure 83: Intrinsic Vulnerability Scoring for DNAPL zones around the Ballantrae wells. 



  
Vulnerability Assessment and Scoring of WHPAs, York Region November 2007 (revised Oct. 2009) 
 

Earthfx Inc.  145 

 

Figure 84: Intrinsic Vulnerability Scoring for DNAPL zones around the Stouffville wells. 
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Figure 85: Intrinsic Vulnerability Scoring for DNAPL zones around the Mt. Albert wells. 
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Figure 86: Intrinsic Vulnerability Scoring for DNAPL zones around the King City wells. 
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Figure 87: Intrinsic Vulnerability Scoring for DNAPL zones around the Kleinburg wells. 
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Figure 88: Intrinsic Vulnerability Scoring for DNAPL zones around the Nobleton wells. 
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Figure 89: Intrinsic Vulnerability Scoring for DNAPL zones around the Schomberg wells. 
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Figure 90: Intrinsic Vulnerability Scoring for DNAPL zones around the Ansnorveldt wells. 
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Figure 91: Intrinsic Vulnerability Scoring for general contaminant zones around the Aurora and 
Newmarket wells. 
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Figure 92: Intrinsic Vulnerability Scoring for general contaminant zones around the Holland 
Landing and Queensville wells. 
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Figure 93: Intrinsic Vulnerability Scoring for general contaminant zones around the Ballantrae 
wells.
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Figure 94: Intrinsic Vulnerability Scoring for general contaminant zones around the Stouffville 
wells. 
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Figure 95: Intrinsic Vulnerability Scoring for general contaminant zones around the Mt. Albert 
wells. 
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Figure 96: Intrinsic Vulnerability Scoring for general contaminant zones around the King City 
wells. 
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Figure 97: Intrinsic Vulnerability Scoring for general contaminant zones around the Kleinburg 
wells. 
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Figure 98: Intrinsic Vulnerability Scoring for general contaminant zones around the Nobleton 
wells. 
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Figure 99: Intrinsic Vulnerability Scoring for general contaminant zones around the Schomberg 
wells. 
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Figure 100: Intrinsic Vulnerability Scoring for general contaminant zones around the Ansnorveldt 
wells. 
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Figure 101: Sensitivity of the TOT Zones to hydraulic conductivity of the TAC and Newmarket 
Till. 
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Figure 102: Sensitivity of TOT zones to a randomly generated set of hydraulic conductivity 
values for the Newmarket Till. 
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Figure 103:  Alternate simplified IVS High-Low scoring for the Aurora and Newmarket Wellfields 

based on the 50 year time-of-travel. 
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Figure 104: King City total production versus water level trends. 
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Figure 105: Well data in southwest York Region. 
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Figure 106: Well data in central York Region. 
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Figure 107: Well data in eastern York Region. 
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Update to Vulnerability Assessment and Scoring of W ellhead 
Protection Areas, Regional Municipality of York  

 
1 Introduction  
 
In November 2007, Earthfx Incorporated (Earthfx) and Azimuth Environmental Consulting 
Incorporated (AEC) completed an analysis of intrinsic vulnerability to contamination at all 38 
active municipal wells in the Regional Municipality of York (Earthfx, 2007).  The study was 
completed as part of York Region’s source water protection initiative supported through the 
Ministry of Environment’s (MOE) 2005-2006 Source Protection Grant Program. The project was 
carried out in accordance with the objectives outlined in the MOE Draft Guidance Module 3 for 
Groundwater Vulnerability Analysis (MOE, 2006).  Results of this study were intended to provide 
the foundation for future Water Quality Risk Assessment and analysis of threats to municipal 
drinking water sources and supplies. 
 
Since that time, the Technical Rules for preparing Source Water Assessment reports have been 
finalized (November 2008) and amended (December 2008) and the MOE Draft Guidance 
Module has been superseded.  Technical changes have been made to the methodology for 
scoring vulnerability within Wellhead Protection Area (WHPA) Zone D (WHPA-D).  Changes 
have also been made to the terminology and to the mapping standards.  These changes require 
that the results presented in the 2007 Earthfx report be updated and submitted in an Addendum 
report. 
 
In addition, new production wells have been constructed in Nobleton, Schomberg, and Mount 
Albert.  Environmental Assessment (EA) reports have been completed for each of these 
wellfields (MMM Group, 2007; Genivar, 2007; MMM Group 2006).  The pumping rates and 
resulting WHPAs from these EA reports are included here, and are used for the WWAT 
analyses (with the exception of Mount Albert, which required a new simulation for this current 
report).    
 
For Nobleton, Simulation 2 from EA report uses the proposed permitted rates from 2007 in order 
to determine the WHPA limits (MMM Group, Appendix. E Groundwater Resource Exploration).   
This simulation is used in this current report in the assessment of vulnerability for the Nobleton 
wells.  At Schomberg, the EA report (Genivar, 2007) used the maximum permitted rates at each 
well.  These pumping rates and the resulting WHPA are used for the vulnerability assessment in 
this current report. 
 
In the Mount Albert EA report (MMM Group, 2006, App. E. Groundwater Resource Exploration) 
all three wells are pumped at their permitted rates.  However, for this current report, a new 
simulation was performed, with only wells 1 and 3 pumping at their individual permitted rates 
(permitted rates were only used at wells 1 and 3 because well 2 is located on the same site as 
well 1).  Although we recognize that the combined pumping rate is still above the PTTW, this 
represents a conservative approach and at any given time, any one well could be pumping at its 
maximum permitted rate.  
 
Pumping rates used are provided in the table below:   
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Table 1: Pumping rates for the Nobleton, Schomberg and Mount Albert wellfields. 

Municipal 
Well 

Permitted 
Maximum Pumping 

Rate 
(m3/d) 

Simulated 
Pumping 

Rate 
(m3/d) 

Nobleton Well 2 19641 2592 
Nobleton Well 3 24961 2160 
Nobleton Well 4 24961 2592 
   
Schomberg Well 2 1637 1637 
Schomberg Well 3 2290 2290 
Schomberg Well 4 1508 1508 
   
Mount Albert Well 1 32732 3273 
Mount Albert Well 2 32732 0 
Mount Albert Well 3 32732 3273 
1 Two separate cycles are outlined for Nobleton: Cycle 1 indicates that Nobleton wells 3 
and 4 may be operated up to a maximum of 2,496 m3/day and 1,964 m3/day, respectively - 
Cycle 2 indicates that Nobleton wells 4 and 2 may be operated up to a maximum of 2,496 
m3/day and 1964 m3/day, respectively.  In addition, condition 3.4 indicates that Nobleton 
well 2 and 3 shall NOT be operated simultaneously.   
 
2 For the Mount Albert wells, the maximum permitted rate is shown for each well; however, 
the maximum combined daily taking from any combination of Mount Albert wells 1, 2, or 3 
shall NOT exceed 4990 m3/day. 

 
The current study and the one completed in November 2007 (Earthfx, 2007) make use of a 
conceptual geologic and numerical groundwater flow model that was developed as part of the 
Oak Ridges Moraine Hydrogeology Program conducted by York, Peel and Durham Regions, the 
City of Toronto, and the Conservation Authorities of the Moraine Coalition (YPDT-CAMC).  The 
YPDT-CAMC groundwater model is described by Kassenaar and Wexler (2006).  

1.1 Scope of Work 
This study serves as an addendum to the existing study (Earthfx, 2007), and has been divided 
into two parts, described below. 

1.1.1 Part 1 – Updating the Existing Vulnerability Scoring 
The purpose of Part 1 of this addendum report is to revise the vulnerability scoring and mapping 
for all of York Region’s municipal wells (excluding Nobleton, Schomberg and Mount Albert, 
which are addressed in Part 2 of this report).   
 
After a review of the Technical Rules for the Clean Water Act, which were re-issued in 
November 2008, and amended in December 2008, the vulnerability scoring and mapping was 
updated with the new scoring values.  This update of the intrinsic vulnerability scoring (IVS) 
maps does not involve any new groundwater flow or particle tracking simulations.  The new 
maps are generated by assigning new IVS values to the existing water table-to-well-advection-
time (WWAT) zones, which were presented in the 2007 Earthfx report.   
 
In the new Technical Rules, only the IVS values within WHPA-D (5-25 year time-of-travel, or 
TOT) have changed (IVS values with WHPA-A, WHPA-B and WHPA-C remain unchanged from 
the November 2007 report).  The new rules (MOE, 2008) have IVS values of 6, 4 and 2 for high, 
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medium and low areas of relative vulnerability within WHPA-D, respectively.  In the previous 
study (Earthfx, 2007), the IVS values for the high, medium and low areas of relative vulnerability 
within WHPA-D were: 8, 6 and 2.  The new vulnerability scoring is shown below: 
 

Table 2: Wellhead Protection Vulnerability Scores. 

GW Vulnerability  
Category for Area  WHPA-A WHPA-B WHPA-C WHPA-D 

High 10 10 8 6 
Medium 10 8 6 4 
Low 10 6 2 2 

 
Note that in the previous work (Earthfx, 2007), IVS maps were included for Pathogens and 
dense non-aqueous phase liquids (DNAPLs), as well as General Contaminants and each of 
these sets of maps had its own scoring rules.  However, it is our understanding that the updated 
Technical Rules (MOE, 2008) only require a single set of maps.  
 

1.1.1 Part 2 – Updating the Vulnerability Assessmen t and Scoring of Nobleton, 
Schomberg and Mount Albert Wellfields 

The purpose of Part 2 of this project is to assess the vulnerability of the WHPAs at the new 
municipal well sites in Nobleton, Schomberg and Mount Albert.  The scope of work includes 
several subtasks, outlined below. 
 
1.1.1.1 Task 1: Assessment and Mapping of Aquifer Vulnerability in the WHPA 
Earthfx will conduct a vulnerability assessment for the WHPAs at the three new well sites using 
the WWAT approach that scores vulnerability in terms of travel time through the saturated zone 
to the well. As in the November 2007 analyses (Earthfx, 2007), the unsaturated-zone-advective 
time (UZAT) is assumed to be small and will be ignored in this vulnerability scoring.  The UZAT 
estimations would have a high-degree of uncertainty associated with them, due to the numerous 
variables associated with unsaturated flow and the limited data available for these variables.  In 
addition, where potential sources of contamination lie below the ground surface, either within 
the unsaturated zone or at the water table (e.g., underground storage tanks), the WWAT 
approach may provide a more realistic representation of the vulnerability of the water supply.  
Where potential sources of groundwater contamination are located at ground surface, the 
WWAT approach would provide a conservative estimate of the travel time of potential 
contaminants to the well, which would be favourable from the perspective of protecting the 
municipal well supplies.   
 
As the existing WHPAs for the three new production wells are consistent with the framework 
outlined in the Technical Rules, no refinement of these WHPAs is expected for this task, with 
the exception of Mount Albert, where pumping rates have changed for the current report (see 
above).  The WWAT analysis will be conducted within the entire WHPAs, including areas that 
extend beyond the boundaries of York Region.  Definitions of the four WHPA zones are 
provided in the table below: 
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Table 3: Wellhead Protection Area Zone Definitions. 
 

WHPA 
Type Definition 

WHPA-A 0 - 100-metre radius around the well 
WHPA-B Area outside WHPA-A in which time of travel to the well is less than 2 years 
WHPA-C Area in which the time of travel to the well is between 2 and 5 years  
WHPA-D Area in which the time of travel to the well is between 5 and 25 years 

 
Earthfx will apply the YPDT-CAMC Core Model of the Oak Ridges Moraine (Kassenaar and 
Wexler, 2006) for determining potentials needed for the vulnerability assessment and scoring.  
The same version of the Core Model that was used to delineate the previous WHPAs will be 
used for this vulnerability study.  Forward particle tracking techniques, identical to those in the 
November 2007 study, will be applied to assess advective travel times in a manner consistent 
with the previous study.  The maps of travel times within the WHPA will provide a relative 
indication of the susceptibility of the aquifer to contamination from potential surface sources. 
 
1.1.1.2 Task 2: Assignment and Mapping of Vulnerability Scores 
For all three wellfields, Earthfx will assign vulnerability scores to zones within each WHPA zone 
based on the advective travel times.  The vulnerability scoring process involves two main steps: 
categorizing the relative vulnerability of the aquifer as either “High” (0-to-5 year advective travel 
time), “Medium” (5-to-25 years), or “Low” (> 25 years), and then assigning vulnerability scores 
ranging from 2 (lowest vulnerability) to 10 (highest vulnerability) within the different time of travel 
WHPA zones as shown in Table 2.  The vulnerability scoring shall be conducted within the 
entire WHPA, including those areas that extend beyond the boundaries of York Region. 
 
1.1.1.3 Task 3: Analysis and Rating of Uncertainty 
Earthfx analyzed and rated the uncertainty in the vulnerability assessment mapping and 
vulnerability scoring at the new well sites. This analysis included a characterization of “high or 
“low” for the level of uncertainty, as required by the Technical Rules (MOE, 2008).  The 
following factors shall be considered in the analyses: 
 

• the distribution, variability, quality and relevance of data used in conducting the 
analyses;  

• the ability of the methods and models to accurately reflect the flow processes in the 
groundwater system;  

• the quality assurance/quality control procedures applied;  
• the extent and level of calibration and validation achieved for models used; and  
• the accuracy to which the groundwater vulnerability categories effectively assess the 

relative vulnerability of the underlying hydrogeological features  
 
Many of these factors were addressed in the November 2007 report.  The findings will be 
updated in light of any new information or results obtained as part of this study 

1.2 Background 
This updated source water assessment is based on a comprehensive understanding of the 
physical characteristics of the local groundwater system and its functioning within the larger 
context of the regional groundwater flow system.  The reader is referred to the November 2007 
report (Earthfx, 2007) for relevant background material.  
 



  
Update to Vulnerability Assessment and Scoring of WHPAs, York Region November 2009 
 

Earthfx Inc.  10 

The Oak Ridges Moraine study (Kassenaar and Wexler, 2006) has provided a high level of 
understanding needed to delineate the wellhead protection areas utilizing three-dimensional 
modelling techniques.  A general description of the geologic and hydrogeologic setting of York 
Region is provided in the November 2007 report (Earthfx, 2007); the reader is referred to 
Kassenaar and Wexler (2006) for more detailed discussions.   

1.3 Methodology 
The Time-of-Travel (TOT) method is the approach specified by MOE Guidance Module 3 (MOE, 
2006) for delineating wellhead protection areas around municipal supply wells.  As described in 
the November 2007 report (Earthfx, 2007), three-dimensional advective flow modelling was 
applied, which is the “preferred method” because numerical models can represent spatial 
variability of aquifer and aquitard properties and recharge rates.  Furthermore, because the 
model covers all of York Region, mutual interference between supply wells and the effect of 
surface water features on the groundwater flow patterns can also be represented.  Additional 
details and limitations of this method are described in Earthfx (2007). 

1.3.1 Model Selection 
The U.S. Geological Survey (USGS) MODFLOW code was selected for use in this study 
because this code is recognized worldwide and has been extensively tested and verified.   To 
simulate groundwater flow paths and travel times which, in turn, were used to define TOT zones 
for the York Region municipal wells, the U.S. Geological Survey MODPATH code was used.  
Additional details and limitations of these codes are described in Earthfx (2007), and Kassenaar 
and Wexler (2006). 

1.3.2 Modelling Approach 
MODFLOW/MODPATH results were used to delineate the primary wellhead protection TOT 
zones for each municipal well (2-, 5- and 25-year TOT zones, which correspond to the WHPA 
sensitivity zones B, C, and D, respectively).  WHPA-A was created by drawing a circle with a 
100-metre radius around each well.   
 
Simulated pumping rates for all municipal wells (excluding Nobleton, Schomberg and Mount 
Albert) are shown in Table 3 from the November 2007 report (Earthfx, 2007).  For the remaining 
three well fields, pumping rates are shown in Table 1. 
 
Additional details on both the MODFLOW and MODPATH approaches are described in the 
2007 Earthfx report and the 2006 Kassenaar and Wexler report. 

1.3.3 Vulnerability Assessments Methods  
MOE Guidance Module 3 (MOE, 2006) presents a detailed description of the methodologies 
available for assessing the relative vulnerability of the aquifers that supply water to the 
municipal wells.  Earthfx provide relevant background material in the 2007 report, which 
describes and compares the different methods of assessing the intrinsic vulnerability of aquifers.   
 
For the 2007 project, Earthfx and York Region staff determined that the WWAT method would 
be the most appropriate method of calculating travel times.  WWAT values were determined by 
placing virtual water particles at the water table in all model grid cells within the 0 to 25-year 
TOT zones.  If the water-table was below the base of a Model Layer 1, the particles were 
released from the top of the uppermost active model layer.  The MODPATH code was used to 
track each virtual particle forward from its starting point to a discharge point which could be a 
either a well or a stream.  The travel time for each track that ends up in a well was determined 
and then assigned to the originating cell.   Appendix 4 of Guidance Module 3 (MOE, 2006) 
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recommends translating the travel times obtained from the WWAT analyses into relative 
measures of intrinsic vulnerability as summarized in Table 4. A more detailed description of this 
methodology is provided in the 2007 Earthfx report. 
 

Table 4: High, Medium, and Low vulnerability categories  
as related to WWAT values (from MOE, 2006). 

WWAT Value IV Category 
> 25 years Low (L) 

5 to 25 Years  Medium (M) 
0 to 5 years High (H) 

1.3.4 Intrinsic Vulnerability Scores 
The WHPA sensitivity zones (WHPA-A, WHPA-B, WHPA-C and WHPA-D) determined through 
the TOT analyses were intersected with the relative aquifer vulnerability zones (H, M, L).  Final 
intrinsic vulnerability scores (IVS) ranging from 2 (low vulnerability) to 10 (high vulnerability) 
were then assigned to sub-zones within the WHPA zones.   
 
Table 2 shows the new IVS values to be applied for WHPA-A, WHPA-B, WHPA-C and WHPA-
D, using WWAT methods.  In the previous study, separate maps were created for DNAPL and 
pathogen zones, as described in Earthfx (2007).  The updated Technical Rules, however, do not 
include intrinsic vulnerability scoring for these different zones, and therefore, only a single set of 
maps (equivalent to “general contaminants”) is provided here.  The methodology for assignment 
of IVS values is described in further detail in the 2007 Earthfx report.  

1.3.5 Uncertainty Assessment 
There is a level of uncertainty associated with the results of applying the WWAT and IVS 
methods.  The uncertainty is a product of the underlying uncertainties associated with each of 
the three processes used to develop the final IVS values:  (1) the numerical groundwater flow 
model, (2) the time-of-travel analyses, and (3) the WWAT and IVS methodologies.  Earthfx 
described these different areas of uncertainty in more detail in the previous study (Earthfx, 
2007).  
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2 Study Results  

2.1 Part 1 

2.1.1 Update of Intrinsic Vulnerability Scores 
 
New IVS maps for all municipal wellfields in York Region (excluding Nobleton, Mount Albert and 
Schomberg, which will be discussed in Part 2) have been generated using the new Technical 
Rules for the Clean Water Act, issued in November 2008, and amended in December 2008.  
These new maps are identical to the “General Contaminant” maps presented in the November 
2007 report (Earthfx, 2007), for WHPA-A, WHPA-B and WHPA-C; however, within WHPA-D the 
new maps differ from those shown in the November 2007 report (Earthfx, 2007), as the new 
Technical Rules have a new scoring scheme within this WHPA zone (see Table 2). 
 
Figure 1 shows the IVS at the Aurora and Newmarket wells; Figure 2 shows the IVS at the 
Holland Landing and Queensville wells.  IVS mapping was generated for the other wells and is 
presented in separate figures for the Ballantrae wells (Figure 3), Stouffville (Figure 4), King City 
wells (Figure 5), Kleinburg wells (Figure 6), and Ansnorveldt wells (Figure 7).   
 
Some observations can be made with regards to the results shown in these figures.  The IVS 
zones generally match the corresponding TOT zones for wells which are screened in the Oak 
Ridges Aquifer Complex (ORAC), which is the uppermost aquifer in this area.  These wells 
include Newmarket Well 14, and Stouffville Wells 3, 5 and 6.  Newmarket wells 1, 2, 13, and 16 
have relatively large zones of medium to high intrinsic vulnerability around the wells.  The 
reason for the short travel times (0 to 5 years) is that the particles were started in Layer 5 (TAC), 
because the simulated heads were below the base of the Newmarket Till.  As a result, the travel 
times do not account for the extremely long time of travel through the unsaturated Halton and 
Newmarket Tills.  Newmarket well 15, the Aurora wells, the Holland Landing wells, and the 
Queensville wells generally have small areas of medium intrinsic vulnerability surrounded by 
areas of low vulnerability.  A small area of high intrinsic vulnerability lies to the south of 
Queensville wells 3 and 4.  This is associated with a small zone of thin Newmarket Till 
interpreted to be present in this area.  The simulated water table lies below the base of this thin 
Newmarket Till, and as a result, particles in this area were started in Layer 5.  The analysis 
shows that, even though the 25-year TOT zones from the different wellfields coalesce, much of 
the 25-year TOT for the Holland Landing/Queensville wellfields and the eastern part of the 
Aurora/Newmarket 25-year TOT have low intrinsic vulnerability.   For Ballantrae, medium 
vulnerability is present throughout most of the WHPA zones, with low values around the edges 
of the 25-year WHPA.  At King City, medium intrinsic vulnerability scores appear in an area to 
the east of the wells, while the remaining areas are assigned low intrinsic vulnerability scores. 
For Kleinburg, medium intrinsic vulnerability scores are assigned to areas near the wells, with 
low intrinsic vulnerability in the remaining areas.  For Ansnorveldt, low intrinsic vulnerability 
scores are assigned throughout all WHPA zones. 

2.2 Part 2 

2.2.1 Assessment and Mapping of Aquifer Vulnerabili ty in the WHPA for Nobleton, 
Schomberg and Mount Albert Wells 

The procedure for generating the vulnerability maps based on WWATs is outlined in the 
November 2007 report (Earthfx, 2007).  Virtual water particles were placed along the top face 
(water table) of all model grid cells within the 25-year WHPA.  To ensure that no possible 
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pathways were missed, particles were also placed in a small buffer area surrounding the 25-
year WHPA.  If the water table was below the base of Model Layer 1, particles were released 
from the top of the uppermost active model layer.  Figure 8, Figure 9, and Figure 10 show the 
starting layers for particles for the Nobleton, Schomberg and Mount Albert wellfields.  
 
While some of these particles end up discharging to streams and other wells, the starting cells 
for particles that reach the municipal wellfields are assigned a value based on the length of time 
required for the particle to reach the municipal well.  These values are then mapped to create 
“High”, “Medium”, and “Low” (H. M, L) zones of vulnerability.  For Nobleton, Schomberg and 
Mount Albert, these vulnerability maps are shown in Figure 11, Figure 12, and Figure 13 
respectively. For Nobleton and Schomberg, these WWAT maps are similar to those in the 
November 2007 report, except that the small “Medium” zone north of the Nobleton Wells is no 
longer present, and at Schomberg, there are small “Low” zones near the pumping wells.  For 
Mount Albert, the WWAT map shows “Medium” zones around the wells, and another “Medium” 
zone to the south, with the remaining area shown as “Low”.   

2.2.2 Assignment and Mapping of Intrinsic Vulnerabi lity Scores for Nobleton, 
Schomberg and Mount Albert Wells 

New IVS maps Nobleton, Schomberg and Mount Albert have been generated using the new 
Technical Rules for the Clean Water Act, issued in November 2008, and amended in December 
2008, and are shown in Figure 14, Figure 15, and Figure 16, respectively.  For Nobleton and 
Schomberg, the IVS values are the minimum or “Low” IVS values within each TOT zone.  For 
Mount Albert, almost the entire area within each TOT zone is the minimum or “Low” IVS, except 
for areas around the pumping wells, and the area in the south end of the 25-year TOT.    
 
The new wells at these three sites are located 

 
Table 5: Aquifer location of the new wells in Nobleton, Schomberg and Mount Albert. 

 
Well Aquifer 

Nobleton #4 Scarborough  
Schomberg #4  Thorncliffe 
Mount Albert #3 Thorncliffe 

 

2.2.3 Analysis and Rating of Uncertainty 
The November 2007 report discusses uncertainty in detail, as it relates to the WWAT and IVS 
analyses.  As mentioned in that report, it is impossible to provide a quantitative assessment of 
the level of uncertainty.  Rather, one can only say that the level is low or high.   
 
Appendix 6 of the MOE Guidance Module (MOE, 2008) indicates that it would be reasonable to 
expect a low level of uncertainty in areas where data density is high, where hydrogeologic 
studies have been conducted, and where numerical models have been developed.  This study 
generally satisfies all three of these MOE criteria.  It is recognized, however, that all 
hydrogeologic analyses have an intrinsic level of uncertainty because of data limitations and the 
requirement for professional interpretation. 
 
Uncertainty in the WWAT and IVS analyses can be ascribed to the three processes involved in 
developing final IVS values: (1) the numerical groundwater flow model, (2) the TOT delineation, 
and (3) the WWAT assessment.   Discussion of the uncertainty in these three processes is 
presented in more detail in the November 2007 report.   
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2.2.3.1 Vulnerability Mapping Uncertainty 
 
The WWAT method is the most scientifically sound technique to evaluate aquifer vulnerability.  
It is based on assessing true travel times using locally determined hydraulic properties that have 
been adjusted and refined through model calibration. The models that the WWAT analyses 
were based on were developed using recognized hydrogeologic and hydraulic principles and 
have been calibrated to match the observed heads and, more importantly, the model was 
calibrated to best match the observed directions of flow by carefully representing factors that 
influence flow patterns such as local variations in aquifer properties, recharge rates, aquifer and 
aquitard thickness and continuity as well as the effects of pumping from nearby wells and the 
influence of streams.  However, it is difficult to quantitatively assess the certainty of the TOT 
zones in an unbiased way and it is even more difficult to assess uncertainty in the WWAT 
values within the TOT zones. 
 
Because the WWAT method does not include travel time from the ground surface to the water 
table (UZAT), vulnerability likely has higher degree of uncertainty in areas where water table is 
deeper, because particles start deeper in WWAT assessment and therefore confining, overlying 
units are “missed”.  Using this WWAT approach, however, is a conservative approach with 
respect to wellhead protection. 
 
2.2.3.2 Uncertainty Related to Data Distribution within the TOT Zones 
As discussed in detail in the November 2007 report, the degree of confidence related to the 
TOT and IVS assessment also depends on data density.  Once the TOT zones were delineated, 
it was possible to look at the distribution of geologic and hydrologic data as well as monitoring 
data within or near the TOT zones.  
 
The location of monitoring and private wells in the vicinity of the Nobleton and Schomberg 
wellfields is shown in Figure 105 of the November 2007 report, while the location of monitoring 
and private wells in the vicinity of the Mt. Albert wellfield is shown in Figure 107 of the 
November 2007 report.  Some general observations are that, while there are over 20,000 
private wells within York region, most are shallow and do not provide information on aquifer 
properties or the degree of confinement in the vicinity of the supply wells.  There are also fewer 
wells in the database that are located in urban areas. 
 
Uncertainties related to geologic setting and data density were assessed for Nobleton, 
Schomberg and Mount Albert and are summarized to produce a general uncertainty estimate for 
each wellfield (Table 6).  The individual results are discussed below:  
 
Nobleton:  The Nobleton wells are deep and interpreted to be in the Scarborough aquifer 
complex (SAC) but the Sunnybrook aquitard is thin or missing in the area.  There are few 
monitoring wells in the vicinity and limited distribution of MOE Water Well Information System 
(WWIS) wells to the north (in particular, within WHPA-C), leading to a higher overall uncertainty 
rating.   
 
Schomberg: The Schomberg wells are interpreted to be near the edge of a tunnel channel.  
There is little information on the Sunnybrook aquitard in that area so the degree of protection 
afforded by that unit is uncertain.  There is a large number of WWIS wells to the southeast of 
Schomberg but relatively few elsewhere.  There are deep monitoring wells in the vicinity of the 
pumping wells but limited monitoring elsewhere considering the size of the TOT zones.   
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Mt. Albert:  The Mt. Albert wells are also interpreted to be near the edge of a tunnel channel.  
There are a few monitoring wells within the TOT zones and several high quality wells to the 
north of the 25-year TOT.   
 

Table 6: Summary of the uncertainty assessment for each wellfield. 
 

Wellfield Uncertainty Type Zone B Zone C Zone D 

    
(2-Year 
TOT) 

(5-Year 
TOT) 

(25-Year 
TOT) 

Nobleton  
Numerical Model Uncertainty Low High Low 
Time of Travel Analysis Uncertainty Low High Low 
Vulnerability Mapping Low High Low 

 Resultant Uncertainty Low High Low 

Schomberg   
Numerical Model Uncertainty Low High High 
Time of Travel Analysis Uncertainty Low High High 
Vulnerability Mapping Low Low Low 

  Resultant Uncertainty Low  High High 

Mt. Albert   
Numerical Model Uncertainty Low Low Low 
Time of Travel Analysis Uncertainty Low Low Low 
Vulnerability Mapping Low Low Low 

  Resultant Uncertainty Low  Low Low 
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Limitations  
 
Services performed by Earthfx Incorporated for York Region were conducted in a manner 
consistent with that level of care and skill ordinarily exercised by members of the environmental 
engineering and consulting profession. 
 
This report presents the results of data compilation and computer simulations of a complex 
geologic setting.  Data errors and data gaps are likely present in the information supplied to 
Earthfx, and it was beyond the scope of this project to review each data measurement and infill all 
gaps.  Models constructed from this data are limited by the quality and completeness of the 
information available at the time the work was performed.  Computer models represent a 
simplification of the actual geologic and hydrogeologic conditions.  The applicability of the 
simplifying assumptions may or may not be applicable to a variety of applications.    
 
This report does not exhaustively cover an investigation of all possible environmental conditions or 
circumstances that may exist in the study area.  If a service is not expressly indicated, it should not 
be assumed that it was provided.   
 
It should be recognized that the passage of time affects the information provided in this report.  
Environmental conditions and the amount of data available can change.  Discussions relating to 
the conditions are based upon information that existed at the time the conclusions were formulated. 
 
All of which is respectively submitted, 
 
EARTHFX INC. 
 

 
 
Dirk Kassenaar, M.Sc. P.Eng. 
Earthfx Inc. 
 
 

 
E.J. Wexler, M.Sc., M.Sc. (Eng) 
Earthfx Inc. 
 

 
 
Steve Shikaze, M.Sc., P.Eng. 
Earthfx, Inc 
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Figure 1: Updated Intrinsic Vulnerability Scoring around the Aurora and Newmarket wells. 
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Figure 2: Updated Intrinsic Vulnerability Scoring around the Holland Landing and Queensville 
wells. 
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Figure 3: Updated Intrinsic Vulnerability Scoring around the Ballantrae wells.
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Figure 4: Updated Intrinsic Vulnerability Scoring around the Stouffville wells. 
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Figure 5: Updated Intrinsic Vulnerability Scoring around the King City wells. 
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Figure 6: Updated Intrinsic Vulnerability Scoring around the Kleinburg wells. 
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Figure 7: Updated Intrinsic Vulnerability Scoring around the Ansnorveldt wells. 
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Figure 8: Starting Points for the WWAT Analysis for the Nobleton Wells. 
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Figure 9: Starting Points for the WWAT Analysis for the Schomberg Wells. 
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Figure 10: Starting Points for the WWAT Analysis for the Mount Albert Wells. 
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Figure 11: High, Medium and Low Vulnerability Areas based on WWAT values for the Nobleton 
Wells. 
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Figure 12: High, Medium and Low Vulnerability Areas based on WWAT values for the 
Schomberg Wells. 
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Figure 13: High, Medium and Low Vulnerability Areas based on WWAT values for the Mount 
Albert Wells. 
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Figure 14: Intrinsic Vulnerability Scoring for the Nobleton Wells. 
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Figure 15: Intrinsic Vulnerability Scoring for the Schomberg Wells. 
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Figure 16: Intrinsic Vulnerability Scoring for the Mount Albert Wells. 
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Methods 

OBJECTIVE: 

To document the methodology for identifying and evaluating drinking water quality 
issues for the municipal wells in the Regional Municipality of York (York Region). 

OVERVIEW: 

A drinking water quality issue is defined as the presence of a parameter listed in 
Schedule 1, 2, or 3 of the Ontario Drinking Water Quality Standards (Ontario Ministry of 
the Environment (MOE), 2006) or Table 4 of the Technical Support Document for 
Ontario Drinking Water Standards, Objectives and Guidelines at a concentration or 
trend of increasing concentrations, that may result in the deterioration of the quality of 
the water for use as a source of drinking water.  Schedules 1, 2, and 3 refer to the 
microbiological, chemical, and radiological parameters, respectively, and Table 4 refers 
to Aesthetic Objectives (AO) and Operational Guidelines (OG) (MOE, 2006).  

The drinking water issues identification and evaluation methods described in this 
document were developed specifically to meet the requirements of Technical Rules 114 
through 117 of the Technical Rules: Assessment Report, Clean Water Act, 2006 as 
provided by the Ontario Ministry of the Environment (MOE) on December 12, 2008, 
August 24, 2009 and November 16, 2009. 

The Water Quality Characterization and Issues Identification for Municipal Groundwater 
Supply System report completed by Genivar (Genivar, 2007) was reviewed to 
understand existing water quality trends and their applicability to the current study.  
Water quality parameters reviewed in the Genivar Study (2007) included organics, 
inorganics, microbiological parameters, and radionuclides.  The selection of the 
parameters focused on in this study was based on a review of the Genivar (2007) 
results.   The Genivar (2007) report identified the natural geochemical signatures of the 
regional aquifers in York Region and temporal trends in water quality parameters.  

The Genivar (2007) results indicated that the groundwater supply from York Region 
municipal wells met the Ontario Drinking Water Quality Standard (ODWQS) (MOE, 
2006) with the exception of a few aesthetic parameters such as iron and manganese 
exceeding the ODWQS AO (MOE, 2006) in some deep wells. However, elevated iron 
and manganese are reportedly common in deep aquifers in York Region (Genivar, 
2007). This geochemical signature is reportedly natural and related to rock and water 
interaction (Genivar, 2007).  
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The Genivar (2007) results indicated increasing trends in sodium and chloride 
concentrations in some of the shallow wells from York Region well fields. The Genivar 
(2007) results also indicated consistently stable trends in nitrate and sulphate 
concentrations in all of the wells from York Region well fields. The Genivar (2007) report 
recommended the continued monitoring of sodium and chloride in shallow wells.  

The issues evaluation steps included: 

 Step 1:  Assemble, Review, and Analyze Available Data 
 Step 2:  Identify and Evaluate Drinking Water Quality Issues 
 Step 3:  Identify Contributing Area for Drinking Water Quality Issues 
 Step 4:  Prepare List of Drinking Water Quality Issues 

Step 1: Assemble, Review, and Analyze the Available Data: 
The data used for the identification of issues comprised raw groundwater (untreated 
groundwater from the source aquifer) quality data provided by York Region.  The raw 
groundwater quality data was available in electronic format for the period from January 
1991 to February 2009 for municipal wellfields in York Region.  Groundwater quality 
data reviewed included parameters identified by the Genivar (2007) report for the 
continued monitoring.  

The following steps were involved in the data assembly, review, and analysis of the raw 
groundwater quality data:  

1. An assessment of data sufficiency (i.e., data quantity) was completed.  A minimum 
of five years of quarterly parameter concentration data was considered sufficient to 
identify water quality trends.  With the exception of data from recently installed 
municipal wells, parameter concentration data from York Region municipal wells 
was considered to be sufficient for the current assessment.    

2. Data analysis also required resolution in the treatment of raw groundwater quality 
information. The following steps were taken to resolve potential data quality issues: 

a) Identification of data outliers: There are various origins of outliers.  Human error 
can produce unintentional outliers.  Outliers are also generated as a result of the 
natural variation within the natural environment.  A statistical measure [average 
+ (standard deviation x 2)] based on the descriptive statistics of parameter 
concentrations was used for detecting outliers.  Outliers were removed from the 
subsequent analysis. 

b) Identification of parameter concentration values reported below detection limits: 
Parameter concentrations detected below the detection limits and presented as 
“less than concentration value” (i.e., < ###, where ### equals the value of the 
detection limit) were identified and substituted with the value of the Method 
Detection Limit (MDL). 
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c) Identification of parameter concentration values reported as Not Detected (ND): 

Parameter concentrations identified as ND were substituted with the observed 
MDL values. 

3. After the data review, parameter concentrations were graphed and statistically 
analyzed.  

Step 2: Identify and Evaluate Drinking Water Quality Issues: 
In order for a parameter to be considered an issue, it must be present in the raw water 
of a well at a concentration or trend of increasing concentrations that may result in the 
deterioration of the quality of the water for use as a source of drinking water.  Issues 
were identified by comparing a trend of increasing concentrations of the parameter to 
the issues evaluation benchmarks. 

The following steps were used to identify and evaluate water quality issues: 

1. Parameters exhibiting a trend of increasing concentrations at the well where a 
continuation of that trend would result in the deterioration of the quality of the water 
for use as a source of drinking water were identified based on the following 
methodology.   

a) For each municipal well field, parameter concentrations over time were graphed. 

b) For each graph, an R2 value (R-squared value is a statistical measure of 
correlation between two variables) was calculated based on the linear 
relationship between parameter concentrations and time.  If the R2 value is 
between .7 and 1.0, then there is a strong linear relationship between parameter 
concentrations and time (Helsel D.R. and R.M. Hirsh, 1991).   

c) Parameters with an R2 value ≥ .7 and a discernable increasing trend line were 
selected for further assessment.  The likelihood of a trend continuing in the 
future is relatively high if there is a strong relationship between parameter 
concentrations and time (i.e., R2 value ≥ .7).  

2. If a parameter exhibited a trend of increasing concentrations, then the rate of 
change (any positive rate of change) in parameter concentrations over time was 
examined as a next step. Any positive rate of change in parameter concentrations 
over every consecutive five-year period was used to further affirm the trend of 
increasing concentrations.  

3. Parameters exhibiting both a trend of increasing concentrations and a positive rate 
of change were compared to the following benchmarks: 

a) A primary benchmark based on the Schedule 1, 2, or 3 of the ODWQS (MOE, 
2006) or Table 4 of the Technical Support Document for Ontario Drinking Water 
Standards, Objectives and Guidelines (MOE, 2006).  
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b) Since O.Reg. 170/03 indicates that any parameters listed in Schedule 2 of 

O.Reg. 169/03 at 50% of the maximum acceptable concentration in treated 
water triggers an increase in sampling frequency; a parallel was applied at 50% 
of ODWQS (MOE, 2006) to establish a conservative issues benchmark.  This 
benchmark can be used as a trigger level to identify potential drinking water 
quality issues at an early stage.  

4. Parameters exceeding the benchmarks were identified. 

5. Availability of treatment and its effectiveness for the parameters exceeding the 
benchmarks was considered. 

6. If the review of water quality data suggested potential well construction related 
issues, input regarding the operational history and well related issues provided by 
York Region was included in the assessment.   

7. After the consideration of operational issues, parameter type (health related or non-
health related), and groundwater geochemistry, only parameter(s) exceeding the 
primary benchmark (ODWQS, (MOE, 2006)) were listed as a drinking water quality 
issue. 

8. After the consideration of operational issues, treatment effectiveness, and 
parameter type (health related or non-health related), parameters exceeding the 
conservative issues benchmark (50% of the AO, OG, and MAC of ODWQS (MOE, 
2006)) were selected for increased sampling and further monitoring. 

For example, chloride concentrations shown in Figure A1-1 exhibit a trend of increasing 
concentrations and exceed the conservative issues benchmark of 125 mg/L (50% of the 
AO of ODWQS (MOE, 2006)).  However, the observed chloride concentrations did not 
exceed the primary benchmark (AO of ODWQS) of 250 mg/L.  Based on these findings 
and consideration of parameter type (aesthetic and non-health related), chloride was 
not identified as an issue and continued monitoring of chloride was recommended. 

A list summarizing the results of key evaluation steps was prepared for every municipal 
well.  An example is shown in Table A1-1. 

Step 3: Identifying the Contributing Area for Drinking Water Quality Issues: 
The current study did not identify any drinking water quality issues; therefore, a 
methodology for identifying the contributing area for drinking water quality issues is not 
required.  

Step 4: Prepare List of Drinking Water Quality Issues: 
The current study did not identify any drinking water quality issues; therefore, a list of 
drinking water quality issues was not prepared.   
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Figure A1-1 Trend Graph for Chloride - Newmarket Well No. 14 
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Table A1-1 Identification and Evaluation of Issues for Well No. 14 – Newmarket 

Data Review and Analysis1 Evaluate Trends  Compare Water Quality Data to Benchmarks 
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Calcium Y Y   N N N n/a NO 

Chloride Y    Y Y N N n/a Y n/a n/a NO 

Hardness Y    N N N n/a NO 

Sodium  Y Y   Y Y N n/a NO 

Sulphate  Y Y   N N N n/a NO 

 
Notes:  

1. Parameters of interest identified from Genivar, 2007 and raw water quality data provided by the Regional Municipality of York.  
2. Data considered sufficient if a minimum of 5 years of quarterly water quality data is available.  
3. Method Detection Limit 
4. Ontario Ministry of the Environment, 2006, Technical Support Document for Ontario Drinking Water Quality Standards, Objectives, and 

Guidelines. June 2003. Revised June  2006. 
Y Yes 
N No 

 n/a Not Applicable 
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OBJECTIVE: 

To document the methodology for the identification of possible drinking water quality 
threats that are considered to be non-managed land threats within the Regional 
Municipality of York (York Region) wellhead protection areas (WHPA). 

OVERVIEW: 

Technical Rules 118 through 137, in Part XI.1 to XI.4 of the Technical Rules: 
Assessment Report, Clean Water Act, 2006 document as released by the Ontario 
Ministry of the Environment (MOE) on December 12 2008, August 24, 2009 and 
November 16, 2009, provide direction on identifying and listing drinking water quality 
threats related to municipal water supplies. 

A list of 21 prescribed threats is provided in the Act, 19 of which are water quality 
threats, and 13 of which were determined to be non-managed land threats as part of 
this study.  Non-managed land threats were considered as threats that are not 
influenced by any type of managed land calculation, and are assigned to a given land 
parcel without any consideration of the cumulative effect of threats within a given 
WHPA.   

Below is a list of the 21 prescribed drinking water threats, with the activities that are 
considered non-managed land drinking water threats in subsection 2 (1) of the Clean 
Water Act of 2006 indicated: 

1. The establishment, operation, or maintenance of a waste disposal site within 
the meaning of Part V of the Environmental Protection Act; 

2. The establishment, operation, or maintenance of a system that collects, 
stores, transmits, treats or disposes of sewage within the meaning of the 
Ontario Water Resources Act; 

3. The application of agricultural source material to land; 
4. The storage of agricultural source material; 
5. The management of agricultural source material; 
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6. The application of non-agricultural source material to land 
7. The handling and storage of non-agricultural source material; 
8. The application of commercial fertilizer to land; 
9. The handling and storage of commercial fertilizer; 
10. The application of pesticide to land; 
11. The handling and storage of pesticide; 
12. The application of road salt; 
13. The handling and storage of road salt; 
14. The storage of snow; 
15. The handling and storage of fuel; 
16. The handling and storage of a dense non-aqueous phase liquid; 
17. The handling and storage of an organic solvent; 
18. The management of runoff that contains chemicals used in the de-icing of 

aircraft; 
19. An activity that takes water from an aquifer or a surface water body without 

returning the water taken to the same aquifer or surface water body; 
20. An activity that reduces the recharge of an aquifer; 
21. The use of land as livestock grazing or pasturing land, an outdoor confinement area 

or a farm-animal yard. O. Reg. 385/08, s.3 

Technical Rule 119 provides direction on including the activities that are not prescribed 
in the Clean Water Act of 2006. No such inclusions have been made at present for York 
Region. 

The identification of drinking water quality threats is dependent on the Tables of 
Drinking Water Threats that accompanied the Technical Rules.  Technical Rules 127 
through 137 (Part XI.4) provide direction on identifying significant, moderate, and low 
drinking water quality threats.  The Tables of Drinking Water Threats outline 19 
chemical threat categories and 6 pathogen threat categories.  Threat categories are 
non-managed land or managed land activities that have the potential to impact the 
drinking water supply under the various circumstances.  Circumstances are site-specific 
characteristics of threats (specifying things like storage volumes, type of chemicals or 
pathogens present, etc.) that refine the associated level of risk significance for threats 
(depending upon the vulnerability score of the point or area in question).  From a 
traditional risk assessment perspective, circumstances relate to the likelihood of 
chemicals or pathogens being released, of being transported to water sources, and of 
physically entering a water source.  Threat categories detail variations of site-specific 
circumstances and are identified by individual reference numbers. The Tables of 
Drinking Water Threats have 1973 circumstances.  The significance (i.e., threat level) of 
a drinking water quality threat (activity) under a site-specific circumstance is thus 
dependent upon its location within the vulnerable areas. A map of the WHPA showing 
the distribution of vulnerability scores is used for this purpose.  
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STUDY APPROACH: 

The steps undertaken in the non-managed land threats assessment for York Region 
included: 

 Step 1:  Collect and Review Available Data 
  Step 2:  Create land-use categories and determine prescribed threats 
 Step 3:  Review Field Survey Data 
 Step 4:  Review Business Directory 
 Step 5:  Review EcoLog Database 
 Step 6:  Assign Threats based on Determined Land Use Activity 
 Step 7:  Identify Septic System Locations 
 Step 8:  Assign Threat Levels (Significant, Moderate, or Low) 
 Step 9:  Quality Assurance/Quality Control (QA/QC) 
 
Step 1: Collect and Review Available Data 

Public and private data sources were accessed in order to carry out the threats 
assessment.  Several of these data sources were provided by York Region while others 
were accessed through the private environmental data aggregator by EcoLog 
Environmental Risk Information Services Ltd. (EcoLog ERIS).  Table A2-1 outlines data 
sources used to obtain information on drinking water quality threats.  The methodology 
applied when reviewing the applicable data sources is provided in the subsequent 
steps. 

As an uncertainty-reducing exercise, a field survey was undertaken. The field survey 
consisted of a 2-person team conducting a windshield survey through WHPAs A 
through C, confirming the presence of initially identified threats, and identifying 
additional threats.  The following detailed information was collected where available 
(i.e., within view): 

a. For point-based activities: outdoor aboveground fuel storage tanks, fill and vent 
pipes, outdoor fuel or other hazardous substance storage, businesses identified 
as dry cleaners, and gas stations; and 

b. For parcel-based activities (i.e., farms): cultivated areas, crop type, for livestock 
areas, livestock type and quantity. 

Information collected in the field survey was used to determine threats that were not 
identified within any of the data sources, and when possible, to confirm the presence of 
threats identified through other methods.  This was particularly useful in the more rural 
well fields where land was primarily used for agricultural or residential purposes.  More 
information related to the field survey is available in Appendix A3.  

Step 2: Create Land Use Categories and Determine Prescribed Threats 

In order to properly assign threats to different parcels of land based on their known land 
use activity, a list of potential land use activities was compiled, with threats assigned 
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based on the identified contaminants associated with potentially contaminating 
activities.  This list was compiled based on a review of the following data sources, 
combined with professional judgment: 

• Table 2 - Potentially Contaminating Activities from the MOE Proposal for Amending 
Ontario Regulation 153/04, Brownfield Record of Site Condition (EBR Registry 
Number 010-4642), October 2008; or 

• Potential Contaminants of concern associated with business types in the Canadian 
Waste Water Association (CWWA) website in the 'Directory of Contaminants 
Database' (http://www.cwwa.ca/Contaminants/Search.asp), last updated September 
22, 2004.   

The list of non-managed land threats determined to be associated with each potentially 
contaminating activity is summarized in Table A2-2.   

Step 3: Review Field Survey Data 

Within the rural well fields, all managed and non-managed threats were assigned on a 
parcel by parcel basis using the results of the field survey.  The following set of 
assumptions and conditions were used when assigning non-managed land threats to 
agricultural land parcels: 

• For properties with a barn and identified active farmed land (i.e. crops), two non-
managed land threats were assigned; 

o The handling and storage of commercial fertilizer (9); and 
o The handling and storage of pesticide (11). 

• For properties with an identified fuel storage tank associated with either the barn or 
the primary residence, a threat was assigned accordingly for “The handling and 
storage of fuel”; and 

• Unless otherwise noted or identified outside of the field survey, all other threats 
associated with agricultural properties were managed land threats. 

Step 4: Review Business Directory 

During the data compilation stage, Stantec acquired a Business Directory from York 
Region which contained point representation of businesses within York Region.  The 
business directory contained records for businesses dating from 2004 to 2008 (York 
Region, 2008a).  The following steps were employed when reviewing the business 
directory: 

• All businesses located outside of WHPA-D for all well fields were removed from the 
directory; 
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• Businesses within WHPA-D were categorized according to business name (when 

possible) and business activity (available for select businesses only).  All those that 
were not readily classified were initially marked as “Unknown”.  The business 
categories used are presented in Table A2-3; and 

• All businesses classified as unknown were then subjected to a more thorough 
review including internet searches of each business.  For some businesses, this 
allowed for the business type and activity to be identified.  At the end of this round of 
analysis, all business where it was not clear what their business activity was, were 
left as unknown and were therefore not assigned threats due to the high level of 
uncertainty associated with them.  A total of 129 out of 2308 (6%) businesses were 
classified as unknown after completing the assessment. 

Step 5: Review EcoLog ERIS Database 

As part of this study a search of the following databases was conducted by EcoLog 
Environmental Risk Information Services Ltd. (EcoLog ERIS) in May, 2009 (EcoLog 
ERIS, 2009). The extent of historical information varies with each database and current 
information is determined by what is publicly available to EcoLog ERIS at the time of 
update.  Prior to evaluating the data obtained by EcoLog ERIS, the locational 
information associated with the EcoLog ERIS database was reconciled by matching the 
data (coordinates and/or street address) to a land parcel.  Using this technique, nearly 
all EcoLog ERIS databases were assigned a roll number based on the parcel fabric and 
tax assessment information (York Region, 2008b).  In some cases given the locational 
data provided in the EcoLog ERIS database, it was not possible to match the EcoLog 
ERIS data to a roll number.  Further evaluation of these potential threats is warranted in 
future assessments. 

Below is a summary of the list of databases from which data was obtained in the 
EcoLog report: 

Provincial Government Source Databases: 

Environmental Registry 1994-Feb 2009 (EBR) 
The Environmental Registry lists proposals, decisions and exceptions regarding 
policies, Acts, instruments, or regulations that could significantly affect the environment. 
Through the Registry, provincial ministries notify the public of upcoming proposals and 
invite their comments. For example, if a local business is requesting a permit, license, 
or certificate of approval to release substances into the air or water; these are notified 
on the registry. 

Certificates of Approval (current CA info available in EBR database) 1985-Sept 
2002 (CA) 
The database contains various approvals listed under Sections 52 and 53 of the Ontario 
Water Resources Act.  For more current Certificate of Approval information please see 
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the EBR database, which will include information such as “Approval for discharge into 
the natural environment other than water (i.e. air) and Approval for Sewage Works. 

TSSA Commercial Fuel Oil Tanks 1948-Jan 2009 (CFOT) 
Since May 2002, Ontario developed a new act where it became mandatory for fuel 
tanks to be registered with Technical Standards and Safety Authority (TSSA).  This data 
would include all commercial underground fuel oil tanks in Ontario with fields such as 
location, registration number, tank material, age of tank and tank size. 

Fuel Storage Tanks Current to Aug 2007 (FST) 
The TSSA, under the Technical Standards & Safety Act of 2000 maintains a database 
of registered private and retail fuel storage tanks in Ontario with fields such as location, 
tank status, license date, tank type, tank capacity, fuel type, installation year and facility 
type. 

Ontario Regulation 347 Waste Generators Summary 1986-Aug 2008 (GEN) 
Regulation 347 of the Ontario EPA defines a waste generation site as any site, 
equipment and/or operation involved in the production, collection, handling and/or 
storage of regulated wastes. A generator of regulated waste is required to register the 
waste generation site and each waste produced, collected, handled, or stored at the 
site. This database contains the registration number, company name and address of 
registered generators including the types of hazardous wastes generated. 

This information is a summary of all years from 1986 including the most currently 
available data.  Some records may contain, within the company name, the phrase “See 
& Use…” followed by a series of letters and numbers. This occurs when one company 
is amalgamated with or taken over by another registered company. The number listed 
as “See & Use”, refers to the new ownership and the other identification number refers 
to the original ownership. This phrase serves as a link between the 2 companies until 
operations have been fully transferred. 

Ontario Inventory of PCB Storage Sites 1987-Oct 2004 (OPCB) 
The Ontario Ministry of Environment, Waste Management Branch, maintains an 
inventory of PCB storage sites within the province. Ontario Regulation 11/82 (Waste 
Management - PCB) and Regulation 347 (Generator Waste Management) under the 
Ontario EPA requires the registration of inactive PCB storage equipment and/or 
disposal sites of PCB waste with the Ontario Ministry of Environment. This database 
contains information on: 1) waste quantities; 2) major and minor sites storing liquid or 
solid waste; and 3) a waste storage inventory. 

Pesticide Register 1988-Nov 2008 (PES) 
The Ontario Ministry of Environment maintains a database of all manufacturers and 
vendors of registered pesticides. 
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Private and Retail Fuel Storage Tanks 1989-1996 (PRT) 
The Fuels Safety Branch of the Ontario ministry of Consumer and Commercial 
Relations maintained a database of all registered private fuel storage tanks and 
licensed retail fuel outlets.  This database includes an inventory of locations that have 
gasoline, oil, waste oil, natural gas and/or propane storage tanks on their property.  The 
MCCR no longer collects this information.  This information is now collected by the 
Technical Standards and Safety Authority (TSSA). 

Ontario Regulation 347 Waste Receivers Summary 1986-2005 (REC) 
Part V of the Ontario Environmental Protection Act (“EPA”) regulates the disposal of 
regulated waste through an operating waste management system or a waste disposal 
site operated or used pursuant to the terms and conditions of a Certificate of Approval 
or a Provisional Certificate of Approval. Regulation 347 of the Ontario EPA defines a 
waste receiving site as any site or facility to which waste is transferred by a waste 
carrier. A receiver of regulated waste is required to register the waste receiving facility. 
This database represents registered receivers of regulated wastes, identified by 
registration number, company name and address, and includes receivers of waste such 
as: landfills, incinerators, transfer stations, PCB storage sites, sludge farms, and water 
pollution control plants. This information is a summary of all years from 1986 including 
the most currently available data. 

Record of Site Condition 1997-Sept 2001, Oct 2004-Feb 2009 (RSC) 
The Record of Site Condition (RSC) is part of the Ministry of the Environment’s 
Brownfields Environmental Site Registry.  Protection from environmental cleanup orders 
for property owners is contingent upon documentation known as a record of site 
condition being filed in the Environmental Site Registry.  In order to file an RSC, the 
property must have been properly assessed and shown to meet the soil, sediment and 
groundwater standards appropriate for the use, such as residential, proposed to take 
place on the property. 

Ontario Spills 1988-2007 (SPL) 
This database identifies information such as location (approximate), type and quantity of 
contaminant, date of spill, environmental impact, cause, nature of impact, etc.  
Information from 1988 to 2002 was part of the ORIS (Occurrence Reporting Information 
System).  The SAC (Spills Action Centre) handles all spills reported in Ontario.  
Regulations for spills in Ontario are part of the MOE’s Environmental Protection Act, 
Part X. 

Federal Government Source Databases: 

Contaminated Sites on Federal Land June 2000-Feb 2009 (FCS) 
The Treasury Board of Canada Secretariat maintains an inventory of all known 
contaminated sites held by various Federal departments and agencies.  This inventory 
does not include properties owned by Crown corporations, but does contain non-federal 
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sites for which the Government of Canada has accepted some or all financial 
responsibility.  All sites have been classified through a system developed by the 
Canadian Council of Ministers of the Environment.  The database provides information 
on company name, location, site ID number, property use, classification, current status, 
contamination type and plan of action for site remediation. 

National Environmental Emergencies System 1974-2003 (NEES) 
In 2000, the Emergencies program implemented NEES, a reporting system for spills of 
hazardous substances.  For the most part, this system only captured data from the 
Atlantic Provinces, some from Quebec and Ontario, and a portion of British Columbia.  
However, NEES is also a repository for all previous Environment Canada spill datasets.  
NEES is composed of the historic datasets – or Trends – which dates from 
approximately 1974 to present.  NEES Trends is a compilation of historic databases, 
which were merged and includes data from NATES (National Analysis of Trends in 
Emergencies System), ARTS (Atlantic Region Trends System), and NEES.  In 2001, 
the Emergencies Program determined that variations in reporting regimes and 
requirements between federal and provincial agencies made national spill reporting and 
trend analysis difficult to achieve.  As a consequence, the department has focused 
efforts on capturing data on spills of substances which fall under its legislative authority 
only (CEPA and FA).  As such, the NEES database was decommissioned in December 
2004. 

National PCB Inventory 1988-June 2004 (NPCB) 
Environment Canada’s National PCB inventory includes information on in-use PCB 
containing equipment in Canada including federal, provincial and private facilities. All 
federal out-of-service PCB containing equipment and all PCB waste owned by the 
federal government or by federally regulated industries such as airlines, railway 
companies, broadcasting companies, telephone and telecommunications companies, 
pipeline companies, etc. are also listed. Although it is not Environment Canada’s 
mandate to collect data on non-federal PCB waste, the National PCB inventory includes 
some information on provincial and private PCB waste and storage sites. 

National Pollutant Release Inventory 1993-2007 (NPRI) 
Environment Canada has defined the National Pollutant Release Inventory (“NPRI”) as 
a federal government initiative designed to collect comprehensive national data 
regarding releases to air, water, or land, and waste transfers of 178 specified 
substances. 

Private Source Databases: 

Anderson’s Waste Disposal Sites 1860s-Present (ANDR) 
The information provided in this database was collected by examining various historical 
documents which aimed to characterize the likely position of former waste disposal sites 
from 1860 to present. The research initiative behind the creation of this database was to 
identify those sites that are missing from the Ontario MOE Waste Disposal Site 
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Inventory, as well as to provide revisions and corrections to the positions and 
descriptions of sites currently listed in the MOE inventory. In addition to historic waste 
disposal facilities, the database also identifies certain auto wreckers and scrap yards 
that have been extrapolated from documentary sources. Please note that the data is not 
warranted to be complete, exhaustive or authoritive. The information was collected for 
research purposes only. 

Automobile Wrecking and Supplies 2001-Feb 2009 (AUWR) 
This database provides an inventory of all known locations that are involved in the scrap 
metal, automobile wrecking/recycling, and automobile parts and supplies industry.  
Information is provided on the company name, location and business type. 

Chemical Register 1992, 1999-Feb 2009 (CHEM) 
This database includes information from both a one time study conducted in 1992 and 
private source and is a listing of facilities that manufacture or distribute chemicals. The 
production of these chemical substances may involve one or more chemical reactions 
and/or chemical separation processes (i.e. fractionation, solvent extraction, 
crystallization, etc.). 

Retail Fuel Storage Tanks 2000-Feb 2009 (RST) 
This database includes an inventory of retail fuel outlet locations (including marinas) 
that have on their property gasoline, oil, waste oil, natural gas and/or propane storage 
tanks.  Information is provided on company name, location and type of business. 

Scott’s Manufacturing Directory 1992-June 2008 (SCT) 
Scott’s Directories is a data bank containing information on over 70,000 manufacturers 
in Ontario.  Even though Scott’s listings are voluntary, it is the most comprehensive 
database of Ontario manufacturers available. Information concerning a company’s 
address, plant size, and main products are included in this database. This database 
begins with 1992 information and is updated annually. 

In order to assess the non-managed land threats, all information related to potential Site 
conditions (i.e. CLNT, NEES, FCS, RSC, SPL) was moved to a separate database, and 
all remaining records were evaluated.  Stantec used the information provided within this 
database to categorize business activities.  Unlike the categorizing of businesses within 
the business directory, when examining each business in the EcoLog ERIS database, 
the primary information of interest was not the business name, but the identified threats 
or activities associated with each EcoLog record.  Businesses were grouped into 
appropriate business categories based on their activities and the identified threats 
within the EcoLog database.  Similar to the business directory, any records which could 
not be identified were not assigned a business category or a threat.  A total of 113 
records out of 854 (13%) were therefore not assigned threats. 
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Step 6: Assign Threats based on Determined Land Use Activity and 
Corresponding Business Category 

Upon reviewing all the business directory and EcoLog ERIS records, and assigning 
business categories wherever possible, threats were then assigned to each land parcel 
based on the business category and the associated threats as determined in Step 2 and 
summarized in Table A2-2.  Using Table A2-2 and the categorized EcoLog ERIS 
database and Business Directory, threats were then assigned to the land parcel 
associated with each business.   

Step 7: Identify Septic System Locations 

In order to determine potential land parcels with septic systems, several sources of data 
were used.  A parcel fabric layer was provided by York Region (2009), and was overlaid 
with the Wastewater Service area boundary (York Region, 2009).  Any parcels lying 
within this service area were removed and were assumed to be on a municipal sanitary 
system.  Any remaining parcels were then overlaid on the 2009 orthoimagery and 
properties with no buildings were removed from the dataset as these were assumed to 
not have septic systems.  For properties near the outer boundary of the Wastewater 
Service area, existing sanitary underground services data was overlaid on the 
orthoimagery and any shown to have sanitary pipes crossing past the driveway were 
also assumed to be on the municipal system and removed from the Septic Systems 
dataset.  The data sets used in this process are listed in Table A2-1.   

The exception to this standard methodology was for the King City Well Field, where 
York Region supplied a list of residences which had obtained permits for 
decommissioned septic systems in order to connect to municipal wastewater services.  
For this well field, all residences were assumed to have a septic system unless they had 
officially decommissioned their septic system.  The database of decommissioned septic 
systems was current to February 5, 2010 and was obtained from the King City Building 
Department.   

All parcels of land recognized to have a septic system using the above methodology 
were assigned the threat of “The establishment, operation or maintenance of a system 
that collects, stores, transmits, treats or disposes of waste”.  All septic systems are 
represented as a lot centroid, with the exception of rural areas, where points were 
typically adjusted to lie at or near the buildings on the property.   

Step 8:  Assign Threat Levels (Significant, Moderate, or Low) 

Once all non-managed land threats had been identified and associated with a given 
land parcel, a threat level was assigned based on the type of threat, the location of the 
parcel of land within a WHPA and the vulnerability score.  For all properties, the worst-
case scenario WHPA and vulnerability score was considered.  For example, if a land 
parcel was located in both a WHPA-B with a vulnerability score of 8, and a WHPA-A 
with a vulnerability score of 10, the threat level was assessed based on the WHPA-A 10 
scenario, as this conservatively resulted in the higher threat level.  The end result was 



March 2, 2010 
Page 11 of 15  

Reference: Drinking Water Quality Threat Assessment Methods – Non-managed Land Threats  

  
all identified drinking water threats were assigned a threat level of either significant, 
moderate, low, or not applicable.  In most cases, little was known regarding the 
circumstances of the threat, such as type or quantity of chemical stored, or nature of 
storage area.  As a result, when assigning the threat level, the circumstances 
associated with the worst-case scenario were conservatively assumed, resulting in the 
highest possible threat level being assigned for a given WHPA and vulnerability score. 

Step 9: Quality Assurance/Quality Control (QA/QC) 
In conducting the above steps, a variety of QA/QC measures were taken.  They are 
summarized below: 

1. After categorizing all business within both the Business Directory and the EcoLog 
ERIS database, a quality control check was performed on 862 of the 3162 records 
(27%) that were investigated.  This check was performed by Stantec personnel who 
were not involved in the original classification process.  The result of this quality 
control check was that a total of 8 businesses were re-classified, suggesting that 
less than one percent of the records were misclassified from the initial assessment; 

2. A cross reference was completed between the Business Directory and the EcoLog 
ERIS database to eliminate duplicate records.  These duplicate records were 
typically encountered as a result of multiple EcoLog ERIS databases identifying the 
same business or location, or through the EcoLog ERIS database and the Business 
Directory identifying the same business or location with multiple threats.  The check 
was done by matching company name and location to verify and remove duplicate 
records where possible; 

3. Upon mapping all the threats for each well field, a thorough review process was 
completed by both Stantec and York Region staff to verify the placement, type and 
threat level of all threat barrels.  During this stage, threats were added or removed 
to land parcels based on a thorough process of examining sources such as 
orthoimagery, parcel fabrics and wastewater service areas.  During this investigation 
any duplicate records that were not removed during the initial screening process 
were identified and removed; and 

4. During the manual review, the presence of septic threats was thoroughly evaluated 
for all large parcels where the land parcel was not located entirely within WHPA-C.  
In instances where the buildings on the land parcel fell outside of WHPA-C, or were 
within WHPA-C but in a vulnerability zone low enough that a septic system would 
not be considered a threat, the threat was removed from that given land parcel.  
This was done to account for the fact that a septic bed is considered a point-based 
threat and threats should be assigned based on the specific location of the threat, 
not the location of the land parcel. 
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DATA GAPS AND UNCERTAINTY: 

The level of uncertainty when assigning and ranking threats was based on a variety of 
factors, including the quality of the data sources, and the underlying assumptions and/or 
evidence used when assigning and ranking threats to each parcel. 

Data sources 
The data sources used to enumerate the non-managed land threats are listed as 
follows: 

1. Field Survey; 
2. Parcel fabric; 
3. Orthoimagery; 
4. Wastewater Service Areas; 
5. King City Decommissioned Septic System Database; 
6. Business Directory; and 
7. EcoLog ERIS Database. 

The degree of uncertainty associated with the data sources used to enumerate the non-
managed land threats varied depending on how the data source was applied.  In 
general, the data sources were considered to be low to moderate with respect to 
uncertainty, as the data was typically from a reliable source, was relatively current, and 
was geographically accurate.  However, the way in which each data source was used to 
apply and enumerate threats for a given land parcel resulted in an overall increase in 
uncertainty for the methodologies employed based on the assumptions employed.   

Identification and Enumeration of Threats 
When assessing non-managed land threats, the degree of uncertainty varied depending 
on the type of threat and the underlying evidence or assumptions associated with each 
threat.  The considerations related to uncertainty are provided below: 

1. While the field survey identified parcels of land that were managed with a low 
degree of uncertainty, the assignment of non-managed land threats (“The handling 
and storage of commercial fertilizer” and “The handling and storage of pesticide”) 
was based on a set of assumptions, including the presence and conditions related 
to chemical types and quantities, and therefore the level of uncertainty assigned to 
the threats themselves is considered high; 

2. The degree of uncertainty associated with the creation of business categories/land 
uses and the associated prescribed threats was considered moderate, as the 
threats that were assigned to each business category were determined based on a 
combination of professional judgment, and published data sources; 

3. The degree of uncertainty associated with the categorization and resulting 
assignment of threats to businesses listed in the Business Directory is considered 
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high, as only one to two data sources were used to determine the business type, 
each of which were considered to be moderate to low.  However, there is an added 
degree of uncertainty when considering the assumptions and uncertainty associated 
with the classifications of each business and the resulting threats assigned; 

4. The degree of uncertainty associated with the categorization and resulting 
assignment of threats to businesses listed in the EcoLog ERIS database is 
considered to range from low to high depending on the specific data source used 
from the EcoLog ERIS report (listed in Step 5) and the resulting information 
provided by each data source.  However, in some instances there was an added 
degree of uncertainty when considering the assumptions and uncertainty associated 
with the business classifications assigned to each business, and the resulting 
threats assigned to a given land parcel; 

5. When assigning and classifying threats to land parcels with septic systems, the 
degree of uncertainty is considered to be moderate.  The data sources themselves 
(land parcels and wastewater services areas) are reliable, and have an overall low 
to moderate degree of uncertainty, however, the assumptions employed in the 
methodology result in an overall moderate degree of uncertainty.  While the 
methods employed likely captured most properties with septic systems, any land 
parcel that is within an area with municipal wastewater services but has not yet 
connected to the municipal system would not have been identified as having a 
threat related to the presence of septic systems.  The detailed QA/QC process 
employed was intended to reduce some of the uncertainty associated with this task; 

6. The overall assignment of threat levels to each non-managed land threat was 
considered to be high, as in all cases, no information pertaining to the type, quantity, 
or storage conditions of the chemicals of interest were known, and therefore when 
assigning threat levels, worst case scenario conditions were conservatively 
assumed; 

7. The vulnerability scoring used to classify water quality threats has uncertainties 
relating to both the vulnerable areas (WHPAs) and vulnerability mapping used in to 
create vulnerable scoring maps.  While this mapping was completed by Earthfx 
(2007, 2009) using the best available information, there is an opportunity to reduce 
the uncertainty of this component of the assessment as the modelling tools and 
hydrogeological conceptual model is refined in the future.; and  

8. Transmission of Sewage.  The transmission of sewage (i.e., sanitary sewers) is 
identified as a drinking water threat.  However, the circumstances relating to the 
classification of these threats depend on the transmission rate of sewage.   The 
classification of sanitary sewers and the transmission of sewage was not considered 
within this phase of the assessment.  Further analysis is needed for York Region to 
estimate wastewater flows to complete this component of the assessment.   
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DATA GAPS AND RECOMMENDATIONS: 

Several data gaps were identified during the enumeration and listing of threats for York 
Region. Details of these data gaps are presented below as well as recommendations 
for addressing them:  

1. The threats enumeration completed under this assessment resulted in a number of 
properties/businesses being classified as ‘insufficient data to allocate threats’. It is 
recommended that this be addressed through completion of a detailed 
survey/census of these identified properties; 

2. Obtain sufficient and appropriate data to complete a threat analysis of transmission 
of sewage in sanitary sewer pipe in York Region. 

3. Complete a survey of identified significant threats in urban areas to determine the 
appropriateness of current threat level allocation. 

4. An assessment of the vulnerability relating to the presence of transport pathways, 
particular with respect to deep wells, was not conducted.  It is recommended that 
future analysis consider the influence of transport pathways on the aquifer 
vulnerability; 

5. The Business Directory was current only to 2008 (York Region, 2008a).  It is 
recommended that any new businesses not captured in the 2008 Business Directory 
be reviewed to assess the potential for any missing threats; 

6. In some cases it was not possible to match the EcoLog ERIS data to a roll number.  
Further evaluation of these locations is warranted in future studies; 

7. York Region should monitor areas where new developments and industrial activities 
are being introduced in the future, and develop policies to manage drinking water 
quality risks; and 

8. In all cases when assigning threat levels, worst-case scenarios were assumed, the 
results should be considered as a conservatively high estimate of the number of 
threats within York Region, and it is expected that the level and/or number of threats 
identified will decrease with additional data collection to address data gaps. 

REFERENCES: 

Earthfx Incorporated, 2009, Update to Vulnerability Assessment and Scoring of 
Wellhead Protection Areas for the Regional Municipality of York. Addendum 
Report: Prepared for the Regional Municipality of York, November 2009. 

Earthfx Incorporated, 2007, Vulnerability Assessment and Scoring of Wellhead 
Protection Areas - Regional Municipality of York. Revised Final Report: 
Prepared for the Regional Municipality of York, November 28, 2007. 
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Ontario Clean Water Act, 2006. 

Ontario Ministry of the Environment, 2009, Technical Rules: Assessment Report - Clean 
Water Act, 2006, Proposed Amendments, November 16, 2009. 

Ontario Ministry of the Environment, 2009, Technical Rules: Assessment Report - Clean 
Water Act, 2006, Proposed Amendments, August 24, 2009. 

Ontario Ministry of the Environment, 2008, Technical Rules: Assessment Report, Clean 
Water Act 2006, and December 12 2008. 
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Regional Municipality of York (York Region).  2008b.  York Region Parcels.  Current to 
October 18, 2008.  Received from York Region February 2010. 

J.D. Barnes Limited.  2009.  Orthoimagery. 

Regional Municipality of York (York Region).  2009.  Wastewater Service Areas.   
Received from York Region May 5, 2009. 

Township of King.  2009.  Decommissioning of Septic Systems.  Current to February 5, 
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TABLE A2-1

COMPILATION OF DATA SOURCES

REGIONAL MUNICIPALITY OF YORK

Source Subject Source Description

York Region Parcel Fabric Layers Location of all land parcels in York Region.  Current to 2009.

Township of King List of Decommissioned Septic 

Systems

Current list of decommissioned septic systems was used to determine the 

presence/absence of septic systems on each land parcel within King City

Business Directory and Tax Assessment Rolls Point representation of businesses in York Region (businesses of interest included dry 

cleaners, farms, auto repair, gas stations, industrial sites and yards)

York Region Transportation Road network and Point representation of salt storage sites

Towns of Aurora and Newmarket Sewer discharge agreements and listings of gas stations, waste facilities, golf courses, 

pits/quarries, airports, water treatment plants, discharge points, and a plot of gas stations 

(Aurora only)

Technical Standards and Safety Agency An inventory of commercial underground storage tanks

York Region An inventory of waste water treatment plants in York Region

Certificates of Approval Locations of known open and closed waste disposal sites

Environmental Registry An inventory of environmentally significant decisions impacting regulations, rules, and etc.

ERIS Historical Searches An inventory of environmental risk reports completed since 1999

Federal Contaminated Sites Locations of federal contaminated sites

Fuel Storage Tank An inventory of retail and private fuel storage tanks

Ontario Regulation 347 Waste Generators and 

Receivers Summaries

An database of all direct discharges of toxic pollutants 

Ontario and National PCB Inventories An inventory of in-use PCB containing equipment sites

Pesticide Register Locations of all manufacturers and vendors of registered pesticides

Private and Retail Fuel Storage Tanks Locations of gasoline, fuel oil, propane, natural gas, and waste oil tanks 

Retail Fuel Storage Tanks An inventory of retail fuel storage tank locations 

Scott's Manufacturing Directory Locations of manufacturing sites

Ontario Spills An inventory of reported spills

Anderson’s Waste Disposal Sites The likely position of former waste disposal sites

Automobile Wrecking & Supplies An inventory of locations involved in the scrap metal/automobile wrecking/recycling 

industry

Chemical Register A listing of facilities that manufacture or distribute chemicals

Federal Contaminated Sites Inventory  An inventory of contaminated sites maintained by Treasury Secretariat

Waste Generators An inventory of waste generation sites regulated under Ontario Regulation (O. Reg.) 347  

A database for spills of hazardous substances

EcoLog ERIS

York Region

National Environmental Emergencies System
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TABLE A2-1

COMPILATION OF DATA SOURCES

REGIONAL MUNICIPALITY OF YORK

Source Subject Source Description

EcoLog ERIS Spills Database An inventory of reported spill incidents

Historic Landfills An inventory of historic landfills

Record of Site Condition (RSC) The RSCs issued under O. Reg. 153/04.  Information includes Registration No., property 

address, and filing date

National Pollutant Release Inventory An inventory  of pollutant releases to air, water, and land
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TABLE A2-2

APPLICATION OF NON-MANAGED LAND THREATS

THE REGIONAL MUNICIPALITY OF YORK

Land Use Activity
Contaminants of Potential Concern 

(MOE, 2008)

Applicable Threat 

Categories

Threat 

Category #

Range of Reference # 

from Tables of 

Drinking Water 

Threats

Adhesives/Resins
1 epoxy resins, formaldehyde, phenol, 

phthalate esters, polyvinyl acetate

The handling and storage of a 

dense non-aqueous phase 

liquid.

16 102 - 126

Agriculture (Intensive)
+,1                                      

(threats applied based on observations during field 

survey)

carbamate pesticides, 

organochlorine/organophosphate 

pesticides, herbicides, metals (e.g. 

aluminum, arsenic, cadmium, copper, 

iron, lead, magnesium, potassium), 

nitrate-nitrogen, petroleum 

hydrocarbons (PHCs), pathogens+

The handling and storage of 

fuel (where fuel tanks 

observed)

15 127 - 326

Handling and storage of 

pesticides
11 1233-1320

The handling and storage of 

commercial fertilizer
9 1393-1408

Cement or Lime Manufacturing
1 metals, PHCs

The handling and storage of 

fuel
15 127 - 326

Commercial/Residential Heating Oil Tank, or 

properties identified with a petroleum product on-

site
2

benzene, toluene, ehtylbenzene and 

xylenes (BTEX), PAHs, PHCs

The handling and storage of 

fuel
15 127 - 326

Dry Cleaning/Laundromat
1

chlorinated hydrocarbons (e.g. TCE, 

ethane, 1,1,1-trichloroethane, carbon 

tetrachloride PCE), PHCs, volatile 

organic compounds (VOCs)

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

Electrical Generation. Transformation, power 

stations
1

fly ash, metals (e.g. selenium), BTEX, 

PAHs, Polychlorinated biphenyls 

(PCBs), PHCs, PAHs+

The handling and storage of 

fuel
15 127 - 326

Electronics, Component Manufacturing, 

Reconditioning
1 Metals (e.g. copper, tin, lead), solvents

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

Food Processing Plant (Human or Animal food)
3

cyanide, oil and grease (i.e. PHCs), 

total kjeldahl nitrogen, phosphorous, 

boron, sulphide

The handling and storage of 

fuel
15 127 - 326

Gasoline Station
1

Metals (e.g. barium, cadmium, copper, 

lead, nickel, zinc), monocyclic aromatic 

hydrocarbons (e.g. BTEX), PAHs, 

PHCs, phenols

The handling and storage of 

fuel
15 127 - 326

Glass Manufacturing
3 metals, oil and grease (i.e. PHCs)

The handling and storage of 

fuel
15 127 - 326
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TABLE A2-2

APPLICATION OF NON-MANAGED LAND THREATS

THE REGIONAL MUNICIPALITY OF YORK

Land Use Activity
Contaminants of Potential Concern 

(MOE, 2008)

Applicable Threat 

Categories

Threat 

Category #

Range of Reference # 

from Tables of 

Drinking Water 

Threats

Golf Course
+,1

herbicides, metals (e.g. aluminum, 

arsenic, cadmium, copper, iron, lead, 

magnesium, potassium), nitrate-

nitrogen, organochlorine and 

organophosphate pesticides

Handling and storage of 

pesticides
11 1233-1320

Handling and storage of 

commercial fertilizer
9 1393-1408

The handling and storage of 

fuel
15 127 - 326

Greenhouses/Market Gardens/Nurseries 
+,1

pesticides, methals, monocyclic 

aromatic hydrocarbons, organochlorine 

and organophosphate pesticides, 

petroluem hydrocarbons

The handling and storage of 

commercial fertilizer
9 1273 - 1288

The handling and storage of 

pesticides
11 1113 - 1200

Home Building Supply  Stores
 +,1

paint (metals, solvents, synthetic 

resins), fertilizer storage, wood storage 

(ammonia, chlorinated hydrocarbons, 

metals, organochlorine, petroleum 

hydrocarbons, polyaromatic 

hydrocarbons)

The handling and storage of 

commercial fertilizer
9 1273 - 1288

The handling and storage of 

pesticides
11 1113 - 1200

The handling and storage of 

an organic solvent
17 1225 - 1272

Hospitals
+,1 The handling and storage of 

fuel
15 127 - 326

The handling and storage of 

an organic solvent
17 1225 - 1272

Laboratories (Commercial Analytical, Analysts)
1 metals, nitrate-nitrogen, solvents

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

Medical and Diagnostic Laboratories
3 Oil and grease (i.e..PHCs), metals, 

phnolics, phosphorous, cyanide, TKN

The handling and storage of 

fuel
15 127 - 326

Medical Equipment and Supplies Manufacturing
3 Oil and grease (i.e..PHCs) and metals

The handling and storage of 

fuel
15 127 - 326

Metal finishing, treatments, smelting or refining
1

chlorinated hydrocarbons (e.g. PCE), 

cyanide, metals (e.g. .aluminum, 

barium, cadmium, copper, chromium, 

lead, nickel, silver, tin, zinc), BTEX,

The handling and storage of 

fuel
15 127 - 326

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

Metal Product Manufacturing (Misc.)
3

Oil and grease (i.e. PHCs), metals, 

cyanide, sulphate, TKN, ammonia, 

phosphorous, formaldehyde, 

phenolics, solvents 

The handling and storage of 

fuel
15 127 - 326

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392
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TABLE A2-2

APPLICATION OF NON-MANAGED LAND THREATS

THE REGIONAL MUNICIPALITY OF YORK

Land Use Activity
Contaminants of Potential Concern 

(MOE, 2008)

Applicable Threat 

Categories

Threat 

Category #

Range of Reference # 

from Tables of 

Drinking Water 

Threats

Metal treatment or coating
1

metals (e.g. aluminum, cadmium, 

chromium, lead), solvents (e.g. PCE, 

TCE, carbon tetrachloride (CT), etc..)+, 

synthetic resins

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

Paints
1

metals (e.g. arsenic, barium, cadmium, 

chromium, cobalt, lead, manganese, 

mercury, selenium, zinc, titanium), 

solvents (e.g. toluene), synthetic resins

The handling and storage of 

fuel
15 127 - 326

PCB Waste Generators (misc)
1 PCB's

The establishment, operation 

or maintenance of a waste 

disposal site within the 

meaning of Part V of the 

Environmental Protection Act.

1 1533 - 1584 

Pharmarceutical and Medicine Manufacturing
3

phophorous, ammonia, Total Kjeldahl 

Nitrogen (TKN), solvents, TCE, metals, 

oil and grease (i.e. PHCs)

The handling and storage of 

fuel
15 127 - 326

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

Pharmacy/Drug Store
+,1 The handling and storage of 

an organic solvent
17 1345 - 1392

Photography/Photographic Studios
1

ammonium compounds, ethanol, 

formaldehyde, metals (e.g. chromium, 

silver), phosphorous, sulphur 

compounds, thiocyanates, cyanides, 

PHCs, photographic chemicals, 

solvents (e.g. PCE, TCE, CT, etc..)+, 

inks, dyes, oils

The handling and storage of 

fuel
15 127 - 326

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

Plastics (including fiberglass)
1

metals, (e.g. cadmium), phthalate 

esters, solvents (e.g. PCE, TCE, CT, 

etc..)+, styrene, synthetic resins, 

sulphates

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

Printing and Duplicating
1 metals (e.g. chromium), solvents (e.g. 

PCE, TCE, CT, etc..)+

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

Road Salt - Handling and Storage
2 The handling and storage of 

road salt
13 1433 - 1444
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TABLE A2-2

APPLICATION OF NON-MANAGED LAND THREATS

THE REGIONAL MUNICIPALITY OF YORK

Land Use Activity
Contaminants of Potential Concern 

(MOE, 2008)

Applicable Threat 

Categories

Threat 

Category #

Range of Reference # 

from Tables of 

Drinking Water 

Threats

Rubber Processing
1

metals (e.g. lead, zinc), BTEX, reactive 

monomers (e.g. isoprene, isobutylene), 

solvents (e.g. PCE, TCE, CT, etc..)+, 

sulphur compounds

The handling and storage of 

fuel
15 127 - 326

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

Scrap metal recovery, auto wreckers
1

metals (lead, cadmium, magnesium, 

mercury), BTEX, PHCs, PAHs, PCBs, 

solvents (e.g. PCE, TCE, CT, etc..)+, 

VOCs

The handling and storage of 

fuel
15 127 - 326

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

Septic Systems
2

acetone, chloride, 1,4-dichlorobenzene 

(para), nitrogen, phosphorous (total), 

sodium

The establishment, operation 

or maintenance of a system 

that collects, stores, transmits, 

treats or disposes of sewage

2 831-842

Sewage Treatment Facility/Pumping Stations
1 metals, phenols

The establishment, operation 

or maintenance of a system 

that collects, stores, transmits, 

treats or disposes of sewage.

2 1947 - 1954

Storage of Snow
2 lead, cyanide sodium, chloride, copper, 

nitrogen, PHCs, zinc
The storage of snow 14 1445 - 1532

Storm Water Pond
3

The establishment, operation 

or maintenance of a system 

that collects, stores, transmits, 

treats or disposes of sewage - 

Storm Water Management 

Facility

2 477 - 704

Textile Operations
1

chlorinated hydrocarbons (e.g. PCE), 

dyes and dye residues, metals (e.g. 

cadmium, chromium, titanium, carbon, 

zinc, aluminum, tin), BTEX, 

organochlorine pesticides, phenols

The handling and storage of 

fuel
15 127 - 326

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

Handling and storage of 

pesticides
11 1233-1320

Waste Disposal Site or Waste Management Site
1 Vary by site and waste disposal 

patterns

The establishment, operation 

or maintenance of a waste 

disposal site within the 

meaning of Part V of the 

Environmental Protection Act.

1 1533 - 1584 

Vehicle Maintenance/Repair Garage
1

Chlorofluorocarbons, metals (e.g. 

copper, cadmium, lead, zinc), BTEX, 

PHCs, phenols, solvents, volatile 

organic compounds (VOCs)

The handling and storage of 

fuel
15 127 - 326

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392
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TABLE A2-2

APPLICATION OF NON-MANAGED LAND THREATS

THE REGIONAL MUNICIPALITY OF YORK

Land Use Activity
Contaminants of Potential Concern 

(MOE, 2008)

Applicable Threat 

Categories

Threat 

Category #

Range of Reference # 

from Tables of 

Drinking Water 

Threats

Vehicle manufacturing and associated industries
1

Metals (e.g. cadmium, chromium, 

copper, lead, magnesium, mercury, 

zinc), BTEX, chlorofluorocarbons, 

chlorinated organic solvents, PHCs, 

phenols, solvents

The handling and storage of 

fuel
15 127 - 326

The handling and storage of a 

dense non-aqueous phase 

liquid

16 102 - 126

The handling and storage of 

an organic solvent
17 1345 - 1392

3 - Potential Contaminants of concern associated with business types in the Canadian Waste Water Association (CWWA) website in the 'Directory of Contaminants Database' 

(http://www.cwwa.ca/Contaminants/Search.asp), last updated September 22, 2004.

1 - Potential contaminants of concern associated with potentially contaminating activity have been taken from Table 2 - Potentially Contaminating Activities from the MOE Proposal for 

Amending Ontario Regulation 153/04, Brownfield Record of Site Condition 

2 - Indicates land use activities not included in the MOE 2008 list of potentially contaminating activities, but that are still potential drinking water threats as described in the TDWT.

Notes:

+ indicates potential contaminants of concern determined by professional judgment
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TABLE A2-3
BUSINESS CATEGORY LISTING

REGIONAL MUNICIPALITY OF YORK

Business Type Comments
1 Food Services i.e. restuarants, banquet halls
2 Retail
3 Home Building Supply ie Home Depot, Rona, 
4 Beaty i.e. Hair salon, nails, dog grooming, tanning salons

5 Public Services i.e. church, library, schools, arena, sports, daycare, misc 
others

6 Offices ie law office, real estate, businesses not involved in 
manufacturer and without threats

7 Carwash/Autodetailing Carwash companies, autodetailing companies

8 Health i.e. doctor, dentist, orthodontist, veterinarian, chiropractor 
etc

9 Contractor ie windows, insultaion, furnace, plumbing, electrical, 
woodworking

10 Adhesives/Resins
11 Agriculture Farms
12 Boat Building
13 Breweries
14 Cement or Lime Manufacturing i.e. LaFarge

15 Commercial/Residential Heating Oil Tank
includes companies identified as having petroleum-based 
waste or products onsite, as well as transportation 
companies.

16 Dry Cleaning/Laundromat Identified based solely on company name

17 Electrical Generation, transformation, power stations Included region power stations

18 Electronics, component, manufacturing, 
reconditioning

Generally considered to be larger businesses, and not 
small repair shops

19 Food processing plant

20 Gasoline Station Includes all gasoline stations.  Identified based on 
company name or where available, business activity

21 Glass Manufacturing For companies where evidence was found that they 
manufactured (and not just sold) glass products

22 Golf Course

23 Greenhouse/Market Gardens/Nurseries Includes those businesses which would sell garden 
products, including fertilizers, only seasonally

24 Hospitals
25 Laboratories (commercial, analytical, analysts)
26 Medical and diagnostic laboratories
27 Medical equipment and supplies manufacturing

28 Metal finishing, treatments, smelting or refining included companies creating metal products from raw 
materials

29 Metal product manufacturing (mis.) Includes machine shops, tool & die shops, etc.
30 Metal treatment or cooling
31 Paints includes paint stores and autobody mechanics
32 Pharmaceuticals and medicine manufacturing

33 Photography/photographic studios All photography stores and studios were included where 
evidence was found of developing on site

34 Plastics included manufacturers of plastic products
35 Printing and duplicating includes printers and duplication centres
36 Rubber Processing
37 Scrap metal/autowreckers
38 Septic systems
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TABLE A2-3
BUSINESS CATEGORY LISTING

REGIONAL MUNICIPALITY OF YORK

Business Type Comments

39 Sewage treatment facility includes facilities that transmit, treat or store wastewater

40 Storage of snow

41 Salt storage includes regional salt storage and local businesses that 
stock and sell salt (in large quantities)

42 Stormwater pond
43 Textile operations

44 Waste disposal landfills, also includes companies that generate PCB 
waste.

45 Vehicle maintenance/repair garage Any repair garage for motorized vehicles were included
46 Vehicle manufacturing and associated industries Classified based on search, not just company name

47 Unknown Business ID does not allow for category, not enough 
information to assign threats.

48 Unsure
49 Banks/Institutions
50 Hospitality/hotels

51 Drug stores/pharmacies
Any business advertised as a pharmacy.  If it was 
unknown (for example, some large grocers have 
pharmacies in store), this was not assumed to be present.

52 Organic Solvents (only this threat identfied) Assigned to any business with a related threat identified in 
EcoLog.

Notes:

OR

In order to properly assign threats to different parcels of land based on their known land use activity, a list of potential land use activities was
compiled, with threats assigned based on the  based either:

Table 2 - Potentially Contaminating Activities from the MOE Proposal for Amending Ontario Regulation 153/04, Brownfield Record of Site 
Condition (EBR Registry Number 010-4642), October 2008

Potential Contaminants of concern associated with business types in the Canadian Waste Water Association (CWWA) website in the 'Directory of 
Contaminants Database' (http://www.cwwa.ca/Contaminants/Search.asp), last updated September 22, 2004.  
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TECHNICAL MEMORANDUM A3 

 

 

  

SUBJECT: Managed Land and 
Livestock Density 
Calculations  

PREPARED 
BY: 

Roger Freymond, P. Eng., 
and Kelly McLagan 

CLIENT: Regional Municipality of 
York 

PROJECT 
NO.: 

122510019 

LOCATION: Regional Municipality of 
York  

DATE: March 2, 2010 

 

Reference: Managed Land and Livestock Density Calculations 

OBJECTIVE: 

To document the methodology used to complete the Managed Land and Livestock 
Density calculations, and to complete the managed land drinking water threats 
enumeration within the Regional Municipality of York (York Region) wellhead protection 
areas (WHPA).  

OVERVIEW: 

Managed land is land to which nutrients are applied.  It can include but is not limited to 
croplands, fallow land, improved pasture, lawns and golf courses.  Managed land can 
be broken into two types: 

• Agricultural Managed Land – includes areas of cropland, fallow and improved 
pasture; and 

• Non-agricultural Managed Land – includes but is not limited to golf courses, lawns 
and sports fields.   

Threats relating to application of fertilizer, agricultural source material, and non-
agricultural source material to managed land were determined based on the Technical 
Bulletin from the Ontario Ministry of the Environment (MOE), dated November 2009 
(MOE, 2009b).  Threats related to the application of pesticides have also been 
considered as a managed land threat for the purpose of this study.  The threats 
captured by land use based analysis are dependent on the calculation of managed 
lands, application area, and/or nutrient units for each WHPA.  The following activities 
are prescribed drinking water threats (i.e., drinking water quality or quantity threat) to 
managed land for the purpose of the definition of “drinking water threat” in subsection 2 
(1) of the Clean Water Act of 2006: 

• The application of agricultural source material (ASM) to land (percent managed land 
and nutrient units per acre);  

• The application of non-agricultural source material (NASM) to land (percent 
managed land and nutrient units per acre) 
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• The storage of ASM (nutrient units per acre); 

• The application of commercial fertilizer to land (percent managed land and nutrient 
units per acre); 

• The use of land as an outdoor confinement area or a farm-animal yard (nutrient 
units per hectare); 

• The use of the land as livestock grazing or pasture land (nutrient units per acre); 
and 

• The application of pesticide to land (total application area (ha)). 

These threats are detailed in the Tables of Drinking Water Threats along with the 
circumstances under which they become classed as Significant, Moderate or Low risk.  
The significance (i.e., threat level) of a drinking water quality threat (activity) under a 
site-specific circumstance is thus dependent upon its location within the vulnerable 
areas, among other things.  A map of the WHPA showing the distribution of vulnerability 
scores is used for this purpose.  A drinking water quality threat relates to an activity that 
has the potential to adversely affect the quality of any water that is or may be used as a 
source of drinking water.  Associated with each drinking water quality threat is a 
chemical or pathogen which is, or may be, released accidentally or purposefully from a 
drinking water quality threat (MOE, 2006).  Technical Rule 119 provides direction on 
including the activities that are not prescribed in the Clean Water Act of 2006.  No such 
inclusions have been made at present for York Region. 

Table A3-1 (Attachment A) presents the threats applied in this study, and a summary of 
the circumstances of each threat as detailed in the Tables of Drinking Water Threats 
and as applied in this study.  For all threat level ranking, when specific information 
regarding the type or quantity of chemical related to a given threat was not known, 
worst case scenario conditions were assumed. 

STUDY APPROACH: 

In order to complete the managed land calculations and assignment and ranking of 
threats, a variety of data sources were investigated.  The first of these involved the use 
of a field survey, in which qualified Stantec personnel drove through WHPA-A to -C for 
each well field of interest, identifying managed land parcels and the presence or 
absence of livestock.  Aerial imagery was also heavily relied upon when doing the 
managed land calculations and also determining livestock density calculations.  The 
following specific tasks were completed when undertaking the managed land threats 
evaluation, and are described in detail below: 

Task 1:  Preliminary Aerial Imagery Review 
Task 2:  Pre-Survey Preparation 
Task 3:  Field Inventory 
Task 4:  Incorporate Field Data into Database 
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Task 5:  Aerial Photography Review  
Task 6:  Estimate Livestock Density 
Task 7:  Complete Threat Enumeration 
Task 1:  Preliminary Aerial Imagery Review 
Prior to completing the field survey a preliminary review was completed of the aerial 
imagery (J.D. Barnes, 2009) to identify potential areas of interest which should be 
addressed or become an area of focus during the field survey, and also to gain an 
understanding of the land use activities present within each well field. 

Task 2:  Pre-Survey Preparation 
Prior to completing the field survey, mapping was generated that showed the WHPA 
delineations, previously identified threats and parcel fabric (reference) all overlain on 
the aerial photography (J.D. Barnes, 2009).  This was required in order to focus the field 
survey to within the WHPA-A to WHPA-C area. 

Task 3:  Field Inventory 
The primary objective of the field survey was to identify and accurately locate significant 
threats on the landscape.  The field survey consisted of driving through WHPA-A to 
WHPA-C and identifying managed land parcels.  A field form (Attachment B) was used 
to collect the appropriate information and to photograph the subject lands.  Aerial 
imagery was also used to mark the type of land (i.e. crop, pasture, fallow).  The type of 
information collected during the agricultural component of the field survey included: 

• presence/absence of livestock; 
• type of livestock; 
• estimated number of livestock; 
• type of barn(s) present; 
• evidence of fertilizer storage, manure storage/application 
• presence of crop land; 
• identification of pasture lands; and 
• presence of fuel tanks. 

In addition, previously identified non-managed land threats were field verified wherever 
possible.   

Task 4:  Incorporate Field Data into Database 
Upon completion of the field survey, all the field observations regarding managed land 
threats were enumerated and incorporated into a threats database.  This was done by 
investigating the field notes, included the aerial imagery, and noting land parcels 
identified as a managed land.  Information pertaining to lands with evident livestock was 
also incorporated into the database.   



March 2, 2010 
Page 4 of 8  

Reference: Managed Land and Livestock Density Calculations 

  

 

Task 5:  Aerial Photography Review and Managed Land Calculations 
An aerial photographic review was completed for the agricultural and non-agricultural 
(i.e. golf courses, sports fields and residential/commercial/institutional lawns) properties 
identified within vulnerable areas 6-10.  From the aerial photo review, Stantec staff 
estimated the percentage of managed land for each WHPA for both agricultural and 
non-agricultural managed land.   

The following assumption was used when completing the agricultural managed land 
calculations: 

• Aerial imagery was used to estimate how much of the agricultural land was 
managed throughout the entire well field on a parcel-by-parcel basis.  This varied 
from parcel to parcel, but was typically close to 100% for those parcels determined 
to be managed based on the observations in the field survey; 

The following assumptions and rules where used when completing the non-agricultural 
managed land calculations: 

• For all urban residential lots, 40% of the parcel land was assumed to be managed; 

• For rural residential properties, 75% of the parcel was assumed to be managed, 
since rural residential properties are typically larger than urban residential 
properties; and 

• For all the remaining non-agricultural, managed land properties (i.e. sports fields, 
golf courses, and industrial, institutional and commercial properties), aerial imagery 
was used to examine several representative parcels within each well field and 
determine the percent of managed land for each parcel.  The average percentage of 
managed land for these representative properties was then assigned to all 
remaining parcels within a given well field. 

Using the above assumptions and rules, the following was calculated for each WHPA 
within each well field: 

• The total area (ha) of each WHPA; 
• The total area (ha) of agricultural managed land within each WHPA; 
• The total area (ha) of non-agricultural managed land within each WHPA; 
• The total area (ha) of non-agricultural lands associated with golf courses only within 

each WHPA; 
• The total combined area of managed land within each WHPA; 
• The percentage of agricultural managed land within each WHPA; 
• The percentage of non-agricultural managed land within each WHPA; and 
• The total combined percentage of managed land within each WHPA. 
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The above information was then applied when completing threat enumeration for 
managed land threats at each well field 

Task 6:  Estimate Livestock Density 
In order to calculate livestock density, Stantec personnel utilized the observations from 
the field survey to determine which land parcels and resulting barns were associated 
with livestock and/or poultry.  If there was no evidence of livestock (i.e. manure storage 
areas, pasture land, livestock barns/shelters, visual livestock, or signage indicating a 
livestock/poultry farm) on a property during the field survey, it was assumed that that 
parcel did not have any livestock, and therefore did not contribute to the nutrient unit 
loading for a given WHPA.  Upon reviewing the field survey results, the parcels with 
livestock and the type of livestock observed were entered into the database.  The aerial 
imagery was then used to calculate the barn size, and from that calculated barn size 
and the observed animal type, the resulting nutrient unit loading was calculated for each 
property.  The nutrient loading for various types of livestock (m2/NU and ft2/NU) were 
applied based on guidelines provided by the MOE (2009b), and summarized in 
Table A3-2 (Attachment A). 

For non-Agricultural lands (i.e. where there are no livestock related activities), the 
nutrient units were set at 0 NU. 

Following the calculation of nutrient loading for all relevant parcels, the total nutrient 
loading for each WHPA was determined by considering the total managed land (ha) 
(agricultural and non-agricultural) and the combined nutrient loading for each WHPA. 

This information was used when completing the threat enumeration and ranking for all 
managed land threats. 

Task 7:  Complete Threat Enumeration 
Stantec completed relevant agricultural threat enumeration based on the proposed 
changes to the Tables of Drinking Water Threats in regards to nutrient units and percent 
managed land as presented in Technical Bulletin from Ministry of the Environment 
dated November, 2009a, and summarized in Table A3-1 (Attachment A).  Agricultural 
threats were assigned based on the observed managed land identified in the field 
survey, with the assumed threats being applied to each agriculturally managed parcel 
(Table A3-1): 

• The application of agricultural source material to land; 
• The application of commercial fertilizer to land; and 
• The application of pesticide to land; 

The location of golf courses was determined based on a review of the aerial imagery, 
accompanied by data from the business directory (York Region, 2008), the EcoLog 
ERIS report (EcoLog, 2009), and York Region (2009).  All golf courses were assumed 
to have the following managed land threats (Table A3-1): 
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• The application of commercial fertilizer to land; and 
• The application of pesticide to land; 

When chemicals of concern were not known, worst case scenarios were assumed when 
assigning threat levels.   

When assigning threats and threat levels, the following rules and assumptions were 
applied based on the threat of interest: 

The application of agricultural source material: 

The total (agricultural and non-agricultural) managed land percentage was considered 
for each WHPA, and it was conservatively assumed that all managed lands apply 
agricultural source material  

The application of fertilizer: 

The total (agricultural and non-agricultural) managed land percentage was considered 
for each WHPA, and it was conservatively assumed that all managed lands apply 
fertilizer 

The application of pesticide: 

Due to the province wide pesticide ban (effective April 22, 2009) (MOE, 2009c), the total 
application area when considering application of pesticides within each WHPA was 
assumed to include only those lands classified as agricultural or golf course.  For these 
parcels, the estimated area of application was delineated based on aerial imagery. 

The application of non-agricultural source material (NASM): 

Based on information received from the MOE (MOE, 2010), there are currently no sites 
approved for the application of biosolids within York Region, and therefore this threat 
did not apply to any land parcels for this study.   

While they were included in managed land calculations, managed land threats were not 
assigned to residential lawns, commercial/industrial/institutional properties or sports 
fields.  However, it is recognized that some of these properties may pose a threat to 
drinking water for the following threat: 

• The application of commercial fertilizer to land. 

DATA GAPS AND UNCERTAINTY 

The level of uncertainty when assigning and ranking threats was based on a variety of 
factors, including the quality of the data sources, and the underlying assumptions and/or 
evidence used when assigning and ranking threats to each parcel. 
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Data sources 

The data sources used to enumerate the managed land threats and calculations are 
listed as follows: 

• Field Survey; 
• Parcel fabric; 
• Golf course layers; 
• Business Directory; and 
• EcoLog ERIS. 

The degree of uncertainty associated with the data sources used to enumerate the 
managed land threats was considered to be low overall, as the combination of the 
multiple data sources led to a low degree of uncertainty with respect to parcel locations, 
and land uses, primarily with respect to the data collected during the field survey.   

Assignment of Threats 

When applying managed land threats, the degree of uncertainty varied depending on 
the type of threat and the underlying evidence or assumptions associated with each 
threat.  The considerations related to uncertainty are provided below: 

1. While the field survey identified parcels of land that were managed with a low 
degree of uncertainty, the application of threats to these parcels was based on 
assumptions regarding land management practices (i.e. types and quantities of 
products applied to land), and therefore the level of uncertainty assigned to the 
threats themselves is considered high; 

2. When calculating nutrient loading calculations, only the properties for which there 
was evidence of livestock during the field survey were considered.  However, details 
pertaining to quantity of nutrient loading was calculated based on assumptions 
related to the number of livestock on each property, resulting in a high level of 
uncertainty; and 

3. Managed Land calculations have a moderate degree of uncertainty based on the 
assumptions used when performing the calculations (discussed above); 

Data Gaps and Recommendations 

The following data gaps were identified with respect to the managed land calculations 
and threat enumeration: 

1. The data obtained from the MOE (MOE, 2010) indicated that as of November, 2009, 
no sites within York Region were approved for biosolids application.  It is 
recommended that York Region verify this information annually and update threats 
accordingly;  
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2. The assignment of managed land threats were only applied to fields which were 
visible during the field survey.  For the limited number of properties where threats 
were not assigned, but a review of orthoimagery suggested the land may be 
associated with a crop activity, a door-to-door survey may be required. 
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TABLE A3-1

APPLICATION OF MANAGED LAND THREATS

REGIONAL MUNICIPALITY OF YORK

Land Use Activity
Contaminants of Potential Concern 

(MOE, 2008)
Applicable Threat 

Categories

Threat 

Category #

# from Tables of 

Drinking Water 

Threats Site Specific Information or Assumptions Used to Address Circumstances

Agriculture (Intensive)
1                                                                    

(threats assigned based on observations from field 

survey)

carbamate pesticides, 

organochlorine/organophosphate 

pesticides, herbicides, metals (e.g. 

aluminum, arsenic, cadmium, copper, 

iron, lead, magnesium, potassium), 

nitrate-nitrogen, petroleum 

hydrocarbons (PHCs), pathogens+

The application of agricultural 

source material (ASM) to land
3 1-12 <40%

40% - 80%

>80%

<0.5

0.5 - 1.0

>1.0

Available nitrogen and phosphorous in 

nutrients applied exceeds crop production 

requirements for crops on the land for 

threat year by 15% or more

Unless data is available regarding application volume of ASM, will assume exceeding by 

15% or more

Chemicals present Nitrogen and/or Phosphorous (total)
The application may result in the presence of nitrogen and/or phosphorous (total) in 

groundwater or surface water

The application of agricultural 

source material to land
3 1944 ASM is applied to land in any quantity

Unless data is available regarding fertilizing of crops, will assume ASM is applied in any 

quantity to land

Pathogens present One or more pathogens
The application of ASM may result in the presence of one or more pathogens in 

groundwater or surface water

The application of commercial 

fertilizer to land
8 19-36 <40%

40% - 80%

>80%

<0.5

0.5 - 1.0

>1.0

Available nitrogen and phosphorous in 

nutrients applied exceeds crop production 

requirements for crops on the land for 

threat year by 15% or more

Unless data is available regarding application volume fertilizer applied will assume  

exceeding by 15% or more

Chemicals present Nitrogen and/or Phosphorous (total) 
The application may result in the presence of nitrogen and/or phosphorous (total) in 

groundwater or surface water

Circumstances of the Threat Category

Unless data is available regarding farm animal type, will assume highest nutrient unit 

generating animals on-site

Unless data is available, will assume largest managed land percentage

Unless data is available regarding farm animal type, will assume highest nutrient unit 

generating animals on-site

Unless data is available, will assume largest managed land percentage

Managed Land 

Annual Nutrient Units/Acre

Managed Land 

Annual Nutrient Units/Acre
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TABLE A3-1

APPLICATION OF MANAGED LAND THREATS

REGIONAL MUNICIPALITY OF YORK

Land Use Activity
Contaminants of Potential Concern 

(MOE, 2008)
Applicable Threat 

Categories

Threat 

Category #

# from Tables of 

Drinking Water 

Threats Site Specific Information or Assumptions Used to Address CircumstancesCircumstances of the Threat Category

Agriculture (Intensive)
1                                                                    

(threats assigned based on observations from field 

survey)

carbamate pesticides, 

organochlorine/organophosphate 

pesticides, herbicides, metals (e.g. 

aluminum, arsenic, cadmium, copper, 

iron, lead, magnesium, potassium), 

nitrate-nitrogen, petroleum 

hydrocarbons (PHCs), pathogens+

The application of pesticide to 

land
10 55-87 <1 hectare

1 - 10 hectares

>10 hectares

Chemicals present 11 chemicals
The application of one or more of the listed pesticides may result in their presence in 

groundwater or surface water

The storage of agricultural 

source material (ASM)
4 1321-1344 At or above grade  

Below grade

A portion, but not all of the ASM is 

stored above grade

Permanent nutrient storage facility

Temporary nutrient storage site

<0.5

0.5 - 1.0

>1.0

Chemicals present Nitrogen and/or Phosphorous (total)
A spill of material or runoff from the area where the material is stored may result in the 

presence of nitrogen  in groundwater or surface water

The storage of agricultural 

source material (ASM)
4 1962-1964 At or above grade

Entirely below grade

Permanent nutrient storage facility

Temporary nutrient storage site

Pathogens present One or more pathogens
A spill of the material or runoff from an area where either material is stored may result in 

the presence of one or more pathogens in groundwater or surface water

Unless data is available regarding the area of land, will assume >10 hectares

Unless data is available regarding method of storage, will assume below grade storage

Unless data is available regarding type of storage, will assume any/all types of storage

Unless data is available regarding nutrient units, will assume at least 0.5 NU per acre of 

farm unit

Area of land to which pesticides are 

applied

Type of Storage

Annual rate of nutrient units per acre of 

farm units

Type of Storage
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TABLE A3-1

APPLICATION OF MANAGED LAND THREATS

REGIONAL MUNICIPALITY OF YORK

Land Use Activity
Contaminants of Potential Concern 

(MOE, 2008)
Applicable Threat 

Categories

Threat 

Category #

# from Tables of 

Drinking Water 

Threats Site Specific Information or Assumptions Used to Address CircumstancesCircumstances of the Threat Category

Agriculture (Intensive)
1                                                                    

(threats assigned based on observations from field 

survey)

carbamate pesticides, 

organochlorine/organophosphate 

pesticides, herbicides, metals (e.g. 

aluminum, arsenic, cadmium, copper, 

iron, lead, magnesium, potassium), 

nitrate-nitrogen, petroleum 

hydrocarbons (PHCs), pathogens+

The use of land as livestock 

grazing or pasturing land, an 

outdoor confinement area or a 

farm-animal yard

21 335-346
Outdoor confinement area or farm-

animal yard

Livestock grazing or pasturing land

<0.5

0.5 - 1.0

>1.0

Chemicals present Nitrogen and/or Phosphorous (total)
The land use may result in the presence of nitrogen or phosphorous (total) in groundwater 

or surface water

The use of land as livestock 

grazing or pasturing land, an 

outdoor confinement area or a 

farm-animal yard

21 1945-1946
Livestock grazing or pasturing land 

for one or more animals

Outdoor confinement area or a farm 

animal yard for one or ore animals

Pathogens present One or more pathogens
the land use may result in the presence or one or more pathogens in groundwater surface 

water

Unless data is provided, will assume with land use (both applicable for significant 

groundwater threats)

Unless data is available, will assume >1.0 NU/acre

Unless data is provided, will assume with land use (both applicable for significant 

groundwater threats)
Land Use

Annual Nutrient Units/Acre

Land Use
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TABLE A3-1

APPLICATION OF MANAGED LAND THREATS

REGIONAL MUNICIPALITY OF YORK

Land Use Activity
Contaminants of Potential Concern 

(MOE, 2008)
Applicable Threat 

Categories

Threat 

Category #

# from Tables of 

Drinking Water 

Threats Site Specific Information or Assumptions Used to Address CircumstancesCircumstances of the Threat Category

Golf Course
+,1

herbicides, metals (e.g. aluminum, 

arsenic, cadmium, copper, iron, lead, 

magnesium, potassium), nitrate-

nitrogen, organochlorine and 

organophosphate pesticides

Application of pesticide 10 13-36 < 1 ha

1-10 ha

>10 ha

Chemicals present 11 chemicals
Application of pesticide may result in the presence of  one or more of the listed pesticides 

in groundwater 

The application of commercial 

fertilizer to land
8 19-36 <40%

40% - 80%

>80%

<0.5

0.5 - 1.0

>1.0

Available nitrogen and phosphorous in 

nutrients applied exceeds crop production 

requirements for crops on the land for 

threat year by 15% or more

Unless data is available regarding application volume fertilizer applied will assume  

exceeding by 15% or more

Chemicals present Nitrogen and/or Phosphorous (total) 
The application may result in the presence of nitrogen and/or phosphorous (total) in 

groundwater or surface water

3 - Potential Contaminants of concern associated with business types in the Canadian Waste Water Association (CWWA) website in the 'Directory of Contaminants Database' (http://www.cwwa.ca/Contaminants/Search.asp), last updated September 22, 2004.

Unless data is available, assume >10 ha application area Area of application

Managed Land Unless data is available, will assume largest managed land percentage

Annual Nutrient Units/Acre
Unless data is available regarding farm animal type, will assume highest nutrient unit 

generating animals on-site

2 - Indicates land use activities not included in the MOE 2008 list of potentially contaminating activities, but that are still potential drinking water threats as described in the TDWT.

This table has been set up to mimic the TDWT and to illustrate where assumptions and decisions have been made to enumerate significant threats.  The "Circumstances of the Threat Category" column are the circumstances listed in the TDWT.  

Notes:

+ indicates potential contaminants of concern determined by professional judgment

1 - Potential contaminants of concern associated with potentially contaminating activity have been taken from Table 2 - Potentially Contaminating Activities from the MOE Proposal for Amending Ontario Regulation 153/04, Brownfield Record of Site Condition.  Specific threats assigned depended on results of windsheild survey 
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TABLE A3-2
NUMBER OF ANIMALS PER NUTRIENT UNIT - ASSUMED VALUE

REGIONAL MUNICIPALITY OF YORK

LIVESTOCK SQ M / NU SQ FT / NU

Dairy - Milking Age - Unknown 7 75

Poultry 25 267

Donkeys 26 275

Horses 26 275

Horse - Unknown 26 275

The nutrient unit conversion factors are based on barn size.

Conversion factors were obtained from:

Drinking Water Source Protection - Clean Water Act, Ministry of the Environment
November, 2009

"Technical Bulletin: Proposed Methodology for Calculating Percentage of 
Managed Lands and Livestock Density for Land Application of Agricultural 
Source of Material, Non-Agricultural Source of Material and Commercial 
Fertilizer", Appendix B, Table 4



York – Source Water Protection 
Agriculture Questionnaire – Windshield Survey  Site #_______ 

1) Address of the property?  (i.e. fire number) 

2)  Is the property a: 

a. residence only 
b. residence with farm 
c. residence with other business 
d. other: ___________________________________________ 

If a residence on the property: 

3) Is there a heating fuel oil tank visible?  Y or N 

4) Could you observe if there was a private well on the property?  Y or N 

5) Are there any transformers on the property?  Y or N 

6) If yes, how many and approximate size (S, M, L)? 

If a residence with farm: 

7) What is the name of the Farm? 

8) Which vulnerability zone is the property within? 

9) What type of farm is it? 

a. Livestock 
b. Crops 
c. Aquaculture 

10) What kind of livestock are present on the property (and how many visible)? 

a. Cattle                                                  # 
b. Horses                                                # 
c. Swine                                                 # 
d. Poultry                                                # 
e. Sheep                                                # 
f. Other (please specify)___________ # 
g. Unknown. 

11) Is there a manure storage facility (MSF) on the property?  Y or N 

hls \\cd1004-f06\01609\active\160900574_york region threats assessment\planning\report\technical memorandums\technical 
memo_a3_managed lands 2010-02-16\attachment 2_questionnaire.doc 1 of 2 



York – Source Water Protection 
Agriculture Questionnaire – Windshield Survey  Site #_______ 

12) Is the MSF constructed: 

a. At or above ground 
b. Partially above and below grade 
c. Below grade 
d. Unknown. 

13) Is there grazing or pasture land on the property?  Y or N 

14) Is there an animal confinement area (paddock)?  Y or N 

15) What type of crops are on the property? 

a. Orchard 
b. Cash crop (corn, wheat, hay, soya bean, alfalfa, sunflower, etc…) 
c. Other (please specify)________ 
d. Unknown 

16) Are they spreading fertilizer or manure at the time of the Site visit?  Y or N 

17) Which type: a) fertilizer, b) manure, c) unknown? 

18) Are there any fertilizer storage tanks on the property?  Y or N 

19) Are there any above ground storage tanks on the property?  Y or N 

20) If yes, how many? 

21) Are there any vehicle fuel above ground storage tanks on the property?  Y or N 

If a residence with business: 

22) What business is associated with the property (other than agriculture): 

a. Contractors yard 
b. Construction business 
c. Vehicle repair shop 
d. Woodworking shop 
e. Nursery (Garden Centre) 
f. Other (please specify)__________ 

Picture Number Interval: 

Comments: 

hls \\cd1004-f06\01609\active\160900574_york region threats assessment\planning\report\technical memorandums\technical 
memo_a3_managed lands 2010-02-16\attachment 2_questionnaire.doc 2 of 2 
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Reference: Impervious Area Calculations and Application of Road Salt Threat 
Enumeration 

OBJECTIVE: 

To document the methodology used to complete the impervious area calculations, and 
to complete the application of road salt threat enumeration within the Regional 
Municipality of York (York Region) wellhead protection areas (WHPA).  

OVERVIEW: 

Impervious surface areas are defined by the Clean Water Act (MOE, 2006) as the 
surface area of all highways and other impervious land surfaces used for vehicular 
traffic and parking, and all pedestrian paths.  As per subsection 16 (11) in Part II of the 
Clean Water Act of 2006, for each vulnerable area, one or more maps of the 
percentage of the impervious surface area where road salt can be applied per square 
kilometre in the vulnerable area is required.  This calculation is required in order to 
assist in determining the threat level associated with the application of road salt within 
each WHPA. 

STUDY APPROACH: 

The following tasks were completed when undertaking the impervious area evaluation, 
and are described in detail below: 

Task 1:  Review Data Sources 
Task 2:  Divide WHPA into 1 km square grids 
Task 3:  Calculate Percent Impervious Area within each grid 
Task 4:  Evaluate Threat Level for all impervious surfaces 
 
Task 1:  Review Data Sources 
The data sources required to complete the impervious area calculations included the 
WHPA delineations and vulnerability scoring (Earthfx, 2007 and 2009), and mapping of 
the road network throughout York Region (York Region, 2008).  The information from 
these data sources was overlain so that the vulnerability mapping and road networks 
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were present on a single figure.  York Region (2008), included the primary and 
secondary roadway network across York Region.  Notably absent from the dataset were 
parking lots, driveways or pedestrian pathways, which could receive road salt 
application but were not included in this assessment.   

Task 2:  Divide WHPA into 1 km square grids 
The Lake Simcoe Region Conservation Authority (LSRCA) developed a 1 km2 grid net 
to be used by consultants doing work within the Source Protection Area (SPA).  Stantec 
used the grid net supplied by LSRCA and extended it in a southerly direction to cover 
the Kleinburg Well Field, which is not situated within the LSRCA.     

Task 3:  Calculate Percent Impervious Area within each grid 
The percent impervious area within each grid was determined by calculating the total 
impervious surface area and dividing by the total area of the grid.  For each road, the 
road width was determined using the following road conversion widths supplied by 
Genivar (2007): 

• Arterial Road – 15 m; 
• Collector Road – 12 m; 
• Expressway/Highway – 12 m; 
• Freeway – 25 m; 
• Local Road – 10 m; 
• Ramp/Service Road – 5 m; and 
• Resource/Recreation Road – 8 m. 

The percent impervious area calculated within each grid was then grouped according to 
the divisions prescribed within the Table of Drinking Water Threats (MOE, 2006): 

• Less than 1% 
• 1% to 8% 
• Greater than 8% but less than 80% 
• Great than or equal to 80% 

Task 4:  Evaluate Threat Level for all Impervious Surfaces 
Upon calculating the percent impervious area for all grids within each WHPA, the 
following information was then used to determine the threat level associated with the 
application of road salt to all impervious surfaces: 

• Percent Impervious Area; 
• WHPA; and 
• Vulnerability Score. 
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Based on the above information, each roadway was assigned a threat level of 
significant, moderate, low, or not applicable with respect to the application of road salt.  
Table A4-1 summarizes the circumstances used to assess the threat level based on the 
Table of Drinking Water Threats (MOE, 2006).  For the purposes of this evaluation, it 
was assumed that all roads would have road salt application, and could therefore 
potentially pose a threat to drinking water with respect to road salt. 

DATA GAPS AND UNCERTAINTY 

The following data gaps and limitations were identified within the impervious road salt 
applications: 

1. Road networks were only current up to 2008; 

2. Impervious area calculations did not include pedestrian pathways, parking lots or 
driveways; and 

3. Road salt application practices were not known, and therefore it was assumed that 
all roads have the potential to receive road salt. 

Based on these identified data gaps, the uncertainty assessment with respect to the 
impervious area calculations and enumeration of the application of road salt threat was 
based on a variety of factors, including the quality of the data sources, and the 
underlying assumptions and/or evidence used when assigning and ranking threats to 
each parcel. 

Data sources 

Each data source was assigned an uncertainty level of high, moderate or low based on 
the age of the data, the source it was acquired from, the reliability of the source, and 
data maintenance.  The roadway network information provided by York Region (2008) 
was considered to be low uncertainty.   

Assignment of Threats 

The considerations related to uncertainty with respect to the impervious area 
calculations and the assignment of threats are provided below: 

1. Due to the identified data gaps, the degree of uncertainty associated with the 
impervious area calculations, is considered low in the rural areas, and moderate in 
the highly urbanized urban areas where there is typically an increased number of 
impervious surfaces that are not associated with roadways such as parking lots, 
pedestrian walkways and driveways.  While there is a need to refine the analysis of 
impervious areas to include pedestrian walkways, parking lots and driveways, this 
analysis is unlikely to increase the percent impervious area in the grid polygons to 
greater than 80%.  As a result, significant threats for application of road salt will 
likely never be identified; and 
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2. The threat assignment has a moderate level of uncertainty due to the assumption 

that all roads receive salt. 

REFERENCES: 

Ontario Clean Water Act, 2006. 

Ontario Ministry of the Environment (MOE), 2009a, Technical Rules: Assessment 
Report - Clean Water Act, 2006, Proposed Amendments, November 16, 2009. 

Regional Municipality of York (York Region).  2008.  York Roads.  Received July 5, 
2009. 

Earthfx Incorporated, 2009.  Updated Vulnerability Assessment and Scoring of 
Wellhead Protection Areas – Addendum Report.  Prepared for the Regional 
Municipality of York, November 2009. 

Earthfx Incorporated, 2007, Vulnerability Assessment and Scoring of Wellhead 
Protection Areas - Regional Municipality of York. Revised Final Report: 
Prepared for the Regional Municipality of York, November 28, 2007. 

Genivar Ontario Incorporated, 2007, Water Quality Characterization And Issues 
Identification For Municipal Groundwater Supply System - Final Report: 
Prepared for the Regional Municipality of York, August 21, 2007. 
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TABLE A4-1
APPLICATION OF ROAD SALT THREAT GUIDELINES
REGIONAL MUNICIPALITY OF YORK

Land Use Activity Contaminants of Potential Concern 
(MOE, 2008)

Applicable Threat 
Categories

Threat 
Category #

from Tables of 
Drinking Water 

Threats Site Specific Information or Assumptions Used to Address Circumstances

Road Salt Application2 sodium and chloride The application of road salt 12 88 - 95 < 1 %

1 - 8 %

8 - 80 %

> 80 %

Chemicals present 2 chemicals Assume application will result in the presence of chloride or sodium in surface water 

3 - Potential Contaminants of concern associated with business types in the Canadian Waste Water Association (CWWA) website in the 'Directory of Contaminants Database' (http://www.cwwa.ca/Contaminants/Search.asp), last updated September 22, 2004.

Percentage of total impervious surface area The amount of impervious surface was calculated using the Technical Rules (MOE, 2008)

Circumstances of the Threat Category

2 - Indicates land use activities not included in the MOE 2008 list of potentially contaminating activities, but that are still potential drinking water threats as described in the TDWT.

This table has been set up to mimic the TDWT and to illustrate where assumptions and decisions have been made to enumerate significant threats.  The "Circumstances of the Threat Category" column are the circumstances listed in the TDWT.  
Notes:
+ indicates potential contaminants of concern determined by professional judgment
1 - Potential contaminants of concern associated with potentially contaminating activity have been taken from Table 2 - Potentially Contaminating Activities from the MOE Proposal for Amending Ontario Regulation 153/04, Brownfield Record of Site Condition 

1 of  1
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Reference: Drinking Water Quality Threat Assessment Methods – Identification 
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OBJECTIVE: 

To document the methodology for the identification of drinking water quality conditions 
and potential conditions within the Regional Municipality of York (York Region) wellhead 
protection areas (WHPA). 

OVERVIEW: 

Technical Rules 126 in Part XI.5, and Technical Rules 138 through 143 in Part XI.5 of 
the Technical Rules: Assessment Report, Clean Water Act, 2006 document as released 
by the Ontario Ministry of the Environment (MOE) on December 12 2008, August 24, 
2009 and November 16, 2009, provide direction on identifying and listing drinking water 
quality threats related to site conditions.  Conditions are the result of past activities 
which lead to the identification of a drinking water threat.  Examples of conditions can 
include the presence of a non-aqueous phase liquid or other contamination in 
groundwater in a highly vulnerable aquifer, the presence of contamination in surface soil 
in a surface water intake protection zone, or the presence of given contaminants in 
sediment if concentrations are in exceedance of sediment standards (MOE, 2006).  
Identified conditions are then assigned a risk score of significant, moderate or low 
based on Technical Rules 138 to 143 and an examination of the available information 
related to each threat.  For the purpose of this study, any condition where current and 
applicable data was not available was identified as a potential condition. 

STUDY APPROACH: 

The following steps were employed when identifying and assessing conditions and 
potential conditions within York Region. 

 Step 1:  Collect EcoLog ERIS Data 
  Step 2:  Collect Public Reports   
 Step 3:  Review Data Sources to Identify Conditions and/or Potential Conditions  
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Step 1: Collect EcoLog ERIS Data 

As part of this study a database search was conducted by EcoLog Environmental Risk 
Information Services Ltd. (EcoLog ERIS) in May, 2009 (EcoLog ERIS, 2009). The 
extent of historical information varies with each database, and current information is 
determined by what is publicly available to EcoLog ERIS at the time of update.  Below is 
a summary of the list of databases from which data was obtained in the EcoLog ERIS 
report that was considered relevant when identifying conditions or potential conditions 
within York Region.   

Contaminated Sites on Federal Land June 2000-Feb 2009 (FCS) 
The Treasury Board of Canada Secretariat maintains an inventory of all known 
contaminated sites held by various Federal departments and agencies.  This inventory 
does not include properties owned by Crown corporations, but does contain non-federal 
sites for which the Government of Canada has accepted some or all financial 
responsibility.  All sites have been classified through a system developed by the 
Canadian Council of Ministers of the Environment.  The database provides information 
on company name, location, site ID number, property use, classification, current status, 
contamination type and plan of action for site remediation. 

National Environmental Emergencies System 1974-2003 (NEES) 
In 2000, the Emergencies program implemented NEES, a reporting system for spills of 
hazardous substances.  For the most part, this system only captured data from the 
Atlantic Provinces, some from Quebec and Ontario, and a portion of British Columbia.  
However, NEES is also a repository for all previous Environment Canada spill datasets.  
NEES is composed of the historic datasets – or Trends – which dates from 
approximately 1974 to present.  NEES Trends is a compilation of historic databases, 
which were merged and includes data from NATES (National Analysis of Trends in 
Emergencies System), ARTS (Atlantic Region Trends System), and NEES.  In 2001, 
the Emergencies Program determined that variations in reporting regimes and 
requirements between federal and provincial agencies made national spill reporting and 
trend analysis difficult to achieve.  As a consequence, the department has focused 
efforts on capturing data on spills of substances which fall under its legislative authority 
only (CEPA and FA).  As such, the NEES database was decommissioned in December 
2004. 

Record of Site Condition 1997-Sept 2001, Oct 2004-Feb 2009 (RSC) 
The Record of Site Condition (RSC) is part of the Ministry of the Environment’s 
Brownfields Environmental Site Registry.  Protection from environmental cleanup orders 
for property owners is contingent upon documentation known as a record of site 
condition being filed in the Environmental Site Registry.  In order to file an RSC, the 
property must have been properly assessed and shown to meet the soil, sediment and 
groundwater standards appropriate for the use, such as residential, proposed to take 
place on the property.  Record of Site Condition locations were conservatively included 
as potential conditions because there was the possibility that the site was not cleaned 
up to potable water standards.    
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Ontario Spills 1988-2007 (SPL) 

This database identifies information such as location (approximate), type and quantity of 
contaminant, date of spill, environmental impact, cause, nature of impact, etc.  
Information from 1988 to 2002 was part of the ORIS (Occurrence Reporting Information 
System).  The SAC (Spills Action Centre) handles all spills reported in Ontario.  
Regulations for spills in Ontario are part of the MOE’s Environmental Protection Act, 
Part X. 

Anderson’s Waste Disposal Sites 1860s-Present (ANDR) 
The information provided in this database was collected by examining various historical 
documents which aimed to characterize the likely position of former waste disposal sites 
from 1860 to present. The research initiative behind the creation of this database was to 
identify those sites that are missing from the Ontario MOE Waste Disposal Site 
Inventory, as well as to provide revisions and corrections to the positions and 
descriptions of sites currently listed in the MOE inventory. In addition to historic waste 
disposal facilities, the database also identifies certain auto wreckers and scrap yards 
that have been extrapolated from documentary sources. Please note that the data is not 
warranted to be complete, exhaustive or authoritive. The information was collected for 
research purposes only. 

Step 2: Collect Public Reports 

In addition to the sites identified by EcoLog ERIS (2009), York Region also supplied a 
series of reports related to locations throughout York Region that could be identified as 
conditions or potential conditions.  Below is a listing of the reports that were reviewed as 
part of this assessment: 

• Phase I and II Environmental Site Assessment, 95 Eagle Street East, Newmarket, 
Ontario (2004); 

• Phase II Environmental Site Assessment, Wellington Street and Bayview Avenue, 
Aurora, Ontario (2001); 

• York Region Water Use Assessment, Potential Contaminant Source Inventory, and 
Initial Threat Assessment, Final Report (2006); 

• Phase II Environmental Site Assessment, 17 & 25 Alexander Road, Newmarket, 
Ontario (2005); 

• Annual Monitoring Report 1995, Canadian Landfill Division Site No. 4, Highway 48 
Landfill Site, Volume 1 – Text (1996); 

• Annual Report 2000: Aurora Landfill Site, Aurora, Ontario (2000); 

• Environmental Assessment of an Excavation in the Location of a Former Hydraulic 
Oil Hoist.  95 Eagle Street, Newmarket, Ontario (2004); 
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• January 2006 Groundwater Monitoring and Sampling Program Road Allowances of 

Davis Drive and Leslie Street at 1065 Davis Drive, Newmarket, Ontario (2006); and 

• Microbial Contamination Control Plan for Municipal Groundwater Supply Wells 
under the direct influence of Surface Water with Effective in-situ Filtration – 
Stouffville Well Nos. 5 and 6 (2006). 

Step 3: Review Data Sources to Identify Conditions and/or Potential Conditions 

Following the data compilation stage, the information obtained from EcoLog ERIS 
(2009) and the reports listed in Step 2 were thoroughly reviewed to determine if any 
sites could be identified as a condition.  According to Rules 138 to 143 of the Technical 
Rules, a variety of criteria must be met in order for a site to quality as a condition.  As a 
result, available data such as soil and groundwater quality reports, spill clean-up or 
remediation efforts, and record of site condition information were reviewed.  For York 
Region, it was determined that in all cases, insufficient data was available to be able to 
allow for the definitive classification of a condition, and therefore all the sites were 
identified as potential conditions.  Figures were generated to show the location of 
potential conditions and corresponding data source.   

DATA GAPS AND UNCERTAINTY: 

Uncertainty 

The level of uncertainty when assessing conditions was based on the reliability of the 
data sources with respect to completeness and geographic accuracy.  Assuming that all 
potential conditions were addressed through the use of the EcoLog ERIS (2009) data, 
combined with reports and input from York Region, the degree of uncertainty associated 
with identifying all potential conditions locations is considered moderate.  The level of 
uncertainty of this exercise increases, however, when considering that insufficient data 
was available to classify any of the potential conditions as actual conditions.  While it is 
likely that most of the locations of interest are identified, it was not possible to assess 
the hazard of each potential condition, as required in Technical Rule Part XI.5, and 
therefore the overall uncertainty of this task was increased to high. 

Data Gaps and Recommendations 

Data gaps that were identified related primarily to the lack of available data, resulting in 
the inability to classify or assess any of the potential conditions as actual conditions.  It 
is recommended that potential conditions of interest be further examined during future 
assessments in order to attempt to reduce the degree of uncertainty associated with 
this data gap. 

REFERENCES: 

Advantage Environmental Services Ltd., 2004.  Environmental Assessment of an 
Excavation in the Location of a Former Hydraulic Oil Hoist.  95 Eagle Street, 
Newmarket, Ontario.  Prepared for: Cannington Construction.  June 3, 2004.   
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Date: July 16, 2010 

To: Don Goodyear, P.Geo. – South Georgian Bay Lake Simcoe Protection Region 

From: Sarah Dignard/Lloyd Lemon, P.Geo. 

Project No.: 071948.12 

Subject: Drinking Water Issues Evaluation – Georgina 
Town of Georgian WTP, Sutton WTP and Keswick WTP 

 
OBJECTIVE: 
 
To document the Drinking Water Issues Evaluation for the surface water supply for the Town of Georgina 
in the South Georgian Bay Lake Simcoe Source Protection Region. 
 
OVERVIEW: 
 
Work has been completed to meet the requirements of Technical Rules 114 through 117 of the Technical 
Rules: Assessment Report, Clean Water Act, 2006 as provided by the Ontario Ministry of the 
Environment on December 12, 2008 and as amended in November 2009.  The Drinking Water Issues 
Evaluation portion focuses on identifying recurring water quality impacts or situations with a possibility of 
impacting drinking water sources in the short-term.  This work results in a preliminary list of identified 
issues. 
 
The approach for the Drinking Water Issues Evaluation is described in more detail in “Technical 
Memorandum A4 - Drinking Water Issues Evaluation Methods”.  The steps included: 

 
Step 1:  Assemble Available Data 

Step 2:  Review Data and Identify Potential Drinking Water Issues 

Step 3:  Evaluate Drinking Water Issues 

Step 4:  Identify Contributing Area for Drinking Water Issues 

Step 5:  Prepare List of Drinking Water Issues  
 
Municipal Surface Water Intake and Supply 
 
The Town of Georgina Municipal Water Supply is comprised of two facilities that service northern 
Georgina and Keswick, respectively.   
 
Georgina Water Treatment Plant 
 
The Georgina Water Supply System was commissioned in November 2003 in order to provide a water 
supply to the community of Sutton.  The raw water intake pipe is 1.0 m in diameter and extends 1.5 km 
out into Lake Simcoe to a depth of 19 m.  The raw water is treated through the Zenon’s Zeeweed 
Microfiltration Process, which removes suspended solids, Cryptosporidium, Giardia and other potentially 
harmful parasites.  It is also treated by chlorine disinfection, dual media gravity filters, fluoridation and is 
treated at the intake to limit zebra mussel growth during certain times of the year.  The new Georgina 
Water Treatment Plant replaces the former Sutton Water Treatment plant that is out of service since 
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November 2003.  It serves less than 10,000 people.  The permitted capacity of the surface water intake is 
870 L/s.  There are currently plans to update the treatment process at the Georgina Water Treatment 
plant with two new UV filtration reactors. 
 
Keswick Water Supply System 
 
York Region also operates a water treatment plant in the Community of Keswick, along Cook’s Bay.  
Water is drawn from Cook’s Bay on Lake Simcoe and supplies a predominantly residential population of 
18,500.  The plant was constructed between 1982-1983.  The raw water intake pipe is 600 mm in 
diameter and extends 365 m into the Bay, at a depth of 8.5 m.  The water is treated by coagulation, 
sedimentation, dual media gravity filters, chlorine disinfection, fluoridation and is also treated at the intake 
to limit zebra mussel growth during certain times of the year.  The permitted capacity of the surface water 
intake is 187.5 L/s.  Because the raw water intake is installed at a shallow level, rains and winds have 
been known to affect the surface water intake.  Operators regularly adjust coagulant rates as required 
based on the impact of the rains and the winds. 
 
 
Step 1:  Assemble Available Data 
 
The data sources that were reviewed to identify potential issues included: 
 

 Annual Reports for the Georgina Water Supply System (2003, 2004, 2005, 2006, 2007); 

 Quarterly Water Quality Reports for Keswick WTP (2002, 2003); 

 Annual Reports for the Keswick Water Supply System (2003, 2004, 2005, 2006, 2007); 

 The Regional Municipality of York’s Engineer’s Report for the Keswick Water Treatment Plant 
(2001); 

 Certificates of Approval for the Keswick Water Treatment Plant and associated amendments, 
MOE (1981, 1982, 1996, 1999, 2005); 

 Permit To Take Water for the Keswick Water Treatment Plant, MOE (1995); 

 Keswick Water Treatment Plant Process Schematics (2001); 

 Source Water Assessment Survey for Keswick Municipal Water Supply (2006); 

 Keswick WTP Sample Information (2003, 2004, 2005, 2006); 

 Keswick WTP Raw Water Intake Design Schematics,  MOE (1979, 1981); 

 Keswick WTP Data for Lift Pumps, Backwash, Chemicals, Storages and Production Summaries. 
York Region (2003, 2004, 2005, 2006); 

 Keswick WTP Chemical Data (1993-2007); 

 Certificate of Approval of Municipal Drinking Water Systems and Amendments for Georgina WTP 
(2004); 

 Source Water Assessment Survey for the Georgina Water Treatment Plant, MOE 2006); 

 Georgina WTP Process Raw Water Intake Design Schematics (2001-2003); 

 Georgina WTP Data for Lift Pumps, Sedimentation, Backwash, Chemicals, Diesel Room and 
Production Summaries. York Region (2004, 2005, 2006); 

 Georgina WTP Sample Information (2005, 2006); 
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 Georgina WTP Chemical Data (2003-2007); and 

 Operator Interview. 
 
Mr. Aaron Wood, of the Georgina Water Supply Operations at York Region, was interviewed to obtain 
operator insight into potential issues identified in the published data as well as to identifying potential 
issues that may not have been identified in published data. 
 
Step 2:  Review Data and Identify Potential Drinking Water Issues 
 
Tables G1-1 and G1-2 have been prepared to document a series of potential issues from the raw and 
treated water at the Georgina and Keswick Water Supply Systems, as identified from various data 
sources.  Tables G1-1 and G1-2 are designed to document: 
 

1) The source reports or data that result in the identification of a parameter as a potential Drinking 
Water Issue; 

2) Results of comparison of observed parameter concentrations to relevant benchmarks and 
situations where: 

a. Parameter concentrations exceed the primary benchmark established by the Ontario Drinking 
Water Quality Standard (ODWQS); 

b. Parameter concentrations exceed a locally established benchmark value (typically a 
background concentration); 

c. Parameter concentrations exceed the established method detection limit (MDL) [typically 
applied for organic chemical parameters]; 

3) Professional judgment on the reliability of the data based on the number of measurements and 
the relative consistency of the observed occurrence; 

4) The nature of observed trends in parameter concentrations; 

5) Input from  local System Operators and other Stakeholders as to the significance of the 
parameter as a Drinking Water Issue; 

6) Whether treatment is in place for the observed parameters and its effectiveness; and 

7) The nature of the source of the parameter listed as a potential issue. 
 
Trends were determined through graphing selected parameters of the municipal water supply system 
water quality data.  Selected parameters listed on the preliminary list of drinking water threats for each 
well have been assessed graphically for trends.  The available data has been provided between 2001 and 
2007. 
 
Step 3:  Evaluate Drinking Water Issues 
 
Tables G1-1 and G1-2 have been developed to identify Drinking Water Issues in accordance with the 
“Decision Process for Identification and Evaluation of Drinking Water Issues” as presented in Figure A4-1 
of the “Technical Memorandum A4 - Drinking Water Issues Evaluation Methods”. 
 
The positive or negative responses entered in Tables G1-1 and G1-2 correspond to the steps in the 
decision process.  Professional judgment was built into the decision process in the evaluation of data 
reliability to identify anomalous conditions and in the consideration of operational insights.  Trend analysis 
was used to identify parameters that are projected to exceed the ODWQS within approximately 50 years.  
Tables G1-1 and G1-2 also allow for the identification of the source of the potential Drinking Water Issue, 
whether treatment is in place, and its effectiveness. 
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For the water treatment plants in the Town of Georgina, all of the parameters identified in Tables G1-1 
and G1-2 are not considered to be Drinking Water Issues.  Parameters that were removed from 
consideration include: 
 

 Coliforms and E.Coli are typically absent but can be observed on rare occasions in low numbers.  
The presence of coliforms and E.Coli in the raw water is not persistent or indicative of 
deterioration of raw water quality.  Treatment is in place and is effective. 

 Although water quality data is not available for these parameters, cryptosporidium and giardia 
cysts have been identified in Lake Simcoe as a potential concern.  These parameters are not 
considered to be Drinking Water Issues as they are being treated effectively and in accordance 
with Safe Drinking Water Act regulations. 

 Hardness is a naturally occurring parameter that is not considered to result in the deterioration of 
the water quality to limit use as a source of drinking water. 

 Colour, dissolved organic carbon and pH have occasionally exceeded aesthetic or operational 
objectives.  Most of these are considered to be naturally-occurring parameters and none display 
increasing trends.  These parameters are not considered to result in the deterioration of the water 
quality for use as a source of drinking water. 

 The reviewed reports have presented concerns related to fluoride concentrations.  None of the 
available data supports that concentrations are at risk of exceeding ODWQS objectives.  This 
parameter is not considered to result in the deterioration of the water quality for use as a source 
of drinking water. 

 Mercury concentrations have exceeded ODWQS objectives at the Keswick Water Supply System 
under rare circumstances.  Concentrations have consistently shown to be under ODWQS 
objectives during other sampling events and are not increasing.  This parameter is therefore not 
considered to result in the deterioration of the water quality for use as a source of drinking water. 

 Concentrations of sodium are consistently less than the ODWQS value of 200 mg/L in the raw 
and treated water at both water treatment plants.  The sodium concentration data displays slightly 
increasing trends.  Concentrations are not projected to exceed the ODWQS guideline of 200 
mg/L within the next 50 years.  Sodium is therefore not considered to be a Drinking Water Issue 
at these locations.  Concentrations have occasionally exceeded the guideline of 20 mg/L.  
Sodium is a concern at 20 mg/L as the Medical Officer of Health is to advise individuals on low-
sodium diets.  Observed concentrations of sodium are variable and the source has not been 
confirmed, but is typically related to winter de-icing or septic system effluents from water 
softeners.  Reduction of sodium use in the contributing watershed would be beneficial to the 
drinking water quality. 

 Organic parameters present in trace concentration, such as haloacetic acids, medicinal 
compounds, NDMA, dioxin, furan and polychlorinated biphenyls are not considered to represent 
Drinking Water Issues as: they were not consistently measured above the detection limit in other 
samples; concentrations are well below ODWQS values; and increasing trends are not evident.  
NDMA detections occurred under rare circumstances that are not persistent.  The sources of 
these parameters are not known. 

 Other organic parameters present in trace concentration at the Keswick Water Supply System, 
such as 2,3,5-trichlorophenoxyacetic acid, 2,4-dichlorophenol, alachlor, atrazine + N-dealkylated 
metabolites, cyanazine, DDT, methoxychlor, metolachlot, metribuzin and prometryne are not 
considered to represent Drinking Water Issues as: they were not consistently measured above 
the detection limit in other samples; concentrations are well below ODWQS values; and 
increasing trends are not evident.  These compounds are typically associated with pesticides and 
are likely related to agricultural use in the watershed for Cook’s Bay. 
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 Trihalomethanes, bromodichloromethane, chloroethane, chloroform and dichloromethane are 
present in trace concentrations in the treated water and are a byproduct of disinfection by 
chlorination.  Operators are currently working on implementing methods to reduce the 
concentrations of these parameters.  Concentrations are typically well below ODWQS values.   

 Aluminum concentrations are greater than ODWQS objectives in the treated water at the Keswick 
water treatment plant and are considered likely to be residual from the use of a coagulant during 
the treatment process.  Planned optimizations of the treatment process should help to maintain 
aluminum concentrations at safe levels. 

 
Step 4:  Identifying Contributing Area for Drinking Water Issues 
 
No parameters were identified as Drinking Water Issues at the Georgina Water Supply System and the 
Keswick Water Supply System in the Town of Georgina. 
 
Step 5:  Prepare List of Drinking Water Issues 
 
No parameters were identified as Drinking Water Issues at the Georgina Water Supply System and the 
Keswick Water Supply System in the Town of Georgina. 
 
 
 
 
LAL/SJD:nah 



Table G1-1 Evaluation of Drinking Water Issues
Information Sources:

Watershed Characterization:
Annual Water Quality Reports:

Issues Review Date: Interview (person/title/date):
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Pathogens
Coliforms Y Y Y Y N Y Y Y N N NO Y Y Y

Cryptosporidium Y N N Y Y N N NO Y Y Y

E.Coli Y Y Y Y N Y Y Y N N NO Y Y Y

E.Coli Y Y Y Y Y N Y Y N N NO Y Y Y

Giardia Cysts Y N N Y Y N N NO Y Y Y

Chemicals
Bromodichloromethane Y Y Y Y N Y Y Y N N NO Y
Chloroethane Y Y Y Y N Y Y Y N N NO Y
Chloroform Y Y Y Y N Y Y Y N N NO Y
Fluoride Y Y N N N Y Y N N NO Y
Haloacetic Acids Y Y Y Y N Y Y Y N N NO Y
Hardness Y Y Y Y N Y Y Y N N NO Y
Medicinal Compounds Y Y N N N Y Y N N NO Y
Sodium Y Y Y Y Y N Y Y Y N N NO Y
Trihalomethane Y Y Y Y N Y Y Y N N NO Y

June 19, 2009
2001-2007
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Table G1-2 Evaluation of Drinking Water Issues
Information Sources:

Watershed Characterization:
Annual Water Quality Reports:

Issues Review Date: Interview (person/title/date):
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Pathogens
Coliforms Y Y Y Y N Y Y Y N NO Y Y Y

Cryptosporidium Y N N N Y Y N NO Y Y Y

E. Coli Y Y Y Y N Y Y Y N NO Y Y Y

Giardia Cysts Y N N N Y Y N NO Y Y Y

Chemicals
2,3,5 T Acid Y Y Y Y Y N Y Y N NO Y
2,4-dichlorophenol Y Y Y Y Y N Y Y N NO Y
Alachlor Y Y Y Y Y N Y Y N NO Y
Aluminium Y Y Y Y Y N Y Y Y N NO Y
Atrazine + N-dealkylated metabolites Y Y Y Y Y N Y Y N NO Y
Colour Y Y Y Y Y Y N Y Y Y N NO Y
Cyanazine Y Y Y Y Y N Y Y N NO Y
DDT Y Y Y Y Y N Y Y N NO Y
Dichloromethane Y Y Y Y N Y Y Y N NO Y
Dioxin and Furan Y Y Y Y Y N Y Y N NO Y
Dissolved Organic Carbon Y Y Y Y N Y Y Y N NO Y
Fluoride Y Y N N N Y Y N NO Y
Haloacetic Adics Y Y Y Y N Y Y Y N NO Y
Hardness Y Y Y Y Y Y N Y Y Y N NO Y
Medicinal Compounds Y Y N N N Y Y N NO Y
Mercury Y Y Y Y Y N Y Y N NO Y
Methoxychlor Y Y Y Y Y N Y Y N NO Y
Metolachlor Y Y Y Y Y N Y Y N NO Y
Metribuzin Y Y Y Y Y N Y Y N NO Y
NDMA Y Y Y N N Y Y N NO Y
pH Y Y Y Y Y N Y Y N NO Y
Polychlorinated Biphenyls Y Y Y Y Y N Y Y N NO Y
Prometryne Y Y Y Y Y N Y Y N NO Y
Sodium Y Y Y Y N Y Y Y Y N N NO Y
Trihalomethanes Y Y Y Y N Y Y Y N NO Y

June 22, 2009
2001-2007
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This report was prepared by W.F. Baird & Associates Coastal Engineers Ltd. for Lake Simcoe 
Region Conservation Authority.  The material in it reflects the judgment of Baird & Associates 
in light of the information available to them at the time of preparation.  Any use which a Third 
Party makes of this report, or any reliance on decisions to be made based on it, are the 
responsibility of such Third Parties.  Baird & Associates accepts no responsibility for damages, 
if any, suffered by any Third Party as a result of decisions made or actions based on this 
report. 
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EXECUTIVE SUMMARY 
 

The Clean Water Act received Royal Assent on October 19, 2006.  It helps protect municipal 
drinking water supplies at the source to safeguard human health and the environment.  One of the 
central principles of the act is that source protection plans are locally developed and implemented.  
Since the geographic framework for source water protection in Ontario is the individual 
watersheds, Source Protection Regions have been developed based on the existing Conservation 
Authority boundaries.  This report summarizes the results of the surface water vulnerability 
analyses for the two Water Treatment Plants (WTPs) located in York Region: Keswick and 
Georgina.  The report was prepared by Baird & Associates for the Lake Simcoe Region 
Conservation Authority. 

Background 

In April 2006, the Lake Simcoe Region Conservation Authority (LSRCA) retained Baird & 
Associates to undertake a surface water vulnerability analysis for eleven intakes in Lake Simcoe 
and Lake Couchiching, two of which were the Keswick and Georgina WTPs.  The scope of work 
was based on the procedures outlined in the Assessment Report: Draft Guidance Modules (MOE, 
2006a).  The locations of the intakes are shown in Figure 1.  Seven draft reports were prepared as a 
result of the Phase 1 work.  In September 2008, Baird was retained by LSRCA to undertake 
additional work (Phase 2) in support of the surface water vulnerability analysis, including 
refinements to the intake protection zones (IPZ-1, IPZ-2 and IPZ-3), delineation of transport 
pathways for the IPZ-2s and analysis for a new intake at Barrie.  The Phase 2 work is consistent 
with the Technical Rules: Assessment Report, Clean Water Act, 2006 (MOE, 2009a). While this work 
was underway, several revisions to the Technical Rules were issued by MOE.  The Phase 2 work is 
consistent with the Technical Rules: Assessment Report, Clean Water Act, 2006 (MOE, 2009a).   

This report presents the surface water vulnerability analyses for the Keswick and Georgina WTPs 
located in York Region.  The intakes are located in Lake Simcoe and are classified as Type D intakes 
[Rule 55; MOE, 2009a].   The intakes are however classified as special cases, and are treated in the 
same way as Type A and B intakes for IPZ-3 delineation [Rules 68 and 69; MOE, 2009a], and for the 
identification of significant drinking water threats based on modeling [Rule 130; MOE, 2009a]. 

Data Collection and Analysis 

Data were collected and analyzed in support of the numerical modeling used to delineate the IPZs 
and the vulnerability scoring including: bathymetry, wind, water levels, tributary flow, water 
quality data, sediment data, transport pathway descriptors, GIS data and ortho-imagery.      

Acoustic Doppler Current Profiler (ADCP) data were collected for this study in the summer and fall 
of 2006.  ADCPs were deployed at four locations in Lake Simcoe and Lake Couchiching. The data 
were used to calibrate the numerical model.   
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Figure 1  Locations of Municipal Intakes in this Study 
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Wind data were required to define the boundary conditions, initial conditions, and external forcing 
mechanisms for the model.  A statistical analysis was undertaken, to define the directional wind 
speeds for varying return period events, for use in the model runs.  Wind data from Lagoon City 
were analyzed.   

Intake Characterization - Keswick 

The Keswick Water Treatment Plant is located on the east shore of Cook’s Bay in southern Lake 
Simcoe.  It is in the Orchard Beach area near the community of Keswick.  The design capacity of the 
Keswick WTP is 16.2 ML/day (Regional Municipality of York, 2001).  As of June 2007, the 
population supplied is 25,700 (MOE, 2007b). 

The Keswick Treatment Plant uses conventional filtration to treat the water from Lake Simcoe.  Two 
dual media gravity filters containing granular activated carbon are used and then the water is 
disinfected using chlorine.  Chlorine is also added at the intake when the water temperature rises 
above 12 degrees Celsius to deter Zebra Mussel growth.  Based on the construction drawings, the 
intake consists of 365 m of 630 mm diameter polyethylene pipe, extending from the shoreline and 
terminating at the inlet structure.  Based on a review of the data provided, the intake structure is 
located in approximately 10.6 m water depth.  

A drinking water issues evaluation that adheres to MOE's Technical Rules 114 to 117 (MOE, 2008a) 
was completed by Jagger Hims Limited (2009).  No drinking water issues were identified for the 
Keswick Water Treatment Plant, based on the data analyzed.  It is noted that some potential issues 
were identified in the operator interview.  Ongoing monitoring of these and other potential issues is 
recommended. 

Intake Characterization - Georgina 

The Georgina Water Treatment Plant is located on the south shore of Lake Simcoe in the Willow 
Beach area between the communities of Keswick and Sutton.  The current capacity is 20 ML/day 
(serving the Community of Sutton) and the ultimate design capacity of the facility is 47.2 ML/day 
(Regional Municipality of York, 2000).  It is intended that this WTP will ultimately supply Keswick, 
Sutton and Willow Beach.   

The Georgina Water Treatment Plant uses Zenon's Zeeweed Ultrafiltration Process to treat water 
from Lake Simcoe.  This process removes suspended solids, Cryptosporidium, Giardia and other 
potentially harmful parasites by drawing the raw water through membranes.  The water is also 
passed through granular activated carbon to reduce taste and odour incidents and uses chlorine as 
a disinfectant.  Chlorine is also applied at the intake when temperature rise above 12 degrees 
Celsius to combat zebra mussel colonization.  The treatment process is monitored with an on-line 
Supervisory Control And Data Acquisition (SCADA) system.  The intake consists of 1,477  m of 
1067 mm diameter pipe, extending from the shoreline and terminating at the inlet structure in 19 m 
of water.   
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A drinking water issues evaluation that adheres to MOE's Technical Rules 114 to 117 (MOE, 2008a) 
was completed by Jagger Hims Limited (2009).  No drinking water issues were identified for the 
Georgina Water Treatment Plant, based on the data analyzed. It is noted that some potential issues 
were identified in the operator interview.  Ongoing monitoring of these and other potential issues is 
recommended. 

Operator Interview  

A representative of the water treatment plants employed by the York Region was interviewed by 
Lake Simcoe Regional Conservation Authority (LSRCA) personnel on September 22, 2006. The 
intent of the interview was to determine standard operating procedures for the facility, historic raw 
water quality issues and concerns, past problems with the facility and standard shut down time 
frames and procedures.  The operator reported that the WTPs could be shut down within 5 minutes 
of notification (staff are on call 24/7).  WTP personnel estimated the notification time (by MOE) in 
the event of a spill is in the order of hours.  Where the time that is sufficient to allow the operator to 
respond to an adverse condition in the quality of the surface water is less than two hours, the time 
of travel to the intake shall be deemed to be two hours [Rule 66; MOE, 2009a].  Therefore, a 2-hour 
response time was used in the delineation of the IPZ-2.  No conditions requiring the plants to shut 
down were reported in the interview. 

Modeling in Support of IPZ Delineation 

The Danish Hydraulics Institute’s MIKE3 FD model was used to define the hydrodynamic currents 
used to delineate the IPZ-2s and IPZ-3s for the 12 intakes in Lake Simcoe and Lake Couchiching.  
The Lake Simcoe model is based on the original model developed for the Assimilative Capacity 
Studies as described in Baird (2006).  A new model with a 100 m grid was developed for Lake 
Couchiching.  The model was calibrated with measured current data. There was limited data 
available for the calibration of the Lake Couchiching model due to an instrument malfunction, 
however, based on the calibration undertaken, the model seemed to capture the general trends in 
current speed and direction.   

For the IPZ-2 delineation, the model was run with the 10-year return period wind, for eight 
compass point directions (north clockwise through northeast).  For each wind condition, the model 
was run with a constant wind applied to the surface of the lake, until the currents in the lake were 
fully developed.  Reverse particle tracking was used to delineate the in-water IPZ-2s for the intakes.  
Neutrally buoyant particles were introduced at the intake locations.  The model was run in reverse 
mode with the hydrodynamics from the MIKE3 model driving the particle movement.  The 
particles track the paths that the currents would have transported neutrally buoyant particles to the 
intake over a two hour period where the two hour period was selected based on the response time 
defined by the WTP operator and the minimum response time specified by MOE [Rule 66; MOE 
2009a].  Although the intakes are located near the lakebed, particles were introduced at the surface 
and near the lakebed.  The particles released at both depths were considered in delineating the IPZ-
2.  This is a more conservative approach. 
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The model was also used in support of the delineation of the IPZ-3s for the Lake Simcoe intakes.  A 
statistical analysis was undertaken to define the extreme events used in the analysis.  Discharge was 
plotted for freshet and non-freshet seasons, for selected tributaries, along with wind speed profiles.  
A joint probability analysis was completed for combined wind and non-freshet flows.  Reverse 
particle tracking using neutrally buoyant particles, was used to evaluate the distances that currents 
could transport a contaminant in Lake Simcoe, during an extreme wind event (up to a 100-year 
return period).  The modeling demonstrated that a contaminant could reach an intake from 
anywhere in Lake Simcoe, during extreme events.  Based on discussions with LSRCA and MOE, it 
was agreed that the modeling supports the original direction in MOE (2006a), to extend the IPZ-3 to 
the watershed limits.      

IPZ Delineation 

The IPZ-1s, IPZ-2s and IPZ-3s were delineated for the Keswick and Georgina WTPs, which are both 
Type D intakes.  The IPZ-1 is the area immediately around the intake crib, defined by a 1 km radius 
centered on the crib of the intake [Rule 61-1; MOE, 2009a].  Due to its close proximity to the intake, 
this area is considered the most vulnerable to any contaminant of concern that may be released in 
this zone.  Where the IPZ-1 abuts land, it includes a setback on land that is the greater of:  the area 
of land that drains into the surface water body measured from the high water mark (HWM) and not 
exceeding 120 m; or if a Conservation Authority Regulation Limit is in effect, the area of land that is 
within the Conservation Authority Regulation Limit [Rules 62 (1) and 62 (2); MOE, 2009a].   

The Regulation Limit for Lake Simcoe was provided by LSRCA.  Although MOE (2009a) does not 
provide guidance on the specific definition of HWM (which is open to interpretation),  the more 
recent MOE Liaison Officer Program Update (MOE, 2009b) defines the HWM  for water bodies 
where a long term water level record exists, as the 80th percentile for the month within which the 
highest water level occurs, or where a long term record of water levels does not exist, the level at 
which flood plains are flooded and leave a mark where natural vegetation changes from 
predominantly aquatic vegetation to terrestrial vegetation.  The HWM is defined by LSRCA in 
terms of fish habitat, as the average annual high water which is 219.15 metres above sea level 
(masl). 

MOE (2009b) was issued after the IPZs for this project had been delineated.  The shoreline used to 
define the HWM was developed by digitizing the lake boundary from the 2002 colour 20 cm ortho-
rectified aerial photography.  This differs from the HWM defined in MOE (2009b).  The shoreline 
used to define the HWM for IPZ delineation and the HWM defined by LSRCA (219.15 masl) are 
compared in Appendix K.  Near Georgina and Keswick, the two shorelines are very similar with 
the exception of a couple locations where the LSRCA HWM is further towards the lake. The on land 
setback may be reevaluated in the future. 

The IPZ-2 acts as a secondary protective zone around the IPZ-1.  In the event of a spill or acute 
situation, the treatment facility will have minimal time to respond.  The IPZ-2 is defined based on 
the area that may contribute water to the intake where the time of travel to the intake is equal to or 
less than the time that is sufficient to allow the operator of the system to respond to an adverse 
condition in the quality of the surface water [Rule 65; MOE, 2009a] or a minimum of 2 hours [Rule 
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66; MOE, 2009a].  The two hour minimum response time was used at the York Region Intakes 
(Georgina and Keswick).  

The IPZ-2 is composed of four areas: the area within each surface water body (in this case, the lake 
which the intake is located in and an extension up tributaries flowing into the IPZ-2); the area 
within the storm sewershed of each storm sewer that discharges into the surface water body; a 
setback inland along the abutted land; and an extension to include areas that contribute water to the 
IPZ-2 through transport pathways [Rules 65 and 72-74; MOE, 2009a].  Calculation of the travel time 
within a transport pathway is a necessary step in determining the area within the storm sewershed 
that forms part of the IPZ-2.  The storm sewershed component of the IPZ-2 has therefore been 
considered in the transport pathways analysis.  The IPZ-1 and IPZ-2 for the Keswick and Georgina 
WTPs are shown in Figures 2 and 3. 

For the purpose of delineating the IPZ-3, the Lake Simcoe intakes are identified as a special case 
[Rule 68; MOE, 2009a] and those rules applicable to Type A and B intakes also apply in this regard. 
The IPZ-3 for intakes in Lake Simcoe, is defined as the area within the surface water body that may 
contribute water to the intake during an extreme event [Rules 68 and 69; MOE, 2009a].  Rule 68 
(MOE, 2009a) also indicates that where the IPZ-3 abuts land, a setback inland of 120 m or the 
Regulation Limit applies.  For the Keswick and Georgina WTPs, the IPZ-3 has been defined as the 
entire Lake Simcoe watershed, based on the numerical modeling described in Section 4.6.  Although 
Lake Simcoe generally flows into Lake Couchiching through Atherley Narrows, the ADCP data 
showed that reverse flow does occur, with water flowing from Lake Couchiching into Lake Simcoe.  
The Lake Couchiching water body and watershed were therefore included in the  IPZ-3.  The IPZ-3 
has been divided into sub-areas, reflecting varying levels of vulnerability.  The sub-areas include 
the Lake Simcoe sub-watersheds, the Lake Couchiching sub-watershed, Lake Couchiching 
(waterbody) and Lake Simcoe (waterbody).  The IPZ-3 for the Keswick and Georgina WTP intakes 
are shown in Figures 4 and 5. 

Vulnerability Scores 

A vulnerability score must be assigned to each IPZ-1, IPZ-2 and the area of an IPZ-3 associated with 
type D intakes [Rule 86; MOE, 2009a].  The vulnerability score ranks the relative vulnerability of the 
intake to contaminants.  Vulnerability scores were assigned to each of the IPZs.   

The vulnerability score (V) is defined in [Rule 87;  MOE, 2009a] as: 

V = B x C 

where  V = vulnerability score; 

 B = area vulnerability factor; and  

 C = source vulnerability factor. 

The vulnerability factors and scores for the Keswick and Georgina WTP intakes are listed in Table 
1, for the IPZ-1, IPZ-2 and IPZ-3 sub-areas.  
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Table 1   
Summary of Vulnerability Factors and Scores for York Region Intakes - Keswick  WTP and 

Georgina WTP 
 

IPZ Area 
Vulnerability 

Factor (B) 
(Keswick / 
Georgina) 

Source 
Vulnerability 

Factor (C) 
(Keswick / 
Georgina) 

Vulnerability 
Score (V)       

(Keswick / 
Georgina) 

Maximum 
Vulnerability 
Score (V) for 
each IPZ-3 
Sub-area1 

IPZ-1 10 / 10 0.8 8.0 / 8.0  
IPZ-2 8 / 8  0.8 6.4 / 6.4  
IPZ-3 Sub-areas     
Lake Simcoe waterbody (incl. islands)  7 / 7 0.8 5.6 / 5.6 7.2 
Lake Couchiching waterbody (incl. islands) 7 / 7 0.8 5.6 / 5.6 7.2 
Maskinonge subwatershed  7 / 6 0.8 5.6 / 4.8 5.6 
West Holland subwatershed  7 / 6 0.8 5.6 / 4.8 5.6 
East Holland subwatershed  7 / 7 0.8 5.6 / 5.6 6.3 
Innisfil Creeks subwatershed  6 / 6 0.8 4.8 / 4.8 5.4 
Georgina Creeks subwatershed  6 / 6 0.8 4.8 / 4.8 5.4 
Black River subwatershed  4 / 5 0.8 3.2 / 4.0 4.5 
Oro South Creeks subwatershed  5 / 5 0.8 4.0 / 4.0 5.4 

Hawkestone Creek subwatershed  4 / 5  0.8 3.2 / 4.0 5.4 

Hewitts Creek subwatershed  4 / 4 0.8 3.2 / 3.2 5.6 
Pefferlaw Brook + Uxbridge Brook  

subwatershed  3 / 4 

             
0.8 2.4 / 3.2 

4.5 

Lovers Creek subwatershed 4 / 4 0.8 3.2 / 3.2 5.6 
Barrie Creeks subwatershed  6 / 6 0.8 4.8 / 4.8 5.6 
Beaver River subwatershed  3 / 3 0.8 2.4 / 2.4 5.0 
Whites Creek subwatershed  4 / 4 0.8 3.2 / 3.2 6.3 

Upper + Lower Talbot River subwatershed  2 / 2 

             
0.8 1.6 / 1.6 

4.5 

Oro North Creeks subwatershed  5 / 5 0.8 4.0 / 4.0 7.2 
Lake Couchiching subwatershed  2 / 2  0.8 1.6 / 1.6 5.4 
Ramara Creeks subwatershed  3 / 3 0.8 2.4 / 2.4 6.3 

1The Maximum Vulnerability Score (V) for each IPZ-3 Sub-area is the maximum score obtained when all 
WTPs that draw water from Lake Simcoe and Lake Couchiching are considered.   

Level of Uncertainty 

An analysis of the uncertainty, characterized by “high” or “low” is required in respect of: the 
delineation of surface water intake protection zones; and the assessment of vulnerability of surface 
water protection zones [Rules 13 and 14; MOE, 2009a].  The factors to be considered in the analysis 
include: distribution, variability, quality and relevance of data; ability of models to predict the 
processes; quality assurance and quality control procedures applied; extent and level of calibration 
and validation achieved for the model used; and for vulnerability factors, the accuracy to which the 
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area and source vulnerability factors effectively assess the relative vulnerability of the hydrological 
features.  Based on these factors, the recommended ratings for the York Region - Keswick and 
Georgina WTPs are provided in Table 2.   

Table 2 
Summary of Uncertainty Ratings for Keswick and Georgina WTP IPZs and Vulnerability Scores 

 
IPZ 

 
Uncertainty for IPZ 

Delineation 
Uncertainty for 
Vulnerability 

Scores 

IPZ-1 
 

Low High 

IPZ-2 
 

High High 

IPZ-3 
 

High High 
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Figure 2  IPZ-1 and IPZ-2 for York Region - Keswick WTP  
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Figure 3  IPZ-1 and IPZ-2 for York Region - Georgina WTP 
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Figure 4  York Region - Keswick WTP Intake Protection Zones (IPZ-1, IPZ-2 and IPZ-3) 
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Figure 5  York Region - Georgina WTP Intake Protection Zones (IPZ-1, IPZ-2 and IPZ-3) 
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LIST OF ACRONYMS 
 
ACS - Assimilative Capacity Study 
Cfu - Colony Forming Unit 
CA - Conservation Authority 
CAD - Computer Aided Design 
CofA - Certificate of Approval 
CHS - Canadian Hydrographic Service 
DDD - Dichloro-diphenyl-dichloroethane  
DDE - Dichloro-diphenyl-dichloroethylene  
DDT - Dichloro-diphenyl-trichloroethane  
DHI - Danish Hydraulic Institute 
DIC - Dissolved inorganic carbon 
DO - Dissolved oxygen 
DOC - Dissolved organic carbon 
E.Coli - Eschericia coliform 
FD - Finite difference 
FE - Finite element 
FM - Flexible mesh 
HWM - High water mark 
IPZ - Intake Protection Zone 
ISO - International Organization for Standardization 
LSEMS - Lake Simcoe Environmental Management Strategy 
MASL - metres above sea level 
Microcystins-LR - Microcystin containing the amino acids Leucine (L) and Arginine (R) 
MNR - Ministry of Natural Resources 
MOE - Ministry of Environment 
NCC - Neutral Chlorinated Compounds 
OC Pesticide - Organochlorine Pesticide 
ODWQS - The Ontario Drinking Water Quality Standards (O.Reg. 169/03) 
OP Pesticide- Organophosphorus Pesticide 
O.Reg.  - Ontario Regulation 
PAH -  Polycyclic Aromatic Hydrocarbons 
PCB - Polychlorinated biphenyl 
PCE - Tetrachloroethylene 
PHC - Petroleum Hydrocarbon 
POT - Peaks over Threshold 
RPTM - Reverse Particle Tracking Model 
SCS - Soil Conservation Service 
SSEA - Severn Sound Environmental Association 
THM - trihalomethane 
TP - Total Phosphorus 
TCE - Trichloroethylene 
USACE - U.S. Army Corps of Engineers 
UVTs  - Ultra violet technologies 
WTP - Water Treatment Plant
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1.0 INTRODUCTION 

1.1 Background 

The Clean Water Act received Royal Assent on October 19, 2006. It ensures communities are able to 
protect their municipal drinking water supplies through developing collaborative, locally driven, 
science-based protection plans.  The Act establishes a framework for the development and 
implementation of source water protection plans across Ontario.   

Source water protection is a watershed based, locally driven program that uses scientifically sound 
methods for assessing risks to drinking water and is an approach to decision-making that 
emphasizes information sharing, consultation and involvement by interested members in the 
watershed communities.  Under the Act, source water protection plans are to be developed on a 
watershed basis.  To facilitate efficient use of resources and coordination of source water protection 
planning, regulations under the Act group individual conservation authorities into source water 
protection regions.  The Act mandates that source water protection plans be developed to address 
threats to all municipal residential drinking-water systems within these source water protection 
regions.   

The framework for source water protection, as set out in the Act, requires the development of a 
watershed based assessment report.  This assessment report includes a watershed characterization, 
water budget, vulnerable area delineation, assessment of drinking water issues and threats 
evaluation, assignment of intake protection zones, vulnerability scores, and a risk assessment for 
water quality.  Once the assessment reports are complete and risks to drinking water have been 
identified, source water protection will focus on the development of the source water protection 
plan.  This plan is to set out locally based risk management measures to reduce or eliminate 
significant risks to drinking-water supplies, and set out a strategy to implement these measures.   

In April 2006, the Lake Simcoe Region Conservation Authority (LSRCA) in partnership with the 
Severn Sound Environmental Association (SSEA), the Nottawasaga Valley Conservation Authority 
(NVCA), Black-Severn watershed representatives, the Regional Municipality of York, the Regional 
Municipality of Durham, the Town of Innisfil, the City of Orillia, the Township of Severn, the Township of 
Ramara, and the Rama Mnjikaning First Nation retained Baird & Associates to undertake a surface 
water vulnerability analysis for eleven intakes in Lake Simcoe and Lake Couchiching (the 
Mnjikaning First Nations WTP is not a municipal water treatment plant and it is therefore not 
included in the Assessment Report).  The scope of work was based on the procedures outlined in 
the Assessment Report: Draft Guidance Modules (MOE, 2006a).  The locations of the intakes are 
shown in Figure 1.1.  Seven draft reports were prepared as a result of the Phase 1 work.  The reports 
were reviewed by LSRCA and comments were received in April 2008. 

In September 2008, Baird was retained by LSRCA to undertake additional work (Phase 2) in 
support of the surface water vulnerability analysis, including refinements to the intake protection 
zones (IPZ-1, IPZ-2 and IPZ-3), delineation of transport pathways for the IPZ-2s and a vulnerability 
analysis for a new intake which will serve the Regional Municipality of Barrie (see Figure 1.1 for intake 
location).  
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While this work was underway, several revisions to the Technical Rules were issued by MOE.  The 
Phase 2 work is consistent with the Technical Rules: Assessment Report, Clean Water Act, 2006 
(MOE, 2009a).  This is one of eight reports prepared for LSRCA, describing the work undertaken in 
Phases 1 and 2.  It presents the results of the vulnerability analyses for the two water treatment 
plants (WTPs) located in York Region: Keswick and Georgina. 

1.2 Scope of Work 

This study provides a surface water vulnerability analysis for the Keswick and Georgina WTP 
intakes, located in Lake Simcoe as shown in Figure 1.1.  The intakes are classified as Type D intakes 
[Rule 55; MOE, 2009a], however they are listed as special cases, and treated in the same way as 
Type A and B intakes for IPZ-3 delineation [Rules 68 and 69; MOE, 2009a], and for the identification 
of significant drinking water threats based on modeling [Rule 130; MOE, 2009a]. 

The primary objective of the vulnerability analysis was to delineate the intake protection zones 
(IPZs) around the drinking water intakes and to assign vulnerability scores that reflect the 
comparative likelihood of a contaminant reaching the intakes.  The general approach used is 
consistent with the methodology outlined in MOE (2009a).  Specific tasks included: 

 Data collection and analysis; 
 Intake characterization; 
 Development of a numerical model to define the hydrodynamics in support of the IPZ-2 and 

IPZ-3 delineations; 
 Delineation of IPZ-1, IPZ-2 and IPZ-3s; 
 Delineation of transport pathways for the IPZ-2; 
 Assignment of vulnerability scores; and 
 Assessment of the level of uncertainty.  

 
The results of the study are presented in the following sections.  Some sections of the report are 
common to the reports prepared for the other eleven intakes in Lake Simcoe and Lake Couchiching, 
and as such the report may include references to those intakes. 
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 2.0 DATA COLLECTION AND ANALYSIS 

2.1 Bathymetry 

Bathymetric data required to develop the model grids were extracted from Canadian Hydrographic 
Service (CHS) Field Sheets (mylar copies of the original, detailed survey soundings).  This is the 
most reliable source for complete and accurate bathymetry information.  Table 2.1 summarizes the 
individual datasets used in developing the bathymetry for the model domain.  All depths were 
verified or adjusted to Chart Datum, which is 218.7 m above the Geodetic Survey of Canada (GSC) 
Datum.   

Table 2.1 
Summary of Bathymetry Data Used to Develop Model Grids 

 
Title Field Sheet/ 

Survey ID 
Date Map Scale 

Lake Simcoe No number 1957 1 in = 3,000 ft 
Lake Couchiching (North Portion) 3447 1965 10,000 
Lake Couchiching (South Portion) 3448 1965 10,000 

 

The horizontal coordinate system was North American Datum 1927 (NAD27) as confirmed through 
comparison with geo-referenced satellite and aerial imagery.  The data was digitized, the soundings 
were subsequently converted from feet to metres, and the horizontal coordinates were converted to 
NAD83 (metres).   

The bathymetry data were used to develop grids for use in the three-dimensional numerical model 
MIKE3 as described in Section 4. 

2.2 Wind 

Wind data were obtained from the Lake Simcoe Regional Airport and the Lagoon City 
meteorological buoy located on the northeast side of Lake Simcoe as shown in Figure 2.1.  The 
Lagoon City data were selected for use in the Lake Simcoe and Lake Couchiching models, due to 
the buoy’s location on Lake Simcoe, compared with the Lake Simcoe Regional Airport, which is 
located approximately 5.5 km west of Lake Simcoe.  Hourly wind data were obtained for the period 
1994 to 2007.   

The wind rose diagram for Lagoon City, representing data from 1994 to 2007 is shown in Figure 2.2.  
Although the wind blows from a range of directions, winds from the north are most frequent and 
the highest wind speeds are from directions northwest through southwest.  This results in 
predominant onshore winds on the east and south shores of the lakes, and offshore winds along the 
north and west shores.  The highest wind speed in the record is 21.1 m/s (76 km/hr) from the west 
on 27 January 1996.  
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A directional Peaks-Over-Threshold (POT) analysis was undertaken to define extreme wind events 
for varying return periods, for the full range of directions on an 8-point compass.  The results of the 
POT analysis are summarized in Table 2.2 and Figure 2.3.  The analysis indicates that the most 
severe events are likely to come from the west or northwest. 

Table 2.2 
Directional Return Periods for Lagoon City Winds (using 1994-2007 hourly data) 

 
 Return Period Event (m/s) 

Direction 2 yrs 5 yrs 10 yrs 20 yrs 25 yrs 50 yrs 100 yrs 

N 14.1 15.3 16.1 16.9 17.1 17.9 18.6 
NE 8.9 9.6 10.0 10.4 10.5 10.8 11.1 
E 8.7 9.8 10.6 11.3 11.5 12.3 12.9 

SE 10.3 11.2 11.8 12.5 12.7 13.3 13.9 
S 12.1 13.0 13.5 14.0 14.1 14.5 14.9 

SW 13.0 14.4 15.4 16.4 16.7 17.7 18.6 
W 17.2 19.1 20.3 21.6 22.0 23.2 24.4 

NW 16.8 18.4 19.5 20.6 20.9 21.9 23.0 
 

2.3 Water Levels 

Daily water level data were obtained from three MOE gauges on Lake Simcoe and Lake 
Couchiching: Jackson’s Point (1960-2006), Atherley Narrows (1998-2006), and Washago Shop (1999-
2006).  A map showing the gauge locations is provided in Figure 2.4.  The water levels recorded at 
these three gauges are shown in Figure 2.5.   

The water levels measured at Jackson’s Point are representative of the water levels on Lake Simcoe.  
The difference between the water levels at Jackson’s Point and Atherley Narrows is relatively small, 
generally less than 3 cm (see Figure 2.6).   

The water levels on Lake Simcoe are usually higher than on Lake Couchiching, resulting in a 
hydraulic head between the two lakes, that usually drives flow from Lake Simcoe to Lake 
Couchiching.  During the summer and fall seasons, the head was in the range of 5 cm, however in 
the spring, this increased to greater than 15 cm, likely as a result of snow melt.  A reverse hydraulic 
head (with higher water levels at the north end of Lake Couchiching) was observed in the recorded 
water levels.  This was generally associated with strong winds from the north and reverse flow in 
the entire lake.  Based on the data, reverse flows at Atherley Narrows occur much more frequently 
in the summer and fall than in the spring. 

2.4 Currents 

Acoustic Doppler Current Profilers (ADCPs) were deployed by Baird to collect current data at 
selected locations in Lake Simcoe and Lake Couchiching.  ADCP data were collected at the 
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locations shown in Figure 2.7, for varying lengths of time in June through November 2006. These 
instruments measure the current speed and direction through the water column from the lakebed 
to the lake surface.  The data were used to calibrate the hydrodynamic model as discussed in 
Section 4.0.  Temperature gauges were also deployed at selected ADCP locations.  The ADCP data 
collection program is summarized in this section. A complete set of ADCP and temperature data 
are provided in Appendix A. 

2.4.1 Atherley Narrows 

A Nortek Aquadopp 1 MHz Current Profiler was used to collect current data in Lake Simcoe at 
Atherley Narrows.  The ADCP was deployed from 12 June 2006 to 11 August 2006, and from 25 
August 2006 to 06 October 2006 and collected data every 20 minutes.  Atherley Narrows links Lake 
Simcoe to Lake Couchiching.     

The current data from the first deployment are shown in Figure 2.8 for three elevations: 1.4 m, 2.4 m 
and 3.4 m above the instrument, which was deployed on the lakebed at a depth of approximately 5 
m (currents from both deployments are presented in Appendix A).  There is less variability in 
direction and speed at this location, than in the open lake.  The predominant direction of flow was 
in a north-easterly direction toward Lake Couchiching (due to the usually lower water level on 
Lake Couchiching as noted above).  Currents were most frequently between 1.15 and 1.45 m/s 
through the water column.  The second deployment (shown in Appendix A) was north of the first 
location, in the main channel of Atherley Narrows, in slightly shallower water.  The currents again 
generally flow toward Lake Couchiching (to the north).  Current directions are slightly different 
due to the different channel alignment.  The current speeds were slightly lower during the second 
deployment.   

As stated previously, the flow is generally from Lake Simcoe to Lake Couchiching.   The flow is 
driven by the hydraulic head difference between the two lakes.  Water flows from Lake Simcoe into 
Lake Couchiching through Atherley Narrows, and then through the Severn River into Georgian 
Bay.  However numerical modeling undertaken for the Lake Simcoe Environmental Management 
Strategy (LSEMS) suggested that flow reversals do occur (Baird, 2006).  One of the reasons for 
deploying an ADCP at Atherley Narrows was to confirm that flow reversals occur and to determine 
the frequency of occurrence.  Reversals occur when there is a strong wind from the north, resulting 
in a higher water level at the south end of Lake Couchiching relative to the north end of Lake 
Simcoe.  The ADCP data shows that flow reversals (flow from Lake Couchiching to Lake Simcoe) 
do occur as shown in Figure 2.8 (occurrences in southwest quadrant of rose). 

2.4.2 Cook’s Bay  

A Teledyne RD Instruments (RDI) 1200 kHz Workhorse Sentinel ADCP was used to collect current 
data every half hour in Lake Simcoe at the inlet to Cook's Bay.  The ADCP was deployed in Cook's 
Bay from 13 June 2006 – 10 August 2006.  The current data are shown in Figure 2.9 for three 
elevations: 1.0 m, 7.5 m and 14.0 m above the instrument, which was deployed on the lakebed at 
approximately 15 m depth.  Current speeds are most frequently less than 0.11 m/s at all elevations.  
The most frequent direction and highest speeds near the surface are to the north-east with a 
maximum speed of 0.31 to 0.41 m/s.  At mid depth, the predominant direction is to the south-west 
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with maximum speeds in the range of 0.11 to 0.21 m/s, and near the lakebed the currents are 
predominantly to the north-east with maximum speeds of 0.21 to 0.31 m/s.  The current directions 
on Lake Simcoe are influenced by complex lake-wide circulation patterns, and surface currents do 
not necessarily coincide with wind direction as they often do on larger lakes.  Currents in Cook’s 
Bay are generally aligned with the Bay. 

2.4.3 Kempenfelt Bay Deployment 

A Nortek Aquadopp 600 kHz Current Profiler was used to collect current data in Lake Simcoe, at 
the inlet to Kempenfelt Bay.  The ADCP was deployed from 13 June 2006 to 10 August 2006, and 
from 25 August 2006 to 06 November 2006 and collected data every 20 minutes and 10 minutes, for 
the respective deployments.  The current data for the first deployment are shown in Figure 2.10 for 
three elevations: 5.0 m, 17.0 m, and 29.0 m above the instrument which was deployed on the 
lakebed at a depth of approximately 32 m (currents from both deployments are presented in 
Appendix A).  Currents at mid depth and near the bottom were less than 0.05 m/s for more than 
half of the period of record.  As would be expected, the currents are aligned with the Bay at all 
depths with the predominant directions east through east north-east and west-southwest.  Current 
speeds near the surface (29 m above the instrument) are higher than near the lakebed.  The most 
frequent direction near the surface is to the east with maximum speeds of 0.25 to 0.35 m/s.  At mid 
depth, the predominant direction is also to the east or east-northeast with speeds generally less than 
0.15 m/s.  Near the lakebed the currents are predominantly to the east-northeast, west and west-
southwest directions, and also generally less than 0.15 m/s. It is likely that the stronger west and 
west-southwest components near the bed represent a return flow compensating for the outgoing 
wind-driven flows from surface to mid-depth. 

2.4.4 Mid-lake Couchiching Deployment 

After the Cook's Bay ADCP (Teledyne RDI 1200 kHz Workhorse Sentinel) was retrieved, it was 
deployed midway up Lake Couchiching from 30 August 2006 to 09 November 2006.  The hourly 
current data was incomplete, with only 3 days of data recorded due to a device error.  The recorded 
data are shown in Figure 2.11 for three elevations: 1.0 m, 4.0 m and 7.5 m above the instrument 
which was deployed on the lakebed at a depth of approximately 9 m.  For the period of record, 
currents were to the north and northeast and less than 0.15 m/s at all depths and calms were 
recorded more than 86% of the time.   

2.4.4 Other Deployments 

Two more deployments were carried out but data were not retrieved due to an instrument error 
and an instrument loss.  Both deployments were a Nortek Aquadopp 1 MHz Current Profiler.  The 
ADCP was first deployed in the north end of Lake Couchiching from 12 June 2006 to 11 August 
2006 at a depth of approximately 10 m.  The ADCP leaked due to a faulty seal and the recorded 
data was corrupted.  The instrument was sent back to the supplier for repairs.   

Once the ADCP was repaired, it was redeployed in Lake Simcoe near South Ramara on 21 
September 2006 in approximately 10 m of water.  Baird attempted to retrieve the instrument on 18 
October 2006 but could not locate the instrument using an acoustic release system, a system that 
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releases a buoyant line attached to the instrument when it receives an acoustic signal from the 
surface.  In November 2006, Peter Hamelin from Georgian Bay Wet Wood Inc. attempted to find the 
instrument.  He used side scan sonar, which creates detailed images of the lakebed, and found drag 
marks three feet apart, six inches deep into the lakebed, for hundreds of feet from the deployment 
site.  He later dove with scuba gear and confirmed this finding.  The instrument was possibly 
hooked by an anchor and dragged from the site.  The instrument was never retrieved and no data 
was therefore collected at this location.  

2.5 Tributary Flow 

Daily stream flow discharge data were obtained from Environment Canada for the gauged 
tributaries flowing into Lake Simcoe.  There are no gauged tributaries flowing into Lake 
Couchiching, however the Black River (gauge near Washago) flows in a northwesterly direction, 
into the Severn River which flows out of Lake Couchiching into Georgian Bay.  The locations of the 
gauges and period of record are listed in Table 2.3 (see Figure 2.4 for gauge locations). 

Table 2.3 
Gauged Rivers in the Lake Simcoe and Lake Couchiching Watersheds 

 
River Gauge Location Description Gauge 

Latitude 
Gauge 

Longitude 
Period of 
Record 

Black River Near Washago (02EC002) 44° 42' 49" N 79° 16' 53" W 1913 – 2006 
Black River Baldwin (02EC008) 44° 15' 38" N 79° 20' 38" W 1964 – 2006 

Holland River Holland Landing (02EC009) 44° 05' 41" N 79° 29' 22" W 1965 - 2006 
Beaver River Near Beaverton (02EC011) 44° 23' 49" N 79° 04' 15" W 1966 – 2006 
Severn River Above Wasdell Falls 

(02EC014) 
44° 46' 31" N 79° 17' 49" W 1978 – 2006 

Pefferlaw Brook Near Udora (02EC018) 44° 16' 03" N 79° 11' 40" W 1987 – 2006 
 

MOE (2006a) recommends that stream velocity at bank full stage be used to determine the extent 
upstream in tributaries that the IPZ-2 extends.  No direction is provided in MOE (2009a) regarding 
the stream velocity to be used in delineating the IPZ-2.  Many studies (e.g. Leopold et al., 1964) 
have found that bank full discharge occurs at a flow recurrence interval of about 1-2-years.  A 2-
year return period flow was used in this study to delineate the IPZ-2s in the tributaries. 

A Peaks Over Threshold (POT) analysis was undertaken to define the 2-year return period 
discharge, for use in the modeling and delineation of IPZ-2s.  The extreme events from the POT 
analysis are summarized in Table 2.4, and a plot summarizing the return period flows for each of 
the tributaries is provided in Figure 2.12.  The Black River (near Washago) and the Severn River are 
not listed in Table 2.4 as they do not flow into Lake Simcoe or Lake Couchiching.  Since most 
gauges are not located at the mouth of the river, the recorded flows do not include the flow in the 
ungauged portion of the river.  The total flows to the lake were therefore adjusted by a factor 
calculated as the ratio of (total watershed area/gauged area).  This assumes that the watershed 
characteristics in the ungauged area are similar to those in the gauged area.  The individual graphs 
of the POT analyses are provided in Appendix B. 
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Table 2.4  
Summary of Adjusted Flows in Tributaries for Varying Return Periods based on POT Analysis 

(m3/s) 
 

Station Return Period (years) 

2   5   10   20  25  50  100 

Black River (Baldwin) 20.6 37.9 50.5 63.6 67.9 82.0 97.0 
Holland River 72.8 98.1 115.1 131.4 136.6 152.6 168.5 
Beaver River 42.8 53.4 61.2 69.2 71.8 80.4 89.5 

Pefferlaw Brook 30.4 53.0 69.2 85.0 90.0 105.4 120.5 
 

2.6 Water Quality Data 

All water distributed in a municipal system in Ontario must meet levels of quality legislated by the 
MOE.  The Ontario Drinking Water Quality Standards O.Reg. 169/03 (ODWQS), part of the Safe 
Drinking Water Act, stipulates over 100 criteria with safe consumption limits (MOE, 2008b).   

Raw (or untreated) water quality for inland waters intended for use as drinking water (which will 
be treated prior to use) is measured in four categories based on the presence of microbiological 
components, inorganics, organics, and aesthetic considerations.  Examples of microbiological 
contaminants would be the presence of cryptosporidium and fecal coliforms; examples of 
inorganics include heavy metals, phosphates and nitrates; examples of organics include benzene, 
dioxin and Polychlorinated biphenyl (PCBs).  Aesthetic considerations include taste, odour, and 
colour.   

Water quality criteria differ with the intended purpose of the water, i.e. drinking, irrigation, 
livestock watering, recreation.  This report focuses on drinking water.  Environmental water quality 
criteria have been developed by numerous agencies including: Canadian Council of Ministers of the 
Environment (CCME), Canadian Environmental Quality Guidelines (CCME, 2003), and the Ontario 
Ministry of the Environment and Energy (MOEE), Provincial Water Quality Objectives (MOE, 1994).  
Drinking water quality criteria have been developed by Health Canada, Guidance for Safe Drinking 
Water in Canada: from Intake to Tap (Health Canada, 2001) and the Guidelines for Canadian Drinking 
Water Quality (Health Canada, 2007), and the provincial criteria by MOE, Technical Support 
Document for Ontario Drinking Water Standards, Objectives and Guidelines (MOE, 2006b).  

Water quality monitoring throughout the Province is undertaken by a number of government 
agencies including the Ontario Ministry of the Environment, conservation authorities and 
municipalities.  Raw water quality data is collected for the Drinking Water Surveillance Program 
(DWSP), operated by the Ministry of the Environment in cooperation with municipalities.  The 
program provides monitoring at close to 200 water treatment facilities in the Province.  DWSP data 
is available for the Keswick, Innisfil, Beaverton and Orillia intakes.  Laboratory analyses for the 
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DWSP program are provided by the MOE and the Ministry of Labour.  The parameters tested are 
summarized in Table 2.5. 

Table 2.5 
Parameters Tested for DWSP  

 
Parameters Available Number of Parameters 

Chemistry Field 6 
Chemistry Lab 31 

Chloroaromatics 15 
Chlorophenols 2 

Metals 23 
N-Nitroso-amines 3 

N-Nitrosodimethylamine (NDMA) 1 
Pesticides (triazines & organochlorides) 46 

Radionuclides 3 
Specific Pesticides (other than triazines & organochlorides) 56 

Taste and Odour 6 
Volatile Organics 26 

 

The MOE has undertaken water quality monitoring at stations in Lake Simcoe since 1980.  There are 
numerous reports and studies that have been completed for the LSEMS and these are available on 
the LSEMS web site at http://www.lsems.info/techreports/index.html.  Data from the monitoring 
stations were used to calibrate the MIKE3 model developed for the Assimilative Capacity Studies 
(Baird, 2006).  Currently, twelve stations are monitored, three of which have been monitored since 
1980.  The data were collected at intervals ranging from bi-weekly to monthly for the ice-free season 
(April to November).  The program measures profiles of temperature, dissolved oxygen (DO) and 
water chemistry including total phosphorus (TP), ammonia, nitrate, total Kjeldahl nitrogen (TKN), 
chlorophyll “a”, conductivity, iron, pH, major ions, organic carbon and alkalinity.  Although the 
parameters monitored do not directly contribute to drinking water quality, they are a measure of 
the overall health of the lake.  The locations of the monitoring stations are shown in Figure 2.13.  
Recent data are described in further detail in LSEMS (2004, 2005) where a general increase in water 
clarity and a general decline in phytoplankton across the lake since the previous assessment are 
documented.  The report also states that TP declined at all of the municipal water intakes that were 
considered. 

In 2003, the Severn Sound Environmental Association conducted a water quality survey on Lake 
Couchiching to determine the then-current status of the water quality.  The results were compared 
to a sampling program undertaken in 1997 to determine the trophic status of the lake considering 
its use as a drinking water source (SSEA, 2005).  Water samples were collected at 10 open water 
stations.  Euphotic zone composite samples of basic chemistry [dissolved inorganic/organic carbon 
(DIC/DOC), major ions, hardness, conductivity], nutrients (TP, ammonia, nitrate, TKN, silicate), 
chlorophyll “a”, phytoplankton, water clarity and zooplankton were measured.  Profiles of 
temperature, DO, and pH were also measured.  It was concluded that the water quality in Lake 
Couchiching is good and that the trophic condition had not changed since 1997 with the exception 
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of an increase in the predominance of the blue-green algae Microcystis and a decrease in zebra 
mussels.  Changes in the phytoplankton community that could lead to taste and odour problems 
were noted (SSEA, 2005).     

Water quality in Lake Simcoe and Lake Couchiching is influenced by the quality of the water in the 
tributaries that flow into the lakes.  There are two programs in the Lake Simcoe and Lake 
Couchiching watersheds that monitor tributary water quality.  Under the LSEMS, nutrients such as 
phosphorus and nitrogen are monitored.  A surface water quality monitoring program for rivers 
and streams is also coordinated by the Provincial Water Quality Monitoring Network (PWQMN), a 
program that includes approximately 400 sampling sites in Ontario.  In partnership with the MOE, 
the LSRCA participates in the PWQMN.  Monitoring sites are shown in Figure 2.14. 

Water quality sampling in tributaries flowing into Lake Simcoe was undertaken by LSRCA for the 
2004 Watershed Toxic Pollutant Screening Program (LSRCA, 2005).  That program included 
sampling at 21 surface water stations in the Lake Simcoe watershed, including a number of existing 
LSEMS and PWQMN stations, in addition to some previously unmonitored sites.  The study 
evaluated the conditions of rivers and streams within the Lake Simcoe watershed for the presence 
of selected organic and inorganic contaminants in surface water and sediments including: 
Polycyclic Aromatic Hydrocarbons (PAHs), Petroleum Hydrocarbons (PHCs), Organophosphorus 
(OP) and Organochlorine (OC) Pesticides, Neutral Chlorinated Compounds (NCCs), and phenols.  
PAHs, PHCs and phenols were measured in the surface water samples.  Concentrations of OP and 
OC pesticides and NCCs were not measured above laboratory detection limits at any of the stations 
sampled.  Of the pollutants sampled, PAHs were the most prevalent in the Lake Simcoe Watershed.  
PAH sources are considered non-point sources and enter the water through stream runoff.  High 
levels of dichloro-diphenyl-trichloroethane (DDT), dichloro-diphenyl-dichloroethylene (DDE) and 
Dichloro-diphenyl-dichloroethane (DDD) were found in Holland Marsh.  These pollutants are 
persistent and it was suggested that they therefore represent a historical source. 

2.7 Sediment Sampling 

There is limited sediment sampling data available in the study area.  This is not unusual, as 
provincial and local authorities do not typically collect and monitor sediment samples.  The LSRCA 
Toxic Pollutant Screening Program (LSRCA, 2005) provides a summary of sediment sampling data 
in the Lake Simcoe watershed.  We are not aware of sediment sampling data from Lake 
Couchiching or the Lake Couchiching watershed.  

2.7.1 Previous Studies 

In 2004 the LSRCA initiated a toxic pollutant screening program for the Lake Simcoe watershed, to 
investigate the potential increase in toxic pollutants that could correspond to the increase in local 
human activity.  Specifically, the objective was to identify the areas within the watershed where 
concentrations of selected organic and inorganic contaminants in surface water and sediments were 
unacceptable.  High concentrations of toxic pollutants found in sediment samples could be 
indicative of a constant source of pollutant as opposed to a temporary point source. 

The locations of the thirteen sediment samples are listed below and shown in Figure 2.15: 
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 TS-2: Hawkestone Creek (in Hawkestone, PWQMN and LSEMS station); 
 TS-3: Creek in Barrie (downstream of Barrie Wastewater Treatment Plant); 
 TS-7: West Holland River (in Bradford, PWQMN and LSEMS station); 
 TS-8: East Holland River (north of New Market, at Green Lane); 
 TS-9: Tannery Creek (in Aurora, PWQMN station); 
 TS-10: Maskinonge River (at Glenwoods Drive); 
 TS-16: Uxbridge Brook (north of Uxbridge at Davis Drive); 
 TS-17: Black River (in Sutton, PWQMN station); 
 WH1-S: North Schomberg at 5th Sideroad; 
 WH2-S: Upper Schomberg at Leonard Road; 
 WH3-S: Kettleby Creek, downstream of Cardinal Golf Club; 
 WH4-S: North Canal at Simcoe Street; and 
 WH5-S: Central Canal upstream of Pump House. 

 

The sediment analysis was completed in compliance with accepted International Organization for 
Standardization (ISO) requirements.  Sediment samples were tested for common toxic pollutants 
such as: PAHs, PHCs, NCCs, OP and OC pesticides, as well as various toxic metals such as mercury, 
cadmium, chromium, lead and copper.   

The sediment analysis was compared with the CCME Canadian Sediment Quality Guidelines 
(CSeQGs) for the Protection of Aquatic Life (CCME, 2003).  Where the CSeQGs were undefined the 
analytical results were compared with the MOE Standards in the MOE Soil, Groundwater, and 
Sediment Standards for Use Under Part IV of the Environmental Protection Act (MOE, 2004).  A 
summary of the results of the sediment analysis is provided in Table 2.6. 

Two general observations were made from the results of this sediment analysis:  

 PAH, PHC, OC pesticide and some metal concentrations were measured to be over 
detection limits for selected stations; and 

 NCC and OP concentrations were found to be less than the detection limits (not 
detected) for all stations. 

The report further breaks down the sediment analysis for each pollutant, establishing where each 
pollutant was measured above detection limits, as well as identifying possible sources for each 
pollutant. 

Polycyclic Aromatic Hydrocarbons 

PAHs were the most prevalent toxic pollutant measured in the Lake Simcoe watershed.  
Concentrations of PAHs at 9 of the 13 stations tested were measured over the acceptable level 
allowed.  The worst case was at the West Holland River near Bradford.  Because of the high 
concentrations of PAH at this location, LSRCA (2004) recommended that routine PAH testing be 
completed for groundwater from a well at this location.  Typical sources of PAHs include: particles 
from incomplete combustion, motor oil, gasoline, asphalt, treated wood, and roof tar.  PAH sources 
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are considered non-point source and are generally transported by stormwater runoff, as water 
sampling testing shows higher concentrations of PAHs shortly after storm activity. 

Table 2.6 
Sediment Sampling Analysis Summary (from LSRCA, 2005) 

 
 Parameter 
Station PAH OC 

Pest 
NCC OP 

Pest 
PCB PHC Mercury Cd Cr Lead Copper 

TS-2 n/d n/d n/d n/d n/d n/d No n/d Yes n/d Yes 
TS-3 Yes n/d n/d n/d n/d Yes No Yes Yes Yes Yes 
TS-7 Yes Yes n/d n/d n/d Yes Yes Yes Yes Yes Yes 
TS-8 Yes n/d n/d n/d n/d Yes Yes Yes Yes Yes Yes 
TS-9 Yes n/d n/d n/d n/d Yes Yes Yes Yes Yes Yes 

TS-10 n/d n/d n/d n/d n/d n/d No n/d Yes n/d Yes 
TS-16 Yes n/d n/d n/d n/d Yes No n/d Yes n/d Yes 
TS-17 Yes n/d n/d n/d n/d Yes Yes Yes Yes Yes Yes 

WH1-S Yes n/d n/d n/d n/d Yes Yes n/d Yes Yes Yes 
WH2-S Yes n/d n/d n/d n/d Yes Yes n/d Yes Yes Yes 
WH3-S n/d n/d n/d n/d n/d Yes Yes n/d Yes Yes Yes 
WH4-S n/d Yes n/d n/d n/d Yes Yes n/d Yes Yes Yes 
WH5-S Yes Yes n/d n/d n/d Yes Yes Yes Yes Yes Yes 

Note: n/d: denotes none detected. 

OC Pesticides 

High concentrations of OC pesticides were initially detected at one of the eight sediment sampling 
sites; the West Holland River near Bradford site.  Due to the high concentrations found at this site, 
five additional samples were collected in the Holland Marsh and concentrations at two of these 
sites were higher than the applicable criteria listed in CCME (2003).  The high concentrations are 
believed to originate in the Holland Marsh, and this is supported by other studies performed in the 
marsh.  The OC pesticide level patterns suggest historical use. 

Petroleum Hydrocarbons  

Concentrations of PHCs were found in all samples with the exception of TS-2 (Hawkestone Creek) 
and TS-10 (Maskinonge River).  The highest concentration of PHCs was found in TS-7 (West 
Holland River), TS-8 (East Holland River) and WH4-S (Holland Marsh).  The presence of PHCs 
throughout the sediment samples is indicative that PHCs are entering the watershed.  The higher 
concentrations of PHCs were noticed in close proximity to larger urban areas, such as Barrie, New 
Market, and Aurora, although there were also instances noticed near agricultural areas.  Typical 
sources of PHCs include gasoline, oil, as well as road and parking lot runoff. 
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Metals  

As with the other toxic pollutants in this study, the highest concentrations of metals were measured 
in the southwest region of the watershed.  The highest exceedance of metals was measured in the 
East Holland River, north of Newmarket.  Chromium had the highest exceedance.  Even though 
chromium is a naturally occurring metal, levels measured are indicative of a human source.  
Typical sources of chromium include fossil fuel byproducts, as well as metal processing facilities, 
including stainless steel production. 

Summary 

Generally, PAHs were found to be the toxic pollutant of most concern in this watershed.  Since 
PAHs are generally associated with land-based operations and non-point sources, locating the 
source of the pollutant is not straightforward.   

2.7.2 Intakes Affected 

The sediment sampling described above is relevant for all of the Lake Simcoe intakes.  Toxic 
pollutant concentrations observed in the sediment samples were highest in the Holland River – 
Holland Marsh area.  The intakes that would most directly be affected by these pollutants would be 
intakes around the Cook’s Bay area, including Keswick, Innisfil and possibly Georgina.  
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3.0 INTAKE CHARACTERIZATION 

3.1 Keswick WTP 

3.1.1 Technical Characteristics  

The Keswick WTP is located on the east shore of Cook’s Bay in southern Lake Simcoe.  It is in the 
Orchard Beach area near the community of Keswick.  The design capacity of the Keswick WTP is 
16.2 ML/day (Regional Municipality of York, 2001).  As of June 2007, the population supplied was 
25,700 (MOE, 2007b). 

Construction of the Keswick WTP and associated intake pipe was completed between 1982 and 
1983 (Regional Municipality of York, 2006).  The Keswick Treatment Plant uses conventional 
filtration to treat the water from Lake Simcoe.  Two dual media gravity filters containing granular 
activated carbon are used and then the water is disinfected using chlorine.  Chlorine is also added 
at the intake when the water temperature rises above 12 degrees Celsius to deter zebra mussel 
growth.   

Five primary sources of information were reviewed with respect to the physical characteristics and 
location of the existing intake including: The Keswick Water Treatment Plant Engineer's Report 
prepared by Simcoe Engineering Group Limited (Regional Municipality of York, 2001); Certificate 
of Approval dated October 26, 2005(MOE 2005); Construction Drawings prepared by Project 
Planning Associates Limited for the Ontario Ministry of the Environment, Water Distribution and 
Sewage Collection Systems for the Township of Georgina-Keswick, dated May 1979 provided by 
the WTP operator (Appendix C); an interview with the WTP operator (Appendix D); and Annual 
Water Filtration Plant Reports (Regional Municipality of York, 2003-2006, Appendix E).   

Based on the Construction Drawings, the intake consists of 365 m of 630 mm diameter polyethylene 
pipe, extending from the shoreline and terminating at the inlet structure.  The construction 
drawings indicate that the intake structure is located in a water depth of 10.6 m below the average 
lake level over the last 100-year period (218.95 m above sea level, masl).  The intake is located 
approximately 2.3 m above the lakebed, approximately 8.3 m below the average water surface.  The 
drawing set for the intake is provided in Appendix C.  The operator interview states that the intake 
is located at a depth of 10.3 m (Appendix D).  The annual reports (Appendix E) indicate that the 
intake draws water from a depth of 8.5 m which likely refers to the depth of the intake below the 
water surface.  The municipality indicated that the intake is located at a depth of 6.7 m (verbal 
communication, Aaron Wood, Regional Municipality of York).  The total water depth of 10.6 m, 
which was indicated in the drawings, will be assumed throughout the remainder of the report.   

3.1.2 Operator Interview 

A representative of the water treatment plant employed by York Region was interviewed by 
Conservation Authority staff on September 22, 2006. The intent of the interview was to determine 
standard operating procedures for the facility, historic raw water quality issues and concerns, past 
problems with the facility and standard shut down time frames and procedures. A copy of the 
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entire interview is provided in Appendix D. The following key information was obtained through 
the interview: 

 Daily water quality data is available for January 2003 to September 2006; 

 Data provided includes turbidity values only; 

 The estimated notification time (by MOE) in the event of a spill, is in the order of 
hours; 

 The WTP can be shut-down within 5 minutes upon notification (staff are on call 
24/7); 

The following are issues/concerns potentially impacting the operation of the facility and/or water 
quality: 

 Turbidity caused by rains, high winds and lake turnover; 

 No ice issues have occurred due to the location of the intake; 

 Inorganics – levels of sodium and fluoride since they are not treated for; 

 Volatile Organics – moderate to high concern about trihalomethanes (THMs) and 
UVTs (Ultra violet technologies) 

 Synthetic Organics – moderate concern about medicinal compounds 

 

Potential sources of contamination identified by the operator include:  

 Agriculture by-products such as fertilizers and pesticides transported by the Holland 
River, which flows into Cook’s Bay;  

 Combined sewer outfalls, urban runoff and storm sewers (effects of rain seen one 
day later); highway runoff;  

 Leaky underground storage tanks including septic tanks;  

 Spills (largely road accidents); 

 Marinas; and  

 Ice fishing including lack of toilet facilities for ice huts.  

 

Turbidity spikes linked to high flow in the creeks (possibly Keswick Creek and Maskinonge River) 
were reported following rainfall events. 

 

3.1.3 Response Time 

Based on the interview with the representative of the Keswick WTP, conducted by personnel from 
LSRCA on September 22, 2006 (provided in Appendix D), the WTP can be shut down within 5 
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minutes upon notification (staff are on call 24/7).  The WTP representative estimated the 
notification time (by MOE) in the event of a spill to be in the order of hours.  A 2-hour response 
time, the minimum response time defined by MOE [Rule 66; MOE, 2009a], was assumed for the 
delineation of the IPZ-2. 

3.1.4 Hydrodynamic and Hydrologic Conditions 

The Keswick WTP draws water from Lake Simcoe.  Lake Simcoe is the largest waterbody in the 
Lake Simcoe watershed and southern Ontario, excluding the Great Lakes.  The total land and water 
surface area of Lake Simcoe is 3,324 km2 with the lake occupying 22% or 723 km2 and land 
occupying 78% or 2,601 km2 [South Georgian Bay-Lake Simcoe Protection Committee (SGB-LSPC), 
2010].  The mean depth in the lake is 15 m and the normal range of annual water level fluctuations 
is 0.5 m.  The hydraulic retention time has been estimated to be in the range of 16 years (SGB-LSPC, 
2010). 

The Lake Simcoe watershed is a secondary watershed within the Southern Georgian Bay drainage 
area, which is part of the primary watershed known as the Great Lakes St. Lawrence Basin.   Lake 
Simcoe drains into Lake Couchiching, although reverse flows do occur as observed in the ADCP 
data collected at Atherley Narrows (Section 2.4).  The Lake Simcoe watershed is drained by 35 
tributaries with five major tributaries accounting for more than 60% of the total drainage area 
(LSEMS, 2004).  

The primary factors affecting lakewide circulation patterns are wind, hydraulic currents and 
gradients resulting from temperature differences.  In Lake Simcoe, the hydraulic currents are 
created by the inflow from the many tributaries in the watershed and the flow into Lake 
Couchiching. 

The current patterns are also influenced by the thermocline.  The thermocline develops during the 
summer months.  The lake becomes stratified with a layer of warmer water on the surface and the 
cooler water below.  Once the thermocline is established there is limited mixing between the two 
zones.  The thermocline breaks up in the fall when the surface water cools down and the 
temperature in the lake becomes more uniform.  The development of the thermocline was studied 
in the Assimilative Capacity Studies and is described in some detail in Baird (2006).   

Wind is the main force driving the currents in the lake.  Prior to the development of the thermocline 
(in the spring), there are two distinct current layers in the lake.  In the top layer, from the surface to 
a depth of about 5 m below the surface, the current direction is generally the same as the wind 
direction.  There are reversals in the two large bays: Cook’s Bay and Kempenfelt Bay.   The currents 
on the east side of the lake are complex in the region of the islands.  In the bottom layer, the 
currents are generally in the opposite direction to the surface currents.  This is known as the return 
flow.  The current patterns are described in further detail in Section 4.4.   



 B a i r d  &  A s s o c i a t e s  

L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y  P a g e  17 
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

3.1.5 Physiography and Sediment Data 

Lake Simcoe is located within the Lake Simcoe Lowland as described in Chapman and Putnam 
(1984).  Along the north and west shores of the lake, the lowland consists of a narrow boulder 
terrace, confined by a low bluff.  The south end of Lake Simcoe, around Cook’s Bay is part of a 
broad valley that runs between moraine hills.  This valley was once an extension of the lake.  The 
Holland River now flows through this marshland.  The valley is filled with peat.  This low-lying 
area has been dyked and is fertile farmland.  The south shore of Lake Simcoe is characterized by 
sandy and till plains.  There are numerous beaches along this south shoreline, such as those in the 
vicinity of Jackson’s Point and Sibbald Point.  The northeast shore of the Lake is clay plain with 
drumlins.  This area is relatively shallow, with depths 2 km from shore in the range of 5 m.  There 
are numerous shoals in the nearshore.  The west side of Lake Simcoe, from Atherley Narrows 
south, has many sandy beaches. 

At the Keswick intake, between the shore and approximately 350 m from shore, the lakebed is 
compacted silty sand.  Loose to compact clayey silt overlies the hard silty sand to approximately 
200 m from shore.  Very loose black muck and soft clayey silt are present beyond approx. 350 m 
from shore as noted on Drawing No. 4802-1-2004 from the Keswick Water Distribution System 
(Appendix C).  The soil at the intake structure, approximately 365 m from shore, consists of stiff 
clayey silt, covered by approximately 0.25 m of peat, 1.5 m of very soft compressible clayey silt, and 
1.0 m of very loose black muck. 

3.1.6 Shoreline Development 

The Keswick intake draws water from the east shore of Cook’s Bay on the south end of Lake Simcoe 
in the area of Orchard Beach.  The current population served is 25,700 (MOE, 2007b).  The 
communities along this shoreline including Orchard Beach, Keswick Beach, Balfour Beach, and 
Craigmawr Beach have established residential and commercial sectors, as well as nearby 
agriculture and woodlots.  The Orchard Beach Golf and Country Club is located approximately 1 
km northeast of the Keswick intake.  

Public and private beaches are located along this shoreline including Balfour Beach and Orchard 
Beach to the north, Keswick Beach, Craigmawr Beach and Claredon Beach to the south, all within 3 
km of the intake.  The Holland River empties into Cook’s Bay, approximately 5.5 km southwest of 
the Keswick intake.  There are several smaller creeks located closer to the intake including Keswick 
Creek and Maskinonge Creek to the south.   

The closest sewage treatment plant to the intake is the Keswick Water Pollution Control Plant 
(WPCP), located approximately 4 km to the southeast, near the Maskinonge Creek.  There is also a 
marina at the mouth of the Maskinonge Creek.     

3.1.7 Raw Water Quality 

A drinking water issues evaluation that adheres to MOE's Technical Rules 114 to 117 (MOE, 2008a)  
is provided in Jagger Hims Limited (2009).  Based on the data analyzed, no drinking water issues 
were identified at the Keswick Water Treatment Plant.  It is noted that issues/concerns were 
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identified by the WTP operator (see Section 3.1.2), however these were not identified in the data 
analyzed by Jagger Hims.  Ongoing data collection is warranted and additional raw water quality 
sampling at the intake would be beneficial. 

Turbidity is used as an indicator, to identify potential sources of contaminants at the intake.  It is 
our experience that high turbidity at intakes can be explained by a combination of one or more of 
the following factors: 

1) Local re-suspension/lakebed erosion of sediment by wave generated orbital velocities and 
to a lesser extent currents; 

2) High turbidity sediment transported to the intake from regional resuspension/lake bed 
erosion through large scale circulation patterns - this will exhibit a longer term impact than 
1); and/or 

3) River plumes. 

  
A preliminary analysis was undertaken to better understand the conditions that lead to high 
turbidity.  Daily turbidity data were obtained for the Keswick WTP as shown in Figure 3.1 for the 
period 2003 to 2006.  A maximum turbidity value of 5.5 NTU was recorded.   Although turbidity 
levels are relatively low, peaks in turbidity occur as shown in Figure 3.1.   

The turbidity data were analyzed with the wind data described in Section 2.2 and the flow data for 
the Holland River, to determine if there was correlation between wind events, river flow and 
turbidity at the intake.  Small peaks in turbidity tend to occur during winds from the west and 
northwest (see Figure 3.2).  Based on this first level review, discharge from the Holland River did 
not appear to have a direct influence on turbidity levels at the intake as shown in Figure 3.3, though 
this figure may indicate a lag in turbidity response.  This contradicts the Operator’s observations of 
high turbidity linked to high flow in the nearby creeks (possibly Keswick Creek and Maskinonge 
River), following rain events.  High flow in these creeks should coincide with high flow in the 
Holland River. The low turbidity levels at Keswick intake are likely due to the depth of water in 
which the intake in located (10.6 m). 

3.2 Georgina WTP 

3.2.1 Technical Characteristics  

The Georgina WTP is located on the south shore of Lake Simcoe in the Willow Beach area between 
the communities of Keswick and Sutton.  The current capacity is 20 ML/day (serving the 
Community of Sutton) and the ultimate design capacity of the facility is 47.2 ML/day (Regional 
Municipality of York, 2000).  It is intended that this WTP will ultimately supply Keswick, Sutton 
and Willow Beach.  The existing (2004) population supplied is 4,580 and the planned population to 
be served in 2011 is 10,230 (Regional Municipality of York, 2005).  

Five primary sources of information were reviewed with respect to the physical characteristics and 
location of the intake including: The Georgina Water Supply Facilities Project Design Brief Report 
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prepared by MacViro (Regional Municipality of York, 2000), Certificate of Approval dated 
December 2, 2004 (MOE, 2004b), Construction Drawings prepared by Simcoe Engineering Group 
Limited for the Regional Municipality of York, Georgina Water Supply Project, dated Jan 2002 
provided by the WTP operator (Appendix C), an interview with the WTP operator (Appendix D) 
and Annual Georgina Water Filtration Plant Reports (Regional Municipality of York, 2003-2006, 
Appendix E).   

Construction of the Georgina Water Treatment Plant and associated intake pipe was completed in 
2004.  The Georgina Treatment Plant uses Zenon's Zeeweed Ultrafiltration Process to treat water 
from Lake Simcoe.  This process removes suspended solids, Cryptosporidium, Giardia and other 
potentially harmful parasites by drawing the raw water through membranes.  The water is also 
passed through granular activated carbon to reduce taste and odour incidents and uses chlorine as 
a disinfectant.  Chlorine is also applied at the intake when temperatures rise above 12 degrees 
Celsius to combat zebra mussel colonization.  The treatment process is monitored with an on-line 
Supervisory Control And Data Acquisition (SCADA) system. 

Based on the Construction Drawings, the intake consists of 1,477 m of 1067 mm diameter pipe, 
extending from the plant and terminating at the inlet structure.  When the intake is measured 
perpendicularly to the closest point on the shoreline, it is located approximately 1050 m from shore. 
The drawings indicate that the intake structure is located in a total water depth 19.4 m below the 
average lake level over the last 100-year period (218.95 masl) with the intake located approximately 
6 m above the lakebed (or 13 m below the average lake level). The operator and annual reports 
indicate that the intake is located in 19 m of water.  The intake is assumed to be in a total depth of 
19.4 m throughout the remainder of the report.      

3.2.2 Operator Interview 

A representative of the water treatment plant employed by York Region was interviewed by Lake 
Simcoe Conservation Authority staff on September 22, 2006. The intent of the interview was to 
determine standard operating procedures for the facility, historic raw water quality issues and 
concerns, past problems with the facility and standard shut down time frames and procedures. A 
copy of the entire interview is provided in Appendix D. The following key information was 
obtained through the interview: 

 Daily water quality data is available for January 2004 to September 2006; 

 Data includes temperature, turbidity, pH, alkalinity (turbidity was provided); 

 The estimated notification time (by MOE) in the event of a spill, is in the order of 
hours; 

 WTP can be shut-down within 5 minutes upon notification (staff are on call 24/7); 

The following are issues/concerns potentially impacting the operation of the facility and/or water 
quality: 

 Turbidity caused by rains, high winds and lake turnover; 
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 Granular activated carbon filtration system in place to address taste/odour problems 
(Geosmin and MIB algae tested for in May to Dec.) 

 No ice issues have occurred due to the depth of the intake; 

 Inorganics – levels of sodium and fluoride since they are not treated for; 

 Volatile Organics – moderate to high concern about THMs and UVTs 

 Synthetic Organics – moderate concern about medicinal compounds. 

Potential sources of contamination identified by the operator include:  

 Agriculture by-products such as fertilizers and pesticides transported by the Holland 
River, which flows into Cook’s Bay;  

 Combined sewer outfalls, urban runoff and storm sewers (effects of rain seen one 
day later); highway runoff;  

 Leaky underground storage tanks including septic tanks;  

 Spills (largely road accidents); 

 Marinas; and  

 Ice fishing including lack of toilet facilities for ice huts.  

 

Turbidity spikes linked to high flow in the creeks (possibly Georgian Creek and Black River) were 
reported following rainfall events. 

3.2.3 Response Time 

Based on the interview with the representative of the York Region WTP, conducted by personnel 
from LSRCA on September 22, 2006 (provided in Appendix D), the WTP can be shut down within 5 
minutes upon notification (staff are on call 24/7).  WTP personnel estimated the notification time 
(by MOE) in the event of a spill is in the order of hours.  A 2-hour response time, the minimum 
response time defined by MOE [Rule 66; MOE, 2009a], was assumed for the delineation of the IPZ-
2. 

3.2.4 Hydrodynamic and Hydrologic Conditions 

The Georgina WTP draws water from Lake Simcoe.  Lake Simcoe is the largest waterbody in the 
Lake Simcoe watershed and southern Ontario, excluding the Great Lakes.  The total land and water 
surface area of Lake Simcoe is 3,324 km2 with the lake occupying 22% or 723 km2 and land 
occupying 78% or 2,601 km2 [South Georgian Bay-Lake Simcoe Protection Committee (SGB-LSPC), 
2010].  The mean depth in the lake is 15 m and the normal range of annual water level fluctuations 
is 0.5 m.  The hydraulic retention time has been estimated to be in the range of 16 years (SGB-LSPC, 
2010). 

The Lake Simcoe watershed is a secondary watershed within the Southern Georgian Bay drainage 
area, which is part of the primary watershed known as the Great Lakes St. Lawrence Basin.   Lake 
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Simcoe drains into Lake Couchiching, although reverse flows do occur as observed in the ADCP 
data collected at Atherley Narrows (Section 2.4).  The Lake Simcoe watershed is drained by 35 
tributaries with five major tributaries accounting for more than 60% of the total drainage area 
(LSEMS, 2004).  

The primary factors affecting lakewide circulation patterns are wind, hydraulic currents and 
gradients resulting from temperature differences.  In Lake Simcoe, the hydraulic currents are 
created by the inflow from the many tributaries in the watershed and the flow into Lake 
Couchiching. 

The current patterns are also influenced by the thermocline.  The thermocline develops during the 
summer months.  The lake becomes stratified with a layer of warmer water on the surface and the 
cooler water below.  Once the thermocline is established there is limited mixing between the two 
zones.  The thermocline breaks up in the fall when the surface water cools down and the 
temperature in the lake becomes more uniform.  The development of the thermocline was studied 
in the Assimilative Capacity Studies and is described in some detail in Baird (2006).   

Wind is the main force driving the currents in the lake.  Prior to the development of the thermocline 
(in the spring), there are two distinct current layers in the lake.  In the top layer, from the surface to 
a depth of about 5 m below the surface, the current direction is generally the same as the wind 
direction.  There are reversals in the two large bays: Cook’s Bay and Kempenfelt Bay.   The currents 
on the east side of the lake are complex in the region of the islands.  In the bottom layer, the 
currents are generally in the opposite direction to the surface currents.  This is known as the return 
flow.  The current patterns are described in further detail in Section 4.4.   

3.2.5 Physiography and Sediment Data 

Lake Simcoe is located within the Lake Simcoe Lowland as described in Chapman and Putnam 
(1984).  Along the north and west shores of the lake, the lowland consists of a narrow boulder 
terrace, confined by a low bluff.  The south end of Lake Simcoe, around Cook’s Bay is part of a 
broad valley that runs between moraine hills.  This valley was once an extension of the lake.  The 
Holland River now flows through this marshland.  The valley is filled with peat.  This low-lying 
area has been dyked and is fertile farmland.  The south shore of Lake Simcoe is characterized by 
sandy and till plains.  There are numerous beaches along this south shoreline, such as those in the 
vicinity of Jackson’s Point and Sibbald Point.  The northeast shore of the Lake is clay plain with 
drumlins.  This area is relatively shallow, with depths 2 km from shore in the range of 5 m.  There 
are numerous shoals in the nearshore.  The west side of Lake Simcoe, from Atherley Narrows 
south, has many sandy beaches.   

At the Georgina intake, between the shore and approximately 550 m from shore, the lakebed is 
hard, silty clay till.  Loose to compact sand overlies the hard silty clay to approximately 600 m from 
shore.  Loose sand/silt and soft clay are present beyond approximately 800 m from shore as noted 
on Drawing No. G05 from the Georgina Water Supply Project (Simcoe Engineering Group Limited, 
2001, Appendix C).  The soil between 650 m from shore and the intake structure at approximately 
1400 m from shore consists of at least 6.5 m of very soft silty clay (Regional Municipality of York, 
2000). 
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3.2.6 Shoreline Development 

The Georgina intake draws water from the south shore of Lake Simcoe in the Willow Beach area.  
The population supplied in 2004 is 4,580 and the planned population to be served in 2011 is 10,230 
(Regional Municipality of York, 2005).  The communities along this shoreline including Willow 
Beach and Jackson’s Point have established residential and commercial sectors, as well as nearby 
agriculture and woodlots.  The Briars Golf Club is located approximately 5 km east of the Georgina 
intake, immediately east of Jackson’s Point.   

Public and private beaches are located along this shoreline including Willow Beach, Paradise Beach 
and Crescent Beach to the west, and Franklin Beach and De La Salle Beach to the east, all within 5 
km of the intake.  The Black River empties into Lake Simcoe, approximately 5.5 km east of the 
Georgina intake.  There are several smaller creeks located closer to the intake including the 
Georgina Creeks to the west.   

The closest sewage treatment plant to the intake, the Sutton WPCP, is located approximately 5.5 km 
to the east, near the Black River.    

3.2.7 Raw Water Quality 

A drinking water issues evaluation that adheres to MOE's Technical Rules 114 to 117 (MOE, 2008a)  
is provided in Jagger Hims Limited (2009).  Based on the data analyzed, no drinking water issues 
were identified at the Georgina Water Treatment Plant.  It is noted that issues/concerns were 
identified by the WTP operator (see Section 3.2.2), however these were not identified in the data 
analyzed by Jagger Hims.  Ongoing data collection is warranted and additional raw water quality 
sampling at the intake would be beneficial and is recommended. 

The plant operator reported spikes in turbidity readings about one day after significant rainfalls.  
The 2006 raw turbidity data is plotted in Figure 3.4.  A maximum turbidity value of 1.8 NTU was 
recorded – this is significantly less than the values measured at Beaverton and Lagoon City, and 
would suggest that turbidity is not an issue, at least for the dates for which the data were provided.  
This is likely due to the intake’s location, approximately 1050 m from shore and in 19.4 m water 
depth. The nearest gauged tributary is located 5.5 km from the intake (smaller tributaries including 
Georgina Creeks are located approximately 2.5 km from the intake). 
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4.0 MODELING IN SUPPORT OF INTAKE PROTECTION ZONE DELINEATION 

4.1 Application of Numerical Models for IPZ Delineation  

Numerical modeling was undertaken in support of IPZ delineation for the 12 intakes located in 
Lake Simcoe and Lake Couchiching (refer to Figure 1.1 for location information).  Delineation of the 
IPZ-2s is based on two factors: the time required to shut down the water treatment facility in the 
event of a spill; and the distance that a contaminant could be transported during that time.  An 
understanding of the current velocities within the IPZ is required to define the distances and 
directions that the contaminant may be transported.  An understanding of the currents is also 
required for the delineation of the IPZ-3s. 

Hydrodynamic processes in Lake Simcoe and Lake Couchiching are in most cases three-
dimensional with currents at the lakebed (where the intakes are located) often flowing in the 
opposite direction from currents at the surface.  The currents also vary temporally and are directly 
or indirectly responsive to wind conditions.  

Field data, where it exists, defines the current patterns for the duration of the data set only, at the 
specific instrument location.  It is useful in providing current information for a specific time and 
location, but it does not define the current patterns throughout the IPZ for the full range of 
conditions.  Therefore, numerical modeling calibrated against field measurements is the only 
scientifically defensible and practical approach to define the IPZs. It allows us to evaluate and 
understand the flow patterns around the intake under a range of conditions.  This section describes 
model selection, model approach and setup, model calibration and validation, and the results of the 
numerical modeling undertaken in support of the delineation of the IPZs.   

4.2 Model Approach and Setup  

All models have strengths and weaknesses and it is important to select a model that meets the 
needs of the project considering the technical requirements of the model, computational efficiency, 
user support and possible licensing fees.  Additionally, site-specific requirements for modeling 
feasibility should be considered in the model selection.  

4.2.1 Previous Application of DHI’s MIKE3 Model on Lake Simcoe 

The Danish Hydraulic Institute’s (DHI’s) MIKE3 model was previously applied on Lake Simcoe for 
the Assimilative Capacity Studies (Baird, 2006).  A model license was purchased by the LSRCA for 
that study.  The model developed for the Assimilative Capacity Studies uses a finite difference (FD) 
method, which utilizes a rectangular grid.  The grid size for that application was 900 metres on both 
the x and y-axes.  The previous work demonstrated that DHI’s MIKE3 model could successfully 
simulate both wind driven currents and thermocline development in Lake Simcoe.   

Extending the MIKE3 FD model of Lake Simcoe, to include Atherley Narrows and Lake 
Couchiching was initially considered.  However, it soon became apparent that there are a number 
of challenges with this approach.  Atherley Narrows links Lake Simcoe to Lake Couchiching.  The 
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Narrows are approximately 50 m wide with depths in the range of 5 m.  Although the predominant 
direction of flow through the narrows is from Lake Simcoe to Lake Couchiching, flow reversals do 
occur as measured with the ADCP (see Section 2.4).  It is important that the flow through the 
Narrows is captured by the model, or alternatively that the boundary conditions at this location are 
well defined.  Due to the relatively small size of the Narrows, a fine grid (approximately 10 metre 
resolution) would be required in this area, to model the hydrodynamic processes.  Considering the 
smaller time step required with the finer mesh, computational times would increase significantly 
and the MIKE3 Flexible Mesh (FM) model was therefore tested for use on this project. 

4.2.2 DHI’s MIKE3 Flexible Mesh Model Testing 

DHI’s MIKE3 FM model was released in 2005.  The flexible mesh uses a triangular mesh.  The grid 
is suitable for complex shoreline geometries such as Atherley Narrows, the many islands in Lake 
Simcoe and Lake Couchiching and irregular shorelines.  A grid was developed for the project as 
shown in Figure 4.1.  The grid resolution varies from 10 m at Atherley Narrows and 20 m near the 
river inflows, to 1000 m in the lakes.  The grid includes 6500 nodes and 40 horizontal layers in the 
water column.  Figure 4.2 shows the grid configuration near Atherley Narrows.  

A series of tests were run on the model and following discussions with DHI, it was concluded that 
there were some limitations with the model code.  Specifically, the MIKE3 FM model generated 
unrealistically high velocities near land boundaries, as well as unrealistic results near the open 
boundaries.  In addition, the required time step was very small (<1 second), resulting in extremely 
long computational times for the model runs.  It was therefore concluded that it would not be 
feasible to use the MIKE3 FM model for this application, until further model development is 
undertaken by DHI.    

4.2.3 Selected Modeling Approach 

As discussed in Section 4.2.1, the limitation of using DHI’s MIKE3 FD model was the requirement 
for a fine grid through Atherley Narrows and the resulting computational times.  However, efforts 
to utilize the MIKE3 FM model which would have been ideal for this application, revealed 
limitations as described in Section 4.2.2.  The modeling approach used involved developing two 
separate models of Lake Simcoe and Lake Couchiching using DHI’s MIKE 3 FD model.   

The Lake Simcoe model is based on the original model developed for the Assimilative Capacity 
Studies as described in Baird (2006).  That model has a 900 m grid.  Nested grids with a finer grid 
size and resolution were added in the vicinity of intakes as required (see Figure 4.3).  A new model 
with a 100 m grid was developed for Lake Couchiching (see Figure 4.3).  Both models have an open 
boundary at Atherley Narrows; the boundary condition is controlled by recorded water levels at 
the Atherley Narrows gauge.  This allows for the two models to be calibrated and run separately, 
resulting in increased flexibility and efficiency in the model processing time.   

The limitation of this approach is that by decoupling the two lakes, there is a risk that the flow 
through Atherley Narrows may not be accurately modeled since the Narrows are considered as an 
open boundary controlled by water levels, in each independent model.  Current velocities at the 
two open boundaries may therefore be inconsistent in the two models.  In order to address this 
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issue, the recorded water levels at the Narrows were used to control the boundary conditions for 
both models.  Considering the limited impact of the currents in Atherley Narrows on the circulation 
patterns in Lake Simcoe and Lake Couchiching, the potential impact of any inconsistencies at the 
open boundary would be very localized and limited to the mouth of the Narrows.  The currents in 
both Lake Simcoe and Lake Couchiching are largely wind driven.  Therefore, any errors introduced 
by adopting this approach are considered insignificant to the modeling of the circulation patterns in 
the lakes.   

4.2.4 Model Setup 

Lake Simcoe Model 

The Lake Simcoe model is based on the original MIKE3 FD model developed for the Assimilative 
Capacity Studies (Baird, 2006).  The model covers the entire lake with an open boundary at 
Atherley Narrows.  Water level data recorded at the Atherley Narrows gauge was used to control 
the open boundary.  The original model utilized a 900 m grid for the entire lake.  A series of nested 
model grids with resolutions of 300 m, 100 m, and 33 m was developed where more detailed 
analysis was required.  Since all intakes and river inflows are located near the shoreline, these areas 
are important for IPZ delineation.   Finer grids were therefore developed at the intakes and the 
larger river mouths (Holland River, Black River, Peferlaw River, Beaver River, and Talbot River).  
Figure 4.3 shows the locations of the nested grids.   

The bathymetry was interpolated from the field sheets described in Section 2.1.  Figure 4.4 shows 
the bathymetry.  Depths are referenced to Chart Datum, which is 218.7 m above Geodetic Survey of 
Canada (GSC) Datum.  Lake Simcoe includes a large central region with depths up to 35 m.  There 
are two bays located at the west and south ends of the lake; Kempenfelt Bay and Cook’s Bay.  
Kempenfelt Bay is the deepest section of the lake, with depths exceeding 40 m.  Cook’s Bay is 
shallower with depths up to 8 m.  The east side of the lake is relatively shallow, much of it less than 
8 m deep. 

There is a relatively small hydraulic head from one end of the lake to the other as discussed in 
Section 2.3.  The water generally flows northward, through Atherley Narrows, into Lake 
Couchiching.  There are however flow reversals as indicated by the water level gauges, ADCP data 
and the model.  Due to the relatively small hydraulic head the circulation in the Lake is largely 
wind driven.  The recorded wind at the Lagoon City weather station was used to drive the wind 
generated currents in the model. 

Lake Couchiching Model 

A new hydrodynamic model of Lake Couchiching was developed for this study.  The model covers 
the entire lake with open boundaries at Atherley Narrows and the Severn River.  The grid size is 
100 m in both the east-west and north-south directions, with the model grid rotated 10 degrees 
clockwise from north.  The bathymetry was interpolated from the 1965 field sheets described in 
Section 2.1.  Figure 4.5 shows the bathymetry.  Depths are referenced to Chart Datum, which is 
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218.7 m above Geodetic Survey of Canada (GSC) Datum.  Lake Couchiching consists of two deeper 
flatbed basins (7 m to 10 m deep), surrounded by shallow waters, less than 3 m deep.  

Boundary conditions at the Atherley Narrows open boundary were defined using recorded water 
levels from the gauge at Atherley Narrows.  The Washago Shop gauge was used to define 
boundary conditions based on water levels at the outlet to Lake Couchiching.  The water levels 
were referenced to Chart Datum.   

There is a relatively small hydraulic head from one end of the lake to the other (see Section 2.3).  
The water generally flows from the south end of the lake at Atherley Narrows, north through the 
Severn River to Georgian Bay.  There are however flow reversals as indicated by the water level 
gauges, ADCP data and the model.  The relatively small hydraulic head does not create a strong 
flow in Lake Couchiching and the circulation in the Lake is mainly driven by wind.  The recorded 
wind at the Lagoon City weather station was used to drive the wind generated currents in the 
model. 

4.3 Model Calibration 

Both the Lake Simcoe and Lake Couchiching models were calibrated with the ADCP current data 
collected in 2006 for this project, and described in Section 2.4.  Section 4.3.1 provides a description 
of the Lake Simcoe model calibration and the Lake Couchiching model calibration is described in 
Section 4.3.2. 

4.3.1 Lake Simcoe 

The ADCPs deployed at the inlets to Kempenfelt Bay and Cook’s Bay were used in the calibration 
of the Lake Simcoe model.  The locations of these instruments are shown in Figure 2.7.   

The MIKE3 model was previously calibrated for the Assimilative Capacity Studies, using 
temperature profiles at the MOE monitoring stations in Lake Simcoe, and at surface water intake 
locations (Baird, 2006).  However, calibration of the model with current data was not completed 
within the scope of that project.  Calibration of the model with current data was recommended for 
future work.   

Modeled currents were compared with measured data at Kempenfelt Bay and Cook’s Bay.  A time 
series plot showing the modeled and measured surface currents at Kempenfelt Bay in July 2006 is 
provided in Figure 4.6.  A similar plot showing modeled and measured data 22 m below the surface 
is shown in Figure 4.7.  The water depth at the Kempenfelt Bay ADCP site was approximately 32 m 
so these data represent currents approximately 10 m above the lakebed.  Plots for Cook’s Bay are 
provided in Figures 4.8 (1 m below the surface) and 4.9 (10 m below the surface).  The water depth 
at the Cook’s Bay ADCP deployment site was approximately 15 m.  

Key observations from the calibration are as follows: 
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 The model tends to capture the trends in surface currents at the Kempenfelt Bay and 
Cook’s Bay sites. There are instances where the model underestimates and 
overestimates current speed. The primary driving mechanism of currents in Lake 
Simcoe is wind; the MIKE3 model utilized measured winds from Lagoon City and 
therefore may not always capture the spatial variability in the wind fields as only 
one wind station was used. 

 A statistical summary of the measured and modelled results in Kempenfelt Bay and 
Cook’s Bay for the period of calibration (July 2006) is presented in Table 4.1.  For 
Kempenfelt Bay the modelled and measured results compared reasonably well at the 
surface.  The model underpredicted currents 22 m below the surface.  At Cook’s Bay 
the modelled and measured data compared reasonably well at the surface and 10 m 
below the surface. 

Variations in key model parameters such as the Smagorinsky formulation to define horizontal 
turbulence, vertical grid resolution, bottom roughness, and improved horizontal resolution were all 
considered. In general these changes did not generate significant improvements to the model setup 
and no changes were therefore made to the parameters established during the Assimilative 
Capacity Study (Baird, 2006).  Key model setup parameters are summarized in Table 4.2. 

Table 4.1 
Comparison of Measured and Modeled Currents at Kempenfelt Bay and Cook’s Bay - July 2006 

 Kempenfelt Bay Cook’s Bay 
Surface 22m Below Surface Surface 10m Below Surface 

Measured Modeled Measured Modeled Meas. Model Meas. Model 
Max 0.37 0.44 0.20 0.11 0.32 0.28 0.19 0.17 
Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ave 0.11 0.11 0.06 0.04 0.08 0.08 0.04 0.05 
RMSE1 0.07 0.05 0.05 0.04 

1RMSE = Root Mean Square Error 
 

Table 4.2 
Summary of Key Parameters in Lake Simcoe Model 

Parameters Values / Data Used 
Hydrodynamic Engine Hydrostatic 

Model Grid Horizontal Spacing (m) 900 
No. of Vertical Layers 40 

Vertical Grid Spacing (m) 1 
Time-step (s) 30 

Turbulence Model Mixed k-e/Smagorinsky 
Horizontal Smagorinsky Value 0.5 

Resistance 0.05 
Temperature Dispersion Value 0.1H:0.1V 

Evaporation Heat Exchange Module 
Wind Condition Lagoon City Hourly Winds 
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4.3.2 Lake Couchiching 

The ADCP deployed in Lake Couchiching was used in the calibration of the Lake Couchiching 
model.  Due to an instrument malfunction as described in Section 2.4, there was only limited data 
available to calibrate the Lake Couchiching model.  The model was calibrated for the period of the 
data record: 30 August 2006 to 2 September 2006.  The location of the instrument is shown in Figure 
2.7 as Mid Couchiching.   

Modelled currents were compared with measured data.  Time series plots showing the modelled 
and measured surface currents are provided in Figures 4.10 to 4.12.  The water depth at the Lake 
Couchiching ADCP site was 8.0 m and these data represent currents 1.5 m, 3.5 m and 6.5 m below 
the surface. 

Key observations from the calibration are as follows: 

 The model tends to capture the trends in surface currents at the ADCP located in 
mid Lake Couchiching.  The primary driving mechanism of currents in Lake 
Couchiching is wind; the MIKE3 model utilized measured winds from Lagoon City 
and therefore may not always capture the spatial variability in the wind fields as 
only one wind station was used. 

 A statistical summary of the measured and modelled results of the calibration for the 
period of record is presented in Table 4.3.  The comparison shows good general 
agreement between modelled and measured current speeds for the depths analyzed.   

Key model setup parameters used in the Lake Couchiching model are summarized in Table 4.4. 

Table 4.3 
Comparison of Measured and Modeled Currents in Lake Couchiching 

 Lake Couchiching 
Surface 1.5m Below Surface 3.5m Below 

Surface 
6.5m Below 

Surface 
Measured Modeled Measured Modeled Meas. Modeled Meas. Modeled 

Max 0.08 0.05 0.07 0.05 0.05 0.06 0.07 0.06 
Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ave 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 
RMSE
1 

0.02 0.02 0.02 0.02 

1RMSE = Root Mean Square Error 
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Table 4.4 
Summary of Key Parameters in Lake Couchiching Model  

 
Parameters Values / Data Used 

Hydrodynamic Engine Hydrostatic 
Model Grid Horizontal Spacing (m) 100 

No. of Vertical Layers 10 
Vertical Grid Spacing (m) 1 

Time-step (s) 5 
Turbulence Model Mixed k-e/Smagorinsky 

Horizontal Smagorinsky Value 0.4 
Resistance 0.08 

Temperature Dispersion Value 0.1H:1V 
Evaporation Heat Exchange Module 

Wind Condition Lagoon City Hourly Winds 
 

4.4 Model Results and General Current Patterns 

The numerical models were run for a full range of wind directions.  The matrix of wind conditions 
for the model runs was developed based on a statistical analysis of the 13 years of hourly wind 
records from the Lagoon City meteorological station as described in Section 2.2.  The 10-year return 
period wind event was defined for the eight compass point directions (north clockwise through 
northeast) as listed in Table 2.2.  For each wind condition, the model was run with a constant wind 
applied to the surface of the lake, until the currents in the lake were fully developed.  The general 
current patterns generated for different wind directions, and at varying depth are discussed in this 
section. 

4.4.1 Lake Simcoe 

The current patterns in Lake Simcoe vary with the wind conditions and the development of the 
thermocline.  The thermocline develops during the summer months.  The lake becomes stratified 
with a layer of warmer water on the surface and the cooler water below.  Once the thermocline is 
established there is limited mixing between the two zones.  The thermocline breaks up in the fall 
when the surface water cools down and the temperature in the lake becomes more uniform.  The 
development of the thermocline was studied in the Assimilative Capacity Studies and is described 
in some detail in Baird (2006).   

Wind is the main force driving the currents in the lake.  Prior to the development of the thermocline 
(in the spring), there are two distinct current layers in the lake.  In the top layer, from the surface to 
a depth of about 5 m below the surface, the current direction is generally the same as the wind 
direction.  Figure 4.13 shows the surface current velocities for the 10-year return period wind from 
the north.  The surface current velocities for the 10-year return period winds from the other 
directions (northeast to northwest) are shown in Appendix F.  There is generally a circulation 
pattern in Cook’s Bay.  The currents on the east side of the lake are complex in the region of the 
islands.   
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In the bottom layer (below approximately 5 m depth), the currents are generally in the opposite 
direction to the surface currents.  This is known as the return flow.  Figure 4.14 shows the bottom 
current velocities for the 10-year return period wind from the north where the currents shown are 
16.5 m below the surface.  In this example, when the wind blows from the north (in a southerly 
direction), the surface currents are to the south (Figure 4.13) and the bottom currents are to the 
north (Figure 4.14).  The bottom current velocities for the other wind directions are shown in 
Appendix F.  No current vectors are shown where depths are less than 16.5 m.   

During the summer and fall seasons when the thermocline is developed, there are two or three 
distinct current layers in the lake, depending on the wind direction.   

Generally, the currents at the surface are greater than the currents at the bottom.  As an example, 
with the 10-year return period wind, the currents at the surface are less than 40 cm/s and less than 
20 cm/s near the lakebed.  The current speed is dependent upon the wind speed and direction.  The 
current speeds in the east part of the lake are generally larger than that in the deep water of 
Kempenfelt Bay.  In general, maximum current speeds in the lake were observed during north and 
southwest winds.  The current magnitudes generated by a 10-year north and southwest wind are 
shown in Figures 4.15 and 4.16, respectively. 

4.4.2 Lake Couchiching 

The current patterns in Lake Couchiching are largely dependent on the wind speed and direction.  
Lake Couchiching is much shallower than Lake Simcoe and a thermocline does not develop in this 
lake.  The surface current direction in the shallow areas follows the wind direction.  For north 
winds including northeast and northwest winds, the surface currents in the shallow waters are to 
the south.  Currents in the two deeper basins are complex and do not coincide with the wind 
direction.  Figure 4.17 shows the surface currents associated with a 10-year north wind.  Surface 
current velocities associated with the other wind directions are shown in Appendix F.  For south 
winds including southeast and southwest winds, the surface currents in the shallow areas of the 
lake are to the north.  The surface currents in the two deeper basins are smaller and do not follow 
the wind direction as eddies develop in these basins.   

The bottom currents in the two deep basins are consistently in the opposite direction to the surface 
currents in the shallow waters (which generally coincide with wind direction).  For example, when 
the wind comes from the north, the bottom currents in the two deep basins are toward the north 
(refer to Figure 4.18).  This is opposite to the surface current direction in the shallow areas.  The 
bottom current velocities in the two deeper basins associated with the 10-year return period east, 
south and west winds are shown in Appendix F (6.5 m below the surface).   

The surface current speed in the shallow water areas is in the range of 30 to 50 cm/s for the 10-year 
return period wind from the north or south.  The bottom current speed in the deep water basins is 
typically less than 25 cm/s for the same wind condition.  The surface current speeds and current 
speeds at 6.5 m depth are shown for the 10-year return winds from the north in Figures 4.19 and 
4.20, and for the south in Figure 4.21 and 4.22.  These winds produce the strongest currents in the 
lake.   
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4.5 Model Runs in Support of IPZ-2 Delineation 

The currents generated in the model runs discussed in Section 4.4 were used to delineate the in-
water IPZ-2s.  Each model (Lake Simcoe and Lake Couchiching) was run for the 10-year return 
period wind, for eight compass point directions (north clockwise through northeast) as listed in 
Table 2.2.  For each wind condition, the model was run with a constant wind applied to the surface 
of the lake, until the currents in the lake were fully developed.   

To optimize computational time, the model runs in Lake Simcoe were divided into three groups: 
the south intakes (Innisfil, Keswick and Georgina), the northeast intakes (Beaverton, South Ramara 
and Lagoon City) and the west intake (Barrie).  For those intakes located at the south end of the 
Lake, the 900 m grid was nested with 300 m and 100 m grids.  For those intakes located on the 
northeast and west sides of the Lake, the 900 m grid was nested with 300 m, 100 m and 33 m grids.  
The finer grids were required for the northeast and west intakes due to the close proximity to 
significant tributaries and the need to resolve the tributary flow in greater detail.  In each group, the 
model was run for the eight wind directions.  A 2-year return period flow was used in each of the 
major tributaries (see Section 2.5). 

The Lake Couchiching model was also run for the 10-year return period winds, for eight compass 
point directions (north clockwise through northeast) as listed in Table 2.2.  One set of runs was used 
for the five intakes in Lake Couchiching.   

Reverse particle tracking was used to delineate the in-water IPZ-2s for the intakes.  Neutrally 
buoyant particles were introduced at the intake locations.  The model was run in reverse mode with 
the hydrodynamics from the MIKE3 model driving the particle movement.  The particles track the 
paths that the currents would have transported neutrally buoyant particles to the intake over a 2 
hour period, based on the response time defined by the WTP operator. The two hour time period is 
the minimum time of travel to be used in delineating the IPZ-2 [Rule 66; MOE, 2009a].       

Although the intakes are located near the lakebed, particles were introduced at the surface and near 
the lakebed.  The particles released at both depths were considered in delineating the IPZ-2.  This is 
a more conservative approach. 

Figure 4.23 shows an example of the particle tracking results for a site on Lake Simcoe.  The 
locations where the particles terminated 2 hours after release are indicated for the particles released 
at the surface, and the particles released near the lakebed.  The difference in the magnitude of the 
surface and bottom currents is clearly demonstrated in this figure.  The particles released at the 
surface traveled further than the particles released near the lakebed.   

The impact of the water withdrawn by the intake on the local currents was also investigated.  The 
model indicated that the intake only significantly influences the currents within a 2 m to 5 m radius 
of the intake.  This is very small and insignificant, considering that the IPZ-1 extends 1 km from the 
intake in all directions, and the IPZ-2 extends several km from the intake.  The IPZs are discussed in 
Section 5. 
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4.6 Model Runs in Support of IPZ-3 Delineation 

Model runs were undertaken using MIKE3, for the delineation of the IPZ-3s for the intakes in Lake 
Simcoe.  The methodologies used were developed with input from MOE and LSRCA as outlined in 
the memos included in Appendix G, meetings and teleconferences.   

The intakes in Lake Simcoe are classified as Type D.  Intakes in Lake Simcoe have also been 
identified as a special case and as such, an event-based approach is used to delineate the IPZ-3s 
[Rules 68 and 69; MOE 2009a].  Based on Rule 68, the IPZ-3 is the area within the surface water 
body through which modeling demonstrates that contaminants released during an extreme event 
may be transported to the intake.  This section describes numerical modeling undertaken in 
support of the IPZ-3 delineations for the intakes in Lake Simcoe.  Modeling was not required to 
delineate the IPZ-3s for the intakes in Lake Couchiching.  Further detail on the methodologies used 
to delineate the IPZ-3s on Lake Simcoe and Lake Couchiching is provided in Section 5.3.  

The MIKE3 model was used to delineate the area within the surface water body through which 
contaminants released during an extreme event could be transported to the intake.  An extreme 
event is defined in MOE (2009a) as: 

(a) a period of heavy precipitation or winds up to a 100-year storm event; 

(b) a freshet; or 

(c) a surface water body exceeding its high water mark. 

A statistical analysis was undertaken to define the events used to delineate the IPZ-3s for the Lake 
Simcoe intakes.  Discharge was plotted for freshet and non-freshet seasons, for selected tributaries, 
along with wind speed profiles.  A joint probability analysis was completed for combined wind and 
non-freshet flows.  The results are summarized in memos to MOE and LSRCA dated 29 January 
2009, 24 February 2009 and 22 April 2009.  The memos are included in Appendix G.   

Three events were initially selected for modeling: a 100-year return period wind event with average 
flows in tributaries; a 10-year return period wind event with 2-year return period non-freshet flows; 
and a 2-year return period freshet with average winds.  Preliminary test runs with the MIKE3 
model showed that the effects of the tributary flows on currents within the lake were very localized 
(limited to close proximity to the mouth of the tributary).  Desktop calculations showed that for the 
tributaries in the Lake Simcoe watershed, a contaminant could be transported from the headwaters 
to Lake Simcoe during a freshet or extreme non-freshet flow event.  Evaluating the spatial 
distribution of potential transport within the lake therefore became the focus of the modeling 
investigations. 

Reverse particle tracking using neutrally buoyant particles, was used to evaluate the distances that 
currents could transport a contaminant in Lake Simcoe, during an extreme wind event (up to a 100-
year return period).  Selection of the extreme events is described in our memo dated February 24, 
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2009 (see Appendix G).  The Lagoon City wind data (see Section 2.2) was re-analyzed for the non-
freshet season.  The wind speed analysis considered only winds occurring in the non-freshet season 
so that associated flows would be due to periods of heavy precipitation rather than freshet 
snowmelt.  The extreme events for the non-freshet season are listed in Table 4.5. 

   Table 4.5   
Non-Freshet Extreme Wind Events 

 

Peak Direction 
Peak Speed (m/s) Directional Variation 

Over 5-day Period 10-year 100-year 

N 16.3 18.1 
200° to 220° 

(three alternates tested) 
NE 9.8 10.9 290° 
E 9.5 11.1 >360° 

SE 11.2 13.3 >360° 
S 13.7 15.4 270° 

SW 15.4 18.1 >360° 
W 20.2 24.2 >360° 

NW 18.5 21.1 280° 
 
Event duration is an important factor in modeling extreme events for the IPZ-3s.  The durations of 
the freshets were in the order of days or weeks, varying with the size of the watershed and 
tributary.  The durations of non-freshet flow events were similar, while the durations of the wind 
events were up to 3 to 5 days, depending on the storm profile and the definition of the start and end 
of the storm, which is not always clearly defined.  A 3-day duration was initially used in the model 
runs.  This was later revised to a 5-day duration including average winds on either side of a 3-day 
storm to better reflect the measured data as shown in Figure 4.24a.  A standardized storm profile 
was selected (see Figure 4.24b).  Simulations were completed for events from eight direction sectors 
(N, NE, E, SE, S, SW, W, and NW), using the 10 and 100-year return period peak wind speeds listed 
in Table 4.5, applied to the storm profile shown in Figure 4.24b.     

In addition to modeling the building and decay of wind speeds in extreme events, realistic 
variations in wind direction were also simulated over the 5-day period.  The wind does not blow 
continuously from one direction, during a storm event.  The direction time-series for the modeled 
events was extracted from measured data from the Lagoon City anemometer, and (typically) the 
direction time series selected was associated with the top ranked storm for each direction sector in 
the 14-year dataset.  Directional changes over the 5-day simulation period ranged from a minimum 
variation of 200° and up, to more than 360°.  These real direction shifts are considerable, ranging 
from at least a reversal in the initial wind direction, to a complete revolution of the wind through 
all compass directions.  The time series evolution of wind speeds and directions for 10 run scenarios 
are plotted in Figure 4.25.  These scenarios include 8 base case scenarios (one for each direction 
sector), plus 2 sensitivity runs using alternate time series possibilities for the north direction.  The 
reverse particle tracking for Georgina intake, for the three north storms is shown in Figure 4.26.  
The sensitivity to storm direction sequencing is very clear, and demonstrates that very different 
IPZ-3 delineations may result, depending on the storms selected for the modeling.  
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Figures 4.27 and 4.28 show the results of the reverse particle tracking for Georgina and South 
Ramara intakes respectively (5-day, 100-year return period events).  The eight directional storms 
were modeled, with three storms included from the north, again for sensitivity.  The particles are 
colour coded for the different storm directions run.     

Figures 4.27 and 4.28 show that particles cover most of Lake Simcoe for the events modeled.  
Localized tributary interactions would likely have a minor effect, if any, on the predicted extent of 
particles in the lake (given the spatial extent of wind-induced currents, the length of the 
simulations, and the significant shifts in wind direction).  Alternate direction time series or slightly 
longer event durations would result in different particle distributions over the lake.   

The results and conclusions from the two modelled intakes can be applied to the other intakes in 
the lake.  The modeling demonstrates that a contaminant could reach an intake from anywhere in 
Lake Simcoe, during extreme events.  Depending on the storm duration and directional time series 
used in the analysis, the particle distribution varies significantly.  For Lake Simcoe, this presents 
some issues.  Whereas, on many of the Great Lakes, the distance that a contaminant may travel 
alongshore to reach the intake is largely defined by the shoreline orientation and the predominant 
wind directions, this is not the case on Lake Simcoe.  The size and irregular shape of the lake, with 
two large bays (Cook’s Bay and Kempenfelt Bay) means that movement of the contaminant across 
the lake, behind islands, and in and out of bays is highly dependent on the directionality of the 
wind.  To complicate matters further, there are eight intakes in Lake Simcoe, and there is substantial 
overlapping of the IPZ-3s.  Based on discussions with LSRCA and MOE, it was agreed that the 
modeling supports the original direction in MOE (2006a), to extend the IPZ-3 to the watershed 
limits.  Therefore, the IPZ-3 for each intake in Lake Simcoe will include the Lake Simcoe and Lake 
Couchiching watersheds (the Lake Couchiching watershed has been included in the IPZ-3s for the 
Lake Simcoe intakes due to the occurrence of reverse flows through Atherley Narrows, as 
confirmed by the ADCP data).    

It is recommended that additional site specific contaminant modeling be undertaken in the next 
phase, considering specific threats, to determine whether or not a contaminant could reach the 
intake is sufficient concentration, to compromise the drinking water at the intake [Rule 130; MOE, 
2009a].    
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5.0 IPZ DELINEATION 

The intakes in Lake Simcoe and Lake Couchiching are classified as Type D surface water intakes 
[Rule 55; MOE, 2009a].  For the purposes of delineating the IPZ-3, the Lake Simcoe intakes are also 
identified as a special case [Rule 68; MOE, 2009a] and those rules applicable to Type A and B 
intakes also apply in this regard.  This is discussed in further detail in Section 5.3.   

As discussed in Module 4 of the Draft Guidance Modules (MOE, 2006a), inland lakes can be 
vulnerable to human activities around the intake and within the contributing watershed(s).  The 
size of the lake including the aerial extent, depth and retention time, plays a crucial role in assessing 
the vulnerability of the water intakes.  In general, compared with the Great Lakes, intakes in inland 
lakes are located closer to shore and in shallower depths.  This is true for the intakes in Lake Simcoe 
and Lake Couchiching.  The influence of shoreline activities and weather may have a more 
significant impact on the water quality at these intakes.  

For Type D intakes, three zones are to be delineated: the IPZ-1 is based on a fixed radius around the 
intake crib; the IPZ-2 acts as a secondary protection zone around the IPZ-1; and the IPZ-3 is 
considered an additional protection zone.  It is not incorporated into the other two zones but lies 
upstream of the intake.   

The geospatial datasets (IPZ-1, IPZ-2 and IPZ-3) were developed according to the rules identified in 
MOE (2009d).  These datasets were depicted in figures and graphics using the symbology defined 
in MNR (2009).  Delineation of the IPZs is discussed below and shown in Figures 5.1, 5.2, and 5.6 to 
5.9.   

5.1 Delineation of IPZ-1 

The IPZ-1 is the area immediately around the intake crib, defined for the Type D intakes by a 1 km 
radius centered on the crib of the intake [Rule 61-1; MOE, 2009a].  Due to its close proximity to the 
intake, this area is considered the most vulnerable to any contaminant of concern that may be 
released in this zone.  Any contaminants released in this zone will have limited dilution prior to 
reaching the intake and will have the highest potential to impact water quality.   

Where the IPZ-1 abuts land, it includes a setback on land that is the greater of the area of land that 
drains into the surface water body measured from the high water mark (HWM) and not exceeding 
120 m; or if a Conservation Authority Regulation Limit is in effect, the area of land that is within the 
Conservation Authority Regulation Limit [Rules 62 (1) and 62 (2); MOE, 2009a].   

The Regulation Limit for Lake Simcoe provided by LSRCA and used in the IPZ delineations was 
approved by the LSRCA Board of Directors on April 24, 2009.  Although MOE (2009a) does not 
provide guidance on the specific definition of HWM (which is open to interpretation),  the more 
recent MOE Liaison Officer Program Update (MOE, 2009b) defines the HWM for water bodies 
where a long term water level record exists, as the 80th percentile for the month within which the 
highest water level occurs, or where a long term record of water levels does not exist, the level at 
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which flood plain are flooded and leave a mark where natural vegetation changes from 
predominantly aquatic vegetation to terrestrial vegetation.  The HWM is defined by LSRCA in 
terms of fish habitat, as the average annual high water which is 219.15 masl. 

MOE (2009b) was issued after the IPZs for this project had been delineated.  The shoreline used to 
define the HWM was developed by digitizing the lake boundary from the 2002 colour 20 cm ortho-
rectified aerial photography.  This differs from the HWM defined in MOE (2009b).  The shoreline 
used to define the HWM for IPZ delineation and the HWM defined by LSRCA (219.15 masl) are 
compared in Appendix K.  At Georgina and Keswick, the shoreline used to delineate the IPZs is 
very similar to the HWM shoreline defined by LSRCA. The on land setback may be reevaluated in 
the future. 

The IPZ-1s for Keswick and Georgina WTP intakes are shown in Figures 5.1 and 5.2, respectively.     

5.2 Delineation of IPZ-2 

The IPZ-2 acts as a secondary protective zone around the IPZ-1.  In the event of a spill or acute 
situation, the treatment facility will have minimal time to respond.  Contaminants released in this 
zone have a high chance of reaching the intake quickly and will have limited time to be diluted 
prior to reaching the intake (MOE, 2006a).   

The IPZ-2 is defined based on the area that may contribute water to the intake where the time of 
travel to the intake is equal to or less than the time that is sufficient to allow the operator of the 
system to respond to an adverse condition in the quality of the surface water [Rule 65; MOE, 2009a].   
Where the time that is sufficient to allow the operator to respond to an adverse condition in the 
quality of the surface water is less than two hours, the time of travel to the intake shall be deemed 
to be two hours [Rule 66; MOE, 2009a].  The two hour minimum response time was used for the 
York Region intakes, based on the operator interview and response time described in Sections 3.1.3 
and 3.2.3 (the operator indicated that the WTP can be shut-down within 5 minutes upon receiving 
notification and estimated the notification (by MOE) to be in the order of hours in the event of a 
spill).     

The IPZ-2 is comprised of four areas: the area within each surface water body (in this case, the lake 
which the intake is located in and an extension up tributaries flowing into the IPZ-2); the area 
within the storm sewershed of each storm sewer that discharges into the surface water body; a 
setback inland along the abutted land; and an extension to include areas that contribute water to the 
IPZ-2 through transport pathways [Rules 65, 66 and 72-74; MOE, 2009a].   

Delineation of each of the areas that comprise the IPZ-2 is described in this section.  Calculation of 
the travel time within a transport pathway is a necessary step in determining the area within the 
storm sewershed that forms part of the IPZ-2.  The storm sewershed component of the IPZ-2 has 
therefore been considered in the transport pathways analysis.   
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5.2.1 In-lake  

The in-lake IPZ-2 is defined as the area within a surface water body that may contribute water to 
the intake where the time of travel to the intake is equal to or less than the time that is sufficient to 
allow the operator of the system to respond to an adverse condition in the quality of the surface 
water [Rule 65; MOE, 2009a].   

There is no specific guidance in MOE (2006) or MOE (2009a) regarding the current velocities to be 
used to define the in-lake IPZ-2.  For Great Lakes intakes, MOE (2006) recommends using the 
average longshore current velocity during a period of high wind and currents.  This is not a specific 
event with a defined return period.  The approach used in this study was to define the in-water 
IPZ-2 based on the currents predicted by the MIKE3 hydrodynamic model as described in Section 
4.5.  The currents were developed for 10-year return period wind events, for eight wind directions, 
run at 45 intervals.  Reverse particle tracking was used to track the paths that the currents would 
have transported neutrally buoyant particles to the intake over a 2 hour period, based on the 
response time defined by the WTP operators and the minimum response time defined by MOE 
[Rule 66; MOE, 2009a].  The 2 hour travel time contours for the Keswick and Georgina WTP intakes 
are shown in Figures 5.3 and 5.4, respectively.  Additional contours up to 5 hours are also shown, 
providing additional information for possible future use.   

Currents inshore of the breaker or surf zone are complex and are not well defined by existing 
numerical models.  However, it is recognized that there is potential for currents in the surf zone to 
transport a contaminant in an offshore direction from the shoreline.  The significance of this 
increases for intakes located in high wave energy environments and for intakes located within the 
surf zone.   

A preliminary assessment of the location of the surf zone was undertaken for this study.  Wave 
heights generated by the 10-year return period winds (listed in Table 2.2) were hindcast using the 
method of Hurdle and Stive (1989).  This is a simple approach that does not consider the sheltering 
effects of islands, or wave reflection. The predicted maximum wave height at each intake location is 
listed in Table 5.1 below.  The offshore limit of the surf zone (initial wave breaking point), was 
assumed to be at a depth equal to twice the predicted incident wave height.  This depth is also 
listed in Table 5.1.   

Comparison of the intake depth with the depth at the estimated lakeward limit of the surf zone in 
Table 5.1 suggests that most of the intakes are likely located lakeward of the surf zone.  The intakes 
at Lagoon City, South Ramara and Beaverton are located inside the surf zone, where wave-induced 
currents and the associated mass transport and mixing are more likely to affect the IPZ-2 
delineation.  The intakes at Sandcastle Estates and Washago are located slightly lakeward of the 
surf zone and wave induced currents may also be an issue at these sites.  It is recommended that 
consideration be given to evaluating wave induced currents at these five sites in a future phase.   

When delineating the travel time contours, where the contour intersected the surf zone, the contour 
was extended in a shore perpendicular direction, through the surf zone, to the shoreline.  The 
particle tracking results and connection to shore for a typical site are shown in Figure 5.5.  The 
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assumption is that mixing processes inside the surf zone could transport a contaminant to the 
offshore limit of the surf zone.  This methodology was used to define the shore connection for the 
IPZ-2s and travel time contours.  The in-lake portions of the IPZ-2s for the Keswick and Georgina 
WTP intakes are shown in Figures 5.1 and 5.2. 

Table 5.1 
Estimated Depth at Offshore Limit of Surf Zone for Intakes  

 

Intake  Water Body Intake Depth 
(m) 

Maximum 
Predicted 

Wave Height 
(m) 

Depth at 
Offshore 

Limit of Surf 
Zone (m) 

Lagoon City Lake Simcoe 4.5 2.8 5.6 
South Ramara Lake Simcoe 2 3.0 6 

Beaverton Lake Simcoe 5.0 2.7 5.4 
Georgina Lake Simcoe 19.4 2.0 4 
Keswick Lake Simcoe 10.6 1.0 2 
Innisfil Lake Simcoe 12.4 2.0 4 
Barrie Lake Simcoe 27 1.4 2.8 

West Shore Lake Couchiching 8.0 0.9 1.8 
Washago Lake Couchiching 2.1 0.9 1.8 

Sandcastle Estates Lake Couchiching 2.2 0.9 1.8 
Mnjikaning Lake Couchiching 4.3 1.0 2 

Orillia Lake Couchiching 5.4 1.3 2.6 
 

5.2.2 Up-Tributary  

Where tributaries flow into the lake within the IPZ-2, the IPZ-2 is extended up the tributary [Rule 
65; MOE, 2009a].  The upstream limit of the IPZ-2 was calculated by multiplying the tributary 
velocity by the travel time remaining, after subtracting the in-lake travel time (the travel time from 
the intake to the tributary mouth) from two hours (the minimum response time specified by MOE).  
The in-lake travel time was determined from the travel time contours developed from the modelled 
particle tracking results. MOE (2009a) does not provide guidance on the flow velocity to be used to 
determine the upstream limit of the IPZ-2; however MOE (2006a) recommends that stream velocity 
at bank full stage be used.  It was assumed that bank full flow is equivalent to the 2-year return 
period event as discussed in Section 2.5.  Tributary velocities provided by the LSRCA were used 
where available.  Alternatively, the tributary velocity was estimated using the bank full discharge 
divided by the approximate area of the cross-section at the mouth of the tributary.  The flow 
velocities used to calculate the upstream limits of the IPZ-2s for each of the intakes are provided in 
Appendix H. 

The four tributaries within the Keswick WTP IPZ-2 have assumed or derived velocities that range 
from 0.09 m/s to 0.46  m/s (refer to Appendix H for details).  There are no tributaries located 
within the Georgina WTP IPZ-2.     The upstream limits of the IPZ-2s are shown in Figure 5.1 and 
5.2 for the Keswick and Georgina WTP intakes, respectively.     



 B a i r d  &  A s s o c i a t e s  

L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y  P a g e  39 
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

5.2.3 On land Setback 

Where the IPZ-1 abuts land, it includes a setback on land that is the greater of the area of land that 
drains into the surface water body measured from the HWM and not exceeding 120 m; or if a 
Conservation Authority Regulation Limit is in effect, the area of land that is within the 
Conservation Authority Regulation Limit [Rules 62 (1) and 62 (2); MOE, 2009a].  The Regulation 
Limit and HWM used in the analysis are the same as those used for delineation of the IPZ-1 as 
described in Section 5.1. 

Figures 5.1 and 5.2 shows the inland limit of the IPZ-2 for the York Region intakes: Keswick WTP 
and Georgina WTP, respectively.  

5.2.4 Transport Pathways 

Where an area that is an IPZ-2 includes a setback from a surface water body delineated in 
accordance with [Rule 65(1); MOE, 2009a], the area may be extended to include an area that 
contributes water to the IPZ-2 through a transport pathway [Rule 72; MOE, 2009a].  Rule 73 (MOE, 
2009a) states that the following factors are used to determine the extent to which the IPZ-2 shall be 
extended: 

(1) The hydrological and hydrogeological conditions of the area where the transport pathway is 
located.  

(2) Where a transport pathway is anthropogenic in origin, the type and design of the pathway.  

(3) In respect of an IPZ-2, the time of travel for water to enter into and pass through the 
transport pathway. 

[Rule 74; MOE, 2009a] states that a transport pathway that is part of an IPZ-2 shall not include an 
area of land or water that lies within an IPZ-1. 

The IPZ-2s were modified to include potential transport pathways based on Rules 72 to 74.  The 
general approach that was applied to all of the intakes on Lake Simcoe and Lake Couchiching is 
described briefly below.  

1. Data Acquisition and Data QA/QC.  Datasets were acquired (storm sewersheds, sewershed 
outfall locations, diameters, flows and velocities, etc.) from LSRCA and were checked by a 
GIS Analyst and Geoscientist for completeness and quality.  

2. Determination of Travel Time within Sewershed.  The travel times from each sewershed 
outlet to the intake were calculated.  The residence time within the sewershed was 
calculated by subtracting the travel time to the sewershed outlet from the 2 hour maximum 
time.  Only sewersheds draining into the IPZ-2 were considered.   
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3. Determination of Within-Sewershed Travel Velocity.  The velocity within each sewershed 
was estimated using Manning's equation for flow in ditches or pipes. Missing information 
was estimated based on analysis of the existing data.  

4. Determination of Within-Sewershed Travel Distance and Updating IPZ-2. The residence 
time and the velocity were then used to estimate a maximum within sewershed travel 
distance.  In all sewersheds, the travel distance was greater than the assumed longest flow 
path in the sewershed, so the entire sewershed was included in the revised IPZ-2. 

5. Geoprocessing Models for Slope Determination and Travel Distance Verification.  A 
geoprocessing model was used to calculate the travel extent within each sewershed 
considering the slope of different surfaces in the sewershed.  The geoprocessing model 
verified that the entire sewershed should be included in the IPZ-2 as concluded from Step 4.   

A complete description of the methodology, analysis and transport pathway delineation is 
provided in Appendix I.  The final IPZ-2s for the Keswick WTP and Georgina WTP intakes, 
including the transport pathways, are shown in Figures 5.6 and 5.7, respectively.  The IPZ-1s are 
also shown for completeness.   

5.3 Delineation of IPZ-3 

In the long term, chronic exposure to contaminants can impact water quality at the intake.  This 
zone is intended to be a protective zone where early warning system activities such as monitoring 
can be undertaken.  This area will be the functional unit for analyzing surface water issues such as 
contaminant loading beyond the IPZ-1 and IPZ-2 (MOE, 2006a).   

Intakes in Lake Simcoe are Type D, however they are recognized by MOE as a special case and are 
therefore treated as Type A and B intakes.  [Rule 68; MOE, 2009a] states that an IPZ-3 shall be 
delineated for each surface water intake and shall be composed of the following: 

(1) Subject to rule 69, the area within each surface water body through which modeling 
demonstrates, contaminants released during an extreme event may be transported to the 
intake; 

(2) where the area delineated in subrule (1) abuts land 

 (a)  a setback of not more than 120 m inland along the abutted land measured 
        from high water mark of the surface water body that encompasses the 
        area where overland flow drains into the surface water body; and 

 (b)  the area of the Regulation Limit along the abutted land. 

[Rule 69; MOE, 2009a] states that the delineated area shall not exceed the area within each surface 
water body that may contribute water to the intake during or as a result of an extreme event.  
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In addition, for vulnerability scoring for Type D intakes, one or more area vulnerability factors not 
less than 1 and not greater than 9 shall be assigned to each area within an IPZ-3, based on the 
vulnerability of the area within the IPZ-3 [Rule 90; MOE, 2009a].  This infers that the IPZ-3 can be 
divided into sub-areas, reflecting different levels of vulnerability. 

For intakes in Lake Simcoe, [Rule 130; MOE, 2009a] also applies to the IPZ-3 delineations.  An 
activity listed as a drinking water threat in accordance with Rule 118 or 119 is a significant drinking 
water threat in an IPZ-3 delineated in accordance with Rule 68 at the location where the activity is 
carried on if modeling demonstrates that a release of a chemical parameter of pathogen from the 
activity would be transported through the surface water intake protection zone to the intake and 
result in the deterioration of the water for use as a source of drinking water for the intake.  This rule 
requires that site-specific contaminant modeling be undertaken.  This has not been done in this 
study.  Site-specific contaminant modeling is recommended for the next phase.  

For the intakes in Lake Simcoe, the numerical modeling described in Section 4.6 showed that a 
contaminant could be transported to an intake in Lake Simcoe from anywhere in the watershed, 
during an extreme event.  Based on discussions with LSRCA, the IPZ-3 for the intakes in Lake 
Simcoe was extended to the limits of the Lake Simcoe watershed.   

The IPZ-3 sub-areas, used to define areas with varying vulnerability scores, were delineated based 
on the sub-watershed boundaries.  The Lake Simcoe (waterbody including islands) was also 
delineated as one sub-area.  Although Lake Simcoe generally flows into Lake Couchiching through 
Atherley Narrows, the ADCP data showed that reverse flow does occur, with water flowing from 
Lake Couchiching into Lake Simcoe (see Section 2.4.1).  The Lake Couchiching (waterbody 
including islands) and watershed were therefore included as IPZ-3 sub-areas.   

The IPZ-3 was extended up tributaries from the lake, to the watershed limit.  A setback of 120 m 
was applied on Lake Couchiching (as there is no Regulation Limit and the greater of 120 m or the 
Regulation Limit was used to define the setback within the Lake Simcoe watershed.  [Rule 72; MOE, 
2009a] states that transport pathways may be considered in delineating the IPZ-3.  This is an option 
and considering the size of the IPZ-3, transport pathways were not delineated.   The IPZ-3s for the 
Keswick and Georgina WTP intakes are shown in Figures 5.8 and 5.9, respectively.       
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6.0 VULNERABILITY SCORES  

A vulnerability score must be assigned to each IPZ-1, IPZ-2 and the area of an IPZ-3 associated with 
type D intakes [Rule 86; MOE, 2009a].  The vulnerability score ranks the relative vulnerability of the 
intake to contaminants.  Different types of surface waters (e.g. Great Lakes, Great Lakes connecting 
channels, inland rivers/streams and inland lakes) have different degrees of vulnerability resulting 
from the inherent hydrological and environmental characteristics of the watershed in which they 
are located.  The water source will affect water quality at the intake.  A formula was developed by 
MOE to assess the overall vulnerability for surface water intakes.  The vulnerability score (V) is 
defined in [Rule 86; MOE, 2009a] as: 

V = B x C 

where  V = vulnerability score; 

 B = area vulnerability factor; and  

 C = source vulnerability factor. 

MOE (2009a) has defined acceptable ranges for the vulnerability factors for each IPZ.  These vary 
with the intake type (A, B, C or D).  The ranges for Type D intakes are listed in Table 6.1.   

Table 6.1 
Vulnerability Score Ranges for Type D Surface Water Intakes (MOE, 2009a) 

 
Intake  
Type 

Area Vulnerability 
Factor (B) 

Source 
Vulnerability 

Factor (C) 

Range of  
Vulnerability Score 

(V) 
IPZ-1 IPZ-2 IPZ-3 

 
IPZ-1 IPZ-2 IPZ-3 

 
Type D  

 
10 7 to 9 1 to 9 0.8 to 1 8 to 10 5.6 to 9 0.8 to 9 

 

Vulnerability scores were assigned to each of the IPZs as described below.     

6.1 Area Vulnerability Factor 

Each of the intake protection zones is assigned an area vulnerability factor (B) with the IPZs closest 
to the intake having the highest factor.  The acceptable values for the area vulnerability factors (B), 
for Type D intakes, as specified by MOE are listed in Table 6.1.  [Rule 93; MOE, 2009a] states that 
the area vulnerability factor shall be expressed as a whole number. 

For IPZ-1s, the area vulnerability factor is assigned a value of 10 due to its close proximity to the 
intake [Rule 88; MOE, 2009a].   



 B a i r d  &  A s s o c i a t e s  

L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y  P a g e  43 
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

For IPZ-2s, the area vulnerability factor is not less than 7 and not more than 9 based on the 
vulnerability of the area, where a higher factor corresponds to a higher vulnerability [Rule 89; 
MOE, 2009a].  The following factors are considered in selecting the area vulnerability factors for an 
IPZ-2 and the areas within the IPZ-3 [Rule 92; MOE, 2009a]: 

1) the percentage of the area of the IPZ-2 or IPZ-3, as the case may be that is composed 
of land; 

2) the land cover, soil type, permeability of the land and the slope of any setbacks; 

3) the hydrological and hydrogeological conditions in the area that contributes water to 
the area through transport pathways; and 

4) in respect of an IPZ-3, the proximity of the area of the IPZ-3 to the intake. 

For Type D intakes, one or more area vulnerability factors that are not less than 1 and not greater 
than 9 shall be assigned to each area within an IPZ-3 where a higher factor again corresponds to a 
higher vulnerability [Rule 90; MOE, 2009a].  Unlike the IPZ-2 area vulnerability factor, the IPZ-3 
area vulnerability factor does not have to be fixed for the entire area.  An area vulnerability factor 
that is assigned to an IPZ-3 or an area within an IPZ-3 (hereafter referred to as IPZ-3 sub-areas) 
shall not be greater than the area vulnerability factor assigned to the IPZ-2 within the surface water 
IPZ [Rule 91; MOE, 2009a]. 

A common methodology was used to assign the area vulnerability factors for the IPZ-2 and the 
areas within the IPZ-3s for each intake.  For the IPZ-2, a ‘base’ area vulnerability factor of B=8 (the 
median factor for an IPZ-2) was initially assigned, and then altered by a series of modifier scores 
based on factors 1 to 3 listed above.  The modifying scores applied to the base area vulnerability 
factor were determined based on the characteristics of the sub-watershed that the IPZ-2 is located 
in.   

The four potential modifiers related to the subwatershed characteristics are listed below, along with 
the relevant factor from [Rule 93; MOE, 2009a] listed above.  The modifiers were assigned values of 
+/- 1 or 0 depending on how the characteristics of each particular sub-watershed were related to 
the means and standard deviations of the data (see Appendix J for details, the mean and standard 
deviation values are listed at the bottom of Table J2).   

1) For IPZ-2s, the first area vulnerability modifier is composed of parts a) IPZ-2 Land Percentage 
and b) Drainage Density (both modifiers are added, but the total cannot exceed either +/- 1), 
whereas for IPZ-3 sub-areas, the first area vulnerability factor is only based on part b). 

a) IPZ-2 Land Percentage, representing the percentage of the IPZ-2 that is composed of land.  
This addresses the factor identified in [Rule 92-1; MOE, 2009a], which assumes the more 
land an IPZ-2 area is composed of, the greater the vulnerability.  Waterways inland of the 
shoreline, were considered to be part of the land percentage.  The modifier was applied as 
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follows: if IPZ-2 land % was within +/-1 Standard Deviation (S.D.) of mean, modifier = 0; if 
>+1 S.D. of mean, modifier = +1; and if <-1 S.D. of mean, modifier = -1. 

b) Drainage density, representing the total length of streams in the subwatershed divided by 
watershed area.  This addresses factors identified in [Rule 92-1; MOE, 2009a], relating to the 
relative ratio of water to land in the IPZ.  A higher density indicates higher likelihood that a 
contaminant could be transported to the intake through tributaries. The modifier was 
applied as follows: if drainage density was within +/-1 Standard Deviation (S.D.) of mean, 
modifier = 0; if >+1 S.D. of mean, modifier = +1; and if <-1 S.D. of mean, modifier = -1.   

2) Adjusted U.S. Soil Conservation Service (SCS) Curve number, representing runoff generation 
potential based on rainfall, land cover, soil permeability, and slope. This addresses factors 
identified in [Rules 92-2 and 92-3;  MOE, 2009a].  The SCS Curve number was adjusted for each 
subwatershed using a weighted area method of different land uses in the subwatershed. The 
modifier was applied as follows: if SCS Curve No. was within +/-1 Standard Deviation (S.D.) of 
mean, modifier = 0; if >+1 S.D. of mean, modifier = +1; and if <-1 S.D. of mean, modifier = -1. 

3) Dominant land use, representing the potential for transport pathways and overland flow in the 
zone.  Land use was coarsely interpreted from 1999 LandSat data.  This addresses factors 
identified in [Rules 92-2 and 92-3; MOE, 2009a].  The modifier was applied as follows: 
Natural/Forested = -1; Agricultural = 0; and Urban/Developed = +1.  

4) Watershed relief-length ratio, a surrogate for watershed slope and the speed at which 
contaminants may be transmitted along the watercourse.   This addresses factors identified in 
[Rules 92-2 and 92-3; MOE, 2009a].  The modifier was applied as follows: if watershed relief-
length ratio is within +/-1 Standard Deviation (S.D.) of mean, modifier = 0; if >+1 S.D. of mean, 
modifier = +1; and if <-1 S.D. of mean = -1. 

The IPZ-2 base area vulnerability factors, modifiers and final area vulnerability factors for the 
Keswick and Georgina WTP intakes are listed in Table 6.2.  The data used to generate the modifiers 
are provided in Appendix J (including the means and standard deviations).  The recommended 
area vulnerability factor for both Keswick and Georgina is 8. 

Table 6.2   
Derivation of IPZ-2 Area Vulnerability Factor (B) for Keswick and Georgina WTP Intakes 

 

Intake 

Sub-
watershed 
Closest to 

Intake 

Base 
Area 
Vuln. 
Factor 

IPZ-2 
Land % 

Modifier1 

Drainage 
Density 
Mod.1 

SCS 
Curve 

Number 
Mod. 

Land 
Use 

Mod. 

Relief/ 
Length 
Ratio 
Mod. 

IPZ-2 
Final 
Area 
Vuln. 
Factor 

Keswick Georgina 
Creeks 

8 0 -1 1 0 0 8 

Georgina 
Georgina 

Creeks 
8 -1 -1 1 0 0 8 
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1 The IPZ-2 Land Modifier and Drainage Density Modifier both reflect the ratio of water to land.  The sum of 
these two modifiers cannot change the Area Vulnerability Factor by more than +/- 1.   

Once the area vulnerability factor for the IPZ-2 was established, the area vulnerability factors for 
the IPZ-3 sub-areas were determined, using the same methodology, with some minor additions.  As 
stated previously, the area vulnerability factors that are assigned to the IPZ-3 sub-areas cannot be 
greater than the area vulnerability factor assigned to the IPZ-2 [Rule 91; MOE, 2009a]. 

IPZ-3 sub-areas were defined as the sub-watersheds within the Lake Simcoe watershed; and the 
Lake Couchiching subwatershed.  The Lake Simcoe and Lake Couchiching waterbodies were also 
defined as IPZ-3 sub-areas.  An area vulnerability factor (B) was defined for each IPZ-3 sub-area 
using the following methodology: 

1) The IPZ-3 sub-area was assigned a base area vulnerability factor calculated as the 
IPZ-2 area vulnerability factor minus 1 [Rule 91; MOE, 2009a].  In the case of the 
Keswick and Georgina WTPs, the base factors are both 8.  
 

2) The distance from the intake to the sub‐watershed outlet was calculated.  This 

addresses the factor identified in [Rule 92‐4 (MOE, 2009a], relating to the 

proximity of the area of the IPZ‐3 to the intake.  For intakes on Lake 

Couchiching, the distance to the Lake Simcoe sub‐watershed outlets was 

calculated as the distance from Atherley Narrows to the outlet.  If the intake was 

located offshore of the sub‐watershed being evaluated, that IPZ‐3 sub‐area was 

assigned a distance modifying factor of 0 due to its close proximity to the intake.  

For the same reason, the Lake Simcoe and Lake Couchiching waterbody sub‐

areas were also assigned a distance modifying factor of 0.  For all other IPZ‐3 

sub‐areas, the distance modifying factor was calculated as follows: if distance 

was <‐1 Standard Deviation (S.D.) of mean, modifier = ‐1;  within ‐1 to 0 S.D. of 

mean, modifier = ‐2; within 0 to +1 S.D. of mean, modifier = ‐3; and if  >+1 S.D. of 

mean, modifier = ‐4 (mean and S.D. are listed in Table J2 in Appendix J).  

 

3) The four potential modifiers related to the subwatershed characteristics listed 

above (percentage of area composed of land, land cover, soil type, soil 

permeability, slope, hydrological and hydrogeological conditions, IPZ‐3 sub‐

areas proximity), were applied for each IPZ‐3 sub‐area.  

 

4) The modifying scores were applied to the base area vulnerability factor to 

determine the final area vulnerability factor (B). 

 

5) The acceptable range for the area vulnerability factors for the Keswick and 

Georgina WTP IPZ‐3 sub‐areas are 1 to 7, as stated above (since the area 

vulnerability factor may not be less than 1 or greater than the IPZ‐2 area 

vulnerability factor, [Rules 90 and 91; MOE, 2009a].  If the IPZ‐3 sub‐area, area 
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vulnerability factor (calculated in Step 4) above exceeded 7, it was assigned a 

value of 7.  If it was less than 1, it was assigned a value of 1. 
 

The IPZ-3 sub-area, area vulnerability factors, modifiers and final area vulnerability factors for the 
Keswick and Georgina WTPs are listed in Table 6.3.  The data used to generate the modifiers is 
provided in Appendix J. 

6.2 Source Vulnerability Factors 

A source vulnerability factor (C) is assigned to each surface water intake [Rule 94; MOE, 2009a].  
The acceptable range for the source vulnerability factor varies with the intake type, but is constant 
for all IPZs, for a given intake.  For Type D intakes, the source vulnerability factor is in the range of 
0.8 to 1.0, with a higher value indicating higher vulnerability. A source vulnerability factor may be 
expressed to one decimal place [Rule 96; MOE, 2009a].  The following factors are considered in 
determining the source vulnerability factor [Rule 95; MOE, 2009a]: 

1) the depth of the intake from the top of the water surface; 

2) the distance of the intake from land; and 

3) the history of water quality concerns at the drinking water intake. 

Specific guidance on assigning source vulnerability factors based on the considerations listed above 
is not provided in MOE (2009a).  In the interest of providing a level of consistency, the intake and 
vulnerability categories developed by the Michigan Department of Environmental Quality (MDEQ) 
for the Michigan source water assessment program were used as a guide (see Table 6.4).  The first 
three rows in Table 6.4 were taken directly from MDEQ (2004), while the fourth row lists the 
corresponding MOE source vulnerability factor proposed for use on this project.   
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Table 6.4 
Intake Vulnerability Criteria based on Intake Distance from Shore and Depth (adapted from 

MDEQ, 2004) 
 

Category1 Nearshore-
Shallow 

Water 

Nearshore-
Deep Water 

Offshore-
Shallow 

Water 

Offshore-
Deep Water 

Parameters1 <300 m 
offshore 

<6 m depth 

<300 m 
offshore 

>6 m depth 

>300 m 
offshore 

<6 m depth 

>300 m 
offshore 

>6 m depth 

Vulnerability 1 (MDEQ) High High to 
Moderate 

High to 
Moderate 

Moderate 

Recommended Source 
Vulnerability Factor based 
on Intake Offset and Depth 

1.0 0.9 0.9 0.8 

1Category, parameters and vulnerability based on MDEQ (2004).  
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Table 6.3  Derivation of IPZ-3 Area Vulnerability Factors (B) for Keswick and Georgina WTPs 
 
  

1If sub-area is a waterbody or is the nearest subwatershed, Modifier = 0.  Otherwise if distance: <-1 Standard Deviation (S.D.) of mean,  modifier = -1;  within -1 to 0 S.D. of mean, modifier = -2; within 0 to 
+1 S.D. of mean, modifier = -3; and if  >+1 S.D. of mean, modifier = -4. 
2Drainage density = (Total Length of Streams)/(Subwatershed Area).  If DD was within +/-1 S.D. of mean, modifier = 0; if >+1 S.D. of mean,   modifier = +1; and if <-1 S.D. of mean, modifier = -1.  
3If SCS Curve No. was within +/-1 S.D. of mean, modifier = 0; if >+1 S.D. of mean, modifier = +1; and if <-1 S.D. of mean, modifier = -1. Lake   Couchiching CN is average of all other subwatersheds since 
no data was available.  
4Land use: Natural/Forested = -1: Agricultural = 0: Urban/Developed = +1, coarsely interpreted from 1999 LandSat Imagery 
5Relief-Length Ratio = (Relief)/(Subwatershed Length). 3If Relief-Length. was within +/-1 S.D. of mean, modifier = 0; if >+1 S.D. of mean,   modifier = +1; and if <-1 S.D. of mean, modifier = -1.  
6Final Area Vulnerability Factor plus/minus all modifiers 

IPZ-3 Sub-areas 

 
Base Area Vuln. 

Factor              

Distance Modifier1 

(Keswick / 
Georgina) 

Drainage 
Density 

Modifier2 

SCS 
Curve 

Number 
Modifier3 

Land Use 
Modifier4 

Relief-
Length 

Modifier5 

Final Area Vuln. 
Factor (B)6                   

(Keswick / Georgina) 

Lake Simcoe waterbody (incl. islands)  7 0  ‐  ‐  ‐  ‐  7 / 7 

Lake Couchiching waterbody (incl. islands)  7 0  ‐  ‐  ‐  ‐  7 / 7 

Maskinonge subwatershed  7 ‐1 / ‐2  0  1  0  0  7 / 6 

West Holland subwatershed  7 ‐1 / ‐2  1  0  0  0  7 / 6 

East Holland subwatershed  7 ‐1 / ‐2  1  0  1  0  7 / 7 

Innisfil Creeks subwatershed  7 ‐1 / ‐1  0  0  0  0  6 / 6 

Georgina Creeks subwatershed  7 ‐1 / ‐1  ‐1  1  0  0  6 / 6 

Black River subwatershed  7 ‐2 / ‐1  0  0  ‐1  0  4 / 5 

Oro South Creeks subwatershed  7 ‐2 / ‐2  0  0  0  0  5 / 5 

Hawkestone Creek subwatershed  7 ‐3 / ‐2  0  ‐1  0  1  4 / 5 

Hewitts Creek subwatershed  7 ‐3 / ‐3  0  0  0  0  4 / 4 

Pefferlaw Brook + Uxbridge Brook  subwatershed  7 ‐3 / ‐2  0  0  ‐1  0  3 / 4 

Lovers Creek subwatershed  7 ‐3 / ‐3  0  0  0  0  4 / 4 

Barrie Creeks subwatershed  7 ‐3 / ‐3  0  0  1  1  6 / 6 

Beaver River subwatershed  7 ‐3 / ‐3  0  ‐1  0  0  3 / 3 

Whites Creek subwatershed  7 ‐3 / ‐3  0  0  0  0  4 / 4 

Upper + Lower Talbot River subwatershed  7 ‐3 / ‐3  0  ‐1  0  ‐1  2 / 2 

Oro North Creeks subwatershed  7 ‐4 / ‐4  0  0  1  1  5 / 5 

Lake Couchiching subwatershed  7 ‐4 / ‐4  ‐1  0  0  0  2 / 2  

Ramara Creeks subwatershed  7 ‐4 / ‐4  0  0  0  0  3 / 3 
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A lower value within this range is appropriate for intakes located in deeper water, further from 
shore, and where there are no drinking water issues.  The Keswick WTP intake is located 365m 
from shore, 8.3  below the water surface  and a source vulnerability factor of 0.8 was therefore 
recommended based on Table 6.4.  The Georgina WTP intake is located 1050 m from shore, 13 m 
below the water surface.  A source vulnerability factor of 0.8 was therefore recommended. 

If there is a history of water quality concerns at the intake, the factor could be increased to 0.9 or 1.0.  
The operator listed a number of issues and concerns (see Section 3.1.2 and 3.2.2) that potentially 
impact the operation of the facility and/or the water quality.  Turbidity, inorganics (sodium and 
fluoride), volatile organics (THMs and UVTs) and Synthetic Organics (medicinal compounds) were 
all listed as concerns. Water quality data documenting these concerns was not provided and no 
drinking water issues were identified in the issues evaluation, based on the data reviewed (Jagger 
Hims, 2009).  A source vulnerability factor (C) of 0.8 was therefore assigned, based on the values 
presented in Table 6.4, and following discussions with LSRCA.  Ongoing monitoring of these and 
other potential issues is recommended.  

6.3 Vulnerability Scores 

The vulnerability score (V) is calculated by multiplying the area vulnerability factor (B) by the 
source vulnerability factor (C) as described in Section 6.0.  The vulnerability factors and scores for 
the IPZ-1, IPZ-2 and IPZ-3 sub-areas are summarized below in Table 6.5.   
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Table 6.5   
Summary of Vulnerability Factors and Scores for York Region Intakes - Keswick  WTP and 

Georgina WTP 
 

IPZ Area 
Vulnerability 

Factor (B) 
(Keswick / 
Georgina) 

Source 
Vuln. 

Factor (C) 
(Keswick 

/ 
Georgina) 

Vulnerability 
Score (V)      

(Keswick / 
Georgina) 

Maximum 
Vulnerability 
Score (V) for 
each IPZ-3 
Sub-areas1 

IPZ-1 10 / 10 0.8 8.0 / 8.0  
IPZ-2 8 / 8  0.8 6.4 / 6.4  
IPZ-3 Sub-areas     
Lake Simcoe waterbody (incl. islands)  7 / 7 0.8 5.6 / 5.6 7.2 
Lake Couchiching waterbody (incl. islands) 7 / 7 0.8 5.6 / 5.6 7.2 
Maskinonge subwatershed  7 / 6 0.8 5.6 / 4.8 5.6 
West Holland subwatershed  7 / 6 0.8 5.6 / 4.8 5.6 
East Holland subwatershed  7 / 7 0.8 5.6 / 5.6 6.3 
Innisfil Creeks subwatershed  6 / 6 0.8 4.8 / 4.8 5.4 
Georgina Creeks subwatershed  6 / 6 0.8 4.8 / 4.8 5.4 
Black River subwatershed  4 / 5 0.8 3.2 / 4.0 4.5 
Oro South Creeks subwatershed  5 / 5 0.8 4.0 / 4.0 5.4 

Hawkestone Creek subwatershed  4 / 5  0.8 3.2 / 4.0 5.4 

Hewitts Creek subwatershed  4 / 4 0.8 3.2 / 3.2 5.6 
Pefferlaw Brook + Uxbridge Brook  

subwatershed  3 / 4 

          
0.8 2.4 / 3.2 

               
4.5 

Lovers Creek subwatershed  4 / 4 0.8 3.2 / 3.2 5.6 
Barrie Creeks subwatershed  6 / 6 0.8 4.8 / 4.8 5.6 
Beaver River subwatershed  3 / 3 0.8 2.4 / 2.4 5.0 
Whites Creek subwatershed  4 / 4 0.8 3.2 / 3.2 6.3 

Upper + Lower Talbot River subwatershed  2 / 2 

          
0.8 1.6 / 1.6 

               
4.5 

Oro North Creeks subwatershed  5 / 5 0.8 4.0 / 4.0 7.2 
Lake Couchiching subwatershed  2 / 2  0.8 1.6 / 1.6 5.4 
Ramara Creeks subwatershed  3 / 3 0.8 2.4 / 2.4 6.3 

1The Maximum Vulnerability Score (V) for each IPZ-3 Sub-area is the maximum score obtained when all 
WTPs around Lake Simcoe and Lake Couchiching are considered.   
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7.0 LEVEL OF UNCERTAINTY 

An analysis of the uncertainty, characterized by “high” or “low” is required in respect of: the 
delineation of surface water intake protection zones; and the assessment of vulnerability of surface 
water protection zones [Rule 13 and 14; MOE, 2009a].  The factors to be considered in the analysis 
include: 

1. Distribution, variability, quality and relevance of data; 

2. Ability of the methods and models used to accurately reflect the flow process in the 
hydrological system;  

3. Quality assurance and quality control procedures applied;  

4. Extent and level of calibration and validation achieved for model used or calculations or 
general assessments completed; and 

5. For vulnerability factors, the accuracy to which the area and source vulnerability factors 
effectively assess the relative vulnerability of the hydrological features. 

An uncertainty factor of “high” or “low” is then to be assigned to each vulnerable area delineated 
[Rule 15; MOE, 2009a].  This section provides comment on the level of uncertainty associated with 
the IPZ delineations presented in Section 5 and with the vulnerability scores discussed in Section 6, 
based on the factors listed above. 

7.1 Data Quality and Gaps 

Data used to set up and calibrate the numerical models, to delineate the IPZs and to assign 
vulnerability scores are described in Section 2, 5 and Section 6.  Data gaps and data quality issues 
identified during the study are listed below: 

1. Bathymetry and shoreline delineation data sets were described in Section 2.1.  The CHS field 
sheets used to develop the bathymetry grids for the models are out of date and low 
resolution (1957 at 1:3000 for Lake Simcoe and 1965 at 1:10,000 for Lake Couchiching).  For 
some locations this is not an issue, as the bathymetry has not changed significantly, however 
it may be an issue at river mouths and locations that are more dynamic.     

2. Hourly wind data (1994 to 2007) from the Lagoon City Buoy located on the east side of Lake 
Simcoe was used to define the wind conditions used in the modeling.  This was the best 
data set available, however it should be noted that wind conditions vary around the lakes.       

3. Tributary flow data was limited to the major tributaries.  In most cases, tributary cross-
section data used to calculate the flow velocities in the tributaries was limited to the 
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information supplied in the bathymetry dataset. Due to lack of any additional upstream 
bathymetry, it has been assumed that the upstream river cross-sections are the same as the 
river mouth.  Details of assumptions relating to tributary flow velocities are provided in 
Appendix H. 

4. Current data were collected at four locations described in Section 2.4, and the data were 
used to calibrate the models.  Limited data were collected on Lake Couchiching due to an 
instrument malfunction.  There is a lower level of confidence in the calibration for the Lake 
Couchiching model, due to the limited measured data used in the model calibration. 

5. Raw water quality data at the intake and in the lakes and rivers was reviewed and is 
discussed in Section 2.6.  There is a reasonable amount of water quality data available, 
compared with other locations in the province, however raw water quality data at the intake 
is limited.  Jagger Hims Ltd. (2009) completed an issues evaluation for the Keswick and 
Georgina WTPs and found no historic water quality issues at the intake based on a review 
of available data.  Ongoing data collection is warranted and additional raw water quality 
sampling at the intake would be beneficial.  

6. The LSRCA Toxic Pollutant Screening Program (LSRCA, 2005) provides a summary of 
sediment sampling data in the Lake Simcoe watershed. We are not aware of sediment 
sampling data from Lake Couchiching or the Lake Couchiching watershed.  Provincial and 
local authorities do not typically collect and monitor sediment samples, however it would 
be useful to have data for sites where there is potential for contamination.   

7. This study did not include a field work component other than the ADCP deployments.  
Transport pathways have been identified from mapping.  Limited data were available 
describing the transport pathway characteristics and assumptions were made as described 
in Appendix I. 

8. Where it exists, the Regulated Limit is used to delineate the inland extent of the IPZs.  The 
Regulated Limit for Lake Simcoe was provided by LSRCA.  Lake Couchiching is not a 
regulated area.  

9. Where the IPZ-1 abuts land, it includes a setback on land that is the greater of the area of 
land that drains into the surface water body measured from the HWM and not exceeding 
120 m; or if a Conservation Authority Regulation Limit is in effect, the area of land that is 
within the Conservation Authority Regulation Limit [Rules 62 (1) and 62 (2); MOE, 2009a].  
The shoreline used to define the HWM was developed by digitizing the lake boundary from 
the 2002 colour 20 cm ortho-rectified aerial photography.  This differs from the HWM 
defined in MOE (2009b), though a comparison showed only minor differences at Keswick 
and Georgina (see Appendix K).   
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7.2 Model Capabilities and Application 

A model is a tool that is used to improve our understanding of the physical processes.  It is 
important to understand the model limitations, as well as the limitations of the application, that is 
how the model was set up, the data used as input to the model, the model runs undertaken, and the 
interpretation of the results.  Limitations of the input data were discussed in Section 7.1.  The 
limitations of the model used in this study are described in this section. 

1. The MIKE3 model used for the project is a hydrodynamic model that considers currents 
resulting from wind, water level and temperature gradients.  It does not consider waves and 
wave induced currents.  The impacts of waves would be most significant for intakes located 
shoreward of the wave breaking zone.  Intakes most likely affected include Lagoon City, 
Beaverton and South Ramara.  Sandcastle Estates and Washago are located just lakeward of 
the breaking zone and they may also be affected.    

2. Due to limitations in the MIKE3 FM model identified during this project, and model run 
time limitations as explained in Section 4.2, separate models were developed for Lake 
Simcoe and Lake Couchiching.  The limitation of this approach is that by decoupling the 
two lakes, there is a risk that the flow through Atherley Narrows may not be accurately 
modeled since the Narrows are considered as an open boundary controlled by water levels, 
in each independent model.  Considering the limited impact of the currents in Atherley 
Narrows on the circulation patterns in Lake Simcoe and Lake Couchiching, the potential 
impact of any inconsistencies at the open boundary would be very localized and limited to 
the mouth of the Narrows.  The closest intakes to the Narrows are Orillia (3.6 km) and 
Mnijkaning (5 km) on Lake Couchiching.  Therefore, any errors introduced by adopting this 
approach are not likely to significantly impact the modeling of the circulation patterns in the 
lakes or the IPZ delineations.   

3. The matrix of model runs undertaken in support of the in-lake IPZ-2 delineations, included 
10-year return period winds at 45 direction intervals.  Directions between these intervals 
were not considered.  The 10-year return period wind was determined from hourly wind 
data measured at Lagoon City.  The model was run to steady state for each direction, in this 
case 24 hours.  Particles were tracked for 2 hours, to delineate the in-water IPZ-2s.  These 
runs are not based on actual measured time series data, however using a defined return 
period, provides a level of consistency with the approach used on other source water 
projects throughout the province.  However, actual events include shifts in wind speed and 
direction, which are not captured when the model is run to steady state with one wind 
condition. 

4. The river networks and flow patterns at the north end of Lake Couchiching are complex.  
The model predicted reverse flow in the Severn River when wind conditions, lake levels and 
surge resulted in lower lake levels at the north end of Lake Couchiching.  A fine grid would 
be required to accurately delineate the complex river network and hydrodynamic processes.  
There is limited gauge data and tributary cross-sections in this area.  A higher level of 
uncertainty therefore exists for the IPZ-2 delineation for those intakes located at the north 
end of Lake Couchiching.  A detailed study of this area may be warranted in future phases. 
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5. Reverse particle tracking was used to delineate the in-water IPZ-2s.  Neutrally buoyant 
particles were introduced at the intake locations.  Although the intakes are generally located 
near the lakebed, particles were released at the surface and near the lakebed.  Both sets of 
particles were considered in delineating the in-lake IPZ-2s.  This is a more conservative 
approach.    

6. The MIKE3 modeling focused on delineation of the in-lake IPZs, and the tributary flows 
used in the model were approximated using data provided by LSRCA or empirical methods 
as described in Baird (2006).  Flow velocities were estimated using either measured cross-
section data from the mouth of the tributary or approximated cross-sections developed from 
the bathymetry field sheets for the lake.  In most cases and in particular for the smaller 
tributaries, the data provides an approximation of the river cross-section only.  The 
modeling indicated that the effect of tributary flow was localized, and did not significantly 
impact the in-lake IPZs (a summary of the assumed tributary flows is provided in Appendix 
H).   

7. It is important to recognize the objective and context of the modeling: to delineate the in-
lake IPZ-2s and to provide a basis for the methodology used to delineate the IPZ-3s for 12 
intakes in two lakes, as part of the initial planning cycle.  This provides a basis for more 
detailed work on individual intakes, based on identification of specific threats and issues in 
future phases of the source water studies.  

8. Site-specific contaminant modeling has not been undertaken for IPZ-3 delineation in this 
study.  The modeling does not take into consideration the concentration, volume or 
duration of the spill.  Nor does it consider specific gravity or decay time, which vary with 
the contaminant.  It would be appropriate to consider these factors during future phases.   

9. This application of the model does not consider temperature induced density currents or 
lake stratification.   

7.3 Quality Assurance/Quality Control 

Baird has an established Project Quality Control Program (QCP), which was followed on the project. 
The QCP includes: 

 Preparation of the Project Control Plan (PCP); 

 Identification of the Project Manager (PM), Project Team (PT), Quality Control 
Reviewers (QCRs) and Quality Assurance Manager (QAM); 

 Schedule and Budget; 

 Description of tasks, project phases and/or deliverables to be reviewed; 
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 Identification of checklists to be utilized during reviews; 

 Discussion of Quality Assurance procedures to be used during the project life cycle. 

7.4 Extent and Level of Model Calibration/Validation 

The MIKE3 model was calibrated with measured current data as described in Section 4.3.  ADCP 
data from two locations in Lake Simcoe, collected from June to November 2006 were used to 
calibrate the model currents.  ADCP data from one location, collected from 30 August to 2 
September 2006 were used to calibrate the Lake Couchiching model.  It is important to note that the 
ADCP data sets and in particular the data used to calibrate the Lake Couchiching model, are of 
limited duration and spatial coverage.  They did not include the extreme events that were modeled 
for the matrix runs.     

The level of calibration was based on the available data.  Measured and modeled currents were 
compared near the surface and at depth in both lakes.  In general, the models captured the trends in 
the surface currents.  The Lake Simcoe model tended to underpredict the currents at depth, at the 
Kempenfelt Bay location.  For Lake Couchiching, there was limited data available for the 
calibration, due to an instrument malfunction.  Based on the calibration undertaken, the model 
seemed to capture the general trends in current speed and direction.   

The model calibration exercise provides a measure of the level of uncertainty associated with the 
modeling.  As with all projects, the level of calibration was limited by the time and budget 
available. 

7.5 Area and Source Vulnerability Factors  

The factors considered in assigning the area vulnerability factors include: the percentage of the area 
of the IPZ-2 or IPZ-3, as the case may be that is composed of land; the land cover, soil type, 
permeability of the land and the slope of any setbacks; the hydrological and hydrogeological 
conditions in the area that contributes water to the area through transport pathways; and in respect 
of an IPZ-3, the proximity of the area of the IPZ-3 to the intake.  The data used to evaluate the area 
vulnerability factors are discussed in Section 6.1.  The only subwatershed characteristic that is 
relatively uncertain is the SCS Curve No., which was provided by LSRCA.  The uncertainty arises 
from the fact that the SCS Curve No. is based on many parameters including rainfall, land cover, 
soil permeability and slope.  There is less uncertainty with the other sub-watershed characteristics 
(area, length, sum of stream lengths, land use and relief) as they were measured directly from GIS 
layers.   

While there is a relatively low level of uncertainty associated with the datasets used to evaluate the 
area vulnerability factor, there is a high degree of uncertainty in the methodology used to develop 
the area vulnerability factor.  The methodology developed by Baird is based on assigning a relative 
rating for each criterion in the rules.  Other consultants have derived similar methodologies 
independently of Baird, but their exact choice of criteria, and the divisions between these may vary.  
This in part stems from the fact that the Rules (MOE, 2009a) do not provide specific guidance 
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regarding the data and methodologies to be applied in evaluating the sub-factors used to derive the 
area vulnerability factor.   

The ratings used to evaluate the area vulnerability factor are relative.  This is advantageous because 
the criteria are easily quantifiable, easy to understand, and can be applied within the scope and 
budget of source water protection studies.  To provide an absolute measure of the area 
vulnerability factor, a numerically distributed or quasi-distributed hydrologic model would have to 
be developed, possibly with the inclusion of contaminant transport functions, for each 
subwatershed within the IPZs.  This would provide a measure of the likelihood (probability) of a 
particular contaminant reaching the intake during a storm of a given return period, in a 
concentration that was sufficient to present a risk to health.  However, such an approach is well 
beyond the scope of this study. 

The parameters considered in assigning the source vulnerability factors were the distance of the 
intake from shore and the depth of water that it is located in, and the history of water quality 
concerns.  Jagger Hims Ltd. (2009) did not report any water quality issues in their issues evaluation 
report, however limited data were available for the analysis.   

7.6 Uncertainty for IPZ Delineation and Vulnerability Assessment 

MOE requires that an uncertainty rating of “high” or “low” be assigned to the delineation of the 
IPZs and the vulnerability assessment [Rule 13 and 14; MOE, 2009a].  Based on the factors 
discussed in Sections 7.1 to 7.5, the recommended ratings for the York Region WTP intakes are 
provided in Table 7.1.   

Table 7.1 
Summary of Uncertainty Ratings for Keswick WTP and Georgina IPZs and Vulnerability Scores 

 
IPZ 

 
Uncertainty for IPZ 

Delineation 
Uncertainty for 
Vulnerability 

Scores 

IPZ-1 
 

Low High 

IPZ-2 
 

High High 

IPZ-3 
 

High High 

 

The IPZ-1 is delineated as a 1 km radius around the intake, extending on land 120 m.  There is a low 
level of uncertainty in the location of the intake.  The shoreline used to define the HWM was 
developed by digitizing the lake boundary from the 2002 colour 20 cm ortho-rectified aerial 
photography.  This differs from the HWM defined in MOE (2009b).  A comparison of the shoreline 
used and the LSRCA defined HWM showed only minor differences between the two shorelines 
(Appendix K). There is a low level of uncertainty in QA/QC as stated in Section 7.3.  No modeling 
was required and the uncertainty rating for IPZ-1 delineation is therefore low.   
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The uncertainty associated with the area vulnerability factor for the IPZ-1 is low, as a value of 10 is 
defined by MOE for the IPZ-1.  The level of uncertainty assigned to the source vulnerability factor is 
high.  The location of the intake was relatively well defined and no drinking water issues were 
reported in Jagger Hims (2009), based on the data analyzed.  However, limited data were available 
for the issues analysis, and the operator raised some concerns as outlined in Section 3.1.2 and 3.2.2.  
A high uncertainty was therefore assigned to the vulnerability score for the IPZ-1.  
 
The IPZ-2 delineation is based on current velocities in the vicinity of the intake.  Based on the data, 
model, model application, and model calibration limitations presented in this section, a high rating 
of uncertainty is recommended.  Wave induced currents were not directly considered in this 
analysis as discussed in Section 7.2.  The preliminary assessment of the location of the surf zone and 
subsequent connection to shore used in the IPZ-2 delineation (described in section 5.2.1) accounts 
broadly for the complex processes in the surf zone caused by waves.  The high levels of uncertainty 
are not a reflection of the quality of work, but recognition of the limitations presented.  With respect 
to extension of the IPZ-2 up tributaries, the velocities in small tributaries, in many cases were 
assumed, due to lack of data as noted in Appendix H.  Similarly, no fieldwork was undertaken to 
define the characteristics of transport pathways and there are significant data gaps as presented in 
Appendix I. A high level of uncertainty was therefore assigned to the IPZ-2 delineation.   

Vulnerability scores for the IPZ-2 were assigned based on the area and source vulnerability factors.  
The uncertainty rating for the data used to define the source vulnerability factor (offset from shore, 
depth and history of water quality concerns) is high as discussed for the IPZ-1.  The level of 
uncertainty for the area vulnerability for the IPZ-2 is also high due to the degree of uncertainty in 
the methodology used to develop the area vulnerability factor.  This in part stems from the fact that 
the Rules (MOE, 2009a) do not provide specific guidance. 

The IPZ-3 limits have been defined based on [Rules 68 and 69; MOE, 2009a].  Contaminant specific 
modeling to determine if an activity represents a significant drinking water threat [Rule 130; MOE, 
2009a] has not been completed as part of this project.  This modeling is required to determine if 
release of a chemical or pathogen would be transported through the surface water IPZ to the intake 
and result in deterioration of the water for use as a drinking water source.  Concentration, specific 
gravity, decay rate and the size of the spill must all be considered.  Contaminant specific modeling 
should be undertaken in the future to improve the level of certainty in the IPZ-3 delineation.  A 
high level of uncertainty has therefore been assigned to the IPZ-3 delineation.   

A high level of uncertainty has also been assigned to the vulnerability scoring for the IPZ-3 sub-
areas, for the reasons discussed with respect to the IPZ-1 and IPZ-2.  
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8.0 SUMMARY AND RECOMMENDATIONS 

1. A surface water vulnerability analysis has been completed for the two York Region intakes, the 
Keswick WTP and the Georgina WTP, following the methodologies outlined in the Technical 
Rules: Assessment Report, Clean Water Act, 2006 (MOE, 2009a). 

2. This study is part of a larger study which includes surface water vulnerability analyses for 
twelve intakes located in Lake Simcoe and Lake Couchiching.  Some sections of the report are 
common to all of the intakes and as such, reference is made to the other intakes, throughout the 
report.    

3. The primary objective of the vulnerability analysis was to delineate intake protection zones 
(IPZs) around the drinking water intakes and to assign vulnerability scores and an analysis of 
the uncertainty, that reflect the comparative likelihood of a contaminant reaching the intake.   

4. The Keswick and Georgina WTP intakes are located in Lake Simcoe and are classified as Type D 
intakes.  However, the intakes are classified as a special case, and are treated in the same way as 
Type A and B intakes for IPZ-3 delineation [Rules 68 and 69; MOE, 2009a], and for the 
identification of significant drinking water threats based on modeling [Rule 130; MOE, 2009a]. 

5. The Keswick Water Treatment Plant is located on the east shore of Cook’s Bay in southern Lake 
Simcoe.  It is in the Orchard Beach area near the community of Keswick.  The design capacity of 
the Keswick WTP is 16.2 ML/day (Regional Municipality of York, 2001).  As of June 2007, the 
population supplied was 25,700 (MOE, 2007b). The Keswick Treatment Plant uses conventional 
filtration to treat the water from Lake Simcoe.  Two dual media gravity filters containing 
granular activated carbon are used and then the water is disinfected using chlorine.  Chlorine is 
also added at the intake when the water temperature rises above 12 degrees Celsius to deter 
Zebra Mussel growth.  The intake is located 365 m from shore in a total water depth of 10.6 m. 

6. The Georgina Water Treatment Plant is located on the south shore of Lake Simcoe in the Willow 
Beach area between the communities of Keswick and Sutton.  The current capacity is 20 
ML/day (serving the Community of Sutton) and the ultimate design capacity of the facility is 
47.2 ML/day (Regional Municipality of York, 2000).  It is intended that this WTP will ultimately 
supply Keswick, Sutton and Willow Beach.  The population supplied in 2004 was 4,580 and the 
planned population to be served in 2011 is 10,230 (Regional Municipality of York, 2005). 
Construction of the Georgina Water Treatment Plant and associated intake pipe was completed 
in 2004.  The Georgina Treatment Plant uses Zenon's Zeeweed Ultrafiltration Process to treat 
water from Lake Simcoe.  The process removes suspended solids, Cryptosporidium, Giardia 
and other potentially harmful parasites by drawing the raw water through membranes.  The 
water is also passed through granular activated carbon to reduce taste and odour incidents and 
uses chlorine as a disinfectant.  Chlorine is also applied at the intake when temperature rise 
above 12 degrees Celsius to combat zebra mussel colonization.  The treatment process is 
monitored with an on-line Supervisory Control And Data Acquisition (SCADA) system.  The 
intake is located 1050 m from shore in a total water depth of 19.4 m. 
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7. The WTP operator was interviewed by personnel from LSRCA.  The operator reported that both 
WTPs could be shut down within 5 minutes upon notification (staff are on call 24/7).  WTP 
personnel estimated the notification time (by MOE) in the event of a spill is in the order of 
hours.  A 2-hour response time was therefore used in the delineation of the IPZ-2 since the 
minimum response time defined by MOE is 2 hours [Rule 66; MOE, 2009a].    

8. Numerical modeling was undertaken in support of the IPZ-2 and IPZ-3 delineations, using the 
MIKE3 hydrodynamic model.  The model was calibrated with the ADCP data collected in 
Cook's Bay and Kempenfelt Bay in Lake Simcoe.  The model tends to capture the trends in 
surface currents at the Kempenfelt Bay and Cook’s Bay sites.  Maximum current speeds near the 
intakes were generally less than 40 cm/s, and as a result, the in-water IPZ-2 extends less than 3 
km from the intakes. 

9. Vulnerability scores (V) were assigned to the IPZs for Keswick.  The vulnerability scores for the 
IPZ-1 and IPZ-2 were 8 and 6.4 respectively.  Vulnerability scores for the IPZ-3 sub-areas 
ranged from 1.6 to 5.6. 

10. Vulnerability scores (V) were assigned to the IPZs for Georgina.  The vulnerability scores for the 
IPZ-1 and IPZ-2 were 8.0 and 6.4 respectively.  Vulnerability scores for the IPZ-3 sub-areas 
ranged from 1.6 to 5.6. 

11. Uncertainty ratings were provided for the IPZ delineations and for the vulnerability scores.  A 
low level of uncertainty was assigned to the Keswick and Georgina IPZ-1 delineations, while a 
high level of uncertainty was assigned to the IPZ-2 and IPZ-3 delineations.  A high level of 
uncertainty was assigned to the vulnerability scores for the IPZ-1, IPZ-2 and IPZ-3.  The 
uncertainty rating considers the distribution, variability and quality of data; ability of models to 
predict the processes; QA/QC, extent and level of calibration of the models; and for the 
vulnerability scores, the accuracy of the area and source vulnerability factors.   

12. The geospatial datasets (IPZ-1, IPZ-2 and IPZ-3) were developed according to the rules 
identified in the MOE (2009d).     

13. It is recommended that site specific modeling be undertaken for selected threats, to determine if 
release of a chemical parameter or pathogen from the activity would be transported through the 
intake protection zone to the intake and result in deterioration of the water for use as a source of 
drinking water [Rule 130; MOE, 2009a].  
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Figure 1.1  Locations of Municipal Intakes in Lake Simcoe and Lake Couchiching 
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Figure 2.1  Locations of Lake Simcoe Wind Data Stations  
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Figure 2.2  Lagoon City Wind Data for 1994-2007 (direction wind is from) 
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Figure 2.3  Return Periods by Direction for Lagoon City Winds (kph) Based on POT Analysis 



  B a i r d  &  A s s o c i a t e s  

L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y  
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

 

Figure 2.4  Water Level and Tributary Flow Gauge Locations
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Figure 2.5  Water Levels from the Gauges at Washago Shop, Atherley Narrows, and Jackson's Point 
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Figure 2.6  Water Level Differences through Lake Simcoe, Atherley Narrows, and Lake Couchiching 
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Figure 2.7  ADCP and Temperature Sensor Deployment Locations 
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Figure 2.8  ADCP Data for Atherley Narrows 12 Jun to 11 Aug 2006 (direction to) 
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Figure 2.9  ADCP Data for Cook’s Bay 14 Jun to 10 Aug 2006 (direction to) 
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Figure 2.10  ADCP Data for Kempenfelt Bay 13 Jun to 10 Aug 2006 (direction to) 
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Figure 2.11  ADCP Data for Mid-Couchiching from 30 Aug to 02 Sep 2006 (direction to)
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Figure 2.12  Return Period Comparison for Gauge Stations
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Figure 2.13  MOE Water Quality Monitoring Stations in Lake Simcoe (from LSEMS, 2004) 
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Figure 2.14  Water Quality Sampling Stations in Lake Simcoe Tributaries (from LSEMS, 2004) 
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Figure 2.15  Locations for Toxicity Screening Sediment Sample Locations (from LSRCA, 2005) 
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Figure 3.1  Raw Turbidity Values at Keswick Intake (2003 to 2006) 

 

 
Figure 3.2  Wind Driven Turbidity Fluctuations at Keswick Intake 
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Figure 3.3  Turbidity at Keswick During High Flow Events in the Holland River  

 

 
Figure 3.4  Turbidity Values at Georgina Intake (Jan. to Sep. 2006) 
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Figure 4.1  MIKE3 FM Model Grid of Lake Simcoe and Lake Couchiching
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Figure 4.2  MIKE3 FM Model Grid at Atherley Narrows
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Figure 4.3  Lake Simcoe Revised Model Grid and Lake Couchiching Grid 
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Figure 4.4  Lake Simcoe and Lake Couchiching Bathymetry Interpolated from Field Sheets  
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Figure 4.5  Lake Couchiching Bathymetry Interpolated from Field Sheets 
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Figure 4.6  Kempenfelt Bay Current Speed and Direction Comparison (Surface) 

 
 
 

 
Figure 4.7  Kempenfelt Bay Current Speed and Direction Comparison (22.0 m below surface) 
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Figure 4.8  Cook's Bay Current Speed and Direction Comparison (1.0 m below the surface) 

 
 
 

 
Figure 4.9  Cook's Bay Current Speed and Direction Comparison (10 m below the surface) 
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Figure 4.10  Mid-Couchiching Current Speed and Direction Comparison 

(1.5 m below the surface) 

 
 

 
Figure 4.11  Mid-Couchiching Current Speed and Direction Comparison 

(3.5 m below the surface) 
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Figure 4.12  Mid-Couchiching Current Speed and Direction Comparison 

(6.5 m below the surface) 



  B a i r d  &  A s s o c i a t e s  

L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y  
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

 
Figure 4.13  Surface Currents in Lake Simcoe (North Wind) 
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Figure 4.14  Currents in Lake Simcoe 16.5 m Below the Surface (North Wind) 
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Figure 4.15  Lake Simcoe Surface Current Speeds for North Wind 
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Figure 4.16  Lake Simcoe Surface Current Speeds for Southwest Wind 
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Figure 4.17  Surface Currents in Lake Couchiching (North Wind) 
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Figure 4.18  Currents at 6.5 m Depth in the Two Deeper Basins in Lake Couchiching (North Wind) 
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Figure 4.19  Surface Current Speeds in Lake Couchiching for 10-year Return Period (North Wind)  



  B a i r d  &  A s s o c i a t e s  

L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y  
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

 
Figure 4.20  Current Speeds in Lake Couchiching at 6.5 m Below the Surface for 10-year Return Period 

(North Wind) 
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Figure 4.21 Surface Current Speeds in Lake Couchiching for 10-year Return Period (South Wind) 
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Figure 4.22  Current Speeds in Lake Couchiching at 6.5 m Below the Surface for 10-year Return Period 

(South Wind)
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Figure 4.23  Example Showing Comparison of Surface and Bottom Released Particles After 2 Hours 
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Figure 4.24a  Normalized Wind Storm Data from Lagoon City 

 
 

Figure 4.24b  5 Day Storm Profile used for MIKE3 Modeling in Support of IPZ-3 Delineation 
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Figure 4.25  Wind Speed Time Series and Directional Variation (100-yr Return Period Wind Events) 
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Figure 4.26  Particle Tracking for 10 Year Return Period 3 Day Event from North showing Sensitivity to Wind Direction Time Series
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Figure 4.27  Reverse Particle Tracking for Georgina Intake (100 year Return Period Wind Storms)
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Figure 4.28  Reverse Particle Tracking for South Ramara Intake (100 year Return Period Wind Storms)
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Figure 5.1 IPZ-1 and IPZ-2 (Excluding Transport Pathways) for Keswick WTP Intake 
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Figure 5.2 IPZ-1 and IPZ-2 (Excluding Transport Pathways) for Georgina WTP Intake
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Figure 5.3  Travel Time Contours at Keswick WTP Intake Based on Reverse Particle Tracking  
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Figure 5.4  Travel Time Contours at Georgina WTP Intake Based on Reverse Particle Tracking 
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Figure 5.5  Example showing IPZ-2 Connection to Shore at 2 Hour Contour Intersection with Surf Zone 

Limit 
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Figure 5.6  IPZ-1 and IPZ-2 Including Transport Pathways for Keswick WTP  Intake 
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Figure 5.7  IPZ-1 and IPZ-2 Including Transport Pathways for Georgina WTP Intake 
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Figure 5.8  Keswick WTP Intake Protection Zones (IPZ-1, IPZ-2 and IPZ-3) 
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Figure 5.9  Georgina WTP Intake Protection Zones (IPZ-1, IPZ-2 and IPZ-3) 
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ACOUSTIC DOPPLER CURRENT PROFILER  

(ADCP) AND TEMPERATURE DATA 
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Figure A1  ADCP and Temperature Sensor Deployment Locations  
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Figure A2  Atherley Narrows Approximate Deployment Locations  
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Figure A3  ADCP Data for Atherley Narrows 12 Jun to 11 Aug 2006 (direction to) 
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Figure A4 ADCP Data for Atherley Narrows 25 Aug to 6 Oct 2006 (direction to) 
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Figure A5  ADCP Data for Cook’s Bay 14 Jun to 10 Aug 2006 (direction to) 
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Figure A6  ADCP Data for Kempenfelt Bay 13 Jun to 10 Aug 2006 (direction to) 
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Figure A7  ADCP Data for Kempenfelt Bay 25 Aug to 6 Nov 2006 (direction to) 
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Figure A8  ADCP Data for Mid-Couchiching from 30 Aug to 02 Sep 2006 (direction to) 
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Figure A9  Temperature data measured at Cook's Bay  from 14 June to 10  Aug 2006 (stratified water column) 
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Figure A10  Temperature data measured at Atherley Narrows  from 01 Sep to 05 Oct 2006 (isothermal water column) 
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Figure A11  Temperature data measured at Kempenfelt Bay  from 13 June to 10 Aug 2006 and 26 Aug to 5 Oct 2006  
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Figure B1 POT Analysis for Beaver River – Gauged Data 
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Figure B2 POT Analysis for Beaver River – Adjusted to Include Ungauged Watershed  
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Figure B3 POT Analysis for Black River at Baldwin – Gauged Data 



L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y   
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

 

Figure B4 POT Analysis for Black River at Baldwin – Adjusted to Include Ungauged Watershed 
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Figure B5 POT Analysis for Holland River – Gauged Data 
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Figure B6 POT Analysis for Holland River –Adjusted to Include Ungauged Watershed 
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Figure B7 POT Analysis for Pefferlaw Brook – Gauge Data 
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Figure B8 POT Analysis for Pefferlaw Brook – Adjusted to Include Ungauged Watershed 
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INTAKE DRAWING SETS 

 

Appendix C1 Drawing Sets for Keswick Intake 

Appendix C2 Drawing Sets for Georgina Intake 
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Figure C1 Plan and cross-sectional view of Keswick Intake (1 of 2) 
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Figure C2 Plan and cross-sectional view of Keswick Intake (2 of 2) 
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Figure C3 Cross-sectional view of Georgina intake 
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Figure C4 Plan view of Georgina intake
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Appendix D1  Keswick Intake Operator Interview 

Appendix D2 Georgina Intake Operator Interview 
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KESWICK INTAKE OPERATOR INTERVIEW 
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Source Water Assessment Program 
 

Water Supply Name Keswick  Municipality Georgina 

Intake Eastings (NAD 83/WGS 
84) 

622456 Intake Northings (NAD 
83/WGS 84) 

4894870 

Intake length (m) 375 Intake depth (m) 10.29 depth 

Pipe diameter (mm) 630 mm As-built attached (y/n) yes 

Intake description (where is water being drawn from?) 

elbows up into a bell – vertical increaser 600 mm x 1200 mm, 1200mm high – see also engineered drawings 

<<149_Y.TIF>>  <<141_Y.TIF>>  <<143_Y.TIF>>  <<144_Y.TIF>>  <<145_Y.TIF>>  <<146_Y.TIF>>  <<147_Y.TIF>>  <<148_Y.TIF>> 

 

Operational details 

Pumping record Please submit a digital record of extraction at the smallest interval possible 

Intake water temperature Please submit a digital record of temperature at the smallest interval possible 

Raw water quality Please submit a digital record of historical raw water quality 

Typical/estimated notification time from MOE for local spill events? approx. less than 1 day, more like hours 

Anticipated reaction time to respond to a spill event (shut-down time)? staff on call/standby 24/7 – can effect action 
within 5 min of contact 

Historical operational issues Please summarize taste, odour, and turbidity issues experienced at the intake 
including timing, recurrence, and potential causes (e.g., when the control structure 
on the Talbot R is opened in spring, we get turbidity problems 2 days later).  

- rains, 1 day later see reaction in raw water due to runoff and volumes from creeks/watercourses (Maskinonge River) 

- taste and odour: - blue/green algae + Geosymin and MIB can affect filtration – see that in summer and into fall – treated for 

 

 

 

 

Historical operational issues Please summarize issues associated with wind ice or current conditions (e.g., 
winds above X km/h from direction Y result in high turbidity, we get frazil ice 
accumulating under X conditions…. 

turbidity caused by: rains, high winds and lake turnover 

no ice issues due to location of intake 

 

 

 

Note: final 3 pages are almost the same for Georgina (Willow Beach) and Keswick  
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Please indicate your level of concern (Very, Somewhat, Low, Don’t Know) for each of the following Contaminant Groups and 
Contaminant Sources with comments where appropriate. 
Note: Operator found it easier to qualify in terms of low, moderate, high 

Contaminants of Concern 

Microbial (Coliform, Cryptosporidium, etc. low, treated for 

Inorganics (Metals, Nitrates, etc.) moderate – sodium levels are high, fluorides as they don’t breakdown and aren’t 
treated for 

Volatile Organics (Benzene, TCE, Etc.) moderate to high – concerned about THMs and UVTs 

Synthetic Organics (PCB’s, Dioxin, etc.) moderate – medicinal compounds 

Pesticides (Atrazine, etc.) low  as have not encountered any 

Radioactivity (Radium, etc.) low, tested for 

Other  

 

Potential Sources of Contaminant Sources of Concern – Complete only those which apply to intake. 

Crop Related Agriculture high – marsh farming – Holland R. outlets into Cook’s Bay, fertilizers and pesticides 

 

Grazing Related Agriculture low 

 

Animal Feeding Operations low, not aware of any 

 

Municipal Wastewater Discharges low – certain compounds e.g radioactive materials and medicinal cmpds, can’t treat for 

 

Industrial Wastewater Discharges low, not aware of any 

 

Wastewater Treatment Bypasses low 

 

Combined Sewer Overflows moderate – may be worth talking to Town of Georgina 

 

Urban Runoff/Storm Sewers moderate – see effects of rain one day later 

 

Construction Runoff low, but it s dependent on projects and depends on distance to intake 

 

Contaminated Sediments low, none in area 
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Highway Runoff moderate to high – turbidity, salt contribution to sodium levels and THMs 

 

Stream Channelization low 

 

Dredging low, but area does undergo aquatic plant harvesting 

 

Dam Construction low 

 

Upstream Impoundments low 

 

Land Disposal of Sludge/Wastewater low, not done in York Region 

 

Landfills low, groundwater impacts largely and none in close proximity 

 

Leaky Underground Storage Tanks moderate to high – a lot of septics and old garages in area 

 

Marinas high – lots of marinas in vicinity, fuel is a big issue as well as unknowns over time 

 

Wildlife high – zebra mussels, sharp, if not kept out of raw water can have a cutting action on membranes and cause 
damage to system – future potential threat? – asian clams 

 

Mining Activities low, not aware of any currently active around area 

 

Salt Storage low – 2 domes at roads depts yards,  b/c of dome and as not near intakes nor lake/watercourses 

 

Logging Activities low – only recent logging has been by beavers 

 

Spills moderate to high depending on what has been spilled and proximity of location or vector – largely road 
accidents 

 

Shipping low – not applicable 

 

River/Creek Influences moderate – reasons for turbidity spikes after rains 
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Data Sources/Reports: Please list the information available and the format (digital, hard copy, can come to plant and 
scan) 

Engineering design / Assessment reports  

- Karen Martin for EAs and EIS 

- drawings from David Duke – tif format   <<149_Y.TIF>>  <<141_Y.TIF>>  <<143_Y.TIF>>  <<144_Y.TIF>>  <<145_Y.TIF>>  

<<146_Y.TIF>>  <<147_Y.TIF>>  <<148_Y.TIF>> 

Sediment and substrate characteristics at the intakes and in the local lakebed  

 

 

Shoreline modifications/engineering works;  

 

 

Bathymetry around intake and flood mapping  

 

Local and regional current/flow and drift patterns by currents, waves and ice  

 

Local recreational uses - marinas, beaches (lots), ice fishing, fishing, boating 

 

Municipal land use plans (.shp file where possible) need to contact Stephen Fung 

 

 

Meteorological data (municipal)  none at plants – might be able to get some rain gauge data by contacting Corey Ryan or Mary 
Hemmingway 

 

Others  

 

 

 

Survey Completed by: Beth Weir (Laura Meteer) Title: Senior Team Lead, Water and Wastewater 

Municipality: York Region (Georgina) 
Date: 22nd Sept. 
2006 

Telephone: 905-722-
6713 email: beth.weir@york.ca 

Plant(s) managed: Georgina (Willow Beach) and Keswick 
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GEORGINA INTAKE OPERATOR INTERVIEW
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Source Water Assessment Program 
 

Water Supply Name Georgina (Willow Beach) Municipality Georgina 

Intake Eastings (NAD 83/WGS 
84) 

626323.92 Intake Northings (NAD 
83/WGS 84) 

4909562.59 

Intake length (m) 1430 Intake depth (m) ~ 19 m from surface 

Pipe diameter (mm) 1050 As-built attached (y/n) yes 

Intake description (where is water being drawn from?)  

on bottom, attached to crib structure, elbow design – see engineering design drawings 

<<W-T0143-P01.tif>>  <<W-T0143-Cover.tif>>  <<W-T0143-G01.tif>>  <<W-T0143-G02.tif>>  <<W-T0143-G03.tif>>  <<W-T0143-G04.tif>>  
<<W-T0143-G05.tif>>  <<W-T0143-G06.tif>>  <<W-T0143-Legend.tif>>  <<W-T0143-M01.tif>>  <<W-T0143-M02.tif>>  <<W-T0143-M03.tif>>  
<<W-T0143-M04.tif>>  <<W-T0143-M05.tif>>  <<W-T0143-M06.tif>>  <<W-T0143-M07.tif>>  <<W-T0143-M08.tif>> 

Operational details 

Pumping record Please submit a digital record of extraction at the smallest interval possible 

Intake water temperature Please submit a digital record of temperature at the smallest interval possible 

Raw water quality Please submit a digital record of historical raw water quality 

Typical/estimated notification time from MOE for local spill events? approx. less than 1 day, more like hours 

Anticipated reaction time to respond to a spill event (shut-down time)? staff on call/standby 24/7 – can effect action 
within 5 min of contact 

Historical operational issues Please summarize taste, odour, and turbidity issues experienced at the intake 
including timing, recurrence, and potential causes (e.g., when the control structure 
on the Talbot R is opened in spring, we get turbidity problems 2 days later).  

- rains, 1 day later see reaction in raw water due to runoff and volumes from creeks/watercourses  

- have granular activated carbon filtration so taste and odour not such a problem but do test from May to Dec for algae (Geosymin and 
MIB) 

- blue/green algae can affect filtration – see that in summer and into fall 

 

 

 

Historical operational issues Please summarize issues associated with wind ice or current conditions (e.g., 
winds above X km/h from direction Y result in high turbidity, we get frazil ice 
accumulating under X conditions…. 

lake turnover and rains contribute to turbidity 

no ice effects 

 

 

 

Note: final 3 pages are almost the same for Georgina (Willow Beach) and Keswick 

Please indicate your level of concern (Very, Somewhat, Low, Don’t Know) for each of the following Contaminant Groups and 
Contaminant Sources with comments where appropriate. 
Note: Operator found it easier to qualify in terms of low, moderate, high   
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Please indicate your level of concern (Very, Somewhat, Low, Don’t Know) for each of the following Contaminant Groups and 
Contaminant Sources with comments where appropriate. 
Note: Operator found it easier to qualify in terms of low, moderate, high 

Contaminants of Concern 

Microbial (Coliform, Cryptosporidium, etc. low, treated for 

Inorganics (Metals, Nitrates, etc.) moderate – sodium levels are high, fluorides as they don’t breakdown and aren’t 
treated for 

Volatile Organics (Benzene, TCE, Etc.) moderate to high – concerned about THMs and UVTs 

Synthetic Organics (PCB’s, Dioxin, etc.) moderate – medicinal compounds 

Pesticides (Atrazine, etc.) low  as have not encountered any 

Radioactivity (Radium, etc.) low, tested for 

Other  

 

Potential Sources of Contaminant Sources of Concern – Complete only those which apply to intake. 

Crop Related Agriculture high – marsh farming – Holland R. outlets into Cook’s Bay, fertilizers and pesticides 

 

Grazing Related Agriculture low 

 

Animal Feeding Operations low, not aware of any 

 

Municipal Wastewater Discharges low – certain compounds e.g radioactive materials and medicinal cmpds, can’t treat for 

 

Industrial Wastewater Discharges low, not aware of any 

 

Wastewater Treatment Bypasses low 

 

Combined Sewer Overflows moderate – may be worth talking to Town of Georgina 

 

Urban Runoff/Storm Sewers moderate – see effects of rain one day later 

 

Construction Runoff low, but it s dependent on projects and depends on distance to intake 

 

Contaminated Sediments low, none in area 
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Highway Runoff moderate to high – turbidity, salt contribution to sodium levels and THMs 

 

Stream Channelization low 

 

Dredging low, but area does undergo aquatic plant harvesting 

 

Dam Construction low 

 

Upstream Impoundments low 

 

Land Disposal of Sludge/Wastewater low, not done in York Region 

 

Landfills low, groundwater impacts largely and none in close proximity 

 

Leaky Underground Storage Tanks moderate to high – a lot of septics and old garages in area 

 

Marinas high – lots of marinas in vicinity, fuel is a big issue as well as unknowns over time 

 

Wildlife high – zebra mussels, sharp, if not kept out of raw water can have a cutting action on membranes and cause 
damage to system – future potential threat? – asian clams 

 

Mining Activities low, not aware of any currently active around area 

 

Salt Storage low – 2 domes at roads depts yards,  b/c of dome and as not near intakes nor lake/watercourses 

 

Logging Activities low – only recent logging has been by beavers 

 

Spills moderate to high depending on what has been spilled and proximity of location or vector – largely road 
accidents 

 

Shipping low – not applicable 

 

River/Creek Influences moderate – reasons for turbidity spikes after rains 
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Data Sources/Reports: Please list the information available and the format (digital, hard copy, can come to plant and 
scan) 

Engineering design / Assessment reports  

- Karen Martin for EAs and EIS 

- drawings from David Duke – tif format  <<W-T0143-P01.tif>>  <<W-T0143-Cover.tif>>  <<W-T0143-G01.tif>>  <<W-T0143-G02.tif>>  

<<W-T0143-G03.tif>>  <<W-T0143-G04.tif>>  <<W-T0143-G05.tif>>  <<W-T0143-G06.tif>>  <<W-T0143-Legend.tif>>  <<W-T0143-M01.tif>>  
<<W-T0143-M02.tif>>  <<W-T0143-M03.tif>>  <<W-T0143-M04.tif>>  <<W-T0143-M05.tif>>  <<W-T0143-M06.tif>>  <<W-T0143-M07.tif>>  
<<W-T0143-M08.tif>> 

Sediment and substrate characteristics at the intakes and in the local lakebed  

 

 

Shoreline modifications/engineering works;  

 

 

Bathymetry around intake and flood mapping  

 

Local and regional current/flow and drift patterns by currents, waves and ice  

 

Local recreational uses - marinas, beaches (lots), ice fishing, fishing, boating 

 

Municipal land use plans (.shp file where possible) need to contact Stephen Fung 

 

 

Meteorological data (municipal)  none at plants – might be able to get some rain gauge data by contacting Corey Ryan or Mary 
Hemmingway 

 

Others  

 

 

 

Survey Completed by: Beth Weir (Laura Meteer) Title: Senior Team Lead, Water and Wastewater 

Municipality: York Region (Georgina) 
Date: 22nd Sept. 
2006 

Telephone: 905-722-
6713 email: beth.weir@york.ca 

Plant(s) managed: Georgina (Willow Beach) and Keswick  

 

 
 
 



L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y   
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

 

  

 
APPENDIX E 

ANNUAL INTAKE WATER QUALITY REPORTS 
 
 

Appendix E1  Annual Water Quality Reports for Keswick Intake 2003-2006 

Appendix E2  Annual Water Quality Reports for Georgina Intake 2003-2006 
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Annual Report for the Keswick Water Supply System 
Town of Georgina 
For the Period April 1, 2003 to December 31, 2003 
Ontario Drinking Water Systems Regulation O.Reg. 170/03 
 
 

 

Ontario’s Drinking Water Systems Regulation (O.Reg.170/03), made under the Safe 
Drinking Water Act, 2002, requires that the owner of a municipal drinking water system 
prepare an Annual Report on the operation of the system and the quality of its water. 
 
Drinking Water System Name: Keswick Water Supply System 
Drinking Water System Number:  Waterworks 210003280 
Drinking Water System Owner:  Regional Municipality of York (York Region) 
Drinking Water System Category: Large Municipal Residential 
Reporting Period:    April 1, 2003 to December 31, 2003 
 
York Region is the wholesale supplier of water to the community of Keswick and is 
responsible for the supply, production, treatment and storage of water. The Town of 
Georgina owns and operates the distribution system that delivers the water from the 
regional watermains to homes in Keswick. 
 
The Keswick Water Supply System serves more than 10,000 people. 
 
 
Annual Report Distribution 
 
A copy of the Annual Report for the Keswick Water Supply System was provided to the 
Town of Georgina. 
 
The Annual Report is available free of charge at York Region’s Administrative Offices, 
Transportation and Works Department at 17250 Yonge Street in Newmarket and through 
the York Region Official web site at www.region.york.on.ca.  
 
Notification of the Annual Report was made through York Region’s Official web site and 
through the Transportation and Works newsletter – YorkWorks. 
 
 
Availability of the Summary Report Required under O.Reg.170/03, Schedule 22 
 
The Summary Report required under O.Reg.170/03, Schedule 22 for Large Municipal 
Residential systems will be available after March 31, 2004 at York Region’s 
Administrative Offices, Transportation and Works Department at 17250 Yonge Street in 
Newmarket. 
 
The Summary Report provides details on water withdrawal in 2003 from the Keswick 
Water Treatment Plant as compared to permitted limits. 
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Description of the Keswick Water Supply System 
 
York Region operates a water treatment plant in the community of Keswick, along 
Cook’s Bay. The Keswick Water Treatment Plant draws water from Cook’s Bay in Lake 
Simcoe to supply a predominantly residential population. 
 
The Keswick Water Treatment Plant was constructed between 1982 – 1983. The 600-
millimetre diameter water intake pipe extends 365 metres out into Cook’s Bay and draws 
water from a depth of 8.5 metres. At certain times of the year, when the incoming water 
rises above 12 degrees Celsius, chlorine is added at the intake to limit zebra mussel 
growth. 
 
The incoming water is initially screened to remove large objects and chemically treated 
with a coagulant in the flocculation tanks (a coagulant is used to make suspended 
particles clump together and eventually settle out during the treatment process). The 
water moves through a sedimentation tank, where settling occurs, and is then filtered by 
dual media gravity filters. The filters contain granular activated carbon, which remove 
taste and odour in the water. The water continues to the clearwell and ground reservoir 
located on the plant site. 
 
The filtered water is disinfected using chlorine and is then pumped to the distribution 
system by the high lift pumps.  
 
Fluoride is also added to the water at the Keswick treatment plant. 
 
Treatment processes throughout the plant are monitored by on- line analyzers. The 
analyzers are equipped with alarms, which alert operational staff of conditions that 
require attention. 
 
There is one point of entry from the Keswick Water Treatment Plant to the distribution 
system servicing the community. Two storage tanks are available in Keswick, however, 
the tank located in the proposed Maple Leaf Estates area is not in service. 
 
Some summers result in an abundant growth of algae in Lake Simcoe. When the algae 
begins to die off in the fall, it releases an organic chemical, which creates a musty taste 
and odour. The filters at the water treatment plant are equipped to eliminate taste and 
odour problems associated with the water at normal levels of algae growth. This problem 
is generally seasonal, lasting from August to November and tends to go away during the 
cold water season. Despite any musty taste and odour that might occur, the water is safe 
to drink. 
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Chemical Usage for Treatment 
 
The following chemicals are added to the Keswick Water Supply: 
 

• Chlorine Gas 
• Hydrofluosilicic Acid 
• Polyhydroxyaluminum Chloride (PAC) 
• Carbon Dioxide 

 
The amount of chemicals added to treat water is dependent on the raw water source 
quality. 
 
 
Expenses for System Improvement 
 
The following table summarizes works made to the Keswick Water Supply System in 
2003. 
 
Location Works Completed in 2003 

Installation of: second containment of all chemical day tanks, standby filter 
backwash pump, piping and valves as required, piping controls to facilitate filter to 
waste, 2 PAC metering pumps, duty chlorinator, standby chlorinator, 2 free chlorine 
residual analyzers with chart recorders, free chlorine residual analyzer for 
flocculated water conduit .  

Installation of instrumentation and controls to facilitate automated backwash system 
(to both filters). 

Removal of cross connection between the filter backwash header and high lift pump 
discharge. 

Water 
Treatment 
Plant 

Flow rate metering on incoming and discharge flows from facility. 
Installation of: standby booster pump, standby chlorinator, free chlorine residual 
analyzer for water entering and leaving facility, standby power for chlorinator, 
portable standby gas powered generator with outdoor enclosure, 

Keswick 
Standpipe 
(Storage 
Tank) Flow rate metering on incoming and discharge flows from facility. 

 
 
Water Quality Sampling Program 
 
York Region staff regularly samples the Keswick water supply. The water quality 
sampling program includes: 
 

• Collection and analysis of samples from the raw water source 
• Daily or continuous monitoring of indicator parameters 
• Collection and analysis of samples of the treated water 
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All off-site laboratory analysis is performed by the York-Durham Regional 
Environmental Laboratory in Pickering. 
 
 
Indicator Parameter Monitoring 
 
Indicator parameter monitoring is performed by York Region on a continuous basis to 
confirm that the treated water is safe for consumption. Indicator parameter monitoring 
allows quick identification of conditions that could adversely affect health. Prescribed 
limits for the indicator parameter monitoring have been established by the MOE. When 
indicator parameter concentrations are outside the prescribed limits, action is taken to 
adjust the treatment system and samples are collected to confirm indicator test results. 
  
The indicator parameters monitored include: 
 

• Microbiological Indicators (bacteria) 
• Chlorine Residual 
• Turbidity 
• Fluoride 

 
 
Microbiological Indicators (bacteria) 
 
Samples of raw water from the Keswick treatment plant are collected by York Region at 
the wetwell and are submitted for Membrane Filtration testing to determine the number 
of Total Coliforms, Background colonies and Faecal Coliform bacteria. Where the source 
of the sample is raw water, which will receive treatment to remove potentially harmful 
bacteria, further testing to confirm the presence of bacteria is not required.  
 
Samples of the treated water from the treatment plant (clearwell) and storage facility are 
also submitted for Presence/Absence testing. When this test identifies the potential 
presence of coliforms, further testing is undertaken to confirm the result and to quantify 
the number of colonies of Total Coliform, Background and E.Coli, bacteria present in the 
water sample. Samples from each sampling location are also regularly submitted for a 
Heterotrophic Plate Count (HPC) test or Background Colony (Bkd) test to provide an 
indication of the total number of bacterial colonies present in the water. 
 
The following table summarizes microbiological analysis results for the Keswick Water 
Supply for the period April 1, 2003 to December 31, 2003. 
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Summary of Microbiological Analysis 
 

Raw/ 
Treated 

Sampling 
Location 

Number 
of 
Samples 

*Range of 
E.Coli or 
Fecal 
Results 

*Range of 
Total 
Coliform 
Results 

Number 
of HPC 
Samples 

Range of 
HPC 
Results 

Number 
of Bkd 
Colony 
Samples 

Range of 
Bkd 
Colony 
Results 

Raw Wetwell 56 0 0 – 420 na** na 56 0 – 47000M 
Total Raw: 56 0 0 – 420 na na 56 0 – 47000M 

Clearwell 56 0 0 54 0 – 25 19 0 – 1 Treated 
Keswick 
Tank 
(Standpipe) 

56 0 0 54 0 - 17 19 0 – 2 

Total Treated: 112 0 0 108 0 – 25 38 0 - 2 

*Unless otherwise indicated, reported Coliform values are based on the results of Presence/Absence testing. 
**na: not applicable 
***M: estimated count 
 
 
Chlorine Residual, Turbidity and Fluoride  
 
Chlorination is the disinfection treatment method for the Keswick Water Supply System. 
On-line analyzers continuously monitor chlorine residual concentration in the treated 
water before it enters the distribution system. The data from the analyzers are monitored 
and recorded using a Supervisory Control and Data Acquisition (SCADA) system that 
notifies staff with an alarm if concentrations vary from the prescribed range. 
 
Turbidity has been selected by the MOE as an indicator of potential adverse water quality 
based on correlations between the presence of particulate matter in the water supply and 
outbreaks of waterborne disease. Turbidity analyzers continuously monitor the level of 
turbidity in the treated water entering the distribution system. The data from the analyzers 
are also monitored and recorded using the SCADA system. 
 
Where fluoride is added to drinking water, the Drinking Water Standards recommend that 
the concentration be adjusted to 0.50 mg/L to 0.80 mg/L. This range is the optimum level 
for control of tooth decay. 
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The following table outlines ranges of chlorine residuals, turbidity and fluoride levels 
experienced from sampling locations in the Keswick Water Supply System for the period 
April 1, 2003 to December 31, 2003 as taken from continuous monitoring analyzers and 
manual sampling (grab samples).  
 

Sampling 
Location 

Sampling 
Method 

Number of 
Samples 

*Turbidity 
(NTU) 

*Free Chlorine Residual 
(mg/L) 

Fluoride  
(mg/L) 

Analyzer 8760 0 – 2.305 0.001 – 2.357 0.001 – 2.089 Treatment 
Plant Grab Samples 117 ---- 0.86 – 2.03 ---- 

Analyzer 8760 ---- 0.42 – 1.64 ---- Keswick 
Tank Grab Samples 117 ---- 0.47 – 1.43 ---- 

*Number of samples from Turbidity, Chlorine Residual and Fluoride analyzers: 8760 each; as 
instructed by the MOE Annual Report template. 

 
 
In-Process Parameter Monitoring 
 
The concentrations of the following parameters are monitored continuously to ensure that 
treatment is effective: colour, pH and temperature. The following table provides ranges 
for both raw and treated water for colour, pH and temperature. 
 

Parameter Raw Water Treated Water 
Colour 1 – 8 ptCo (Platinum cobalt units) 1 - 2 ptCo 
pH 7.52 – 8.54 7.02 – 7.89 
Temperature 0.97 – 23.8 Degrees Celsius Not applicable 

 
 
Adverse Water Quality Summary 
 
York Region staff responds immediately to incidents of adverse water. The following 
table summarizes adverse water quality incidents for the Keswick Water Supply System 
for the period April 1, 2003 to December 31, 2003.  
 
 



Incident DateLocation Parameter Result Corrective 
Action Date

Corrective Action Details

Summary of Adverse Water Quality Reported to the MOE 
For the Period: April 1, 2003 to December 31, 2003

Supply Area: Keswick

Sep 25, 2003Keswick WTP Clearwell 104 mg/L This water quality incident did not need to be reported by York 
Durham Lab to York Region, as the result did not exceed the 
annual running average of quarterly results for this location.

Total Trihalomethanes Sep 25, 2003
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Treated Water Quality 
 
The following pages outline inorganic and organic parameter results from samples 
collected at points where treated water enters the distribution system.  
 
The following table summarizes the running annual average from the treated sampling 
point for Total Trihalomethanes from samples collected up to December 31, 2003: 
 

Sampling Location Total Trihalomethanes   
(mg/L) 

Clearwell  0.0312 
 
There was only one sample result during this reporting period that exceeded half the 
prescribed limit in Schedule 2 for fluoride. The sample collected from the treatment plant 
on July 30, 2003, reported a result of 0.98 mg/L. This result did not exceed the Maximum 
Acceptable Concentration (MAC) for fluoride of 1.5 mg/L. (The fluoride residual trend 
on SCADA for that day ranged from 0.60 mg/L to 0.68 mg/L.) 
 
No other results exceeded half the standards prescribed in Schedule 2 of Ontario Water 
Quality Standards from the point where treated water enters the distribution system 
 
 
Additional Sampling Requirements 
 
There were no additional sampling and testing requirements from the Keswick Water 
Supply System. 
 
 
Summary of Water Quality Testing – Keswick Water Supply System 
 
The sampling schedule for chemical testing of organic and inorganic parameters exceeds 
the minimum requirements of the Ontario Drinking Water Systems Regulation 
(O.Reg.170/03).  
 
Continual electronic monitoring has demonstrated that the water quality maintains a high 
quality standard.  
 
The microbiological testing program demonstrated that the water quality maintains a high 
standard that meets or exceeds the Ontario Drinking Water Standards.  
  
The water quality testing for chemical parameters demonstrated that the water maintains 
a high standard that also meets and exceeds the Ontario Drinking Water Standards for all 
health-related parameters.  
 
 



Keswick Water Supply System

Inorganic Test Results

Keswick WTP Clearwell
WW210003280

Reading Units ODWS  2003-04-28 2003-07-30 2003-10-27

Antimony as Sb mg/L 0.006 IMAC < 0.003

Arsenic as As mg/L 0.025 IMAC < 0.0007

Barium as Ba mg/L 1 MAC 0.0204

Boron as B mg/L 5 IMAC < 0.001

Cadmium as Cd mg/L 0.005 MAC < 0.0001

Chromium as Cr mg/L 0.05 MAC < 0.0003

Fluoride as F mg/L 0.8 MAC 0.54 0.98 0.59

Lead as Pb mg/L 0.01 MAC < 0.0007

Mercury as Hg mg/L 0.001 MAC < 0.00002

Nitrate as N mg/L 10 MAC 0.15 0.04 0.06

Nitrite mg/L 1 MAC < 0.02 < 0.05 < 0.05

Selenium as Se mg/L 0.01 MAC < 0.002

Uranium as U mg/L 0.1 MAC < 0.01

 “ < ”: indicates the result is below the Method Detection Limit
ODWS: Ontario Drinking Water Standard
MAC: Ontario Drinking Water Standard – Health Related (Maximum 
Acceptable Concentration)
IMAC: Ontario Drinking Water Standard – Health Related (Interim 
Maximum Acceptable Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic 



Keswick Water Supply System

Organic Test Results

Keswick WTP Clearwell
WW210003280

Reading Units ODWS  2003-01-27 2003-04-28 2003-07-28 2003-07-30

(DDT) + Metabolites mg/L 0.03 MAC < 0.000008 < 0.000008 < 0.000008

1,1-dichloroethylene (vinylidene chloride) mg/L 0.014 MAC < 0.0003 < 0.0003 < 0.0003

1,2-(o-dcb) Dichlorobenzene mg/L 0.2 MAC < 0.0001 < 0.0001 < 0.0001

1,2-Dichloroethane mg/L 0.005 IMAC < 0.0001 < 0.0001 < 0.0001

1,4-(p-dcb) Dichlorobenzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001

2,3,4,6-Tetrachlorophenol mg/L 0.1 MAC < 0.0005 < 0.0005 < 0.0005

2,4,5-trichlorophenoxyacetic acid (2,4,5-T) mg/L 0.28 MAC < 0.0005 < 0.0005 < 0.0005

2,4,6-Trichlorophenol mg/L 0.005 MAC < 0.0005 < 0.0005 < 0.0005

2,4-Dichlorophenol mg/L 0.9 MAC < 0.0004 < 0.0004 < 0.0004

2,4-dichlorophenoxyacetic acid (2,4-D) mg/L 0.1 IMAC < 0.0006 < 0.0006 < 0.0006

Alachlor mg/L 0.005 IMAC < 0.0004 < 0.0004 < 0.0004

Aldicarb mg/L 0.009 MAC < 0.003 < 0.003 < 0.003

Aldrin + Dieldrin mg/L 0.0007 MAC < 0.000006 < 0.000006 < 0.000006

Atrazine + N-dealkylated metabolites mg/L 0.005 IMAC 0.0001 < 0.0001 < 0.0001

Azinphos-methyl mg/L 0.02 MAC < 0.0002 < 0.0002 < 0.0002

Bendiocarb mg/L 0.04 MAC < 0.004 < 0.004 < 0.004

Benzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001

Benzo(a)pyrene mg/L 0.00001 MAC < 0.00001

Bromoxynil mg/L 0.005 IMAC < 0.0004 < 0.0004 < 0.0004

Carbaryl mg/L 0.09 MAC < 0.0002 < 0.0002 < 0.0002

Carbofuran mg/L 0.09 MAC < 0.004 < 0.004 < 0.004

Carbon Tetrachloride mg/L 0.005 MAC < 0.0002 < 0.0002 < 0.0002

Chlordane (Total) mg/L 0.007 MAC < 0.000006 < 0.000006 < 0.000006

Chlorpyrifos mg/L 0.09 MAC < 0.0002 < 0.0002 < 0.0002

Cyanazine mg/L 0.01 IMAC < 0.0002 < 0.0002 < 0.0002

Diazinon mg/L 0.02 MAC < 0.0002 < 0.0002 < 0.0002

Dicamba mg/L 0.12 MAC < 0.0004 < 0.0004 < 0.0004

Dichloromethane mg/L 0.05 MAC < 0.0005 < 0.0005 < 0.0005

Diclofop-methyl mg/L 0.009 MAC < 0.0004 < 0.0004 < 0.0004

Dimethoate mg/L 0.02 IMAC < 0.0003 < 0.0003 < 0.0003

Dinoseb mg/L 0.01 MAC < 0.0005 < 0.0005 < 0.0005

Diquat mg/L 0.07 MAC < 0.0001 < 0.0001 < 0.0001

Diuron mg/L 0.15 MAC < 0.0002 < 0.0002 < 0.0002

Glyphosate mg/L 0.28 IMAC < 0.007 < 0.007 < 0.007

Heptachlor + Heptachlor Epoxide mg/L 0.003 MAC < 0.000008 < 0.000008 < 0.000008

Lindane mg/L 0.004 MAC < 0.000005 < 0.000005 < 0.000005

Malathion mg/L 0.19 MAC < 0.0002 < 0.0002 < 0.0002

Methoxychlor mg/L 0.9 MAC < 0.000009 < 0.000009 < 0.000009

Metolachlor mg/L 0.05 IMAC < 0.0002 < 0.0002 < 0.0002

Metribuzin mg/L 0.08 MAC < 0.00008 < 0.00008 < 0.00008

Monochlorobenzene mg/L 0.08 MAC < 0.0001 < 0.0001 < 0.0001

Paraquat mg/L 0.01 IMAC < 0.0001 < 0.0001 < 0.0001



Organic Test Results

Keswick WTP Clearwell
WW210003280

Reading Units ODWS  2003-01-27 2003-04-28 2003-07-28 2003-07-30

Parathion mg/L 0.05 MAC < 0.0002 < 0.0002 < 0.0002

Pentachlorophenol mg/L 0.06 MAC < 0.0004 < 0.0004 < 0.0004

Phorate mg/L 0.002 IMAC < 0.0002 < 0.0002 < 0.0002

Picloram mg/L 0.19 IMAC < 0.0007 < 0.0007 < 0.0007

Polychlorinated Biphenyls (PCBs) mg/L 0.003 IMAC < 0.00002 < 0.00002 < 0.00002

Prometryne mg/L 0.001 IMAC < 0.00008 < 0.00008 < 0.00008

Simazine mg/L 0.01 IMAC < 0.00008 < 0.00008 < 0.00008

Temephos mg/L 0.28 IMAC < 0.003 < 0.003 < 0.003

Terbufos mg/L 0.001 IMAC < 0.0002 < 0.0002 < 0.0002

Tetrachloroethylene (perchloroethylene) mg/L 0.03 MAC < 0.0003 < 0.0003 < 0.0003

Triallate mg/L 0.23 MAC < 0.002 < 0.002 < 0.002

Trichloroethene mg/L 0.05 MAC < 0.0008 < 0.0008 < 0.0008

Trifluralin mg/L 0.045 IMAC < 0.00003 < 0.000006 < 0.000006

Vinyl Chloride mg/L 0.002 MAC < 0.0002 < 0.0002 < 0.0002

 “ < ”: indicates the result is below the Method Detection Limit
ODWS: Ontario Drinking Water Standard
MAC: Ontario Drinking Water Standard – Health Related (Maximum Acceptable 
Concentration)
IMAC: Ontario Drinking Water Standard – Health Related (Interim Maximum 
Acceptable Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic Objective)
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Ontario’s Drinking Water Systems Regulation (O.Reg.170/03), made under the Safe 
Drinking Water Act, 2002, requires that the owner of a municipal drinking water system 
prepare an Annual Report on the operation of the system and the quality of its water. 
 
Drinking Water System Name: Keswick Water Supply System 
Drinking Water System Number: Waterworks 210003280 
Drinking Water System Owner: Regional Municipality of York (York Region) 
Drinking Water System Category: Large Municipal Residential 
Reporting Period:   January 1, 2004 to December 31, 2004 
 
York Region is the wholesale supplier of water to the community of Keswick and is 
responsible for the supply, production, treatment and storage of water. The Town of 
Georgina owns and operates the distribution system that delivers the water from the 
regional watermains to homes in Keswick. 
 
The Keswick Water Supply System serves more than 10,000 people. 
 
 
Annual Report Distribution 
 
A copy of the Annual Report for the Keswick Water Supply System was provided to the 
Town of Georgina. 
 
The Annual Report is available free of charge at York Region’s Administrative Offices, 
Transportation and Works Department at 17250 Yonge Street in Newmarket and through 
the York Region Official web site at www.region.york.on.ca.  
 
Notification of the Annual Report was made through York Region’s Official web site and 
through the Transportation and Works newsletter – YorkWorks. 
 
 
Availability of the Summary Report Required under O.Reg.170/03, Schedule 22 
 
The Summary Report required under O.Reg.170/03, Schedule 22 for Large Municipal 
Residential systems will be available after March 31, 2005 at York Region’s 
Administrative Offices, Transportation and Works Department at 17250 Yonge Street in 
Newmarket. 
 
The Summary Report provides details on water withdrawal in 2004 from the Keswick 
Water Treatment Plant as compared to permitted limits. 
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Description of the Keswick Water Supply System 
 
York Region operates a water treatment plant in the community of Keswick, along 
Cook’s Bay. The Keswick Water Treatment Plant draws water from Cook’s Bay in Lake 
Simcoe to supply a predominantly residential population. 
 
The Keswick Water Treatment Plant was constructed between 1982 – 1983. The 600-
millimetre diameter water intake pipe extends 365 metres out into Cook’s Bay and draws 
water from a depth of 8.5 metres. At certain times of the year, when the incoming water 
rises above 12 degrees Celsius, chlorine is added at the intake to limit zebra mussel 
growth. 
 
The incoming water is initially screened to remove large objects and chemically treated 
with a coagulant in the flocculation tanks (a coagulant is used to make suspended 
particles clump together and eventually settle out during the treatment process). The 
water moves through a sedimentation tank, where settling occurs, and is then filtered by 
dual media gravity filters. The filters contain granular activated carbon, which remove 
taste and odour in the water. The water continues to the clearwell and ground reservoir 
located on the plant site. 
 
The filtered water is disinfected using chlorine and is then pumped to the distribution 
system by the high lift pumps.  
 
Fluoride is also added to the water at the Keswick treatment plant. 
 
Treatment processes throughout the plant are monitored by on-line analyzers. The 
analyzers are equipped with alarms, which alert operational staff of conditions that 
require attention. 
 
There is one point of entry from the Keswick Water Treatment Plant to the distribution 
system servicing the community. Two storage tanks are available in Keswick, however, 
the tank located in the proposed Maple Leaf Estates area is not in service. 
 
Some summers result in an abundant growth of algae in Lake Simcoe. When the algae 
begin to die off in the fall, it releases an organic chemical, which creates a musty taste 
and odour. The filters at the water treatment plant are equipped to eliminate taste and 
odour problems associated with the water at normal levels of algae growth. This problem 
is generally seasonal, lasting from August to November and tends to go away during the 
cold water season. Despite any musty taste and odour that might occur, the water is safe 
to drink. 
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Chemical Usage for Treatment 
 
The following chemicals are added to the Keswick Water Supply: 
 

• Chlorine Gas 
• Hydrofluosilicic Acid 
• Polyhydroxyaluminum Chloride (PAC) 
• Carbon Dioxide 

 
The amount of chemicals added to treat water is dependent on the raw water source 
quality. 
 
 
Expenses for System Improvement 
 
Overall expenses incurred in 2004 to install, repair and replace equipment to the 
Georgina budget group including the Ballantrae, Georgina, Keswick, Mount Albert and 
Stouffville water supply systems was $143,000 . 
 
Works completed to the Keswick water supply system included upgrades to the 
Supervisory Control and Data Acquisition (SCADA) and electrical systems and to the 
production equipment. 
 
The following table summarizes expenses incurred in 2004 for major capital works in 
Keswick: 
 

Project Cost 
Georgina Water System: Boyers, Metro Road and 
Woodbine Avenue Watermain 

$3,860,000 

 
 
Water Quality Sampling Program 
 
York Region staff regularly samples the Keswick water supply. The water quality 
sampling program includes: 
 

• Collection and analysis of samples from the raw water source 
• Daily or continuous monitoring of indicator parameters 
• Collection and analysis of samples of the treated water 

 
All off-site laboratory analysis is performed by the York-Durham Regional 
Environmental Laboratory in Pickering. 
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Indicator Parameter Monitoring 
 
Indicator parameter monitoring is performed by York Region on a continuous basis to 
confirm that the treated water is safe for consumption. Indicator parameter monitoring 
allows for quick identification of conditions that could adversely affect health. Prescribed 
limits for the indicator parameter monitoring have been established by the MOE. When 
indicator parameter concentrations are outside the prescribed limits, action is taken to 
adjust the treatment system and samples are collected to confirm indicator test results. 
  
The indicator parameters monitored include: 
 

• Microbiological Indicators (bacteria) 
• Chlorine Residual 
• Turbidity 
• Fluoride 

 
 
Microbiological Indicators (bacteria) 
 
Samples of raw water from the Keswick treatment plant are collected by York Region at 
the wetwell and are submitted for Membrane Filtration testing to determine the number 
of Total Coliforms, Background colonies and E.Coli. bacteria. Where the source of the 
sample is raw water, which will receive treatment to remove potentially harmful bacteria, 
further testing to confirm the presence of bacteria is not required.  
 
Samples of the treated water from the treatment plant (clearwell) and storage facility are 
also submitted for Presence/Absence testing. When this test identifies the potential 
presence of coliforms, further testing is undertaken to confirm the result and to quantify 
the number of colonies of Total Coliform, Background and E.Coli, bacteria present in the 
water sample. Samples from each sampling location are also regularly submitted for a 
Heterotrophic Plate Count (HPC) test or Background Colony (Bkd) test to provide an 
indication of the total number of bacterial colonies present in the water. 
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The following table summarizes microbiological analysis results for the Keswick Water 
Supply for the period January 1, 2004 to December 31, 2004. 
 
Summary of Microbiological Analysis 
 

Raw/ 
Treated 

Sampling 
Location 

Number 
of 
Samples 

*Range of 
E.Coli or 
Fecal 
Results 

*Range of 
Total 
Coliform 
Results 

Number 
of HPC 
Samples 

Range of 
HPC 
Results 

Number 
of Bkd 
Colony 
Samples 

Range of 
Bkd 
Colony 
Results 

Raw Wetwell 54 0 0 – 150 **na na 54 0 – 
8000M*** 

Total Raw: 54 0 0 – 150 na na 54 0 – 8000M 

Clearwell 52 0 0 52 0 – 170 0 0 Treated 
Keswick 
Tank 
(Standpipe) 

52 0 0 52 0 - 24 0 0 

Total Treated: 104 0 0 104 0 – 170 0 0 

*Unless otherwise indicated, reported Coliform values are based on the results of Presence/Absence testing. 
**na: not applicable 
***M: estimated count 
 
 
Chlorine Residual, Turbidity and Fluoride 
 
Chlorination is the disinfection treatment method for the Keswick Water Supply System. 
On-line analyzers continuously monitor chlorine residual concentration in the treated 
water before it enters the distribution system. The data from the analyzers are monitored 
and recorded using a Supervisory Control and Data Acquisition (SCADA) system that 
notifies staff with an alarm if concentrations vary from the prescribed range. 
 
Turbidity has been selected by the MOE as an indicator of potential adverse water quality 
based on correlations between the presence of particulate matter in the water supply and 
outbreaks of waterborne disease. Turbidity analyzers continuously monitor the level of 
turbidity in the treated water entering the distribution system. The data from the analyzers 
are also monitored and recorded using the SCADA system. 
 
Where fluoride is added to drinking water, the Drinking Water Standards recommend that 
the concentration be adjusted to 0.50 mg/L to 0.80 mg/L. This range is the optimum level 
for control of tooth decay. York Region has applied for “relief of treatment requirements” 
to operate for short periods of time outside of the recommended range and below the 
Maximum Acceptable Concentration (MAC) of 1.5 mg/L.  The Medical Officer of Health  
concurred with the application and it was submitted to the Ministry of the Environment in 
November 2004. 
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The following table outlines ranges of chlorine residuals, turbidity and fluoride levels 
experienced from sampling locations in the Keswick Water Supply System for the period 
January 1, 2004 to December 31, 2004 as taken from continuous monitoring analyzers 
and manual sampling (grab samples).  
 

Sampling 
Location 

Sampling 
Method 

Number of 
Samples 

*Turbidity 
(NTU) 

*Free Chlorine Residual 
(mg/L) 

Fluoride  
(mg/L) 

Analyzer 8760 0.03 – 0.36 0.75 – 2.40 0.24 – 1.20 Treatment 
Plant Grab Samples 157/158 0.01 – 0.21 1.10 – 2.15 ---- 

Analyzer 8760 ---- 0.24 – 1.96 ---- Keswick 
Tank Grab Samples 51 0.10 – 0.98 0.33 – 1.57 ---- 

*Number of samples from Turbidity, Chlorine Residual and Fluoride analyzers: 8760 each; as 
instructed by the MOE Annual Report template. 

 
 
In-Process Parameter Monitoring 
 
The concentrations of the following parameters are monitored continuously to ensure that 
treatment is effective: colour, pH and temperature. The following table provides ranges 
for both raw and treated water for colour, pH and temperature. 
 

Parameter Raw Water Treated Water 
Colour 1 – 9 ptCo (Platinum cobalt units) 1 - 2 ptCo 
pH 6.44 – 8.40 7.00 – 7.70 
Temperature 1.75 – 25.0 Degrees Celsius ---- 

 
 
Adverse Water Quality Summary 
 
York Region staff responds immediately to indicator alarms by the continuous 
monitoring system and to lab notification of adverse water quality from submitted 
samples. The following table summarizes adverse water quality incidents for the Keswick 
Water Supply System for the period January 1, 2004 to December 31, 2004.  
 
Action was taken immediately on receipt of notification of these circumstances to ensure 
that drinking water delivered was safe. This typically included the collection of samples 
to confirm the water quality and/or the correction to instrumentation and equipment. 
 



Incident DateLocation Parameter Result Corrective 
Action Date

Corrective Action Details

Summary of Adverse Water Quality Reported to the MOE 
For the Period: January 1, 2004 to December 31, 2004
Supply Area: Keswick

Jun 26, 2004Keswick Water Purification 
Plant

0.45 mg/L This was reported only to inform the MOE that operations 
were outside the required operating range of 0.5 - 0.8 mg/l per 
O.Reg 170/03.

Fluoride Jun 26, 2004

Jun 27, 2004Keswick Water Purification 
Plant

0.48 mg/L This was reported only to inform the MOE that operations 
were outside the required operating range of 0.5 - 0.8 mg/l per 
O.Reg 170/03.

Fluoride Jun 27, 2004

Jun 28, 2004Keswick Water Purification 
Plant

0.48 mg/L This was reported only to inform the MOE that operations 
were outside the required operating range of 0.5 - 0.8 mg/l per 
O.Reg 170/03.

Fluoride Jun 28, 2004

Jun 29, 2004Keswick Water Purification 
Plant

0.9 mg/L This was reported only to inform the MOE that operations 
were outside the required operating range of 0.5 - 0.8 mg/l per 
O.Reg 170/03.

Fluoride Jun 29, 2004

Jun 29, 2004Keswick Water Purification 
Plant

0.46 mg/L This was reported only to inform the MOE that operations 
were outside the required operating range of 0.5 - 0.8 mg/l per 
O.Reg 170/03.

Fluoride Jun 29, 2004

Jun 30, 2004Keswick Water Purification 
Plant

0.49 mg/L This was reported only to inform the MOE that operations 
were outside the required operating range of 0.5 - 0.8 mg/l per 
O.Reg 170/03.

Fluoride Jun 30, 2004

Dec 30, 2004Keswick Water Purification 
Plant

1.49 mg/L All grab samples and analyzer below 1.50 mg/l. Operator 
reported as a precaution.

Fluoride Dec 30, 2004
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Treated Water Quality 
 
The following pages outline inorganic and organic parameter results from samples 
collected at points where treated water enters the distribution system.  
 
The following table summarizes the running annual average from the treated sampling 
point for Total Trihalomethanes from samples collected up to December 31, 2004: 
 

Sampling Location Total Trihalomethanes   
(mg/L) 

Clearwell  0.0275 
 
Sodium concentrations greater than 20.0 mg/L must be reported to the MOE. Further 
notification is not required for five years. The local Medical Officer of Health is also 
notified when sodium concentrations exceed 20.0 mg/L so that this information can be 
communicated to local physicians for their use with patients on sodium restricted diets. 
The next scheduled notification to the MOE regarding any sodium concentrations greater 
than 20.0 mg/L will occur in 2007.  
 
The standard prescribed for selenium in Schedule 2 of the Drinking Water Quality 
Standards is 0.01 mg/L. The result from a sample collected from the treatment plant on 
January 1, 2004 exceeded half the standard prescribed with a result of 0.008 mg/L. 
Subsequent quarterly samples in 2004 indicated concentrations of selenium below the 
method detection limit of 0.002 mg/L. 
 
 
Additional Sampling Requirements 
 
There were no additional sampling and testing requirements from the Keswick Water 
Supply System. 
 
 
Summary of Water Quality Testing – Keswick Water Supply System 
 
The sampling schedule for chemical testing of organic and inorganic parameters exceeds 
the minimum requirements of the Ontario Drinking Water Systems Regulation 
(O.Reg.170/03). This typically includes general chemistry parameters for which there are 
no health concerns but which are important for monitoring overall water quality trends. 
These results are available on request. 
 
Continual electronic monitoring has demonstrated that the water quality maintains a high 
quality standard.  
 
The microbiological testing program demonstrated that the water quality maintains a high 
standard that meets or exceeds the Ontario Drinking Water Standards.  
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The water quality testing for chemical parameters demonstrated that the water maintains 
a high standard that also meets and exceeds the Ontario Drinking Water Standards for all 
health-related parameters.  
 
 



Keswick Water Supply System

Inorganic Test Results

Keswick WTP Clearwell   
WW210003280

Reading Units ODWS  2004-01-26 2004-04-26 2004-07-26 2004-10-25

Antimony as Sb mg/L 0.006 IMAC  0.003 < 0.003 < 0.003 < 0.003

Arsenic as As mg/L 0.025 IMAC < 0.0007 < 0.0007 < 0.0007 < 0.0007

Barium as Ba mg/L 1 MAC  0.0269  0.0273  0.0259  0.0277

Boron as B mg/L 5 IMAC  0.005  0.019  0.015  0.012

Cadmium as Cd mg/L 0.005 MAC  0.0001 < 0.0001 < 0.0001 < 0.0001

Chromium as Cr mg/L 0.05 MAC < 0.0003 < 0.0003  0.0011 < 0.0003

Fluoride as F mg/L 0.8 MAC  0.55  0.29  0.49  0.45

Lead as Pb mg/L 0.01 MAC < 0.0007 < 0.0007 < 0.0007 < 0.0007

Mercury as Hg mg/L 0.001 MAC < 0.00002 < 0.00002 < 0.00002  0.00002

Nitrate as N mg/L 10 MAC  0.49  0.29  0.04  0.04

Nitrite mg/L 1 MAC < 0.02 < 0.02 < 0.02 < 0.02

Selenium as Se mg/L 0.01 MAC  0.008 < 0.002 < 0.002 < 0.002

Sodium as Na mg/L 200 AO  23.5  22  20.1  21.3

Uranium as U mg/L 0.02 MAC  0.01 < 0.01 < 0.01 < 0.01

“ < ”:  indicates the result is below Method Detection Limit
ODWS:  Ontario Drinking Water Standard
MAC:  Ontario Drinking Water Standard – Health Related (Maximum Acceptable Concentration)
IMAC:  Ontario Drinking Water Standard – Health Related (Interim Maximum Acceptable 
Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic Objective)
mg/L:  milligrams per litre, parts per million (ppm)



Keswick Water Supply System

Organic Test Results

Keswick WTP Clearwell   
WW210003280

Reading Units ODWS  2004-01-26 2004-04-26 2004-07-26 2004-10-25

(DDT) + Metabolites mg/L 0.03 MAC < 0.000008

1,1-dichloroethylene (vinylidene chloride) mg/L 0.014 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

1,2-(o-dcb) Dichlorobenzene mg/L 0.2 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,2-Dichloroethane mg/L 0.005 IMAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,4-(p-dcb) Dichlorobenzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

2,3,4,6-Tetrachlorophenol mg/L 0.1 MAC < 0.0005

2,4,5-trichlorophenoxyacetic acid (2,4,5-T) mg/L 0.28 MAC < 0.0005

2,4,6-Trichlorophenol mg/L 0.005 MAC < 0.0005

2,4-Dichlorophenol mg/L 0.9 MAC < 0.0004

2,4-dichlorophenoxyacetic acid (2,4-D) mg/L 0.1 IMAC < 0.0006

Alachlor mg/L 0.005 IMAC < 0.0004

Aldicarb mg/L 0.009 MAC < 0.003

Aldrin + Dieldrin mg/L 0.0007 MAC < 0.000006

Atrazine + N-dealkylated metabolites mg/L 0.005 IMAC < 0.0001

Azinphos-methyl mg/L 0.02 MAC < 0.0002

Bendiocarb mg/L 0.04 MAC < 0.004

Benzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Benzo(a)pyrene mg/L 0.00001 MAC < 0.000001

Bromoxynil mg/L 0.005 IMAC < 0.0004

Carbaryl mg/L 0.09 MAC < 0.0002

Carbofuran mg/L 0.09 MAC < 0.004

Carbon Tetrachloride mg/L 0.005 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

Chlordane (Total) mg/L 0.007 MAC < 0.000006

Chlorpyrifos mg/L 0.09 MAC < 0.0002

Cyanazine mg/L 0.01 IMAC < 0.0002

Diazinon mg/L 0.02 MAC < 0.0002

Dicamba mg/L 0.12 MAC < 0.0004

Dichloromethane mg/L 0.05 MAC < 0.0005 < 0.0005 < 0.0005 < 0.0005

Diclofop-methyl mg/L 0.009 MAC < 0.0004

Dimethoate mg/L 0.02 IMAC < 0.0003

Dinoseb mg/L 0.01 MAC < 0.0005

Diquat mg/L 0.07 MAC < 0.0001

Diuron mg/L 0.15 MAC < 0.0002

Glyphosate mg/L 0.28 IMAC < 0.002

Heptachlor + Heptachlor Epoxide mg/L 0.003 MAC < 0.000008

Lindane mg/L 0.004 MAC < 0.000005

Malathion mg/L 0.19 MAC < 0.0002

Methoxychlor mg/L 0.9 MAC < 0.000009

Metolachlor mg/L 0.05 IMAC < 0.0002

Metribuzin mg/L 0.08 MAC < 0.00008

Monochlorobenzene mg/L 0.08 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Paraquat mg/L 0.01 IMAC < 0.0001



Organic Test Results

Keswick WTP Clearwell   
WW210003280

Reading Units ODWS  2004-01-26 2004-04-26 2004-07-26 2004-10-25

Parathion mg/L 0.05 MAC < 0.0002

Pentachlorophenol mg/L 0.06 MAC < 0.0004

Phorate mg/L 0.002 IMAC < 0.0002

Picloram mg/L 0.19 IMAC < 0.0007

Polychlorinated Biphenyls (PCBs) mg/L 0.003 IMAC < 0.00002

Prometryne mg/L 0.001 IMAC < 0.00008

Simazine mg/L 0.01 IMAC < 0.00008

Temephos mg/L 0.28 IMAC < 0.003

Terbufos mg/L 0.001 IMAC < 0.0002

Tetrachloroethylene (perchloroethylene) mg/L 0.03 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

Triallate mg/L 0.23 MAC < 0.002

Trichloroethene mg/L 0.05 MAC < 0.0008 < 0.0008 < 0.0008 < 0.0008

Trifluralin mg/L 0.045 IMAC < 0.000006

Vinyl Chloride mg/L 0.002 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

“ < ”:  indicates the result is below Method Detection Limit
ODWS:  Ontario Drinking Water Standard
MAC:  Ontario Drinking Water Standard – Health Related (Maximum Acceptable Concentration)
IMAC:  Ontario Drinking Water Standard – Health Related (Interim Maximum Acceptable Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic Objective)
mg/L:  milligrams per litre, parts per million (ppm)
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Part III Form 2 
Section 11.  ANNUAL REPORT. 

 
Drinking-Water System Number:   210003280 
Drinking-Water System Name: Keswick Water Supply System 
Drinking-Water System Owner: Regional Municipality of York 
Drinking-Water System Category: Large Municipal Residential 
Period being reported: January 1, 2005 to December 31, 2005 

 
 

Complete if your Category is Large Municipal 
Residential or Small Municipal Residential 
 
Does your Drinking-Water System serve 
more than 10,000 people?   Yes [X]  No [  ] 
 
Is your annual report available to the public 
at no charge on a web site on the Internet?  
Yes [X]  No [  ] 
 
Location where Summary Report required 
under O. Reg. 170/03 Schedule 22 will be 
available for inspection.  
 
 

Complete for all other Categories. 
 
 
Number of Designated Facilities served: 
 
 
Did you provide a copy of your annual 
report to all Designated Facilities you 
serve?  
Yes [  ]  No [  ] 
 
Number of Interested Authorities you 
report to: 
 
Did you provide a copy of your annual 
report to all Interested Authorities you 
report to for each Designated Facility?  
Yes [  ]    No [  ] 
 

 
 

Note: For the following tables below, additional rows or columns may be added or an 
appendix may be attached to the report 

 
 
List all Drinking-Water Systems  (if any), which receive all of their drinking water from 
your system: 
Drinking Water System Name Drinking Water System Number 
Town of Georgina, Keswick and Sutton 
Water Distribution 

260062686 

 
Did you provide a copy of your annual report to all Drinking-Water System owners 
that are connected to you and to whom you provide all of its drinking water?  
Yes [X] No [  ] 
 

Regional Municipality of York 
Administrative Building 
Transportation and Works Department 
17250 Yonge Street  
Newmarket, Ontario 
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Indicate how you notified system users that your annual report is available, and is free 
of charge.  
[X] Public access/notice via the web      
[X] Public access/notice via Government Office 
[  ] Public access/notice via a newspaper    
[  ] Public access/notice via Public Request 
[  ] Public access/notice via a Public Library      
[  ] Public access/notice via other method _______________________________________ 
 
Describe your Drinking-Water System 
 

York Region operates a water treatment plant in the community of Keswick, along Cook’s Bay. 
The Keswick Water Treatment Plant draws water from Cook’s Bay in Lake Simcoe to supply a 
predominantly residential population. 
 
The Keswick Water Treatment Plant was constructed between 1982 – 1983. The 600-millimetre 
diameter water intake pipe extends 365 metres out into Cook’s Bay and draws water from a 
depth of 8.5 metres. At certain times of the year, when the incoming water rises above 12 
degrees Celsius, chlorine is added at the intake to limit zebra mussel growth. 
 
The incoming water is initially screened to remove large objects and chemically treated with a 
coagulant in the flocculation tanks (a coagulant is used to make suspended particles clump 
together and eventually settle out during the treatment process). The water moves through a 
sedimentation tank, where settling occurs, and is then filtered by dual media gravity filters. The 
filters contain granular activated carbon, which remove taste and odour in the water. The water 
continues to the clearwell and ground reservoir located on the plant site. 
 
The filtered water is disinfected using chlorine and is then pumped to the distribution system by 
the high lift pumps. Fluoride is also added to the water at the Keswick treatment plant. 
 
Treatment processes throughout the plant are monitored by on- line analyzers. The analyzers are 
equipped with alarms, which alert operational staff of conditions that require attention. 
 
There is one point of entry from the Keswick Water Treatment Plant to the distribution system 
servicing the community. Two storage tanks are available in Keswick, however, the tank located 
in the proposed Maple Leaf Estates area is not in service. 
 
Some summers result in an abundant growth of algae in Lake Simcoe. When the algae begin to 
die off in the fall, it releases an organic chemical, which creates a musty taste and odour. The 
filters at the water treatment plant are equipped to eliminate taste and odour problems associated 
with the water at normal levels of algae growth. This problem is generally seasonal, lasting from 
August to November and tends to go away during the cold water season. Despite any musty taste 
and odour that might occur, the water is safe to drink. 
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York Region is the wholesale supplier of water to the community of Keswick and is responsible 
for the supply, production, treatment and storage of water. The Town of Georgina owns and 
operates the distribution system that delivers the water from the regional watermains to homes in 
Keswick. 

 
 
List all water treatment chemicals used over this reporting period 

      
Chlorine gas 
Hydrofluosilicic acid 
Polyhydroxyaluminum chloride (PAC) 
Carbon dioxide 

    
Were any significant expenses incurred to?  

[  ]  Install required equipment 
[  ]  Repair required equipment 
[  ]  Replace required equipment 
 

      Please provide a brief description and a breakdown of monetary expenses incurred 
 
 

 
 

Provide details on the notices submitted in accordance with subsection 18(1) of the Safe 
Drinking-Water Act or section 16-4 of Schedule 16 of O.Reg.170/03 and reported to 
Spills Action Centre    

Incident 
Date 

Parameter Result Unit of 
Measure 

Corrective Action Corrective 
Action Date 

      
      

 
 
Microbiological testing done  under the Schedule 10, 11 or 12 of Regulation 170/03, 
during this reporting period. 
 Number 

of 
Samples  

Range of E.Coli 
Or Fecal 
Results  
(min #)-(max #) 
 

Range of Total 
Coliform 
Results 
(min #)-(max #) 
 

Number  
of HPC and 
Background 
Colonies 
Samples  

Range of HPC 
Results 
(min #)-(max #) 

Raw 52 0 - 1 0 - 22   
Treated 106 0 0 106 0 - 250 
Distribution      
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Operational testing done under Schedule 7, 8 or 9 of Regulation 170/03 during the 
period covered by this Annual Report. 
 Number of 

Grab 
Samples 

Range of Results 
(min #)-(max #) 
 

Analyzer Results 
(min #)-(max #) 
 

Turbidity 
(Treatment Plant) 

157 0.062 – 0.24 0.056 – 0.534 

Turbidity 
(Keswick Tank) 

54 0.08 – 0.297  

Chlorine 
(Treatment Plant) 

157 1.00 – 1.99 0.838 – 2.297 

Chlorine 
(Keswick Tank) 

153 0.54 – 1.60 0.377 – 1.708 

Fluoride (If the 
DWS provides 
fluoridation) 
(Treatment Plant) 

157 0.39 – 1.04 0.406 - 0.932 

 
NOTE: Record the unit of measure if it is not milligrams per litre. 

 
Summary of additional testing and sampling carried out in accordance with the 
requirement of an approval, order or other legal instrument. 

Date of legal instrument 
issued 

Parameter  Date Sampled Result Unit of Measure 

Certificate of 
Approval 3684-
6GNPMV dated 
October 19, 2005 

Suspended 
Solids  
(Treated 
effluent) 

Jan 31 
Feb 28 
Mar 28 
Apr 25 
May 30 
Jun 27 
Jul 25 
Aug 29 
Sep 26 
Oct 31 
Nov 28 
Dec 19 

  8.60 
<0.90 
  3.50 
  3.90 
 16.60 
 14.20 
  9.60 
  4.80 
  7.00 
  2.30 
  1.30 
  6.70 

Mg/L 
Mg/L 
Mg/L 
Mg/L 
Mg/L 
Mg/L 
Mg/L 
Mg/L 
Mg/L 
Mg/L 
Mg/L 
Mg/L 

     
“<” indicates the result is below the Method Detection Limit 

 
Summary of Inorganic parameters tested during this reporting period or the most 
recent sample results 
 
NOTE:  See attached results for Inorganic parameters. 
 

Parameter Sample Date  Result Value Unit of Measure Exceedance 

Antimony     
Arsenic     

NOTE: For 
continuous 
monitors use 
8760 as the 
number of 
samples. 
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Barium     
Boron     
Cadmium     
Chromium     
Lead     
Mercury     
Selenium     
Sodium     
Uranium     
Fluoride     
Nitrite     
Nitrate     

 
Summary of Organic parameters sampled during this reporting period or the most 
recent sample results 
 
NOTE:  See attached results for Organic parameters (THM value in table below). 
 

Parameter Sample 
Date  

Result 
Value 

Unit of 
Measure 

Exceedance 

Alachlor     
Aldicarb     
Aldrin + Dieldrin     
Atrazine + N-dealkylated metobolites     
Azinphos-methyl     
Bendiocarb     
Benzene     
Benzo(a)pyrene     
Bromoxynil     
Carbaryl     
Carbofuran     
Carbon Tetrachloride     
Chlordane (Total)     
Chlorpyrifos     
Cyanazine     
Diazinon     
Dicamba     
1,2-Dichlorobenzene     
1,4-Dichlorobenzene     
Dichlorodiphenyltrichloroethane (DDT) + 
metabolites 

    

1,2-Dichloroethane     
1,1-Dichloroethylene 
(vinylidene chloride) 

    

Dichloromethane     
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2-4 Dichlorophenol     
2,4-Dichlorophenoxy acetic acid (2,4-D)     
Diclofop-methyl     
Dimethoate     
Dinoseb     
Diquat     
Diuron     
Glyphosate     
Heptachlor + Heptachlor Epoxide     
Lindane (Total)     
Malathion     
Methoxychlor     
Metolachlor     
Metribuzin     
Monochlorobenzene     
Paraquat     
Parathion     
Pentachlorophenol     
Phorate     
Picloram     
Polychlorinated Biphenyls(PCB)     
Prometryne     
Simazine     
THM  
(NOTE: show latest annual average) 
 
Clearwell 

 
 
 

 
 
0.029 

 
 
Mg/L 

 

Temephos     
Terbufos     
Tetrachloroethylene     
2,3,4,6-Tetrachlorophenol     
Triallate     
Trichloroethylene     
2,4,6-Trichlorophenol     
2,4,5-Trichlorophenoxy acetic acid (2,4,5-T)     
Trifluralin     
Vinyl Chloride     
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List any Inorganic or Organic parameter(s) that exceeded half the standard prescribed in 
Schedule 2 of Ontario Drinking Water Quality Standards. 

Parameter Result Value Unit of Measure Date of  Sample 
    
    

(Only if DWS category is large municipal residential, small municipal residential, large 
municipal non residential, non municipal year round residential, large non municipal non 
residential) 

 
 



Keswick Water Supply System

Inorganics Test Results

Keswick WTP Clearwell  
WW210003280

Reading Units ODWS  2005-01-31 2005-04-25 2005-07-25 2005-07-27 2005-10-31

Antimony as Sb mg/L 0.006 IMAC < 0.003 < 0.003 < 0.003 < 0.003 < 0.003

Arsenic as As mg/L 0.025 IMAC < 0.0007 < 0.0007 < 0.0007 < 0.0007 < 0.0007

Barium as Ba mg/L 1 MAC  0.0329  0.0259  0.0239  0.0246  0.0326

Boron as B mg/L 5 IMAC  0.014  0.018  0.011  0.011  0.015

Cadmium as Cd mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

Chromium as Cr mg/L 0.05 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003 < 0.0003

Fluoride as F mg/L 0.8 MAC  0.48  0.56  0.5  0.46  0.06

Lead as Pb mg/L 0.01 MAC < 0.0007 < 0.0007 < 0.0007 < 0.0007 < 0.0007

Mercury as Hg mg/L 0.001 MAC < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001

Nitrate as N mg/L 10 MAC  0.03  0.13  0.12  0.09 < 0.01

Nitrite mg/L 1 MAC < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

Selenium as Se mg/L 0.01 MAC < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Sodium as Na mg/L 200 AO  22  19.9  20.8  21.1  21.6

Uranium as U mg/L 0.02 MAC < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

“ < ”:  indicates the result is below Method Detection Limit
ODWS:  Ontario Drinking Water Standard
MAC:  Ontario Drinking Water Standard – Health Related (Maximum Acceptable Concentration)
IMAC:  Ontario Drinking Water Standard – Health Related (Interim Maximum Acceptable 
Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic Objective)
mg/L:  milligrams per litre, parts per million (ppm)



Keswick Water Supply System

Organics Test Results

Keswick WTP Clearwell  
WW210003280

Reading Units ODWS  2005-01-31 2005-04-25 2005-07-25 2005-10-31

(DDT) + Metabolites mg/L 0.03 MAC < 0.000008

1,1-dichloroethylene (vinylidene chloride) mg/L 0.014 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

1,2-(o-dcb) Dichlorobenzene mg/L 0.2 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,2-Dichloroethane mg/L 0.005 IMAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,4-(p-dcb) Dichlorobenzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

2,3,4,6-Tetrachlorophenol mg/L 0.1 MAC < 0.0005

2,4,5-trichlorophenoxyacetic acid (2,4,5-T) mg/L 0.28 MAC < 0.0005

2,4,6-Trichlorophenol mg/L 0.005 MAC < 0.0005

2,4-Dichlorophenol mg/L 0.9 MAC < 0.0004

2,4-dichlorophenoxyacetic acid (2,4-D) mg/L 0.1 IMAC < 0.0006

Alachlor mg/L 0.005 IMAC < 0.0004

Aldicarb mg/L 0.009 MAC < 0.0035

Aldrin + Dieldrin mg/L 0.0007 MAC < 0.000006

Atrazine + N-dealkylated metabolites mg/L 0.005 IMAC < 0.0001

Azinphos-methyl mg/L 0.02 MAC < 0.0002

Bendiocarb mg/L 0.04 MAC < 0.003

Benzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Benzo(a)pyrene mg/L 0.00001 MAC < 0.000001

Bromoxynil mg/L 0.005 IMAC < 0.0004

Carbaryl mg/L 0.09 MAC < 0.0002

Carbofuran mg/L 0.09 MAC < 0.004

Carbon Tetrachloride mg/L 0.005 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

Chlordane (Total) mg/L 0.007 MAC < 0.000006

Chlorpyrifos mg/L 0.09 MAC < 0.0002

Cyanazine mg/L 0.01 IMAC < 0.0002

Diazinon mg/L 0.02 MAC < 0.0002

Dicamba mg/L 0.12 MAC < 0.0004

Dichloromethane mg/L 0.05 MAC < 0.0005 < 0.0005 < 0.0005 < 0.0005

Diclofop-methyl mg/L 0.009 MAC < 0.0004

Dimethoate mg/L 0.02 IMAC < 0.0003

Dinoseb mg/L 0.01 MAC < 0.0005

Diquat mg/L 0.07 MAC < 0.0001

Diuron mg/L 0.15 MAC < 0.0002

Glyphosate mg/L 0.28 IMAC < 0.002

Heptachlor + Heptachlor Epoxide mg/L 0.003 MAC < 0.000008

Lindane mg/L 0.004 MAC < 0.000005

Malathion mg/L 0.19 MAC < 0.0002

Methoxychlor mg/L 0.9 MAC < 0.000009

Metolachlor mg/L 0.05 IMAC < 0.0002

Metribuzin mg/L 0.08 MAC < 0.00008

Monochlorobenzene mg/L 0.08 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Paraquat mg/L 0.01 IMAC < 0.0001



Organics Test Results

Keswick WTP Clearwell  
WW210003280

Reading Units ODWS  2005-01-31 2005-04-25 2005-07-25 2005-10-31

Parathion mg/L 0.05 MAC < 0.0002

Pentachlorophenol mg/L 0.06 MAC < 0.0004

Phorate mg/L 0.002 IMAC < 0.0002

Picloram mg/L 0.19 IMAC < 0.0007

Polychlorinated Biphenyls (PCBs) mg/L 0.003 IMAC < 0.00002

Prometryne mg/L 0.001 IMAC < 0.00008

Simazine mg/L 0.01 IMAC < 0.00008

Temephos mg/L 0.28 IMAC < 0.003

Terbufos mg/L 0.001 IMAC < 0.0002

Tetrachloroethylene (perchloroethylene) mg/L 0.03 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

Triallate mg/L 0.23 MAC < 0.002

Trichloroethene mg/L 0.05 MAC < 0.0008 < 0.0008 < 0.0008 < 0.0008

Trifluralin mg/L 0.045 IMAC < 0.000006

Vinyl Chloride mg/L 0.002 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

“ < ”:  indicates the result is below Method Detection Limit
ODWS:  Ontario Drinking Water Standard
MAC:  Ontario Drinking Water Standard – Health Related (Maximum Acceptable Concentration)
IMAC:  Ontario Drinking Water Standard – Health Related (Interim Maximum Acceptable Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic Objective)
mg/L:  milligrams per litre, parts per million (ppm)
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Part III Form 2 
Section 11.  ANNUAL REPORT. 

 
Drinking-Water System Number:   210003280 
Drinking-Water System Name: Keswick Water Supply System 
Drinking-Water System Owner: Regional Municipality of York 
Drinking-Water System Category: Large Municipal Residential 
Period being reported: January 1, 2006 to December 31, 2006 

 
 

Complete if your Category is Large Municipal 
Residential or Small Municipal Residential 
 
Does your Drinking-Water System serve 
more than 10,000 people?   Yes [X]  No [  ] 
 
Is your annual report available to the public 
at no charge on a web site on the Internet?  
Yes [X]   No [  ] 
 
Location where Summary Report required 
under O. Reg. 170/03 Schedule 22 will be 
available for inspection.  
 
 

Complete for all other Categories. 
 
 
Number of Designated Facilities served: 
 
 
Did you provide a copy of your annual 
report to all Designated Facilities you 
serve?  
Yes [  ]  No [  ] 
 
Number of Interested Authorities you 
report to: 
 
Did you provide a copy of your annual 
report to all Interested Authorities you 
report to for each Designated Facility?  
Yes [  ]    No [  ] 
 

 

Regional Municipality of York 
Administrative Building 
Transportation and Works Department 
17250 Yonge Street 
Newmarket, Ontario 

 
Note: For the following tables below, additional rows or columns may be added or an 
appendix may be attached to the report 

 
 
List all Drinking-Water Systems (if any), which receive all of their drinking water from 
your system: 
Drinking Water System Name Drinking Water System Number 
Town of Georgina, Keswick and Sutton 
Water Distribution 

260062686 

 
Did you provide a copy of your annual report to all Drinking-Water System owners 
that are connected to you and to whom you provide all of its drinking water?  
Yes [X] No [  ] 
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Indicate how you notified system users that your annual report is available, and is free 
of charge.  
[x] Public access/notice via the web      
[x] Public access/notice via Government Office 
[  ] Public access/notice via a newspaper    
[  ] Public access/notice via Public Request 
[  ] Public access/notice via a Public Library      
[  ] Public access/notice via other method _______________________________________ 
 
Describe your Drinking-Water System 
York Region operates a water treatment plant in the community of Keswick, along Cook’s 
Bay. The Keswick Water Treatment Plant draws water from Cook’s Bay in Lake Simcoe to 
supply a predominantly residential population. 
 
The Keswick Water Treatment Plant was constructed between, 1982-1983. The 600-
millimetre diameter water pipe extends 365 metres out into Cook’s Bay and draws water 
from a depth of 8.5 metres. At certain times of the year, when the incoming water rises above 
12 degrees Celsius, chlorine is added at the intake to limit Zebra Mussel growth. 
 
The incoming water is initially screened to remove large objects and chemically treated with 
a coagulant in the flocculation tanks (a coagulant is used to make suspended particles clump 
together and eventually settle out during the treatment process). The water moves through a 
sedimentation tank, where settling occurs, and is then filtered by dual media gravity filters. 
The filters contained granular activated carbon, which removes taste and odour in the water. 
The water continues to the clearwell and ground reservoir located on the plant site. 
 
The filtered water is disinfected using chlorine and is then pumped to distribution system by 
the high lift pumps. Fluoride is also added to the water at the Keswick Treatment Plant.  
 
Treatment processes throughout the plant are monitored by on-line analyzers. The analyzers 
are equipped with alarms, which alert operational staff of conditions that require attention. 
 
There is one point of entry from the Keswick Water Treatment Plant to the distribution 
system servicing the community. Two storage tanks are available in Keswick. 
 
The Township of Keswick owns and operates the distribution system that delivers the water 
from the regional watermains to the homes in Keswick. 
 
List all water treatment chemicals used over this reporting period 

Chlorine Gas 
Hydrofluosilicic Acid 
Polyhydroxyaluminum Chloride (PAC) 
Carbon Dioxide 

    
Were any significant expenses incurred to?  
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[  ]  Install required equipment 
[  ]  Repair required equipment 
[  ]  Replace required equipment 
 

      Please provide a brief description and a breakdown of monetary expenses incurred 
Some of the following expenditures represent only part of the total project cost. 
 
Keswick Water Treatment Plant noise reduction improvements   $33,000 
Keswick North Elevation Tank and Queensway North watermain  $117,444 
Woodbine and Ravenshoe watermain      $157,619 

 
 

Provide details on the notices submitted in accordance with subsection 18(1) of the Safe 
Drinking-Water Act or section 16-4 of Schedule 16 of O.Reg.170/03 and reported to 
Spills Action Centre   

Incident 
Date 

Parameter Result Unit of 
Measure 

Corrective Action Corrective 
Action Date 

      
      

 
Microbiological testing done under the Schedule 10, 11 or 12 of Regulation 170/03, 
during this reporting period. 
 Number 

of 
Samples  

Range of E.Coli 
Or Fecal 
Results  
(min #)-(max #) 
 

Range of Total 
Coliform 
Results 
(min #)-(max #) 
 

Number  
of HPC 
Samples  

Range of HPC 
Results 
(min #)-(max #) 

Raw 52 0 0-18   
Treated 104 0 0 104 0-12 
Distribution      

 
Operational testing done under Schedule 7, 8 or 9 of Regulation 170/03 during the 
period covered by this Annual Report. 
 Number of 

Grab 
Samples 

Range of Results 
(min #)-(max #) 
 

Turbidity Treated  8760 0.04-0.84 
Turbidity Raw  53 0.044-0.890 
Chlorine  8760 0.00-2.31 
Fluoride (If the 
DWS provides 
fluoridation) 

8760 0.00-1.97 

NOTE: For continuous 
monitors use 8760 as the 
number of samples. 

 
NOTE: Record the unit of measure if it is not milligrams per litre. 
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Summary of additional testing and sampling carried out in accordance with the 
requirement of an approval, order or other legal instrument. 

Date of legal instrument 
issued 

Parameter  Date Sampled Result Unit of Measure 

     
     

 
Summary of Inorganic parameters tested during this reporting period or the most 
recent sample results 
 
Note: See attached results for Inorganic parameters 
 

Parameter Sample Date  Result Value Unit of Measure Exceedance 

Antimony     
Arsenic     
Barium     
Boron     
Cadmium     
Chromium     
Lead     
Mercury     
Selenium     
Sodium     
Uranium     
Fluoride     
Nitrite     
Nitrate     

 
Summary of Organic parameters sampled during this reporting period or the most 
recent sample results 
 
Note: See attached results for Organic parameters (THM value in table below) 
 

Parameter Sample 
Date  

Result 
Value 

Unit of 
Measure 

Exceedance 

Alachlor     
Aldicarb     
Aldrin + Dieldrin     
Atrazine + N-dealkylated metobolites     
Azinphos-methyl     
Bendiocarb     
Benzene     
Benzo(a)pyrene     
Bromoxynil     
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Carbaryl     
Carbofuran     
Carbon Tetrachloride     
Chlordane (Total)     
Chlorpyrifos     
Cyanazine     
Diazinon     
Dicamba     
1,2-Dichlorobenzene     
1,4-Dichlorobenzene     
Dichlorodiphenyltrichloroethane (DDT) + 
metabolites 

    

1,2-Dichloroethane     
1,1-Dichloroethylene 
(vinylidene chloride) 

    

Dichloromethane     
2-4 Dichlorophenol     
2,4-Dichlorophenoxy acetic acid (2,4-D)     
Diclofop-methyl     
Dimethoate     
Dinoseb     
Diquat     
Diuron     
Glyphosate     
Heptachlor + Heptachlor Epoxide     
Lindane (Total)     
Malathion     
Methoxychlor     
Metolachlor     
Metribuzin     
Monochlorobenzene     
Paraquat     
Parathion     
Pentachlorophenol     
Phorate     
Picloram     
Polychlorinated Biphenyls(PCB)     
Prometryne     
Simazine     
THM  
(NOTE: show latest annual average) 
Clearwell 

 
0.049 

 
Mg/L 

  

Temephos     
Terbufos     
Tetrachloroethylene     
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2,3,4,6-Tetrachlorophenol     
Triallate     
Trichloroethylene     
2,4,6-Trichlorophenol     
2,4,5-Trichlorophenoxy acetic acid (2,4,5-T)     
Trifluralin     
Vinyl Chloride     

 
 
List any Inorganic or Organic parameter(s) that exceeded half the standard prescribed in 
Schedule 2 of Ontario Drinking Water Quality Standards. 

Parameter Result Value Unit of Measure Date of  Sample 
Fluoride 0.88 Mg/L October 30 

    
(Only if DWS category is large municipal residential, small municipal residential, large 
municipal non residential, non municipal year round residential, large non municipal non 
residential) 

 
 



Keswick Water Supply System

Inorganics Test Results

Keswick WTP Clearwell
WW210003280

Reading Units ODWS  30/01/2006 24/04/2006 31/07/2006 30/10/2006

Antimony as Sb mg/L 0.006 IMAC 0.0004 0.0004 0.0004 0.0004

Arsenic as As mg/L 0.025 IMAC 0.0004 0.0004 0.0004 0.0004

Barium as Ba mg/L 1 MAC 0.029 0.025 0.0281 0.0291

Boron as B mg/L 5 IMAC 0.0145 0.018 0.016 0.014

Cadmium as Cd mg/L 0.005 MAC 0.0001 0.0001 0.0001 0.0001

Chromium as Cr mg/L 0.05 MAC 0.0003 0.0003 0.0003 0.0003

Fluoride as F mg/L 0.8 MAC 0.515 0.41 0.46 0.88

Lead as Pb mg/L 0.01 MAC 0.0007 0.0007 0.0007 0.0007

Mercury as Hg mg/L 0.001 MAC 0.00001 0.00001 0.00001 0.00001

Nitrate as N mg/L 10 MAC 0.095 0.16 0.1 0.09

Nitrite mg/L 1 MAC 0.02 0.02 0.02 0.02

Selenium as Se mg/L 0.01 MAC 0.002 0.002 0.002 0.002

Sodium as Na mg/L 200 AO 21.45 23.5 22.2 23.5

Uranium as U mg/L 0.02 MAC 0.002 0.002 0.002 0.002

"<": indicats the result is below Method Detection Limit
ODWS: Ontario Drinking Water Standard
MAC: Ontario Drinking Water Standard - Health Related (Maximum Acceptable Concentration)
AO: Ontario Drining Water Standard - Non Health Related (Aesthetic Objective)
mg/L: milligrams per litre, parts permillion (ppm)



Keswick Water Supply System

Organics Test Results

Keswick WTP Clearwell
WW210003280

Reading Units ODWS  30/01/2006 24/04/2006 31/07/2006 30/10/2006

(DDT) + Metabolites mg/L 0.03 MAC < 0.000008

1,1-dichloroethylene (vinylidene chloride) mg/L 0.014 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

1,2-(o-dcb) Dichlorobenzene mg/L 0.2 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,2-Dichloroethane mg/L 0.005 IMAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,4-(p-dcb) Dichlorobenzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

2,3,4,6-Tetrachlorophenol mg/L 0.1 MAC < 0.0005

2,4,6-Trichlorophenol mg/L 0.005 MAC < 0.0005

2,4-Dichlorophenol mg/L 0.9 MAC < 0.0004

Alachlor mg/L 0.005 IMAC < 0.0004

Aldicarb mg/L 0.009 MAC < 0.0035

Aldrin + Dieldrin mg/L 0.0007 MAC < 0.000006

Atrazine + N-dealkylated metabolites mg/L 0.005 IMAC < 0.0001

Azinphos-methyl mg/L 0.02 MAC < 0.0002

Bendiocarb mg/L 0.04 MAC < 0.003

Benzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Benzo(a)pyrene mg/L 0.00001 MAC < 0.000001

Carbaryl mg/L 0.09 MAC < 0.0002

Carbofuran mg/L 0.09 MAC < 0.004

Carbon Tetrachloride mg/L 0.005 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

Chlordane (Total) mg/L 0.007 MAC < 0.000006

Chlorpyrifos mg/L 0.09 MAC < 0.0002

Cyanazine mg/L 0.01 IMAC < 0.0002

Diazinon mg/L 0.02 MAC < 0.0002

Dichloromethane mg/L 0.05 MAC < 0.0005 < 0.0005 < 0.0005 < 0.0005

Dimethoate mg/L 0.02 IMAC < 0.0003

Diquat mg/L 0.07 MAC < 0.0001

Diuron mg/L 0.15 MAC < 0.0002

Glyphosate mg/L 0.28 IMAC < 0.002

Heptachlor + Heptachlor Epoxide mg/L 0.003 MAC < 0.000008

Lindane mg/L 0.004 MAC < 0.000005

Malathion mg/L 0.19 MAC < 0.0002

Methoxychlor mg/L 0.9 MAC < 0.000009

Metolachlor mg/L 0.05 IMAC < 0.0002

Metribuzin mg/L 0.08 MAC < 0.00008

Monochlorobenzene mg/L 0.08 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Paraquat mg/L 0.01 IMAC < 0.0001

Parathion mg/L 0.05 MAC < 0.0002

Pentachlorophenol mg/L 0.06 MAC < 0.0004

Phorate mg/L 0.002 IMAC < 0.0002

Polychlorinated Biphenyls (PCBs) mg/L 0.003 IMAC < 0.00004

Prometryne mg/L 0.001 IMAC < 0.00008

Simazine mg/L 0.01 IMAC < 0.00008

Temephos mg/L 0.28 IMAC < 0.003



Organics Test Results

Keswick WTP Clearwell
WW210003280

Reading Units ODWS  30/01/2006 24/04/2006 31/07/2006 30/10/2006

Terbufos mg/L 0.001 IMAC < 0.0002

Tetrachloroethylene (perchloroethylene) mg/L 0.03 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

Triallate mg/L 0.23 MAC < 0.002

Trichloroethene mg/L 0.005 MAC < 0.0008 < 0.0008 < 0.0001 < 0.0001

Trifluralin mg/L 0.045 IMAC < 0.000006

Vinyl Chloride mg/L 0.002 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

"<": indicats the result is below Method Detection Limit
ODWS: Ontario Drinking Water Standard
MAC: Ontario Drinking Water Standard - Health Related (Maximum Acceptable Concentration)
AO: Ontario Drining Water Standard - Non Health Related (Aesthetic Objective)
mg/L: milligrams per litre, parts permillion (ppm)



 

  

 
 APPENDIX E2 

ANNUAL WATER QUALITY REPORTS FOR GEORGINA INTAKE 

2003-2006 

  

 

 

L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y   
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  



Annual Report for the Georgina Water Supply System 
Town of Georgina 
For the Period April 1, 2003 to December 31, 2003 
Ontario Drinking Water Systems Regulation O.Reg. 170/03 
 
 

 

Ontario’s Drinking Water Systems Regulation (O.Reg.170/03), made under the Safe 
Drinking Water Act, 2002, requires that the owner of a municipal drinking water system 
prepare an Annual Report on the operation of the system and the quality of its water. 
 
Drinking Water System Name: Georgina Water Supply System 
Drinking Water System Number:  Waterworks 260026156 
Drinking Water System Owner:  Regional Municipality of York (York Region) 
Drinking Water System Category: Large Municipal Residential 
Reporting Period:    April 1, 2003 to December 31, 2003 
 
The new Georgina Water Treatment Plant was put into operation in November 2003 and 
now services the community of Sutton. The new plant replaces the Sutton Water 
Treatment Plant (Waterworks Number 220002324) which was taken out of service in 
November 2003 and will be decommissioned in 2004. 
 
York Region is the wholesale supplier of water to the community of Sutton and is 
responsible for the supply, production, treatment and storage of water. The Town of 
Georgina owns and operates the distribution system that delivers the water from the 
regional watermains to homes in Sutton. 
 
The Georgina Water Supply System serves less than 10,000 people. 
 
 
Annual Report Distribution 
 
A copy of the Annual Report for the Georgina Water Supply System was provided to the 
Town of Georgina. 
 
The Annual Report is available free of charge at York Region’s Administrative Offices, 
Transportation and Works Department at 17250 Yonge Street in Newmarket and through 
the York Region Official web site at www.region.york.on.ca.  
 
Notification of the Annual Report was made through York Region’s Official web site and 
through the Transportation and Works newsletter – YorkWorks. 
 
 
Availability of the Summary Report Required under O.Reg.170/03, Schedule 22 
 
The Summary Report required under O.Reg.170/03, Schedule 22 for Large Municipal 
Residential systems will be available after March 31, 2004 at York Region’s 
Administrative Offices, Transportation and Works Department at 17250 Yonge Street in 
Newmarket. 
 
The Summary Report provides details on water withdrawal in 2003 from the Georgina 
Water Treatment Plant as compared to permitted limits. 
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Description of the Georgina Water Supply System 
 
The new Georgina Water Treatment Plant was commissioned in November 2003 and 
provides a water supply to the community of Sutton. The plant is located in the Town of 
Georgina on Kennedy Road between Lake Drive and Metro Road on the south shore of 
Lake Simcoe. 
 
The raw water intake consists of a 1.0 metre diameter pipe that extends 1.5 kilometres out 
into Lake Simcoe to a depth of 19 metres. The location of the intake pipe was based on 
the available depth of water, the water quality and physical factors. 
 
Water is pumped from the intake pipe to a low lift pumping station located at Lake Drive 
and Kennedy Road. The pumping station is designed to house pumps and equipment that 
transmit the water to the treatment plant. 
 
The new Georgina Water Treatment Plant uses leading edge technology to treat the raw 
water from Lake Simcoe. The treatment process, called the Zenon’s Zeeweed 
Microfiltration Process, removes suspended solids, Cryptosporidium, Giardia and other 
potentially harmful parasites by drawing the raw water through membranes. The pore 
sizes of the membranes are large enough to allow water to pass but small enough to 
remove undesirable impurities.  
 
Chlorine is added to maintain water quality through the distribution system. Granular 
activated carbon filters have been provided for taste and odour control, if required. The 
water is also fluoridated using sodium fluoride. 
 
At certain times of the year, when the incoming water rises above 12 degrees Celsius, 
chlorine is added at the intake to limit growth of zebra mussels. 
 
There is one point of entry from the Georgina Water Treatment Plant to the distribution 
system and one storage tower servicing the community of Sutton. 
 
 
Chemical Usage for Treatment 
 
The following chemicals are added at the Georgina Water Treatment Plant : 
 

• Chlorine Gas 
• Sulphur Dioxide 
• Sodium Fluoride 
• Sodium Hypochlorite 
• Citric Acid 
• Caustic Soda 
• Activated Carbon 
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The amount of chemicals added to treat water is dependent on the raw water source 
quality. 
 
 
Expenses for System Improvement 
 
The new Georgina Water Treatment Plant was put into operation in November 2003. 
  
 
Water Quality Sampling Program 
 
York Region staff regularly sample at the Georgina Water Treatment Plant. The water 
quality sampling program includes: 
 

• Collection and analysis of samples from the raw water source 
• Daily or continuous monitoring of indicator parameters 
• Collection and analysis of samples of the treated water 

 
All off-site laboratory analysis is performed by the York-Durham Regional 
Environmental Laboratory in Pickering. 
 
 
Indicator Parameter Monitoring 
 
Indicator parameter monitoring is performed by York Region on a continuous basis to 
confirm that the treated water is safe for consumption. Indicator parameter monitoring 
allows quick identification of conditions that could adversely affect health. Prescribed 
limits for the indicator parameter monitoring have been established by the MOE. When 
indicator parameter concentrations are outside the prescribed limits, action is taken to 
adjust the treatment system and samples are collected to confirm indicator test results. 
  
The indicator parameters monitored include: 
 

• Microbiological Indicators (bacteria) 
• Chlorine Residual 
• Turbidity 
• Fluoride 

 
 
Microbiological Indicators (bacteria) 
 
Samples of raw water from the treatment plant are collected by York Region at the 
wetwell and are submitted for Membrane Filtration testing to determine the number of 
Total Coliforms, Background colonies and Faecal Coliform bacteria. Where the source of 
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the sample is raw water, which will receive treatment to remove potentially harmful 
bacteria, further testing to confirm the presence of bacteria is not required.  
 
Samples of the treated water from the treatment plant (clearwell) and storage facility are 
also submitted for Presence/Absence testing. When this test identifies the potential 
presence of coliforms, further testing is undertaken to confirm the result and to quantify 
the number of colonies of Total Coliform, Background and E.Coli, bacteria present in the 
water sample. Samples from each sampling location are also regularly submitted for a 
Heterotrophic Plate Count (HPC) test or Background Colony (Bkd) test to provide an 
indication of the total number of bacterial colonies present in the water. 
 
The following table summarizes microbiological analysis results from the Georgina 
Water Treatment Plant since the plant began operation in November 2003. Results from 
the Sutton storage tank are also included in the summary for the reporting period April 1, 
2003 to December 31, 2003. 
 
Summary of Microbiological Analysis 
 

Raw/ 
Treated 

Sampling 
Location 

Number 
of 
Samples 

*Range of 
E.Coli or 
Fecal 
Results 

*Range of 
Total 
Coliform 
Results 

Number 
of HPC 
Samples 

Range of 
HPC 
Results 

Number 
of Bkd 
Colony 
Samples 

Range of 
Bkd 
Colony 
Results 

Raw Wetwell 7 0 0 – 4 na** na 7 0 – 3600M 
Total Raw: 7 0 0 – 4 na na 7 0 – 3600M 

Clearwell 7 0 0 6 0 – 58 3 0 Treated 
Sutton 
Tower 

56 0 0 54 0 – 20 17 0 

Total Treated: 63 0 0 60 0 – 58 20 0 

*Unless otherwise indicated, reported Coliform values are based on the results of Presence/Absence testing. 
**na: not applicable 
***M: estimated count 
 
 
Chlorine Residual and Turbidity 
 
Chlorination is the disinfection treatment method at the Georgina Water Treatment Plant. 
On-line analyzers continuously monitor chlorine residual concentration in the treated 
water before it enters the distribution system. The data from the analyzers are monitored 
and recorded using a local Supervisory Control and Data Acquisition (SCADA) system 
that notifies staff using an autodialer system if concentrations vary from the prescribed 
range. 
 
Turbidity has been selected by the MOE as an indicator of potential adverse water quality 
based on correlations between the presence of particulate matter in the water supply and 
outbreaks of waterborne disease. Turbidity analyzers continuously monitor the level of 
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turbidity in the treated water entering the distribution system. The data from the analyzers 
are also monitored and recorded using the SCADA system. 
 
Where fluoride is added to drinking water, the Drinking Water Standards recommend that 
the concentration be adjusted to 0.50 mg/L to 0.80 mg/L. This range is the optimum level 
for control of tooth decay. 
 
The following table outlines ranges of chlorine residuals, turbidity and fluoride levels 
experienced from sampling locations at the Georgina Water Treatment Plant since it 
began operation in November 2003 as taken from continuous monitoring analyzers.  
 
Sampling 
Location 

Sampling 
Method 

Number of 
Samples 

*Turbidity 
(NTU) 

*Free Chlorine Residual 
(mg/L) 

Fluoride 
(mg/L) 

Treatment Plant Analyzer 8760 0.1 – 0.5 0.9 – 2.4 0.2 – 0.7 
*Number of samples from Turbidity, Chlorine Residual and Fluoride analyzers: 8760 each; as 
instructed by the MOE Annual Report template. 
Results are for November and December, 2003 only. 

 
 
In-Process Parameter Monitoring 
 
The concentrations of the following parameters are monitored continuously to ensure that 
treatment is effective: pH and temperature. The following table provides a summary of 
the annual average measurement for both raw and treated water for pH and temperature. 
 

Parameter Raw Water Treated Water 
pH ---- 7.3 – 7.8 
Temperature 3 – 10 degrees Celsius Not applicable 

 Results are for November and December, 2003 only 
 
Adverse Water Quality Summary 
 
There were no incidents of adverse water quality since the new water treatment plant 
began operation in November 2003. 
 
 
Treated Water Quality  
 
York Region staff has collected samples for Total Trihalomethanes (TTHMs) analysis 
since the new water treatment plant began operation in November 2003. The average of 
the two samples collected for TTHMs is 0.0007 mg/L. 
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Additional Sampling Requirements 
 
There were no additional sampling and testing requirements from the Georgina Water 
Treatment Plant. 
 
 
Summary of Water Quality Testing – Georgina Water Supply System 
 
The Georgina Water Treatment Plant was brought into regular service in November 
2003. 
 
Continual electronic monitoring has demonstrated that the water quality maintains a high 
quality standard.  
 
The microbiological testing program demonstrated that the water quality maintains a high 
standard that meets or exceeds the Ontario Drinking Water Standards.  
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Ontario’s Drinking Water Systems Regulation (O.Reg.170/03), made under the Safe 
Drinking Water Act, 2002, requires that the owner of a municipal drinking water system 
prepare an Annual Report on the operation of the system and the quality of its water. 
 
Drinking Water System Name: Georgina Water Supply System 
Drinking Water System Number: Waterworks 260026156 
Drinking Water System Owner: Regional Municipality of York (York Region) 
Drinking Water System Category: Large Municipal Residential 
Reporting Period:   January 1, 2004 to December 31, 2004 
 
The Georgina Water Treatment Plant was put into operation in November 2003 and now 
services the community of Sutton. The new plant replaces the Sutton Water Treatment 
Plant (Waterworks Number 220002324) which was taken out of service in 2003. 
 
York Region is the wholesale supplier of water to the community of Sutton and is 
responsible for the supply, production, treatment and storage of water. The Town of 
Georgina owns and operates the distribution system that delivers the water from the 
regional watermains to homes in Sutton. 
 
The Georgina Water Supply System serves more than 10,000 people. 
 
 
Annual Report Distribution 
 
A copy of the Annual Report for the Georgina Water Supply System was provided to the 
Town of Georgina. 
 
The Annual Report is available free of charge at York Region’s Administrative Offices, 
Transportation and Works Department at 17250 Yonge Street in Newmarket and through 
the York Region Official web site at www.region.york.on.ca.  
 
Notification of the Annual Report was made through York Region’s Official web site and 
through the Transportation and Works newsletter – YorkWorks. 
 
 
Availability of the Summary Report Required under O.Reg.170/03, Schedule 22 
 
The Summary Report required under O.Reg.170/03, Schedule 22 for Large Municipal 
Residential systems will be available after March 31, 2005 at York Region’s 
Administrative Offices, Transportation and Works Department at 17250 Yonge Street in 
Newmarket. 
 
The Summary Report provides details on water withdrawal in 2004 from the Georgina 
Water Treatment Plant as compared to permitted limits. 
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Description of the Georgina Water Supply System 
 
The Georgina Water Treatment Plant was commissioned in November 2003 and provides 
a water supply to the community of Sutton. The plant is located in the Town of Georgina 
on Kennedy Road between Lake Drive and Metro Road on the south shore of Lake 
Simcoe. 
 
The raw water intake consists of a 1.0 metre diameter pipe that extends 1.5 kilometres out 
into Lake Simcoe to a depth of 19 metres. The location of the intake pipe was based on 
the available depth of water, the water quality and physical factors. 
 
Water is pumped from the intake pipe to a low lift pumping station located at Lake Drive 
and Kennedy Road. The pumping station is designed to house pumps and equipment that 
transmit the water to the treatment plant. 
 
The Georgina Water Treatment Plant uses leading edge technology to treat the raw water 
from Lake Simcoe. The treatment process, called the Zenon’s Zeeweed Ultrafiltration 
Process, removes suspended solids, Cryptosporidium, Giardia and other potentially 
harmful parasites by drawing the raw water through membranes. The pore sizes of the 
membranes are large enough to allow water to pass but small enough to remove 
undesirable impurities.  
 
Chlorine is added as a disinfectant and to maintain water quality through the distribution 
system. Granular activated carbon filters have been provided for taste and odour control, 
if required. The water is also fluoridated using sodium fluoride. 
 
At certain times of the year, when the incoming water rises above 12 degrees Celsius, 
chlorine is added at the intake to limit growth of zebra mussels. 
 
There is one point of entry from the Georgina Water Treatment Plant to the distribution 
system and one storage tower servicing the community of Sutton. 
 
 
Chemical Usage for Treatment 
 
The following chemicals are added at the Georgina Water Treatment Plant: 
 

• Chlorine Gas 
• Sulphur Dioxide 
• Sodium Fluoride 
• Sodium Hypochlorite 
• Citric Acid 
• Caustic Soda 
• Granular Activated Carbon 
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The amount of chemicals added to treat water is dependent on the raw water source 
quality. 
 
 
Expenses for System Improvement 
 
The following table summarizes expenses incurred in 2004 for major capital works in 
Georgina: 
 

Project Cost 
Georgina Water System: Boyers, Metro Road and 
Woodbine Avenue Watermain 

$3,860,000 

  
 
Water Quality Sampling Program 
 
York Region staff regularly sample at the Georgina Water Treatment Plant. The water 
quality sampling program includes: 
 

• Collection and analysis of samples from the raw water source 
• Daily or continuous monitoring of indicator parameters 
• Collection and analysis of samples of the treated water 

 
All off-site laboratory analysis is performed by the York-Durham Regional 
Environmental Laboratory in Pickering. 
 
 
Indicator Parameter Monitoring 
 
Indicator parameter monitoring is performed by York Region to confirm that the treated 
water is safe for consumption. Indicator parameter monitoring allows for quick 
identification of conditions that could adversely affect health. Prescribed limits for the 
indicator parameter monitoring have been established by the MOE. When indicator 
parameter concentrations are outside the prescribed limits, action is taken to adjust the 
treatment system and samples are collected to confirm indicator test results. 
  
The indicator parameters monitored include: 
 

• Microbiological Indicators (bacteria) 
• Chlorine Residual 
• Turbidity 
• Fluoride 
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Microbiological Indicators (bacteria) 
 
Samples of raw water from the treatment plant are collected by York Region at the 
wetwell and are submitted for Membrane Filtration testing to determine the number of 
Total Coliforms, Background colonies and E.Coli. bacteria. Where the source of the 
sample is raw water, which will receive treatment to remove potentially harmful bacteria, 
further testing to confirm the presence of bacteria is not required.  
 
Samples of the treated water from the treatment plant (clearwell) and storage facility are 
also submitted for Presence/Absence testing. When this test identifies the potential 
presence of coliforms, further testing is undertaken to confirm the result and to quantify 
the number of colonies of Total Coliform, Background and E.Coli, bacteria present in the 
water sample. Samples from each sampling location are also regularly submitted for a 
Heterotrophic Plate Count (HPC) test or Background Colony (Bkd) test to provide an 
indication of the total number of bacterial colonies present in the water. 
 
The following table summarizes microbiological analysis results from the Georgina 
Water Treatment Plant. Results from the Sutton storage tank are also included in the 
summary for the reporting period January 1, 2004 to December 31, 2004. 
 
Summary of Microbiological Analysis 
 

Raw/ 
Treated 

Sampling 
Location 

Number 
of 
Samples 

*Range of 
E.Coli or 
Fecal 
Results 

*Range of 
Total 
Coliform 
Results 

Number 
of HPC 
Samples 

Range of 
HPC 
Results 

Number 
of Bkd 
Colony 
Samples 

Range of 
Bkd 
Colony 
Results 

Raw Wetwell 52 0 – 1 0 – 170 **na na 52 0 – 12000 
Total Raw: 52 0 - 1 0 – 170 na na 52 0 – 12000 

Clearwell 52 0 0 52 0 – 23 0 0 Treated 
Sutton 
Tower 

52 0 0 52 0 – 83 0 0 

Total Treated: 104 0 0 104 0 – 83 0 0 

*Unless otherwise indicated, reported Coliform values are based on the results of Presence/Absence testing. 
**na: not applicable 
 
 
Chlorine Residual, Turbidity and Fluoride 
 
Chlorination is the disinfection treatment method at the Georgina Water Treatment Plant. 
On-line analyzers continuously monitor chlorine residual concentration in the treated 
water before it enters the distribution system. The data from the analyzers are monitored 
and recorded using a local Supervisory Control and Data Acquisition (SCADA) system 
that notifies staff using an autodialer system if concentrations vary from the prescribed 
range. 
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Turbidity has been selected by the MOE as an indicator of potential adverse water quality 
based on correlations between the presence of particulate matter in the water supply and 
outbreaks of waterborne disease. Turbidity analyzers continuously monitor the level of 
turbidity in the treated water entering the distribution system. The data from the analyzers 
are also monitored and recorded using the SCADA system. 
 
Where fluoride is added to drinking water, the Drinking Water Standards recommend that 
the concentration be adjusted to 0.50 mg/L to 0.80 mg/L. This range is the optimum level 
for control of tooth decay. York Region has applied for “relief of treatment requirements” 
to operate for short periods of time outside of the recommended range and below the 
Maximum Acceptable Concentration (MAC) of 1.5 mg/L.  The Medical Officer of Health 
concurred with the application and it was submitted to the Ministry of the Environment in 
November 2004. 
 
The following table outlines ranges of chlorine residuals, turbidity and fluoride levels 
experienced from sampling locations at the Georgina Water Treatment Plant as taken 
from continuous monitoring analyzers.  
 
Sampling 
Location 

Sampling 
Method 

Number of 
Samples 

*Turbidity 
(NTU) 

*Free Chlorine Residual 
(mg/L) 

Fluoride 
(mg/L) 

Treatment Plant Analyzer 8760 0.03 – 0.63 0.80 – 3.50 0.20 – 0.88 
*Number of samples from Turbidity, Chlorine Residual and Fluoride analyzers: 8760 each; as 
instructed by the MOE Annual Report template. 

 
Free and Total chlorine residuals are also monitored at two locations within the intake 
pipe at the water treatment plant. Grab samples were collected from June 2, 2004 to 
October 12, 2004 when chlorination was used to control zebra mussels. 
 

Sampling 
Location 

Free Chlorine Residual 
(mg/L) 

Total Chlorine Residual 
(mg/L) 

Raw Water Intake 0 – 0.04 0 – 0.19 
Mid-way of  
Raw Water Intake 

0 – 0.61 0 – 0.92 

 
 
In-Process Parameter Monitoring 
 
The concentrations of the following parameters are monitored continuously to ensure that 
treatment is effective: pH and temperature. The following table provides a summary of 
the annual range for both raw and treated water for pH and temperature. 
 

Parameter Raw Water Treated Water 
pH 7.14 – 8.31 7.05 – 7.57 
Temperature 1.10 – 20.45 degrees Celsius ---- 
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Adverse Water Quality Summary 
 
York Region staff responds immediately to indicator alarms by the continuous 
monitoring system and to lab notification of adverse water quality from submitted 
samples. The following table summarizes adverse water quality incidents for the 
Georgina Water Supply System for the period January 1, 2004 to December 31, 2004.  
 
Action was taken immediately on receipt of notification of these circumstances to ensure 
that drinking water delivered was safe. This typically included the collection of samples 
to confirm the water quality and/or the correction to instrumentation and equipment. 
 
 



Incident DateLocation Parameter Result Corrective 
Action Date

Corrective Action Details

Summary of Adverse Water Quality Reported to the MOE 
For the Period: January 1, 2004 to December 31, 2004
Supply Area: Sutton

May 25, 2004Georgina WTP Clearwell 20.6 mg/L Notification will not be required for 60 monthsSodium May 31, 2004

Jun 29, 2004Georgina WTP Clearwell 0.33 mg/L This was reported only to inform the MOE that operations 
were outside the required operating range of 0.5 - 0.8 mg/l per 
O.Reg 170/03.

Fluoride Jun 29, 2004

Jun 30, 2004Georgina WTP Clearwell 1 mg/L This was reported only to inform the MOE that operations 
were outside the required operating range of 0.5 - 0.8 mg/l per 
O.Reg 170/03.

Fluoride Jun 30, 2004

Jul 01, 2004Georgina WTP Clearwell 0.36 mg/L This was reported only to inform the MOE that operations 
were outside the required operating range of 0.5 - 0.8 mg/l per 
O.Reg 170/03.

Fluoride Jul 01, 2004

Nov 10, 2004Sutton Tower 20.9 mg/L Resamples taken. No report required for 5 years.Sodium Dec 06, 2004
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Treated Water Quality  
 
The following table summarizes the running annual average from the treated sampling 
point for Total Trihalomethanes from samples collected up to December 31, 2004: 
 

Sampling Location Total Trihalomethanes   
(mg/L) 

Clearwell  0.0104 
 
Sodium concentrations greater than 20.0 mg/L must be reported to the MOE. Further 
notification is not required for five years. The local Medical Officer of Health is also 
notified when sodium concentrations exceed 20.0 mg/L so that this information can be 
communicated to local physicians for their use with patients on sodium restricted diets. 
The next scheduled notification to the MOE regarding any sodium concentrations greater 
than 20.0 mg/L from the Georgina Water Treatment Plant will occur in 2009, and in 2008 
from the Sutton Tower location.  
 
No results exceeded half the standards prescribed in Schedule 2 of Ontario Water Quality 
Standards from the point where treated water enters the distribution system 
 
 
Additional Sampling Requirements 
 
There were no additional sampling and testing requirements from the Georgina Water 
Treatment Plant. 
 
 
Summary of Water Quality Testing – Georgina Water Supply System 
 
The sampling schedule for chemical testing of organic and inorganic parameters exceeds 
the minimum requirements of the Ontario Drinking Water Systems Regulation 
(O.Reg.170/03). This typically includes general chemistry parameters for which there are 
no health concerns but which are important for monitoring overall water quality trends. 
These results are available on request. 
 
Continual electronic monitoring has demonstrated that the water quality maintains a high 
quality standard.  
 
The microbiological testing program demonstrated that the water quality maintains a high 
standard that meets or exceeds the Ontario Drinking Water Standards.  
 
The water quality testing for chemical parameters demonstrated that the water maintains 
a high standard that also meets and exceeds the Ontario Drinking Water Standards for all 
health-related parameters.  
 



Georgina Water Supply System

Inorganic Test Results

Georgina WTP Treated
WW260026156

Reading Units ODWS  2004-01-26 2004-04-26 2004-05-26 2004-07-26 2004-10-25

Antimony as Sb mg/L 0.006 IMAC < 0.003 < 0.003 < 0.003 < 0.003

Arsenic as As mg/L 0.025 IMAC < 0.0007 < 0.0007 < 0.0007 < 0.0007

Barium as Ba mg/L 1 MAC  0.0283  0.0309  0.027  0.0259

Boron as B mg/L 5 IMAC  0.003 < 0.001  0.011  0.009

Cadmium as Cd mg/L 0.005 MAC  0.0001 < 0.0001 < 0.0001 < 0.0001

Chromium as Cr mg/L 0.05 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

Fluoride as F mg/L 0.8 MAC  0.05  0.2  0.48  0.47

Lead as Pb mg/L 0.01 MAC < 0.0007 < 0.0007 < 0.0007 < 0.0007

Mercury as Hg mg/L 0.001 MAC < 0.00002 < 0.00002 < 0.00002  0.00002

Nitrate as N mg/L 10 MAC  0.05  0.03  0.11  0.04

Nitrite mg/L 1 MAC < 0.02 < 0.02 < 0.02 < 0.02

Selenium as Se mg/L 0.01 MAC  0.004 < 0.002 < 0.002 < 0.002

Sodium as Na mg/L 200 AO  18.8  20.6  19.7  20.8  20.7

Uranium as U mg/L 0.02 MAC  0.01 < 0.01 < 0.01 < 0.01

“ < ”:  indicates the result is below Method Detection Limit
ODWS:  Ontario Drinking Water Standard
MAC:  Ontario Drinking Water Standard – Health Related (Maximum Acceptable Concentration)
IMAC:  Ontario Drinking Water Standard – Health Related (Interim Maximum Acceptable 
Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic Objective)
mg/L:  milligrams per litre, parts per million (ppm)



Georgina Water Supply System

Organic Test Results

Georgina WTP Treated
WW260026156

Reading Units ODWS  2004-01-26 2004-04-26 2004-07-26 2004-10-27

(DDT) + Metabolites mg/L 0.03 MAC < 0.000008

1,1-dichloroethylene (vinylidene chloride) mg/L 0.014 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

1,2-(o-dcb) Dichlorobenzene mg/L 0.2 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,2-Dichloroethane mg/L 0.005 IMAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,4-(p-dcb) Dichlorobenzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

2,3,4,6-Tetrachlorophenol mg/L 0.1 MAC < 0.0005

2,4,5-trichlorophenoxyacetic acid (2,4,5-T) mg/L 0.28 MAC < 0.0005

2,4,6-Trichlorophenol mg/L 0.005 MAC < 0.0005

2,4-Dichlorophenol mg/L 0.9 MAC < 0.0004

2,4-dichlorophenoxyacetic acid (2,4-D) mg/L 0.1 IMAC < 0.0006

Alachlor mg/L 0.005 IMAC < 0.0004

Aldicarb mg/L 0.009 MAC < 0.003

Aldrin + Dieldrin mg/L 0.0007 MAC < 0.000006

Atrazine + N-dealkylated metabolites mg/L 0.005 IMAC < 0.0001

Azinphos-methyl mg/L 0.02 MAC < 0.0002

Bendiocarb mg/L 0.04 MAC < 0.004

Benzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Benzo(a)pyrene mg/L 0.00001 MAC < 0.000001

Bromoxynil mg/L 0.005 IMAC < 0.0004

Carbaryl mg/L 0.09 MAC < 0.0002

Carbofuran mg/L 0.09 MAC < 0.004

Carbon Tetrachloride mg/L 0.005 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

Chlordane (Total) mg/L 0.007 MAC < 0.000006

Chlorpyrifos mg/L 0.09 MAC < 0.0002

Cyanazine mg/L 0.01 IMAC < 0.0002

Diazinon mg/L 0.02 MAC < 0.0002

Dicamba mg/L 0.12 MAC < 0.0004

Dichloromethane mg/L 0.05 MAC < 0.0005 < 0.0005 < 0.0005 < 0.0005

Diclofop-methyl mg/L 0.009 MAC < 0.0004

Dimethoate mg/L 0.02 IMAC < 0.0003

Dinoseb mg/L 0.01 MAC < 0.0005

Diquat mg/L 0.07 MAC < 0.0001

Diuron mg/L 0.15 MAC < 0.0002

Glyphosate mg/L 0.28 IMAC < 0.002

Heptachlor + Heptachlor Epoxide mg/L 0.003 MAC < 0.000008

Lindane mg/L 0.004 MAC < 0.000005

Malathion mg/L 0.19 MAC < 0.0002

Methoxychlor mg/L 0.9 MAC < 0.000009

Metolachlor mg/L 0.05 IMAC < 0.0002

Metribuzin mg/L 0.08 MAC < 0.00008

Monochlorobenzene mg/L 0.08 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Paraquat mg/L 0.01 IMAC < 0.0001



Organic Test Results

Georgina WTP Treated
WW260026156

Reading Units ODWS  2004-01-26 2004-04-26 2004-07-26 2004-10-27

Parathion mg/L 0.05 MAC < 0.0002

Pentachlorophenol mg/L 0.06 MAC < 0.0004

Phorate mg/L 0.002 IMAC < 0.0002

Picloram mg/L 0.19 IMAC < 0.0007

Polychlorinated Biphenyls (PCBs) mg/L 0.003 IMAC < 0.00002

Prometryne mg/L 0.001 IMAC < 0.00008

Simazine mg/L 0.01 IMAC < 0.00008

Temephos mg/L 0.28 IMAC < 0.003

Terbufos mg/L 0.001 IMAC < 0.0002

Tetrachloroethylene (perchloroethylene) mg/L 0.03 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

Triallate mg/L 0.23 MAC < 0.002

Trichloroethene mg/L 0.05 MAC < 0.0008 < 0.0008 < 0.0008 < 0.0008

Trifluralin mg/L 0.045 IMAC < 0.000006

Vinyl Chloride mg/L 0.002 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

“ < ”:  indicates the result is below Method Detection Limit
ODWS:  Ontario Drinking Water Standard
MAC:  Ontario Drinking Water Standard – Health Related (Maximum Acceptable Concentration)
IMAC:  Ontario Drinking Water Standard – Health Related (Interim Maximum Acceptable Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic Objective)
mg/L:  milligrams per litre, parts per million (ppm)
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Part III Form 2 
Section 11.  ANNUAL REPORT. (Revised February 28, 2006) 

 
Drinking-Water System Number:   260026156 
Drinking-Water System Name: Georgina Water Supply System 
Drinking-Water System Owner: Regional Municipality of York (York Region) 
Drinking-Water System Category: Large Municipal Residential 
Period being reported: January 1, 2005 to December 31, 2005 

 
 

Complete if your Category is Large Municipal 
Residential or Small Municipal Residential 
 
Does your Drinking-Water System serve 
more than 10,000 people?   Yes [X]  No [  ] 
 
Is your annual report available to the public 
at no charge on a web site on the Internet?  
Yes [X]  No [  ] 
 
Location where Summary Report required 
under O. Reg. 170/03 Schedule 22 will be 
available for inspection.  
 
 

Complete for all other Categori es. 
 
 
Number of Designated Facilities served: 
 
 
Did you provide a copy of your annual 
report to all Designated Facilities you 
serve?  
Yes [  ]  No [  ] 
 
Number of Interested Authorities you 
report to: 
 
Did you provide a copy of your annual 
report to all Interested Authorities you 
report to for each Designated Facility?  
Yes [  ]    No [  ] 
 

 
 

Note: For the following tables below, additional rows or columns may be added or an 
appendix may be attached to the report 

 
 
List all Drinking-Water Systems  (if any), which receive all of their drinking water from 
your system: 
Drinking Water System Name Drinking Water System Number 
Town of Georgina, Keswick and Sutton 
Water Distribution 

260062686 

 
Did you provide a copy of your annual report to all Drinking-Water System owners 
that are connected to you and to whom you provide all of its drinking water?  
Yes [X] No [  ] 
 

Regional Municipality of York 
Administrative Building 
Transportation and Works Department 
17250 Yonge Street  
Newmarket, Ontario 
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Indicate how you notified system users that your annual report is available, and is free 
of charge.  
[X] Public access/notice via the web      
[X] Public access/notice via Government Office 
[  ] Public access/notice via a newspaper    
[  ] Public access/notice via Public Request 
[  ] Public access/notice via a Public Library      
[  ] Public access/notice via other method _______________________________________ 
 
Describe your Drinking-Water System 

 
The Georgina Water Treatment Plant was commissioned in November 2003 and provides a 
water supply to the communities of Sutton and Keswick. The plant is located in the Town of 
Georgina on Kennedy Road between Lake Drive and Metro Road on the south shore of Lake 
Simcoe. 
 
The raw water intake consists of a 1.0 metre diameter pipe that extends 1.5 kilometres out into 
Lake Simcoe to a depth of 19 metres. The location of the intake pipe was based on the available 
depth of water, the water quality and physical factors. Water is pumped from the intake pipe to a 
low lift pumping station located at Lake Drive and Kennedy Road. The pumping station is 
designed to house pumps and equipment that transmit the water to the treatment plant. 
 
The Georgina Water Treatment Plant uses leading edge technology to treat the raw water from 
Lake Simcoe. The treatment process, called the Zenon’s Zeeweed Ultrafiltration Process, 
removes suspended solids, Cryptosporidium, Giardia and other potentially harmful parasites by 
drawing the raw water through membranes. The pore sizes of the membranes are large enough to 
allow water to pass but small enough to remove undesirable impurities.  
 
Chlorine is added as a disinfectant and to maintain water quality through the distribution system. 
Granular activated carbon filters have been provided for taste and odour control, if required. The 
water is also fluoridated using sodium fluoride. 
 
At certain times of the year, when the incoming water rises above 12 degrees Celsius, chlorine is 
added at the intake to limit growth of zebra mussels. 
 
There is one point of entry from the Georgina Water Treatment Plant to the distribution system 
and one storage tower servicing the community of Sutton. 
 
York Region is the wholesale supplier of water to the communities of Sutton and Keswick and is 
responsible for the supply, production, treatment and storage of water. The Town of Georgina 
owns and operates the distribution system that delivers the water from the regional watermains to 
homes in Sutton. 
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List all water treatment chemicals used over this reporting period 
      
Chlorine gas 
Sodium hypochlorite 12% 
Sulphur dioxide 
Sodium fluoride 
Citric acid 
Caustic soda 
Granular activated carbon 

    
Were any significant expenses incurred to?  

[  ]  Install required equipment 
[  ]  Repair required equipment 
[  ]  Replace required equipment 
 

      Please provide a brief description and a breakdown of monetary expenses incurred 
Some of the following expenditures represent only part of the total project costs. 
 
Completion of Phase 1 to Georgina Water Treatment Plant    $   293,000 
Watermain: Metro Rd, Water Treatment Plant to Woodbine    $7,734,302 

 
 

Provide details on the notices submitted in accordance with subsection 18(1) of the Safe 
Drinking-Water Act or section 16-4 of Schedule 16 of O.Reg.170/03 and reported to 
Spills Action Centre    

Incident 
Date 

Parameter Result Unit of 
Measure 

Corrective Action Corrective 
Action Date 

      
      

 
 
 
Microbiological testing done under the Schedule 10, 11 or 12 of Regulation 170/03, 
during this reporting period. 
 Number 

of 
Samples  

Range of E.Coli 
Or Fecal 
Results  
(min #)-(max #) 
 

Range of Total 
Coliform 
Results 
(min #)-(max #) 
 

Number  
of HPC and 
Background 
Colonies 
Samples  

Range of HPC 
Results 
(min #)-(max #) 

Raw 52 0 – 2500M 
(M: estimated 
count) 

0 – 20   

Treated 105 0 0 105 0 – 90 
Distribution      
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Operational testing done under Schedule 7, 8 or 9 of Regulation 170/03 during the 
period covered by this Annual Report. 
 
 Number of 

Grab 
Samples 

Range of Results 
(min #)-(max #) 
 

Analyzer Results 
(min #)-(max #) 
 

Turbidity  155 0.04 – 0.26 0.03 – 0.34 
Chlorine 155 0.84 – 1.78 0.50 – 3.60 
Fluoride (If the 
DWS provides 
fluoridation) 
(Treatment Plant) 

149 0.00 – 0.83 0.20 – 1.47 

 
 
NOTE: Record the unit of measure if it is not milligrams per litre. 

 
Summary of additional testing and sampling carried out in accordance with the 
requirement of an approval, order or other legal instrument. 

Date of legal instrument 
issued 

Parameter  Date Sampled Result Unit of Measure 

Certificate of 
Approval 5640-
667R8N dated 
December 8, 2004 

Suspended 
Solids  
(to the Lake) 

Continuous  0 - 
14.10 

Mg/L 

 Free chlorine 
residual 
(to the Lake) 

Continuous  0 – 
0.15 

Mg/L 

 Permeate 
Turbidity 

Continuous  0.02 – 
0.08 

NTU 

 
 
Summary of Inorganic parameters tested during this reporting period or the most 
recent sample results 
 
NOTE:  See attached results for Inorganic parameters. 
 

Parameter Sample Date  Result Value Unit of Measure Exceedance 

Antimony     
Arsenic     
Barium     
Boron     
Cadmium     
Chromium     
Lead     
Mercury     

NOTE: For 
continuous 
monitors use 
8760 as the 
number of 
samples. 
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Selenium     
Sodium     
Uranium     
Fluoride     
Nitrite     
Nitrate     

 
Summary of Organic parameters sampled during this reporting period or the most 
recent sample results 
 
NOTE:  See attached results for Organic parameters (THM value in table below). 
 

Parameter Sample 
Date  

Result 
Value 

Unit of 
Measure 

Exceedance 

Alachlor     
Aldicarb     
Aldrin + Dieldrin     
Atrazine + N-dealkylated metobolites     
Azinphos-methyl     
Bendiocarb     
Benzene     
Benzo(a)pyrene     
Bromoxynil     
Carbaryl     
Carbofuran     
Carbon Tetrachloride     
Chlordane (Total)     
Chlorpyrifos     
Cyanazine     
Diazinon     
Dicamba     
1,2-Dichlorobenzene     
1,4-Dichlorobenzene     
Dichlorodiphenyltrichloroethane (DDT) + 
metabolites 

    

1,2-Dichloroethane     
1,1-Dichloroethylene 
(vinylidene chloride) 

    

Dichloromethane     
2-4 Dichlorophenol     
2,4-Dichlorophenoxy acetic acid (2,4-D)     
Diclofop-methyl     
Dimethoate     
Dinoseb     
Diquat     
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Diuron     
Glyphosate     
Heptachlor + Heptachlor Epoxide     
Lindane (Total)     
Malathion     
Methoxychlor     
Metolachlor     
Metribuzin     
Monochlorobenzene     
Paraquat     
Parathion     
Pentachlorophenol     
Phor ate     
Picloram     
Polychlorinated Biphenyls(PCB)     
Prometryne     
Simazine     
THM  
(NOTE: show latest annual average) 
 
Discharge Header 
Sutton Tower 

 
 
 

 
 
0.019 
0.027 

 
 
Mg/L 
Mg/L 

 

Temephos     
Terbufos     
Tetrachloroethylene     
2,3,4,6-Tetrachlorophenol     
Triallate     
Trichloroethylene     
2,4,6-Trichlorophenol     
2,4,5-Trichlorophenoxy acetic acid (2,4,5-T)     
Trifluralin     
Vinyl Chloride     

 
 
List any Inorganic or Organic parameter(s) that exceeded half the standard prescribed in 
Schedule 2 of Ontario Drinking Water Quality Standards. 

Parameter Result Value Unit of Measure Date of  Sample 
    
    

(Only if DWS category is large municipal residential, small municipal residential, large 
municipal non residential, non municipal year round residential, large non municipal non 
residential) 

 
 



Georgina Water Supply System

Inorganics Test Results

Georgina WTP Treated  
WW260026156

Reading Units ODWS  2005-01-31 2005-04-25 2005-07-25 2005-07-28 2005-10-31

Antimony as Sb mg/L 0.006 IMAC < 0.003 < 0.003 < 0.003 < 0.003 < 0.003

Arsenic as As mg/L 0.025 IMAC < 0.0007 < 0.0007 < 0.0007 < 0.0007 < 0.0007

Barium as Ba mg/L 1 MAC  0.0323  0.0304  0.0268  0.027  0.0301

Boron as B mg/L 5 IMAC  0.006  0.017  0.022  0.019  0.014

Cadmium as Cd mg/L 0.005 MAC < 0.0001  0.0001 < 0.0001 < 0.0001 < 0.0001

Chromium as Cr mg/L 0.05 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003 < 0.0003

Fluoride as F mg/L 0.8 MAC  0.32  0.52  0.41  0.39  0.36

Lead as Pb mg/L 0.01 MAC < 0.0007 < 0.0007 < 0.0007 < 0.0007 < 0.0007

Mercury as Hg mg/L 0.001 MAC < 0.00001 < 0.00001 < 0.00001  0.00002 < 0.00001

Nitrate as N mg/L 10 MAC  0.02  0.1  0.11  0.1  0.08

Nitrite mg/L 1 MAC < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

Selenium as Se mg/L 0.01 MAC < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Sodium as Na mg/L 200 AO  21.3  21.3  21.2  21.1  21.5

Uranium as U mg/L 0.02 MAC < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

“ < ”:  indicates the result is below Method Detection Limit
ODWS:  Ontario Drinking Water Standard
MAC:  Ontario Drinking Water Standard – Health Related (Maximum Acceptable Concentration)
IMAC:  Ontario Drinking Water Standard – Health Related (Interim Maximum Acceptable 
Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic Objective)
mg/L:  milligrams per litre, parts per million (ppm)



Georgina Water Supply System

Organics Test Results

Georgina WTP Treated  
WW260026156

Reading Units ODWS  2005-01-31 2005-04-25 2005-07-25 2005-10-31

(DDT) + Metabolites mg/L 0.03 MAC < 0.000008

1,1-dichloroethylene (vinylidene chloride) mg/L 0.014 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

1,2-(o-dcb) Dichlorobenzene mg/L 0.2 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,2-Dichloroethane mg/L 0.005 IMAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,4-(p-dcb) Dichlorobenzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

2,3,4,6-Tetrachlorophenol mg/L 0.1 MAC < 0.0005

2,4,5-trichlorophenoxyacetic acid (2,4,5-T) mg/L 0.28 MAC < 0.0005

2,4,6-Trichlorophenol mg/L 0.005 MAC < 0.0005

2,4-Dichlorophenol mg/L 0.9 MAC < 0.0004

2,4-dichlorophenoxyacetic acid (2,4-D) mg/L 0.1 IMAC < 0.0006

Alachlor mg/L 0.005 IMAC < 0.0004

Aldicarb mg/L 0.009 MAC < 0.0035

Aldrin + Dieldrin mg/L 0.0007 MAC < 0.000006

Atrazine + N-dealkylated metabolites mg/L 0.005 IMAC < 0.0001

Azinphos-methyl mg/L 0.02 MAC < 0.0002

Bendiocarb mg/L 0.04 MAC < 0.003

Benzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Benzo(a)pyrene mg/L 0.00001 MAC < 0.000001

Bromoxynil mg/L 0.005 IMAC < 0.0004

Carbaryl mg/L 0.09 MAC < 0.0002

Carbofuran mg/L 0.09 MAC < 0.004

Carbon Tetrachloride mg/L 0.005 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

Chlordane (Total) mg/L 0.007 MAC < 0.000006

Chlorpyrifos mg/L 0.09 MAC < 0.0002

Cyanazine mg/L 0.01 IMAC < 0.0002

Diazinon mg/L 0.02 MAC < 0.0002

Dicamba mg/L 0.12 MAC < 0.0004

Dichloromethane mg/L 0.05 MAC < 0.0005 < 0.0005 < 0.0005 < 0.0005

Diclofop-methyl mg/L 0.009 MAC < 0.0004

Dimethoate mg/L 0.02 IMAC < 0.0003

Dinoseb mg/L 0.01 MAC < 0.0005

Diquat mg/L 0.07 MAC < 0.0001

Diuron mg/L 0.15 MAC < 0.0002

Glyphosate mg/L 0.28 IMAC < 0.002

Heptachlor + Heptachlor Epoxide mg/L 0.003 MAC < 0.000008

Lindane mg/L 0.004 MAC < 0.000005

Malathion mg/L 0.19 MAC < 0.0002

Methoxychlor mg/L 0.9 MAC < 0.000009

Metolachlor mg/L 0.05 IMAC < 0.0002

Metribuzin mg/L 0.08 MAC < 0.00008

Monochlorobenzene mg/L 0.08 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Paraquat mg/L 0.01 IMAC < 0.0001



Organics Test Results

Georgina WTP Treated  
WW260026156

Reading Units ODWS  2005-01-31 2005-04-25 2005-07-25 2005-10-31

Parathion mg/L 0.05 MAC < 0.0002

Pentachlorophenol mg/L 0.06 MAC < 0.0004

Phorate mg/L 0.002 IMAC < 0.0002

Picloram mg/L 0.19 IMAC < 0.0007

Polychlorinated Biphenyls (PCBs) mg/L 0.003 IMAC < 0.00002

Prometryne mg/L 0.001 IMAC < 0.00008

Simazine mg/L 0.01 IMAC < 0.00008

Temephos mg/L 0.28 IMAC < 0.003

Terbufos mg/L 0.001 IMAC < 0.0002

Tetrachloroethylene (perchloroethylene) mg/L 0.03 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

Triallate mg/L 0.23 MAC < 0.002

Trichloroethene mg/L 0.05 MAC < 0.0008 < 0.0008 < 0.0008 < 0.0008

Trifluralin mg/L 0.045 IMAC < 0.000006

Vinyl Chloride mg/L 0.002 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

“ < ”:  indicates the result is below Method Detection Limit
ODWS:  Ontario Drinking Water Standard
MAC:  Ontario Drinking Water Standard – Health Related (Maximum Acceptable Concentration)
IMAC:  Ontario Drinking Water Standard – Health Related (Interim Maximum Acceptable Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic Objective)
mg/L:  milligrams per litre, parts per million (ppm)



Georgina Water Supply System

Inorganics Test Results

Sutton WTP Tower  
WW220002324

Reading Units ODWS  2005-01-31 2005-04-25 2005-07-25 2005-07-27 2005-10-31

Antimony as Sb mg/L 0.006 IMAC < 0.003 < 0.003 < 0.003 < 0.003 < 0.003

Arsenic as As mg/L 0.025 IMAC  0.0007 < 0.0007 < 0.0007 < 0.0007 < 0.0007

Barium as Ba mg/L 1 MAC  0.0299  0.0304  0.0278  0.0257  0.0301

Boron as B mg/L 5 IMAC  0.005  0.017  0.024  0.021  0.016

Cadmium as Cd mg/L 0.005 MAC < 0.0001 < 0.0001  0.0001 < 0.0001 < 0.0001

Chromium as Cr mg/L 0.05 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003 < 0.0003

Fluoride as F mg/L 0.8 MAC  0.4  0.51  0.39  0.38  0.38

Lead as Pb mg/L 0.01 MAC < 0.0007 < 0.0007 < 0.002 < 0.0007 < 0.0007

Mercury as Hg mg/L 0.001 MAC < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001

Nitrate as N mg/L 10 MAC  0.02  0.1  0.12  0.11  0.09

Nitrite mg/L 1 MAC < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

Selenium as Se mg/L 0.01 MAC < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Sodium as Na mg/L 200 AO  21.3  21.3  21.1  21.2  21.8

Uranium as U mg/L 0.02 MAC < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

“ < ”:  indicates the result is below Method Detection Limit
ODWS:  Ontario Drinking Water Standard
MAC:  Ontario Drinking Water Standard – Health Related (Maximum 
Acceptable Concentration)
IMAC:  Ontario Drinking Water Standard – Health Related (Interim Maximum 
Acceptable Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic 



Georgina Water Supply System

Organics Test Results

Sutton WTP Tower  
WW220002324

Reading Units ODWS  2005-01-31 2005-04-25 2005-07-25 2005-10-31

(DDT) + Metabolites mg/L 0.03 MAC < 0.000008

1,1-dichloroethylene (vinylidene chloride) mg/L 0.014 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

1,2-(o-dcb) Dichlorobenzene mg/L 0.2 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,2-Dichloroethane mg/L 0.005 IMAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,4-(p-dcb) Dichlorobenzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

2,3,4,6-Tetrachlorophenol mg/L 0.1 MAC < 0.0005

2,4,5-trichlorophenoxyacetic acid (2,4,5-T) mg/L 0.28 MAC < 0.0005

2,4,6-Trichlorophenol mg/L 0.005 MAC < 0.0005

2,4-Dichlorophenol mg/L 0.9 MAC < 0.0004

2,4-dichlorophenoxyacetic acid (2,4-D) mg/L 0.1 IMAC < 0.0006

Alachlor mg/L 0.005 IMAC < 0.0004

Aldicarb mg/L 0.009 MAC < 0.0035

Aldrin + Dieldrin mg/L 0.0007 MAC < 0.000006

Atrazine + N-dealkylated metabolites mg/L 0.005 IMAC < 0.0001

Azinphos-methyl mg/L 0.02 MAC < 0.0002

Bendiocarb mg/L 0.04 MAC < 0.003

Benzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Benzo(a)pyrene mg/L 0.00001 MAC < 0.000001

Bromoxynil mg/L 0.005 IMAC < 0.0004

Carbaryl mg/L 0.09 MAC < 0.0002

Carbofuran mg/L 0.09 MAC < 0.004

Carbon Tetrachloride mg/L 0.005 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

Chlordane (Total) mg/L 0.007 MAC < 0.000006

Chlorpyrifos mg/L 0.09 MAC < 0.0002

Cyanazine mg/L 0.01 IMAC < 0.0002

Diazinon mg/L 0.02 MAC < 0.0002

Dicamba mg/L 0.12 MAC < 0.0004

Dichloromethane mg/L 0.05 MAC < 0.0005 < 0.0005 < 0.0005 < 0.0005

Diclofop-methyl mg/L 0.009 MAC < 0.0004

Dimethoate mg/L 0.02 IMAC < 0.0003

Dinoseb mg/L 0.01 MAC < 0.0005

Diquat mg/L 0.07 MAC < 0.0001

Diuron mg/L 0.15 MAC < 0.0002

Glyphosate mg/L 0.28 IMAC < 0.002

Heptachlor + Heptachlor Epoxide mg/L 0.003 MAC < 0.000008

Lindane mg/L 0.004 MAC < 0.000005

Malathion mg/L 0.19 MAC < 0.0002

Methoxychlor mg/L 0.9 MAC < 0.000009

Metolachlor mg/L 0.05 IMAC < 0.0002

Metribuzin mg/L 0.08 MAC < 0.00008

Monochlorobenzene mg/L 0.08 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Paraquat mg/L 0.01 IMAC < 0.0001

Parathion mg/L 0.05 MAC < 0.0002



Organics Test Results

Sutton WTP Tower  
WW220002324

Reading Units ODWS  2005-01-31 2005-04-25 2005-07-25 2005-10-31

Pentachlorophenol mg/L 0.06 MAC < 0.0004

Phorate mg/L 0.002 IMAC < 0.0002

Picloram mg/L 0.19 IMAC < 0.0007

Polychlorinated Biphenyls (PCBs) mg/L 0.003 IMAC < 0.00002

Prometryne mg/L 0.001 IMAC < 0.00008

Simazine mg/L 0.01 IMAC < 0.00008

Temephos mg/L 0.28 IMAC < 0.003

Terbufos mg/L 0.001 IMAC < 0.0002

Tetrachloroethylene (perchloroethylene) mg/L 0.03 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

Triallate mg/L 0.23 MAC < 0.002

Trichloroethene mg/L 0.05 MAC < 0.0008 < 0.0008 < 0.0008 < 0.0008

Trifluralin mg/L 0.045 IMAC < 0.000006

Vinyl Chloride mg/L 0.002 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

“ < ”:  indicates the result is below Method Detection Limit
ODWS:  Ontario Drinking Water Standard
MAC:  Ontario Drinking Water Standard – Health Related (Maximum 
Acceptable Concentration)
IMAC:  Ontario Drinking Water Standard – Health Related (Interim Maximum 
Acceptable Concentration)
AO: Ontario Drinking Water Standard – Non-Health Related (Aesthetic 
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Part III Form 2 
Section 11.  ANNUAL REPORT. 

 
Drinking-Water System Number:   260026156 
Drinking-Water System Name: Georgina Water Supply System 
Drinking-Water System Owner: Regional Municipality of York 
Drinking-Water System Category: Large Municipal Residential  
Period being reported: January 1, 2006 to December 31, 2006 

 
 

Complete if your Category is Large Municipal 
Residential or Small Municipal Residential 
 
Does your Drinking-Water System serve 
more than 10,000 people?   Yes [X]  No [  ] 
 
Is your annual report available to the public 
at no charge on a web site on the Internet?  
Yes [X]   No [  ] 
 
Location where Summary Report required 
under O. Reg. 170/03 Schedule 22 will be 
available for inspection.  
 
 

Complete for all other Categories. 
 
 
Number of Designated Facilities served: 
 
 
Did you provide a copy of your annual 
report to all Designated Facilities you 
serve?  
Yes [  ]  No [  ] 
 
Number of Interested Authorities you 
report to: 
 
Did you provide a copy of your annual 
report to all Interested Authorities you 
report to for each Designated Facility?  
Yes [  ]    No [  ] 
 

 
 

Note: For the following tables below, additional rows or columns may be added or an 
appendix may be attached to the report 

 
 
List all Drinking-Water Systems (if any), which receive all of their drinking water from 
your system: 
Drinking Water System Name Drinking Water System Number 
Keswick and Sutton Distribution System 260062686 

 
Did you provide a copy of your annual report to all Drinking-Water System owners 
that are connected to you and to whom you provide all of its drinking water?  
Yes [X] No [  ] 
 

Regional Municipality of York 
Administration Building 
Transportation and Works Department 
17250 Yonge Street 
Newmarket, Ontario 
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Indicate how you notified system users that your annual report is available, and is free 
of charge.  
[x] Public access/notice via the web      
[x] Public access/notice via Government Office 
[  ] Public access/notice via a newspaper    
[  ] Public access/notice via Public Request 
[  ] Public access/notice via a Public Library      
[  ] Public access/notice via other method _______________________________________ 
 
Describe your Drinking-Water System 
The Georgina Water Treatment Plant was commissioned in November 2003 and provides a 
water supply to the communities of Sutton and Keswick. The plant is located in the Town of 
Georgina on Kennedy Road between Lake Drive and Metro Road on the South shore of Lake 
Simcoe. 
 
The raw water intake consists of a 1.0 metre diameter pipe that extends 1.5 kilometres out 
into Lake Simcoe to the depth of 19 metres. The location of the intake pipe was based on the 
available depth of water, the water quality and physical factors. Water is pumped from the 
intake pipe to a low lift pumping station located at Lake Drive and Kennedy Road. The 
pumping station is designed to house pumps and equipment that transmit the water to the 
treatment plant. 
 
The Georgina Water Treatment Plant uses leading edge technology to treat the raw water 
from Lake Simcoe. The treatment process, called the Zenon’s Zeeweed Ultrafiltration 
Process, removes suspended solids, Cryptosporidium, Giardia and other potentially harmful 
parasites by drawing the raw water through membranes. The pore sizes of the membranes are 
large enough to allow water to pass but small enough to remove undesirable impurities. 
 
Chlorine is added as a disinfectant and to maintain water quality through the distribution 
system. Granular activated carbon filters have been provided for taste and odour control, if 
required. The water is also fluoridated using hydrofluorsilicic acid. 
 
Treatment processes throughout the plant are monitored by on-line analyzers. The analyzers 
are equipped with alarm, which alert operational staff of conditions that require attention. 
 
At certain times of the year, when the incoming water rises above 12 degrees Celsius, 
chlorine is added at the intake to limit the growth of zebra mussels. 
 
There is one point of entry from the Georgina Water Treatment Plant to the Sutton 
distribution system and one storage tower servicing the community of Sutton. There is one 
point of entry from the Georgina Water Treatment Plant to the Keswick distribution system 
and two storage facilities servicing the community of Keswick. 
 
York Region is the wholesale supplier of water to the communities of Sutton and Keswick 
and is responsible for the supply, production, treatment and storage of water.  
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The Town of Georgina owns and operates the distribution system that delivers the water from 
the regional watermains to homes in Sutton.  
 
List all water treatment chemicals used over this reporting period 

Chlorine Gas 
Sodium Hypochlorite 12% 
Sulphur Dioxide 
Hydrofluosilicic Acid 
Citric Acid 
Caustic Soda 
Granular Activated Carbon 

    
Were any significant expenses incurred to?  

[  ]  Install required equipment 
[  ]  Repair required equipment 
[  ]  Replace required equipment 
 

      Please provide a brief description and a breakdown of monetary expenses incurred 
Some of the following expenditures represent only part of the total project costs. 
 
Georgina Water Treatment Plant       $271,226 

 
 
Provide details on the notices submitted in accordance with subsection 18(1) of the Safe 
Drinking-Water Act or section 16-4 of Schedule 16 of O.Reg.170/03 and reported to 
Spills Action Centre   

Incident 
Date 

Parameter Result Unit of 
Measure 

Corrective Action Corrective 
Action Date 

      
      

 
 
Microbiological testing done under the Schedule 10, 11 or 12 of Regulation 170/03, 
during this reporting period. 
 Number 

of 
Samples  

Range of E.Coli 
Or Fecal 
Results  
(min #)-(max #) 
 

Range of Total 
Coliform 
Results 
(min #)-(max #) 
 

Number  
of HPC 
Samples  

Range of HPC 
Results 
(min #)-(max #) 

Raw 52 0 0   
Treated 104 0-42 0 104 0-30          
Distribution      
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Operational testing done under Schedule 7, 8 or 9 of Regulation 170/03 during the 
period covered by this Annual Report. 
 Number of 

Grab 
Samples 

Range of Results 
(min #)-(max #) 
 

Turbidity Treated 
(Keswick Line) 8760 0.04-2.83 
Turbidity Treated 
(Sutton Line) 8760 0.00-4.99 
Chlorine 
(Keswick Line) 8760 0.50-5.00 
Chlorine    
(Sutton Line) 8760 0.60-5.00 
Fluoride   
(Keswick Line) 8760 0.20-0.70 
Fluoride     
(Sutton Line) 8760 0.20-1.03 

 
NOTE: Record the unit of measure if it is not milligrams per litre. 

 
Summary of additional testing and sampling carried out in accordance with the 
requirement of an approval, order or other legal instrument. 

Date of legal instrument 
issued 

Parameter  Date Sampled Result Unit of Measure 

Suspended 
Solids (to the 

lake) 
Continuous 

Yearly 
Average 

1.77 
Mg/L 

Free Chlorine 
(to the lake) Continuous 

Yearly 
Average 

0.005 
Mg/L 

Permeate 
Turbidity 

(Keswick Line) 
Continuous 

Yearly 
Average 

0.05 
Mg/L 

Certificate of 
Approval 5640-
667R8N dated 

December 8, 2004 

Permeate 
Turbidity 

(Sutton Line) 
Continuous 

Yearly 
Average 

0.05 
Mg/L 

 
Summary of Inorganic parameters tested during this reporting period or the most 
recent sample results 
 
Note: See attached results for Inorganic parameters 
 

Parameter Sample Date  Result Value Unit of Measure Exceedance 

Antimony     
Arsenic     
Barium     
Boron     

NOTE: For continuous 
monitors use 8760 as the 
number of samples. 
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Cadmium     
Chromium     
Lead     
Mercury     
Selenium     
Sodium     
Uranium     
Fluoride     
Nitrite     
Nitrate     

 
Summary of Organic parameters sampled during this reporting period or the most 
recent sample results 
 
Note: See attached results for Organic parameters (THM values in table below) 
 

Parameter Sample 
Date  

Result 
Value 

Unit of 
Measure 

Exceedance 

Alachlor     
Aldicarb     
Aldrin + Dieldrin     
Atrazine + N-dealkylated metobolites     
Azinphos-methyl     
Bendiocarb     
Benzene     
Benzo(a)pyrene     
Bromoxynil     
Carbaryl     
Carbofuran     
Carbon Tetrachloride     
Chlordane (Total)     
Chlorpyrifos     
Cyanazine     
Diazinon     
Dicamba     
1,2-Dichlorobenzene     
1,4-Dichlorobenzene     
Dichlorodiphenyltrichloroethane (DDT) + 
metabolites 

    

1,2-Dichloroethane     
1,1-Dichloroethylene 
(vinylidene chloride) 

    

Dichloromethane     
2-4 Dichlorophenol     
2,4-Dichlorophenoxy acetic acid (2,4-D)     
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Diclofop-methyl     
Dimethoate     
Dinoseb     
Diquat     
Diuron     
Glyphosate     
Heptachlor + Heptachlor Epoxide     
Lindane (Total)     
Malathion     
Methoxychlor     
Metolachlor     
Metribuzin     
Monochlorobenzene     
Paraquat     
Parathion     
Pentachlorophenol     
Phorate     
Picloram     
Polychlorinated Biphenyls(PCB)     
Prometryne     
Simazine     
THM  
(NOTE: show latest annual average) 
Georgina Treated 
Sutton Tower 

 
0.05 
0.058 

 
Mg/L 
Mg/L 

  

Temephos     
Terbufos     
Tetrachloroethylene     
2,3,4,6-Tetrachlorophenol     
Triallate     
Trichloroethylene     
2,4,6-Trichlorophenol     
2,4,5-Trichlorophenoxy acetic acid (2,4,5-T)     
Trifluralin     
Vinyl Chloride     

 
List any Inorganic or Organic parameter(s) that exceeded half the standard prescribed in 
Schedule 2 of Ontario Drinking Water Quality Standards. 

Parameter Result Value Unit of Measure Date of  Sample 
    
    

(Only if DWS category is large municipal residential, small municipal residential, large 
municipal non residential, non municipal year round residential, large non municipal non 
residential) 

 



Georgina Water Supply System

Inorganics Test Results

Georgina WTP Treated
WW260026156

Reading Units ODWS  30/01/2006 24/04/2006 31/07/2006 30/10/2006

Antimony as Sb mg/L 0.006 IMAC  0.0007 < 0.0004 < 0.0004 < 0.0004

Arsenic as As mg/L 0.025 IMAC < 0.0004 < 0.0004 < 0.0004 < 0.0004

Barium as Ba mg/L 1 MAC  0.0286  0.0238  0.0287  0.0265

Boron as B mg/L 5 IMAC  0.008  0.017  0.026  0.013

Cadmium as Cd mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Chromium as Cr mg/L 0.05 MAC < 0.0003  0.0004  0.0007 < 0.0003

Fluoride as F mg/L 0.8 MAC  0.07  0.08  0.08  0.4

Lead as Pb mg/L 0.01 MAC < 0.0007 < 0.0007 < 0.0007 < 0.0007

Mercury as Hg mg/L 0.001 MAC < 0.00001 < 0.00001 < 0.00001 < 0.00001

Nitrate as N mg/L 10 MAC  0.1  0.14  0.16  0.09

Nitrite mg/L 1 MAC < 0.02 < 0.02 < 0.02 < 0.02

Selenium as Se mg/L 0.01 MAC < 0.002 < 0.002 < 0.002 < 0.002

Sodium as Na mg/L 200 AO  21.8  22.7  21.9  22.4

Uranium as U mg/L 0.02 MAC < 0.002 < 0.002 < 0.002 < 0.002

"<": indicats the result is below Method Detection Limit
ODWS: Ontario Drinking Water Standard
MAC: Ontario Drinking Water Standard - Health Related (Maximum Acceptable Concentration)
AO: Ontario Drining Water Standard - Non Health Related (Aesthetic Objective)
mg/L: milligrams per litre, parts permillion (ppm)



Georgina Water Supply System

Inorganics Test Results

Sutton WTP Tower
WW220002324

Reading Units ODWS  30/01/2006 24/04/2006 31/07/2006 30/10/2006

Antimony as Sb mg/L 0.006 IMAC  0.0004 < 0.0004 < 0.0004 < 0.0004

Arsenic as As mg/L 0.025 IMAC < 0.0004 < 0.0004 < 0.0004 < 0.0004

Barium as Ba mg/L 1 MAC  0.0252  0.0238  0.0343  0.0283

Boron as B mg/L 5 IMAC  0.008  0.016  0.021  0.013

Cadmium as Cd mg/L 0.005 MAC < 0.0001 < 0.0001  0.0001 < 0.0001

Chromium as Cr mg/L 0.05 MAC < 0.0003  0.0021 < 0.0003 < 0.0003

Fluoride as F mg/L 0.8 MAC  0.07  0.07  0.06  0.38

Lead as Pb mg/L 0.01 MAC < 0.0007 < 0.0007 < 0.0007 < 0.0007

Mercury as Hg mg/L 0.001 MAC < 0.00001 < 0.00001 < 0.00001 < 0.00001

Nitrate as N mg/L 10 MAC  0.09  0.13  0.14  0.08

Nitrite mg/L 1 MAC < 0.02 < 0.02 < 0.02 < 0.02

Selenium as Se mg/L 0.01 MAC < 0.002 < 0.002 < 0.002 < 0.002

Sodium as Na mg/L 200 AO  21.6  22.4  22.4  22.6

Uranium as U mg/L 0.02 MAC < 0.002 < 0.002 < 0.002 < 0.002

"<": indicats the result is below Method Detection Limit
ODWS: Ontario Drinking Water Standard
MAC: Ontario Drinking Water Standard - Health Related (Maximum Acceptable Concentration)
AO: Ontario Drining Water Standard - Non Health Related (Aesthetic Objective)
mg/L: milligrams per litre, parts permillion (ppm)



Georgina Water Supply System

Organics Test Results

Georgina WTP Treated
WW260026156

Reading Units ODWS  30/01/2006 24/04/2006 31/07/2006 30/10/2006

(DDT) + Metabolites mg/L 0.03 MAC < 0.000008

1,1-dichloroethylene (vinylidene chloride) mg/L 0.014 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

1,2-(o-dcb) Dichlorobenzene mg/L 0.2 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,2-Dichloroethane mg/L 0.005 IMAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,4-(p-dcb) Dichlorobenzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

2,3,4,6-Tetrachlorophenol mg/L 0.1 MAC < 0.0005

2,4,6-Trichlorophenol mg/L 0.005 MAC < 0.0005

2,4-Dichlorophenol mg/L 0.9 MAC < 0.0004

Alachlor mg/L 0.005 IMAC < 0.0004

Aldicarb mg/L 0.009 MAC < 0.0035

Aldrin + Dieldrin mg/L 0.0007 MAC < 0.000006

Atrazine + N-dealkylated metabolites mg/L 0.005 IMAC < 0.0001

Azinphos-methyl mg/L 0.02 MAC < 0.0002

Bendiocarb mg/L 0.04 MAC < 0.003

Benzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Benzo(a)pyrene mg/L 0.00001 MAC < 0.000001

Carbaryl mg/L 0.09 MAC < 0.0002

Carbofuran mg/L 0.09 MAC < 0.004

Carbon Tetrachloride mg/L 0.005 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

Chlordane (Total) mg/L 0.007 MAC < 0.000006

Chlorpyrifos mg/L 0.09 MAC < 0.0002

Cyanazine mg/L 0.01 IMAC < 0.0002

Diazinon mg/L 0.02 MAC < 0.0002

Dichloromethane mg/L 0.05 MAC < 0.0005 < 0.0005 < 0.0005 < 0.0005

Dimethoate mg/L 0.02 IMAC < 0.0003

Diquat mg/L 0.07 MAC < 0.0001

Diuron mg/L 0.15 MAC < 0.0002

Glyphosate mg/L 0.28 IMAC < 0.002

Heptachlor + Heptachlor Epoxide mg/L 0.003 MAC < 0.000008

Lindane mg/L 0.004 MAC < 0.000005

Malathion mg/L 0.19 MAC < 0.0002

Methoxychlor mg/L 0.9 MAC < 0.000009

Metolachlor mg/L 0.05 IMAC < 0.0002

Metribuzin mg/L 0.08 MAC < 0.00008

Monochlorobenzene mg/L 0.08 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Paraquat mg/L 0.01 IMAC < 0.0001

Parathion mg/L 0.05 MAC < 0.0002

Pentachlorophenol mg/L 0.06 MAC < 0.0004

Phorate mg/L 0.002 IMAC < 0.0002

Polychlorinated Biphenyls (PCBs) mg/L 0.003 IMAC < 0.00002

Prometryne mg/L 0.001 IMAC < 0.00008

Simazine mg/L 0.01 IMAC < 0.00008

Temephos mg/L 0.28 IMAC < 0.003



Organics Test Results

Georgina WTP Treated
WW260026156

Reading Units ODWS  30/01/2006 24/04/2006 31/07/2006 30/10/2006

Terbufos mg/L 0.001 IMAC < 0.0002

Tetrachloroethylene (perchloroethylene) mg/L 0.03 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

Triallate mg/L 0.23 MAC < 0.002

Trichloroethene mg/L 0.005 MAC < 0.0008 < 0.0008 < 0.0001 < 0.0001

Trifluralin mg/L 0.045 IMAC < 0.000006

Vinyl Chloride mg/L 0.002 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

"<": indicats the result is below Method Detection Limit
ODWS: Ontario Drinking Water Standard
MAC: Ontario Drinking Water Standard - Health Related (Maximum Acceptable Concentration)
AO: Ontario Drining Water Standard - Non Health Related (Aesthetic Objective)
mg/L: milligrams per litre, parts permillion (ppm)



Georgina Water Supply System

Organics Test Results

Sutton WTP Tower
WW220002324

Reading Units ODWS  30/01/2006 24/04/2006 31/07/2006 30/10/2006

(DDT) + Metabolites mg/L 0.03 MAC < 0.000008

1,1-dichloroethylene (vinylidene chloride) mg/L 0.014 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

1,2-(o-dcb) Dichlorobenzene mg/L 0.2 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,2-Dichloroethane mg/L 0.005 IMAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

1,4-(p-dcb) Dichlorobenzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

2,3,4,6-Tetrachlorophenol mg/L 0.1 MAC < 0.0005

2,4,6-Trichlorophenol mg/L 0.005 MAC < 0.0005

2,4-Dichlorophenol mg/L 0.9 MAC < 0.0004

Alachlor mg/L 0.005 IMAC < 0.0004

Aldicarb mg/L 0.009 MAC < 0.0035

Aldrin + Dieldrin mg/L 0.0007 MAC < 0.000006

Atrazine + N-dealkylated metabolites mg/L 0.005 IMAC < 0.0001

Azinphos-methyl mg/L 0.02 MAC < 0.0002

Bendiocarb mg/L 0.04 MAC < 0.003

Benzene mg/L 0.005 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Benzo(a)pyrene mg/L 0.00001 MAC < 0.000001

Carbaryl mg/L 0.09 MAC < 0.0002

Carbofuran mg/L 0.09 MAC < 0.004

Carbon Tetrachloride mg/L 0.005 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

Chlordane (Total) mg/L 0.007 MAC < 0.000006

Chlorpyrifos mg/L 0.09 MAC < 0.0002

Cyanazine mg/L 0.01 IMAC < 0.0002

Diazinon mg/L 0.02 MAC < 0.0002

Dichloromethane mg/L 0.05 MAC < 0.0005 < 0.0005 < 0.0005 < 0.0005

Dimethoate mg/L 0.02 IMAC < 0.0003

Diquat mg/L 0.07 MAC < 0.0001

Diuron mg/L 0.15 MAC < 0.0002

Glyphosate mg/L 0.28 IMAC < 0.002

Heptachlor + Heptachlor Epoxide mg/L 0.003 MAC < 0.000008

Lindane mg/L 0.004 MAC < 0.000005

Malathion mg/L 0.19 MAC < 0.0002

Methoxychlor mg/L 0.9 MAC < 0.000009

Metolachlor mg/L 0.05 IMAC < 0.0002

Metribuzin mg/L 0.08 MAC < 0.00008

Monochlorobenzene mg/L 0.08 MAC < 0.0001 < 0.0001 < 0.0001 < 0.0001

Paraquat mg/L 0.01 IMAC < 0.0001

Parathion mg/L 0.05 MAC < 0.0002

Pentachlorophenol mg/L 0.06 MAC < 0.0004

Phorate mg/L 0.002 IMAC < 0.0002

Polychlorinated Biphenyls (PCBs) mg/L 0.003 IMAC < 0.00002

Prometryne mg/L 0.001 IMAC < 0.00008

Simazine mg/L 0.01 IMAC < 0.00008

Temephos mg/L 0.28 IMAC < 0.003



Organics Test Results

Sutton WTP Tower
WW220002324

Reading Units ODWS  30/01/2006 24/04/2006 31/07/2006 30/10/2006

Terbufos mg/L 0.001 IMAC < 0.0002

Tetrachloroethylene (perchloroethylene) mg/L 0.03 MAC < 0.0003 < 0.0003 < 0.0003 < 0.0003

Triallate mg/L 0.23 MAC < 0.002

Trichloroethene mg/L 0.005 MAC < 0.0008 < 0.0008 < 0.0001 < 0.0001

Trifluralin mg/L 0.045 IMAC < 0.000006

Vinyl Chloride mg/L 0.002 MAC < 0.0002 < 0.0002 < 0.0002 < 0.0002

"<": indicats the result is below Method Detection Limit
ODWS: Ontario Drinking Water Standard
MAC: Ontario Drinking Water Standard - Health Related (Maximum Acceptable Concentration)
AO: Ontario Drining Water Standard - Non Health Related (Aesthetic Objective)
mg/L: milligrams per litre, parts permillion (ppm)
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 APPENDIX F 

MODELED CURRENT VELOCITIES GENERATED FROM 10-YEAR WINDS 

SUMMARY FOR LAKE SIMCOE AND LAKE COUCHICHING 
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Figure F1  Surface Currents in Lake Simcoe (North Wind) 
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Figure F2  Currents in Lake Simcoe 16.5 m Below the Surface (North Wind) 
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Figure F3  Surface Currents in Lake Simcoe (Northeast Wind) 
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Figure F4 Currents in Lake Simcoe 16.5 m Below the Surface (Northeast Wind) 
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Figure F5  Surface Currents in Lake Simcoe (East Wind) 
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Figure F6 Currents in Lake Simcoe 16.5 m Below the Surface (East Wind) 
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Figure F7  Surface Currents in Lake Simcoe (Southeast Wind) 
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Figure F8  Currents in Lake Simcoe 16.5 m Below the Surface (Southeast Wind) 
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Figure F9  Surface Currents in Lake Simcoe (South Wind) 
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Figure F10  Currents in Lake Simcoe 16.5 m Below the Surface (South Wind) 
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Figure F11  Surface Currents in Lake Simcoe (Southwest Wind) 



L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y   
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

 

Figure F12  Currents in Lake Simcoe 16.5 m Below the Surface (Southwest Wind) 

 



L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y   
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

 

Figure F13  Surface Currents in Lake Simcoe (West Wind) 
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Figure F14  Currents in Lake Simcoe 16.5 m Below the Surface (West Wind) 
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Figure F15  Surface Currents in Lake Simcoe (Northwest Wind) 
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Figure F16  Currents in Lake Simcoe 16.5 m Below the Surface (Northwest Wind) 
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Figure F17  Surface Currents in Lake Couchiching (North Wind) 
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Figure F18  Currents at 6.5 m Depth in the Two Deeper Basins in Lake Couchiching (North Wind) 
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Figure F19 Surface Currents in Lake Couchiching (Northeast Wind) 
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Figure F20  Surface Currents in Lake Couchiching (East Wind) 



L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y   
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

 
Figure F21  Currents at 6.5 m Depth in the Two Deeper Basins in Lake Couchiching (East Wind) 

 



L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y   
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

 

Figure F22 Surface Currents in Lake Couchiching (Southeast Wind) 
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Figure F23  Surface Currents in Lake Couchiching (South Wind) 
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Figure F24  Currents at 6.5 m Depth in the Two Deeper Basins in Lake Couchiching (South Wind) 
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Figure F25  Surface Currents in Lake Couchiching (Southwest Wind) 
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Figure F26  Surface Currents in Lake Couchiching (West Wind) 
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Figure F27  Currents at 6.5 m Depth in the Two Deeper Basins in Lake Couchiching (West Wind) 
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Figure F28  Surface Currents in Lake Couchiching (Northwest Wind) 
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Date: April 22, 2009 
 
To: Don Goodyear 
 
Cc: Martin Keller, George Jacoub, Clara Tucker, Ben Longstaff 
 
From: Fiona Duckett 
 
Re:  Delineation of Surface Water Intake Protection Zone IPZ-3 on Lake Simcoe 
 
 
Introduction 
 
This memorandum summarizes initial results for the delineation of an in-water IPZ-3 on 
Lake Simcoe based on the new Technical Rules of the Clean Water Act (December 2008).  
Specifically, the preliminary IPZ-3 for the Georgina intake was delineated using reverse 
particle tracking.  The MIKE3 hydrodynamic model was run for a number of extreme events.  
Selection of the extreme events was based on our memo dated February 24, 2009, describing 
a statistical analysis undertaken to define extreme events to be used in the IPZ-3 delineations.   
 
Modeling Methodology 
 
Two extreme event scenarios were simulated, namely: 

• A 100-year wind event (to be combined with average tributary flows), and  
• A 10-year wind event (to be combined with 2-year tributary flows). 

 
The wind speed analysis considered only winds occurring in the non-freshet season so that 
associated flows would be due to periods of heavy precipitation rather than freshet snowmelt.  
A 3-day event duration was used in the model runs and simulations were completed for 
events from all eight direction sectors as listed in Table 1 (N, NE, E, SE, S, SW, W, and 
NW).  Additional details describing the extreme events used are summarized in Baird’s 
memos to Martin Keller at MOE dated January 29, 2009 and February 24, 2009. 
 
Event duration is an important factor in modeling extreme events for the IPZ-3s as defined in 
the new Technical Rules.  The wind profile used assumes a 3-day duration, with the peak 
condition lasting six hours.  This assumption, discussed and approved by MOE, is based on 
an analysis of recorded wind data at the Lagoon City anemometer.  Figure 1 shows a plot of 
the assumed wind speed profile. 
 
In addition to modeling the building and decay of wind speeds in extreme events, realistic 
variations in wind direction were also simulated over the 3-day period.  Direction time-series 
used measured data from the Lagoon City anemometer, and (typically) the direction time 
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series selected was associated with top ranked storm for each direction sector in the 14-year 
dataset.  Directional changes over the 3-day simulation period ranged from a minimum 
variation of 200° and up, to more than 360° (see Table 2).  These real direction shifts are 
considerable, ranging from at least a reversal in the initial wind direction, to a complete 
revolution of the wind through all compass directions.  The time series evolution of wind 
speeds and directions for 10 run scenarios are plotted in Figure 2.  These scenarios include 8 
base case scenarios (one for each direction sector), plus 2 sensitivity runs using alternate time 
series possibilities for the north direction. 
 
The model grid is shown in Figure 3 (details of the model setup are provided in the Phase 1 
report, completed in 2007). 
 
Results 
 
Maps showing results of the reverse particle tracking model and the extent of a preliminary 
IPZ-3 for the Georgina intake are shown in Figures 4 and 5 for the 10-year and 100-year 
return period events respectively.  In Figure 4 the results are colour coded for the different 
storm directions run.     
 
It can be seen that particles cover most of Lake Simcoe for both the 10-year and 100-year 
events.  Localized tributary interactions would likely have a minor effect, if any, on the 
predicted extent of particles in the lake (given the spatial extent of wind-induced currents, the 
length of the simulations, and the significant shifts in wind direction).  It is possible that 
alternate direction time series or slightly longer event durations could produce particle maps 
that cover the entire lake.   
 
Figure 6 demonstrates the different results for different events, from the same direction, 
selected for use in a model run.  Reverse particle tracking results for the three largest storm 
events with winds predominantly from the north are shown in Figure 6 (in yellow, grey and 
black), along with the results for the other direction sectors.  The IPZ-3 that would be 
delineated from each of these events is significantly different.  
 
The modeling is very useful, in that it demonstrates that that a contaminant could reach an 
intake from anywhere in the lake.  Particularly if different event durations are considered.  
However, it leaves us with questions about delineating the IPZ-3.  Are we any further ahead, 
than using distance from intake to delineate sub-zones within the IPZ-3?   
 
We welcome your input. 
 
File No. 11062.010 
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Figure 1  Storm Event 3-day Wind Speed Profile (6-hour peak) 

 

 

Table 1  Details of Non-Freshet 3-day Wind Events 

Peak Speed (m/s) Peak Direction 10-year 100-year 
Directional Variation 

Over 3-day Period 

N 16.3 18.1 200° to 220° 
(three alternates tested) 

NE 9.8 10.9 290° 
E 9.5 11.1 >360° 

SE 11.2 13.3 >360° 
S 13.7 15.4 270° 

SW 15.4 18.1 >360° 
W 20.2 24.2 >360° 

NW 18.5 21.1 280° 
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Figure 2  Wind Speed Time Series and Directional Variation (10-yr wind events shown) 
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Figure 3  Lake Simcoe Hydrodynamic Model Bathymetry Grid  
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Figure 4  Particle Tracking Extents for 10-year Wind Events from 8 Compass Point Directions 
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Figure 5  Particle Tracking Extents for 100-year Wind Events from 8 Compass Point Directions 
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Figure 6  Particle Tracking Extents for 10-year Wind Events from 8 Compass Point Directions 

showing 3 North Events (yellow, grey, black) 
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Date:   24 February 2009 
 
To:  Don Goodyear 
  Manager Source Water Protection 
  Lake Simcoe Region Conservation Authority 
 
  
From:  Fiona Duckett 

Associate 
Baird & Associates 

 

Re:  LSRCA IPZ3s – Statistical Analyses 

 

This memorandum summarizes results of the detailed statistical analysis for development of the 
IPZ-3s on Lake Simcoe.  The analysis is technical in nature and is focused on defining three run 
scenarios for hydrodynamic modeling and subsequent reverse particle tracking.  These scenarios 
are based on “extreme events” defined in the Technical Rules of the Clear Water Act (December, 
2008), namely: 

1. A freshet: 

o Interpreted as a bank full snowmelt event, approximate return period 2 to 5 years. 

2. A period of heavy precipitation or winds up to a 100-year storm event, interpreted as: 

o A 100-year wind event not occurring in the freshet season.  Winds are assumed to 
come from any direction (8 compass point resolution), or 

o A combined wind and river flow event with a join exceedance return period of 
100-years and not occurring in the freshet season.  Winds are assumed to come 
from any direction (8 compass point resolution). 

 

Results of the statistical analyses are summarized in the graphs and tables on the pages that 
follow.  They include the following: 

• Graphs of river discharge (all months, and the freshet period only), 

• Freshet and non-freshet hydrographs (peaks of the hydrograph synchronized in time), 

• Wind speed event profiles (peaks synchronized) for 8 direction sectors,  

• Joint probability calculations for combined wind and non-freshet flow events, 

• Statistical correlations of wind events and non-freshet flows, and 

• Extreme value analyses of freshet & non-freshet flows, and wind speeds by return period. 
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Lagoon City winds were used and assumed representative of the Lake Simcoe region.  Two rivers 
were analyzed when considering all large and small rivers discharging into the lake, namely: the 
Black River at Washago, and the Holland River. 

 

These summaries provide the basis to define specific inputs for hydrodynamic modeling.  Details 
and decisions related to the proposed modeling methodology are outlined in a separate memo to 
the Ministry of Environment dated January 29th, (attached) and were discussed with Martin Keller 
on February 3rd.  Based on those discussions, minor refinements will be made to the methodology 
and will be described in the report.  

 
This memorandum is provided as a partial deliverable in support of our invoice, also enclosed. 
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Figure 1  Black River at Washago Flows [1915 to 2004] 
 

Figure 2  Black River at Washago Flow (February 15 to June 5 only) [1915 to 2004] 
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Figure 3  Holland River Flows [1965 to 2004] 
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Figure 4  Black River Freshet Hydrographs (Peaks of Annual Freshets Synchronized) 
 

Figure 5  Selected Black River Freshets (hydrographs similar to annual average) 
 
 

Black River at Washago - Annual Freshets  (black line is an average hydrograph)
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Figure 6  Black River Non-freshet Hydrographs (Peaks of Annual Freshets Synchronized) 
 

Figure 7  Selected Black River Non-Freshets (hydrographs similar to annual average) 
 
 

Black River Near Washago, Annual Non-freshets (black line is an average hydrograph)
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Figure 8  Holland River Freshet Hydrographs (Peaks Synchronized) 
 

Figure 9  Selected Holland River Freshets (hydrographs similar to annual average) 
 
 

Holland River - Annual Freshets  (black line is an average hydrograph)
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Figure 10  Holland River Non-freshet Hydrographs (Peaks Synchronized) 
 

Figure 11  Selected Holland River Non-Freshets (hydrographs similar to annual average) 

 

 

Holland River, Annual Non-freshets (black line is an average hydrograph)
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Figure 12  Non-freshet North Wind Events (speeds normalized, peaks synchronized) 
[black line = average all events, red line = average + 1 standard deviation all events, orange line = possible idealization] 
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Figure 13  Non-freshet NE Wind Events (speeds normalized, peaks synchronized) 
[black line = average all events, red line = average + 1 standard deviation all events, orange line = possible idealization] 
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Figure 14  Non-freshet East Wind Events (speeds normalized, peaks synchronized) 
[black line = average all events, red line = average + 1 standard deviation all events, orange line = possible idealization] 
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Figure 15  Non-freshet SE Wind Events (speeds normalized, peaks synchronized) 
[black line = average all events, red line = average + 1 standard deviation all events, orange line = possible idealization] 
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Figure 16  Non-freshet South Wind Events (speeds normalized, peaks synchronized) 
[black line = average all events, red line = average + 1 standard deviation all events, orange line = possible idealization] 
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Figure 17  Non-freshet SW Wind Events (speeds normalized, peaks synchronized) 
[black line = average all events, red line = average + 1 standard deviation all events, orange line = possible idealization] 
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Figure 18  Non-freshet West Wind Events (speeds normalized, peaks synchronized) 
[black line = average all events, red line = average + 1 standard deviation all events, orange line = possible idealization] 
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Figure 19  Non-freshet NW Wind Events (speeds normalized, peaks synchronized) 
[black line = average all events, red line = average + 1 standard deviation all events, orange line = possible idealization] 
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Figure 20  Joint Probability Calculations for 3-Day Flow Duration 

 

Joint Exceedence Return Period: 100 yrs
Assumed Peak Flow Duration: 3 days

No. Days Selected/yr: 365.25 days
Events per year: 122

Assumed Correlation Factor: 20 Modestly Correlated

(1) (2) (3) (4) (5) (6) (7)

ρ (-)

Correlation 
Coefficient

365 Flow Events/yr
(1-day Duration)

706 Flow Events/yr
(½-day Duration)

0.1 10 0.001 0.12 164.27 0 1 1
0.2 5 0.002 0.24 82.14 0.1 2.2 2.4
0.5 2 0.005 0.61 32.85 0.2 5 6
1 1 0.01 1.2 16.43 0.3 12 14
2 0.5 0.02 2.4 8.21 0.4 26 34
5 0.2 0.05 6.1 3.29 0.5 60 85
10 0.1 0.1 12.2 1.64 0.6 150 210
20 0.05 0.2 24.4 0.82 0.7 350 600
25 0.04 0.25 30.4 0.66 0.8 1000 1700
50 0.02 0.5 60.9 0.33 0.9 3300 5900
100 0.01 1 121.8 0.16 1 36500 70600

Calculations: CF (-) Correlation
(3) = 1 /  (1) 2 Not Correlated
(4) = 0.01 /  (3) 20 Modestly Correlated
(5) = (4) *  N_events 100 Well Correlated
(6) = 1 /  (5) *  CF 500 Strongly Correlated

1500 Super Correlated
Ref:  DEFRA/Environment Agency (2005). "Joint Probability: Dependence Mapping and Best Practice", Report FD2308/TR1

Associated Correlation Factor CF

Joint Probability Calculation for Combined Hourly Wind Speed and Peak Non-Freshet Flows
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Figure 21  Graphs Showing Washago Non-freshets are Poorly Correlated with Winds 
(Lagoon City winds 1994-2004) 
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Figure 22  Graphs Showing Holland Non-freshets are Poorly Correlated with Winds 
(Lagoon City winds 1994-2004) 
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Table 1  Extreme Value Analysis on Annual Freshets (February 15th to June 5th) 

Minimum Annual Freshet 46 3.6 
Average Annual Freshet 126 19.5 

Maximum Annual Freshet 229 53.4 
Average Daily Discharge (m³/s) 

Return Period (yrs) 
Black River at Washago 

90 Years 
(1915 to 2004) 

Holland River Gauge
39 Years 

(1965 to 2004) 
1.5 107 13.6 
2 122 16.7 
3 138 20.9 
5 154 26.2 
10 173 33.1 
20 189 40.0 
25 193 42.2 
50 207 49.0 
100 219 55.7 
200 231 62.3 

 
 

Table 2  Extreme Value Analysis on Annual non-Freshets (June 6th to February 14th) 
Minimum Annual non-Freshet 17.8 1.6 
Average Annual non-Freshet 60.0 11.9 

Maximum Annual non-Freshet 146 42.3 
Average Daily Discharge (m³/s) 

Return Period (yrs) 
Black River at Washago 

90 Years 
(1915 to 2004) 

Holland River Gauge
39 Years 

(1965 to 2004) 
1.1 28.0 3.5 
1.2 33.9 5.1 
1.3 38.3 6.2 
1.4 41.9 7.1 
1.5 44.9 7.8 
2 55.7 10.4 
3 68.0 13.2 
4 75.6 14.9 
5 81.0 16.1 
10 96.0 19.4 
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Table 3  POT Extreme Value Analysis on Lagoon City Winds (1994 – 2007 a) 
NON-FRESHET PERIOD ONLY (JUNE 6TH TO FEBRUARY 14TH) 

Peak Hourly Wind Speed (m/s) 
Return 
Period 
(yrs) 

N NE E SE S SW W NW 

0.5 13.2 7.8 6.7 8.6 10.8 11.8 15.3 14.9 
1 14.1 8.4 7.5 9.2 11.6 12.7 16.4 15.7 
2 14.9 8.8 8.1 9.8 12.3 13.5 17.5 16.6 
5 15.7 9.4 8.9 10.6 13.1 14.6 19.0 17.7 
10 16.3 9.8 9.5 11.2 13.7 15.4 20.2 18.5 
20 16.9 10.2 10.0 11.9 14.3 16.2 21.4 19.4 
25 17.1 10.3 10.1 12.1 14.4 16.5 21.8 19.7 
50 17.6 10.6 10.6 12.7 14.9 17.3 23.0 20.5 

100 a 18.1 10.9 11.1 13.3 15.4 18.1 24.2 21.4 
200 a 18.5 11.3 11.6 14.0 15.9 18.8 25.4 22.3 

a Extrapolation beyond 50-year return period not recommended given 13 year dataset. 
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Date: 29 January 2009 
 
To: Martin Keller 

Great Lakes Project & Planning Advisor 
Source Protection Programs Branch 
Ministry of the Environment 

 
From: Fiona Duckett, W.F. Baird & Associates 
 
Re:  Delineation of Surface Water Intake Protection Zone IPZ-3 on Lake Simcoe 
 
 
Introduction 
 
This memorandum is a discussion document which outlines a proposed methodology for the 
delineation of IPZ-3 as it relates to the details of modeling extreme events on Lake Simcoe. 
 
The proposed methodology is an interpretation of the definitions and Technical Rules of the 
Clean Water Act, and as such, feedback and comment from MOE is invited. 
 
The interpretations relate mainly to decisions on event durations, the recurrence interval of 
freshet flows, and the probability of an extreme event in which high winds and high flows 
occur together. 
 
Details of the proposed methodology are summarized in the pages that follow. 
 
Initial model runs will be reviewed to assess the results produced by the proposed 
methodology.  If necessary, minor adjustments can be made where schedule and budget 
permit. 
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Modeling Extreme Events 

 

a) Heavy Precipitation or Winds up to a 100-year Storm Event 

 

i) Extreme Wind Event 

• A statistical analysis will be completed using measured local winds to define (peak) 

1-hour wind speeds by return period. 

• The Extreme Wind Event will use 100-year return period wind speeds for eight 

direction sectors (N, NE, E, SE, S, SW, W, and NW). 

• Seasonal selection will consider the non-freshet period (June to January inclusive). 

• Model runs will simulate a 3-day wind event for each of the 8 direction sectors. 

• The storm profile will simulate wind speeds building to a 1-hour peak, and the 

subsequent decay (see Figure 1).  Winds will be applied uniformly over the lake. 

• A constant wind direction will be used in each simulation. 

• Tributary flows will not be included in the model of lake hydrodynamics. 

Figure 1  Proposed Storm Event Wind Speed Profile 
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ii) Combined Wind and Non-freshet Flow 

 

• Wind speed and non-freshet flows will have a joint exceedence return period of 

100-years.  As in i) above, statistics will consider the non-freshet period only. 

• On Lake Simcoe, a 10-year wind and a 2-year flow will be used (the combination 

considers the probability of a 3-day flow occurring simultaneously with a 1-hour peak 

wind, and that winds and flows on Lake Simcoe are only modestly correlated at best). 

• Modeling on river systems may use a milder wind and more severe flow (return 

period combination to be determined). 

• As in i) above, a 3-day event will be run for each of the 8 direction sectors, a constant 

wind direction will be used in each run, and the storm profile will follow Figure 1. 

• Only gauged tributaries will be included in the model of lake hydrodynamics and a 

constant discharge will be assumed over the duration of the 3-day simulation. 

 

b) Freshet 

 

• A statistical analysis will be completed to define (peak) average daily discharges by 

return period for gauged tributaries.  The 2-year return period event will be used (the 

2-year value is usually similar to the average annual freshet). 

• Seasonal selection will consider only the freshet period (February to May inclusive). 

• Model runs will simulate only the peak of the freshet hydrograph over a 3-day period 

(i.e. a 3-day peak will be used for both large rivers and small tributaries). 

• It will be assumed that the peak discharge remains constant over the simulation. 

• Only gauged tributaries will be included in the model of lake hydrodynamics. 

• Wind will not be included in the simulation. 

 



L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y   
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

 

  

 
 APPENDIX H 

TRIBUTARY VELOCITY SUMMARY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y   
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

DATA SOURCES 

Tributary velocities were obtained from Baird modeling, provided by LSRCA, or assumed if no 
data existed.  Velocities obtained from Baird modeling were used only where LSRCA velocities 
were not provided.  Tributaries for which no model or LSRCA velocity existed were assigned 
values based on the velocities in the nearest known tributary (of similar size).  For instances where 
nearby known tributary velocities did not exist, tributaries were assigned a velocity of either 0.1 
m/s or 1.0 m/s based on local geographic conditions, such as slope, channel morphology, land use 
and other factors observed in the orthoimagery and base data.  A summary of the tributary 
velocities is provided in Table H1. 

Table H1: Summary of Tributary Velocities used in Study 
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APPENDIX I 

TRANSPORT PATHWAYS  

 

Appendix I1  Transport Pathways Methodology – Keswick and Georgina 

Appendix I2  Transport Pathways Summary of Data Assumptions and 
Modifications - Keswick 
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TRANSPORT PATHWAYS METHODOLOGY 
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I1.0 Introduction 
 
This document presents the methodology and results for delineation of the transport 

pathways through the sewersheds, in support of IPZ-2 delineation.  A common 

methodology was used for each of the twelve intakes in Lake Simcoe and Lake 

Couchiching as described herein. 

 
 
I2.0 Methodology  
 
I2.1 Data Acquisition and QA/QC 
 
Datasets were provided by the Lake Simcoe Region Conservation Authority (LSRCA).  

Data were collated, catalogued, and imported into a Geographic Information system 

(GIS), as appropriate, using the following steps:  

• Determine datasets to be used in the transport pathways analysis; 

• Obtain, visualize and verify that data provided by LSRCA and the municipality 

are appropriate for analysis and obtain feedback as required; 

• Catalogue datasets and import into GIS. 

 

Data were acquired by LSRCA from field surveys, in-house development, and from 

participating municipalities.  Datasets included (but were not limited to):  

• Storm sewersheds; 

• Storm water pond locations;  

• Sewershed outfall locations, diameters, flows and velocities; 

• Ditch locations and cross-sections; 

• Rural drainage networks; 

• Impervious areas; 

• Subsurface tile drains; 

• Watercourse engineered and modelled cross-sections; 

• Soils and land use data; and  

• Ortho-imagery.   

 

Digital data were provided in various formats, including Environmental Systems 

Research Institute, Inc  (ESRI ) shapefiles, Computer Aided Design (CAD) drawings, and 

image files (jpeg, tiff).  All data provided by LSRCA underwent a preliminary review by 

a GIS Analyst and Geoscientist.  See Table I1 for a summary of all data received.  

 

The software used for GIS analysis and geoprocessing was ESRI ArcGIS 9.3 with Spatial 

Analyst and 3D Analyst extensions.  Geodatabases were used to organize and store 

vector and raster geoprocessing model input and output datasets wherever possible.  

Data assumptions made  throughout the transport pathways analysis were documented 

(See Appendix I2).   
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Table I1 Summary of Data Provided and Data Gaps for Transport Pathways Analysis 
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I2.2 Determination of Travel Time within Sewershed  
 
The initial step in the transport pathways analysis was to identify the sewersheds 

discharging into the IPZ-2, and exclude those discharging outside the IPZ-2.  The 

sewersheds were identified from LSRCA and municipal storm water network datasets.  

Each sewershed to be analyzed was then assigned a unique identifier in the GIS which 

corresponded to the unique identifier assigned to each sewershed outlet by LSRCA.   

 

Next, sewersheds discharging into the IPZ-2 were identified as either draining directly 

to the lake or to the lake via a tributary, as this affects the determination of travel time.  

For outlets draining into a tributary then into the lake, travel time is the sum of time 

taken from the sewershed outlet downstream to the tributary mouth plus the time from 

the tributary mouth to the intake.  For outlets draining directly to the lake, travel time is 

from the outlet to the intake.  Travel times are summarized later in Table I4.  Both 

methods for determining travel time are discussed in Sections 5.2. 

 

Sewersheds containing storm water ponds were excluded from the analysis.  It was 

assumed that the storm water ponds are designed for flows exceeding the 2-year rainfall 

event and thus, should not overflow during the 2-year event. 

 

Once the travel time from the sewershed outlet to the intake was determined, the 

residence time within the sewershed was calculated by subtracting the travel time to the 

sewershed outlet from the 2-hour maximum time.   

 

I2.3 Determination of Within–Sewershed Travel Velocity 
 
The velocity within the sewershed was estimated using Manning’s equation for flow in 

ditches or pipes.  Pipe diameters, ditch characteristics and slope were defined or derived 

based on data provided as described below.  Although requested, no storm water model 

output data were provided by the municipalities within this study.  

 

For Keswick and Georgina, outlet diameters were extracted from municipal drawings 

provided by LSRCA (Table I2 and I4).  The pipe diameter closest to the outlet was 

assumed to be representative of the entire sewershed.  LSRCA collected field data on 

ditch dimensions in Keswick and  ditch dimensions and outlet diameters in Georgina 

and provided a summary document of both municipalities to Baird.  

 

In some cases, the outlet diameter was not provided (2 sewersheds in Keswick).  An 

analysis was performed to determine if the outlet diameter is a function of sewershed 

area, based on the available data that was provided for Lake Simcoe and Lake 

Couchiching.  Figure I1 shows that the correlation between sewershed area and outlet 

diameter is not well defined.   
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Figure I1 Relationship between sewershed area and culvert outlet diameter for sewershed 

areas around Lake Simcoe and Lake Couchiching. 

 
Based on the data provided, the mode (the value in a dataset that occurs most often) for 

outlet diameter was between 420 and 450 mm (25% of the data is in this range).  The 

outlet diameter was therefore assumed to be 450 mm where data was missing.  As more 

data becomes available, the assumed diameters and their respective velocities can be 

updated.   

 

All channels were assumed to be flowing half full with a Manning's n of 0.013, which is 

the typical roughness value for concrete.  The data and assumed values for each 

sewershed are listed in Table I2 for Keswick and Table I4 for Georgina. 

 

Where sewershed slope was not provided (all sewersheds in Keswick and Georgina), the 

mean sewershed slope and standard deviation was determined from the 5 m Digital 

Elevation Model (DEM), through the use of a Geoprocessing Model (see Section I2.5). 

  

For a limited number of sewersheds, velocity was provided in the data.  For example, 

the Orillia Storm Water Model Master Plan included the velocity for sewersheds 723 and 

724.  The velocities provided by LSRCA and the velocities predicted using Manning's 

equation are compared in Figure I2 for all sewersheds for which velocity values were 

provided.  Generally, the calculated velocities over-predicted the velocities provided by 

LSRCA.  This over-prediction could be due to the low roughness value selected in the 

calculations.  Since higher velocities result in more conservative travel time distances, 

the calculated velocities were used to determine travel distance.  This is a conservative 
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approach.  The velocities calculated using Manning’s equation and the data used to 

calculate the velocities for each sewershed are listed in Table I3 for Keswick and Table I5 

for Georgina. 

 

 
Figure I2 Relationship between velocity provided by LSRCA and velocity calculated using 

Manning’s equation. 
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Table I2 Summary of Sewershed Outlet Data for Keswick 

  

Outlet ID 
(LSRCA) 

Corresponding 
Municipal 
Outlet ID 

Outlet Diameter 
(from LSRCA*, 

mm) 

Slope 
(from 

LSRCA*, 
%) Type 

Sewershed 
Area (m2) 

Sewershed Mean 
Slope (from DEM, 

%) 
Sewershed Slope 

St.Dev. (from DEM) 
637 K-N19 760 N/A Culvert 32,857 1.43 0.65 
638 K-N15 1220 N/A Culvert 270,272 2.25 1.33 
639 K-N18 530 N/A Culvert 12,181 2.58 2.40 
640 K-N14 450 N/A Culvert 29,389 5.76 3.49 
641 K-N13 300 N/A Culvert 9,868 6.54 3.02 
642 K-N12 300 N/A Culvert 9,818 6.86 3.13 
643 K-N11 450 N/A Culvert 34,069 6.10 2.71 
644 K-N9 380 N/A Culvert 3,188 6.38 2.12 
645 K-N8 380 N/A Culvert 38,966 5.46 1.46 
647 K-N7 380 N/A Culvert 48,920 4.80 1.77 
648 K-N6 N/A N/A N/A 4,414 6.54 3.12 
649 K-N5 450 N/A Culvert 20,101 5.89 2.68 
650 K-N4 350 N/A Culvert 29,480 4.66 1.45 
651 K-N3 450 (assumed) N/A Culvert (assumed) 150,779 4.11 2.41 
652 K-N2 450 (assumed) N/A Culvert (assumed) 201,987 2.70 1.49 

  Completely within IPZ-1 
* Data extracted from municipal drawings provided by LSRCA 
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Table I3 Summary of Velocity Calculations for Keswick  

Outlet 
ID 

(LSRCA) 

 
Mannings 

n 

 Pipe 
Radius 

(m) 

Wetted 
Perimeter* 

(m) 
Wet Area 

(m2) 

 
Hydraulic 

Radius 
(m/m) 

Slope 
(%) 

Velocity 
(m/s) 

637 0.013 0.38 1.19 0.23 0.19 1.43 3.0 
638 0.013 0.61 1.92 0.58 0.31 2.25 5.2 
639 0.013 0.27 0.83 0.11 0.13 2.58 3.2 
640 0.013 0.23 0.71 0.08 0.11 5.76 4.3 
641 0.013 0.15 0.47 0.04 0.08 6.54 3.5 
642 0.013 0.15 0.47 0.04 0.08 6.86 3.6 
643 0.013 0.23 0.71 0.08 0.11 6.10 4.4 
644 0.013 0.19 0.60 0.06 0.10 6.38 4.0 
645 0.013 0.19 0.60 0.06 0.10 5.46 3.7 
647 0.013 0.19 0.60 0.06 0.10 4.80 3.5 
648 0.013 0.23 0.71 0.08 0.11 6.54 4.6 
649 0.013 0.23 0.71 0.08 0.11 5.89 4.4 
650 0.013 0.18 0.55 0.05 0.09 4.66 3.3 
651 0.013 0.23 0.71 0.08 0.11 4.11 3.6 
652 0.013 0.23 0.71 0.08 0.11 2.70 2.9 

  Completely within IPZ-1 
*assuming channel is half full 
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Table I4 Summary of Sewershed Outlet Data for Georgina 
 

Outlet ID 
(LSRCA) 

Corresponding 
Municipal Outlet 

ID 

Outlet Diameter 
(from LSRCA*, 

mm) 
Slope (from 
LSRCA*, %) Type 

Sewershed 
Area (m2) 

Sewershed Mean 
Slope (from DEM, 

%) 
Sewershed Slope 

St.Dev. (from DEM) 
837 WB-N38 500 N/A culvert 102,048 1.82 1.27 

* data extracted from municipal drawings provided by LSRCA 
 
 
 

Table I5 Summary of Velocity Calculations for Georgina 
 

Outlet ID (LSRCA)  Mannings n 

 Pipe 
Radius 

(m) 
Wetted Perimeter* 

(m) 

Wet 
Area 
(m2) 

 Hydraulic 
Radius 
(m/m) Slope (%) 

Velocity 
(m/s) 

837 0.013 0.25 0.79 0.10 0.13 1.82 2.6 
*assuming channel is half full 
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I2.4 Determination of Within–Sewershed Travel Distance and Updating IPZ-2 
 
The residence time (calculated as described in Section I2.2) and the velocity (calculated as described 

in Section I2.3) were then used to estimate a maximum within-sewershed travel distance.  The 

calculated travel distances within the sewersheds located within the Keswick and Georgina IPZ-2s 

are listed in Tables I6 and I7.    

 
Table I6: Summary of Travel Distance Calculations for Keswick Sewersheds 

 

Outlet 
ID 

(LSRCA) 
Travel Time from Intake 

to Outlet (min) 

 Travel Time 
Within Sewershed 

(min) 
Velocity 

(m/s) 
Travel 

Distance (m) 
637 105 15 3.0 2,735 
638 105 15 5.2 4,706 
639 75 45 3.2 8,675 
640 75 45 4.3 11,616 
641 75 45 3.5 9,449 
642 75 45 3.6 9,672 
643 75 45 4.4 11,956 
644 75 45 4.0 10,924 
645 75 45 3.7 10,108 
647 75 45 3.5 9,473 
648 75 45 4.6 12,379 
649 75 45 4.4 11,751 
650 75 45 3.3 8,838 
651 90 30 3.6 6,542 
652 105 15 2.9 2,652 

  Completely within IPZ-1 
 
 

Table I7: Summary of Travel Distance Calculations for Georgina Sewersheds 
 

Outlet ID 
(LSRCA) 

Travel Time from 
Intake to Outlet (min) 

 Travel Time Within 
Sewershed (min) 

Velocity 
(m/s) 

Travel 
Distance 

(m) 
837 105 15 2.6 2,337 

 

 
In all sewersheds, the travel distance was greater than the assumed longest flow path in the 

sewershed, so the entire sewershed was included in the revised IPZ-2.  To verify the 

calculated distance, the geoprocessing Travel-Extent script (described in Section I2.5) was 

utilized to process the approximate travel extent based on the calculated travel distance.  

The results of the geoprocessing model suggested that the maximum extent of the 

identified sewersheds should indeed be incorporated into the IPZ-2.  Although the travel 

distance was greater than the sewershed length, adjoining sewersheds were not included as 

they drained to outlet points outside the IPZ-2.   
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A sensitivity analysis was performed to determine if a smaller outlet velocity would impact 

the in-sewershed travel extent.  Assuming that sewer pipes are designed for maximum 

velocities in the order of 0.75 m/s to 3.5 m/s (Region of Peel, 2006), all outlets with velocities 

greater than 3.0 m/s were assigned a value of 2.0 m/s and the travel distance was re-

calculated.  While travel distance decreased, the entire sewershed extent was still less than 

the travel distance in all cases. 
 

 

I2.5 Geoprocessing Models for Slope Determination and Travel Distance Verification 
 

A geoprocessing model was developed using ArcGIS ModelBuilder and Python 

programming language to extract a surface raster from the DEM for the selected 

sewershed(s) and to convert the surface raster to a slope surface in degrees and percent 

rise.  The derived slope was used in determining velocity as described in Section I2.3.  An 

example of calculated slope surfaces for three selected sewersheds are shown in Figure I3.  

 

 
 

Figure I3 Example of Resultant In-Sewershed Surface Slopes 

 

A second geoprocessing model was developed to map the travel extent within the 

sewershed (Travel-Extent approach).  This approach recognizes that slope will impact the 

extent of flow within the sewershed.  The model is based upon ESRI’s Path Distance 

function which allows for effective modeling of dispersion and movement processes (ESRI., 



  

 

L a k e  S i m c o e  R e g i o n  C o n s e r v a t i o n  A u t h o r i t y   
S u r f a c e  W a t e r  V u l n e r a b i l i t y  
1 1 0 6 2 . 0 0 0  

2008).  It is a multiplicative calculation involving cost, surface distance, horizontal and 

vertical factors. 

 

A simple cost surface was generated from the inverse of the slope surface created during 

the previous step.  In this context, cost refers to impedance of flow.  In assigning a cost 

value to slope, the assumption is that flow will have a lesser cost on a downward slope 

than a flat surface.  In other words, water can move more easily on a downward slope 

surface than a flat surface.  The cost surface only considers the inverse slope as a cost.  It 

does not include factors such as vegetation cover, geology or physical barriers to flow, and 

is not intended for detailed overland flow analysis.  Surface distance is the actual distance 

traveled on a cell-by-cell basis.   

 

Once the maximum travel distance in each sewershed was determined as described in 

Section I2.4, the extent of travel in each sewershed was delineated using the Travel-Extent 

approach.  The intent of the geoprocessing model was to provide a finer delineation for the 

IPZ-2 limits within the sewershed.  For example, if a maximum travel distance of 4,000 m 

was calculated in section I2.4, the geoprocessing model could be used to refine the limits 

within the sewershed, considering areas of steeper and shallower slopes (the mean slope 

was used to calculate the travel distance defined in Section I2.4).  Because the travel 

distances significantly exceeded the sewershed limits in all cases, the geoprocessing tool 

did not result in any modifications to the IPZ-2 boundaries.    

 

An example of the extent of travel within the sewershed when the calculated travel 

distance is less than the sewershed length is shown in Figure I4.  Since all of the calculated 

travel distances were greater than the sewershed length in every sewershed around Lake 

Simcoe and Lake Couchiching, only entire sewersheds were included in the transport 

pathways delineation.   
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Figure I4. Example of Resultant In-Sewershed Travel Extent 
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APPENDIX I2 

TRANSPORT PATHWAYS SUMMARY OF DATA  

ASSUMPTIONS AND MODIFICATIONS - KESWICK 
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I2.0 SUMMARY 

The assumptions made while performing the transport pathways analysis are summarized below 

by date: 

Date:  January 23, 2009 

1) Selected sewershed (K-N16) is missing an outlet.  However, there is a retention pond.  This 

sewershed will be omitted from our analysis since the presence of the pond indicates a 

discontinuity from the watercourse. 

 

 

 
 

2) Selected sewershed (K-N17) is missing an outlet.  However, there is a retention pond.  This 

sewershed will be omitted from our analysis since the presence of the pond indicates a 

discontinuity from the watercourse. 
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3) Sewershed #646 has a pond and outlet.  Since the outlet is outside the existing IPZ-2 and 

there is a retention pond, this sewershed will be omitted from our analysis.  The presence of 

the pond indicates a discontinuity from the watercourse. 
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4) Sewershed #653 is outside the IPZ-2 but will still be considered in our analysis since it is 

connected to the lake by a ditch. 
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APPENDIX J 

DATA INPUT TO AREA VULNERABILITY FACTORS 
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J1.0 VULNERABILITY SCORES  

The data used to calculate the area vulnerability factor modifiers for the IPZ-2 and IPZ-3 
area vulnerability factors are listed below in Tables J1 and J2, respectively. 
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Table J1  IPZ-2 Area Vulnerability Factor for York Region Intakes - Keswick WTP and  Georgina WTP  
 

Notes 
1IPZ-2 Land Percentage = Total percent of IPZ-2 area that is composed of land.  All water inland of shoreline is considered to be land.  Modifier: Within +/-1 S.D. of mean = 0: >+1 S.D. of mean = +1: <-1 S.D. of mean = -1 
2Drainage density = (Total Length of Streams)/(Subwatershed Area).  If DD was within +/-1 S.D. of mean, modifier = 0; if >+1 S.D. of mean, modifier = +1; and if <-1 S.D. of mean, modifier = -1.  
3 The IPZ-2 Land Modifier and Drainage Density Modifier both look at the percentage of water to land and should only be considered once.  Therefore combined modifiers should be within +/- 1 when added together.   
4If SCS Curve No. was within +/-1 S.D. of mean, modifier = 0; if >+1 S.D. of mean, modifier = +1; and if <-1 S.D. of mean, modifier = -1. Lake Couchiching CN is average of all other subwatersheds since no data was available.  
5Land use: Natural/Forested = -1: Agricultural = 0: Urban/Developed = +1, coarsely interpreted from 1999 LandSat Imagery 
6Relief-Length Ratio = (Relief)/(Subwatershed Length). 3If Relief-Length was within +/-1 S.D. of mean, modifier = 0; if >+1 S.D. of mean, modifier = +1; and if <-1 S.D. of mean, modifier = -1.  
7Final Area Vulnerability Factor plus/minus all modifiers.  N.B.  Factor must be within range of 7 to 9.   

 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Intake 

IPZ-3 Sub-area 

 
Base Area 

Vulnerability 
Factor 

IPZ-2 Land 
Percentage1 

(%) 

IPZ-2 
Land % 

Modifier1,3 

Total 
Length of 
Streams 

(km) 

Subwatershed 
Area (km2) 

Drainage 
Density2 

Drainage 
Density 

Modifier2,3 

Adjusted 
U.S. SCS 

CN4 

U.S. 
SCS CN 
Modifier4 

Land use5 Land use 
Modifier5 Relief (m) Subwatershed 

Length (km) 

Relief-
Length 
Ratio6 

Relief-
Length 

Modifier6 

Final Area 
Vulnerability 
Factor (B)7 

Keswick Georgina Creeks subwatershed 8 30 0 42 49 0.0008 -1 83 1 Rural - Agriculture 0 45 10 0.0048 0 8 
Georgina Georgina Creeks subwatershed 8 10 -1 42 49 0.0008 -1 83 1 Rural - Agriculture 0 45 10 0.0048 0 8 
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Table J2  IPZ-3 Area Vulnerability Factors for York Region Intakes - Keswick and Georgina WTPs  

Notes 
1Measured coarsely using ArcMap, along most direct path through the lake only, not across land 
2If sub-area is a waterbody or is the nearest subwatershed, Modifier = 0.  Otherwise if distance: <-1 Standard Deviation (S.D.) of mean, modifier = -1;  within -1 to 0 S.D. of mean, modifier = -2; within 0 to +1 S.D. of mean, modifier = -3; and if  >+1 S.D. of 
mean, modifier = -4. 
3Drainage density = (Total Length of Streams)/(Subwatershed Area).  If DD was within +/-1 S.D. of mean, modifier = 0; if >+1 S.D. of mean, modifier = +1; and if <-1 S.D. of mean, modifier = -1.  
4If SCS Curve No. was within +/-1 S.D. of mean, modifier = 0; if >+1 S.D. of mean, modifier = +1; and if <-1 S.D. of mean, modifier = -1. Lake Couchiching CN is average of all other subwatersheds since no data was available.  

5Land use: Natural/Forested = -1: Agricultural = 0: Urban/Developed = +1, coarsely interpreted from 1999 LandSat Imagery 
6Relief-Length Ratio = (Relief)/(Subwatershed Length). 3If Relief-Length was within +/-1 S.D. of mean, modifier = 0; if >+1 S.D. of mean, modifier = +1; and if <-1 S.D. of mean, modifier = -1.  
7Final Area Vulnerability Factor plus/minus all modifiers 

 
 
 
 
 

IPZ-3 Sub-area  

Measured 
Distance from 
Intake to River 

Outlet (m)1 

(Kewsick/ 
Georgina) 

 
Base Area 

Vuln. 
Factor) 

Distance (D) 
Compared to 
Mean (µµµµ) and 

S.D. (σσσσ)2 

(Kewsick/ 
Georgina) 

Distance 
Modifier2 

(Kewsick/ 
Georgina) 

Total Length 
of Streams 

(km) 

Subwatershed 
Area (km2) 

Drainage 
Density3 

Drainage 
Density 

Modifier3 

Adjusted 
U.S. SCS 

CN4 

U.S. 
SCS CN 
Modifier4 

Land use5 Land use 
Modifier5 Relief (m) Subwatershed 

Length (km) 

Relief-
Length 
Ratio6 

Relief-
Length 

Modifier6 

Final Area 
Vuln. 

Factor 
(B)7 

(Kewsick/ 
Georgina) 

Lake Simcoe waterbody 0 7 − 0 - - - - - - - - - - - - 7 / 7 

Lake Couchiching waterbody 0 7 − 0 - - - - - - - - - - - - 7 / 7 

Maskinonge subwatershed 4,000 / 16,000 7 < −σ /  −σ − µ -1 / -2 74 63 0.0012 0 83 1 Rural - Agriculture 0 72 12 0.0060 0 7 / 6 

West Holland subwatershed 6,000 / 17,700 7 < −σ / −σ − µ -1 / -2 726 352 0.0021 1 75 0 Rural - Agriculture 0 161 35 0.0046 0 7 / 6 

East Holland subwatershed 6,000 / 17,700 7 < −σ / −σ − µ -1 / -2 429 247 0.0017 1 78 0 Urban 1 170 29 0.0059 0 7 / 7 

Innisfil Creeks subwatershed 7,500 / 10,200 7 < −σ / < −σ -1 / -1 133 107 0.0012 0 77 0 Rural - Agriculture 0 90 14 0.0064 0 6 / 6 

Georgina Creeks subwatershed 10,300 / 2,500 7 < −σ / < −σ -1 / -1 42 49 0.0008 -1 83 1 Rural - Agriculture 0 45 10 0.0048 0 6 / 6 

Black River subwatershed 17,800 / 5,800 7 −σ − µ / < −σ -2 / -1 444 375 0.0012 0 77 0 Forest -1 126 32 0.0039 0 4 / 5 

Oro South Creeks subwatershed 21,800 / 15,100 7 −σ − µ / −σ − µ -2 / -2 68 57 0.0012 0 75 0 Rural - Agriculture 0 93 10 0.0093 0 5 / 5 

Hawkestone Creek subwatershed 27,200 / 18,800 7 µ − σ / −σ − µ -3 / -2 70 48 0.0015 0 55 -1 Rural - Agriculture 0 161 12 0.0134 1 4 / 5 

Hewitts Creek subwatershed 28,300 / 22,000 7 µ − σ / µ − σ -3 / -3 23 18 0.0013 0 79 0 Rural - Agriculture 0 69 9 0.0081 0 4 / 4 

Pefferlaw Brook + Uxbridge Brook  

subwatershed 28,800 / 16,800 7 µ − σ / −σ − µ -3 / -2 459 446 0.0010 0 70 0 Forest -1 181 41 0.0044 0 3 / 4 

Lovers Creek subwatershed 29,200 / 23,200 7 µ − σ / µ − σ -3 / -3 80 60 0.0013 0 71 0 Rural - Agriculture 0 95 13 0.0073 0 4 / 4 

Barrie Creeks subwatershed 31,800 / 26,000 7 µ − σ / µ − σ -3 / -3 42 38 0.0011 0 77 0 Urban 1 101 6 0.0168 1 6 / 6 

Beaver River subwatershed 35,400 / 23,600 7 µ − σ / µ − σ -3 / -3 394 327 0.0012 0 62 -1 Rural - Agriculture 0 130 39 0.0034 0 3 / 3 

Whites Creek subwatershed 36,300 / 24,300 7 µ − σ / µ − σ -3 / -3 158 105 0.0015 0 73 0 Rural - Agriculture 0 85 17 0.0050 0 4 / 4 

Upper + Lower Talbot River 

subwatershed 37,700 / 26,500 7 µ − σ / µ − σ -3 / -3 117 71 0.0017 0 69 -1 Rural - Agriculture 0 62 11 0.0056 -1 2 / 2 

Oro North Creeks subwatershed 38,800 / 28,800 7 > σ / > σ -4 / -4 84 75 0.0011 0 65 0 Urban 1 159 11 0.0145 1 5 / 5 

Lake Couchiching subwatershed 40,750 / 30,900 7 > σ / > σ -4 / -4 65 89 0.0007 -1 72 0 Rural - Agriculture 0 81 18 0.0044 0 2 / 2  

Ramara Creeks subwatershed 40,900 / 29,000 7 > σ / > σ -4 / -4 196 144 0.0014 0 76 0 Rural - Agriculture 0 38 14 0.0027 0 3 / 3 

Mean 24,919 / 19,717  

 

 

  

0.0013 

 

73 

     

0.0070 

  Standard Deviation 13,128 / 7,919  

 

 

  

0.0003 

 

7 

     

0.0040 
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The following correspondence was sent from Ben Longstaff, LSRCA to MOE on February 11, 2010 

 

 

High water mark used to delineate IPZs in the SGBLS Region 

 

February 11, 2010 

 

Background 

Within the SGBLS region there are 15 surface intakes for which IPZs have been delineated. These intakes 

are located in Lake Simcoe, Lake Couchiching, Georgian Bay, Severn Sound and Little Lake. 

The IPZs were delineated according to the technical rules, using the best available information. As there 

was no definition of HWM within the technical rules and at that time (IPZ delineation for some intakes 

date back to 2007) no guidance defining HWM, we used the most accurate information available--

interpretation of the shoreline from aerial photography.  However, when the December 2009 MOE 

Liaison Officer Program Update was released it became apparent that the method we were using to 

locate the HWM was different to that being recommended. This prompted two questions that needed 

to be resolved: (1) If we are not using the recommended approach, are we still using a method that is 

equal or better, and how do the results differ between the two methods; (2) As the there is no definition 

of HWM within the rules, and there are many potential definitions of HWM, is the definition in the 

Liaison Update legally binding. That is, would we be out of compliance if we do not follow it, therefore 

requiring us to either seek director’s approval under Rule 15.1 or revise the IPZs using the supplied 

definition of HWM.  

 

Comparing Approaches 

To answer the first question we have undertaken the following comparisons: 

1. In Lake Simcoe and Lake Couchiching, compared the HWM currently being used to delineate 

IPZs (Shoreline) to the LSRCA definition of HWM used to define fish habitat (fish habitat HWM). 

Fish habitat HWM  is defined as the annual average HWM over the last 150 years and is and 

while this differs from the standard DFO definition, it is recognized by DFO as the HWM for fish 

habitat in Lake Simcoe. 

2. For Severn Sound compared HWM currently being used to the DFO HWM. 

3. For Collingwood and Little Lake intakes we analyzed how changes in HWM would affect IPZ 

delineation and the number of properties within an IPZ. 

4.  

Our Conclusions 

• In the majority of cases there are very few differences between the shoreline HWM 

currently being used, and the DFO HWM method. 

• Where differences do occur there are no, or very minor, implications to the IPZ 

delineation. 

• The method used to delineate the DFO and fish habitat HWM have a high degree of 

uncertainty due to the poor resolution of the digital elevation model data used. 

Our Recommendations 

• The HWM currently being used to delineate of IPZ should not change. 

• The Assessment Report should include a section that summarizes the findings of this 

investigation. 

• If necessary directors approval be requested for the HWM being used. 

 



 

 

 

Summary of HWM Analyses 

 

Lake Simcoe Intakes  

Shoreline in Lake Simcoe was based on digitizing the lake boundary from the 2002 colour 20 cm 

orthorectified aerial photography. Within LSRCA, HWM is defined in terms of fish habitat, as the average 

annual high water which is 219.15 masl. While LSRCA defines HWM as 219.15 masl accurate delineation 

of the HWM has never been undertaken, and for this reason assessment of fish habitat for the purposes 

of permitting is no longer based on HWM.  

 

For the purpose of comparing the fish habitat HWM, to that used for IPZ delineation (shoreline), digital 

elevation model (DEM) data from LSRCA (5m dem) and Provisional (10m DEM) was analyzed using GIS.  

This analysis is considered to have a high degree of uncertainty due to the resolution of the data, but 

does provide a general guide for the purposes of comparison.  More accurate assessment of average 

HWM would require substantially more funds and effort. Below we provide a comparison of the HWM 

methods for each intake. 

 

The following key relates to the Lake Simcoe maps discussed below. 

 
 

Barrie and Ramara Intakes 

Fish habitat HWM shows patches of land off-shore, while other areas match the shoreline HWM 

method. Current method is more precautionary (more in land) than that based on fish habitat. 

 



 

 
 

Beaverton, Georgina and Keswick Intakes 

Shoreline and fish habitat methods have very similar results with the exception of a couple of location 

where the fish habitat HWM is further towards the lake. 

 



 

 
 

 Innisfil Intake 

Areas where the fish habitat HWM extend inland further than the shoreline HWM method. Using the 

fish habitat HWM in this case would extend the IPZ-1 inland in north-west segment. 

 



 
 

 

Lagoon City 

Fish habitat HWM extends inland past the shoreline HWM. Using fish habitat HWM would result in little 

to no difference in the IPZ delineation as the areas that the fish habitat HWM extends into is already 

with within the IPZ-2 and the maximum extent of the IPZ-1. 

 
 



 

 

Lake Couchiching  

In Lake Couchiching the HWM used for the 120m setback (no regulated areas in Lake Couchiching) was 

based on the MNR-LIO water polygon, for the most part this was very similar to the LSRCA shoreline.  

 

 
 

Orillia 

(Note: The southern section of Orillia IPZ as shown is incorrect as it includes section of shoreline that 

drains into Lake Simcoe. This error is currently being fixed, and would result in a much smaller IPZ in the 

south). 

 

Both HWM methods are very similar. While there is a region of the Shoreline HWM in the north that is 

further inland than the fish habitat shoreline, this is within the IPZ-2 and any change in HWM used 

would not change the IPZ.  

 

 
 



Western Shore 

Both methods of defining HWM show similar results. 

 

 
 

Washago and Sandcastle Estate 

Some differences between the HWM methods. For the most part, shoreline HWM extends further 

inland, and as such is more conservative for delineating IPZ-2 (i.e. IPZ larger than if based on fish habitat 

method).  Due to the complexity of this area, the IPZ-1s were already extended to maximum 1000m. 

 

 
 

 

 



Severn Sound 

In Severn Sound, the shoreline HWM used to delineate the IPZs is compared to the DFO HWM, defined 

as being 176.96 m IGLD 1985. As with Lake Simcoe and Couchiching the 176.96 m contour has a high 

degree of uncertainty due to resolution of the DEM data. 

 

Victoria harbour intake 

The DFO HWM extends further inland compared to the shoreline method. In most areas, the difference 

between the two methods is approximately 30-50m, so this could result in a change in IPZ once the 

12om setback is applied.  

   

 
 

 

Rope Subdivision 

DFO HWM extends inland up to approximately 200m further than the shoreline HWM. However, there 

are only one or two areas where this would lead to any change in the IPZ-1 and this would only be a 

small change -- 10s of metres. Current on-land portion of the IPZ-2 includes the entire catchment that is 

in contact with the in-water portion of the IPZ-2. Theoretically, if the DFO shoreline was used, the IPZ-2 

could become smaller as there would be less travel time within the catchment. Further in-water 



modeling would have to be completed first to determine new time of travel where IPZ-2 touches the 

shoreline.  

 

 

 
 

 

Little Lake 

(note: the IPZ-2 for this intake was determined to be smaller than the IPZ-1, therefore there is no IPZ-2 

presented). 

An alternative HWM to that already being used has not been determined. As alternative approach to 

looking at the effects of changing the HWM we analyzed the parcel fabric to see if extending the IPZ-1 

would lead to further properties being included in the threats analysis. This analysis shows that 

increasing the IPZ-1 to the maximum extent would lead to few, if any, additional properties being 

included. From this we conclude there is no need to further pursue alternative HWM methods. 

 

 
 



Collingwood 

Difference between shoreline and HWM using 5m DEM is negligible.  As only the outer limits of IPZ-1 

touches shore (IPZ-2 in water only), using the fish habitat HWM would reduce the length of shoreline 

within the IPZ, but increase the inward extent once the 120m setback is applied.  
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1.0 INTRODUCTION 
1.1 Background and Objectives 
The Province of Ontario introduced the Source Water Protection Program to protect drinking water at the source.  
Protecting source water is the first step in a multi-barrier approach to ensure the quality and sustainability of 
drinking water supplies.  The multi-barrier approach involves several consecutive steps, including source water 
protection, water treatment as necessary, distribution system management and water quality monitoring. 

In 2006, the Clean Water Act (CWA) was enacted to ensure communities are able to protect their municipal 
drinking water supplies through the development of collaborative, locally driven, science based protection plans.  
A key component of the CWA is the development of assessment reports and source water protection plans that 
are to be prepared based on a series of technical rules for studies initiated under the Clean Water Act Technical 
Studies Program.  The main objective of the assessment reports is to identify the threats to drinking water 
sources that will be addressed in source water protection plans.  

The Regional Municipality of York (the Region) currently operates two wells (PW-1 and PW-2) to service the 
municipal distribution system in the Ballantrae area, which were included in the previous source water protection 
studies.  A new production well (PW-3) has been constructed to assist in meeting the water demand for the 
community of Ballantrae.  The locations of the Ballantrae municipal wells are illustrated on Figure 1.  Well PW-3 
was not included in the previous source water protection studies.  

 

1.2 Scope of Work and Report Format 
Golder Associates Ltd. (Golder) has been retained by the Region to complete the Wellhead Protection Area 
(WHPA) Delineation, Vulnerability Assessment and Threats Assessment for the new Ballantrae well PW-3 to be 
used in development of assessment reports under the CWA and for purposes related to municipal source water 
protection.  The pumping of PW-3 may result in a change in the extent and shape of the WHPAs previously 
delineated for PW-1 and PW-2.  As such, the project also includes assessment and updates (if required) to the 
PW-1 and PW-2 WHPA delineation, vulnerability assessment and threat assessment should the PW-1 and PW-2 
WHPA change as a result of PW-3 operation.   

The scope of work for this project includes the following key tasks:  

 Task 1 – WHPA Delineation; 

 Task 2 – Vulnerability Assessment and Scoring within the WHPA; and  

 Task 3 – Threat Assessment and Scoring within the WHPA. 

This draft report presents the methodology and results of all three tasks as a single comprehensive report for the 
project. 
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This report is organized as follows:  

 Section 2.0 provides a background of the project including an overview of the site setting, municipal wells, 
existing hydrogeologic model and provides a summary of the drilling and testing program completed in 
Ballantrae in 2009/2010; 

 Section 3.0 provides a description of the updates made to the existing hydrostratigraphic model 
(geomodel) and groundwater flow model;  

 Section 4.0 provides the methodology and results of the WHPA delineation for the Ballantrae municipal 
wells; 

 Section 5.0 provides the methodology and results of the vulnerability assessment and scoring; 

 Sections 6.0, 7.0 and 8.0 provide the methodology and results of the threat assessment including 
managed land, livestock density, impervious surface area and an enumeration of significant threats; and 

 Sections 9.0, 10.0, 11.0 and 12.0 provide the associated uncertainty of the assessment, a summary of the 
work completed, the references used and the limitations, respectively. 

 

2.0 BACKGROUND 
2.1 Local Setting 
The hamlet of Ballantrae is located in the Township of Whitchurch-Stouffville within the Region.  Ballantrae is 
situated within the East Holland River Sub-Watershed (part of the larger Lake Simcoe Watershed) and is within 
the physiographic region described as the Oak Ridges Moraine (ORM) (Chapman and Putnam, 1984).  The 
ORM generally acts as the surface water and groundwater divide between water flowing south to Lake Ontario 
and water flowing north to Lake Simcoe and Georgian Bay.  Situated on the northern flank of the ORM, the 
Ballantrae area is generally topographically higher than the surrounding area with elevations greater than 
325 metres above sea level (masl) and is characterized by hummocky topography. 

 

2.2 Municipal Water Supply System 
There are three existing municipal groundwater supply wells located within Ballantrae; two currently in operation 
(PW-1 and PW-2); and the new well (PW-3), which is scheduled to be a backup well to the other two production 
wells (Figure 1) (York Region, 2011a).  All of the wells are owned and operated by the Region and are 
categorized as Large Municipal Residential Systems.  Table 2.1 provides a summary of the wells and pumping 
details. 
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Table 2.1: Production Well Details 

Municipal 
Well 

Screened 
Interval 
(mbgs) 

Depth 
(mbgs) Aquifer Status 

Maximum 
Permitted 
Pumping 
Rate 
(m3/day) 

Simulated 
Pumping 
Rate 
(m3/day) 

Ballantrae 
PW-1 96.3 to 108.5 111.9 Thorncliffe 

Formation Supply Well 2,618 2,290 

Ballantrae 
PW-2 102.4 to 110.3 110.9 Thorncliffe 

Formation Supply Well 2,618 2,290 

Ballantrae 
PW-3 95.1 to 100.6 108.5 Thorncliffe 

Formation Supply Well 2,618 2,618 

Total Well 
Field     4,580*  

Note:  Rates shown are from Permit To Take Water (PTTW) Number 2030-8KDJCG.  The maximum daily taking of water from any 

combination of the wells identified shall be limited to 4,580 m3/day.  The simulated rates are described further in Section 4.2. 

 

PW-1 and PW-2 are within close proximity to one another and are located near the northeast corner of Aurora 
Road and McCowan Road.   

The new well, PW-3, is located approximately 1.7 km northeast of the other municipal wells on the west side of 
Highway 48.  The drilling and testing of well PW-3 is described in more detail in Section 2.4. 

 

2.3 Hydrogeologic Model 
2.3.1 Model Versions  
For consistency and as per the project terms of reference, the starting point for this project was the groundwater 
flow model used for the previous WHPA and vulnerability assessment for Ballantrae (EarthFX and Azimuth, 
2007).  The groundwater flow model used in the previous WHPA delineation and vulnerability assessment work 
is referred to in the EarthFX model file documentation as the “2007 York SAATS/SWATS model” (Surface To 
Aquifer Advection Time/Surface To Well Arrival Time).  Separate model versions were used for the WHPA and 
vulnerability modelling for Nobleton, Schomberg and Mt. Albert as described in EarthFX (2009).  A revised 
groundwater flow model was developed as part of the on-going Tier 3 Water Budget Study, although the Tier 3 
model was not completed and peer reviewed, and therefore was not available for use in this project. 

The 2007 York SAATS/SWATS model is based on the YPDT-CAMC Core Groundwater Flow Model (2006).  
This Core Flow Model is based on the Core Geomodel (Release 1- 2004).  A report entitled “Groundwater 
Modelling of the Oak Ridges Moraine Area” prepared by EarthFX (2006) provides a description of the Geomodel 
and Flow Model that formed the basis for the 2007 model.  For additional details on the model, reference should 
be made to the above noted report.  Some adjustments were made to the original 2006 Core Flow Model during 
the 2007 calibration of the York SAATS/SWATS model.  

The 2007 York SAATS/SWATS model uses the United States Geologic Survey (USGS) MODFLOW Code that is 
documented by McDonald and Harbaugh (1988), Harbaugh and McDonald (1996) and Harbaugh et al. (2000), 



 

BALLANTRAE SOURCE WATER PROTECTION 

 

February 2013 
Report No. 11-1170-0067 4  

 

as described by EarthFX and Azimuth Environmental Consulting Inc. (EarthFX and Azimuth, 2007).  MODFLOW 
is a multi-purpose three dimensional groundwater flow code that is modular in nature and uses the finite 
difference formulation of the groundwater flow equation in its solution. 

The 2007 York SAATS/SWATS model was used as the starting point for this project and was updated to take 
into account the new hydrogeologic information from the PW-3 well site, as described in Section 3.0.  A brief 
summary of the model is provided below. 

 

2.3.2 Hydrostratigraphic Model  
The hydrostratigraphy in the 2007 York SAATS/SWATS model (EarthFX and Azimuth, 2007) includes the 
following eight layer units: 

 Layer 1:  Surficial Deposits and/or weathered Halton/Kettleby Till; 

 Layer 2:  Halton/Kettleby Aquitard; 

 Layer 3:  Oak Ridges Aquifer Complex (ORAC) and/or weathered Newmarket Aquitard; 

 Layer 4:  Mostly Newmarket Aquitard; 

 Layer 5:  Thorncliffe Aquifer Complex; 

 Layer 6:  Sunnybrook Aquitard; 

 Layer 7:  Scarborough Aquifer Complex; and 

 Layer 8:  Weathered Bedrock 

The hydrostratigraphic model in the Ballantrae area includes interpreted tunnel channels as described in 
EarthFX (2006).  The tunnel channels are represented in this version of the model by different hydraulic 
conductivity zones in Layer 4 and Layer 5.  Within the interpreted tunnel channels, higher hydraulic conductivity 
(K) values are used to represent tunnel channel silts in Layer 4 compared to the surrounding lower hydraulic 
conductivity of the Newmarket aquitard.  This is illustrated in Figure A-1 in Appendix A, where interpreted tunnel 
channel silts are shown to be represented in Layer 4 by a horizontal K value of 5E-7 m/s (anisotropy of 0.2), 
whereas the surrounding Newmarket aquitard is represented by a horizontal K value of 5E-8 m/s (anisotropy of 
0.03).  The model hydrostratigraphy and hydraulic conductivity are further described in Sections 2.4 and 3.0 of 
this report. 

A description of the model hydrostratigraphy and layer construction is included in Appendix D of EarthFX (2006). 

 

2.3.3 Model Extent and Discretization 
The MODFLOW grid for the 2006 core flow model extends approximately 84 km in the east-west direction and 
106 km in the north-south direction.  The planar area of the model is 8,904 km2.  The grid discretization in plan 
view is 100 m in the vicinity of Ballantrae.  Vertically, the model domain was discretized into eight numerical 
layers as outlined in Section 2.3.2.  The top of the model was assigned a ground surface elevation based on the 
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Digital Elevation Model (DEM), while the base of the model reflects approximately 15 m of weathered bedrock.  
The elevations for the remaining layers in the model were based on the hydrostratigraphy as discussed in the 
previous section. 

 

2.3.4 Model Boundary Conditions 
The boundary conditions applied in the model include:  no flow, drains / river boundary conditions; and recharge.  
These boundaries are summarized below: 

 No Flow:  No flow boundary conditions were applied along the eastern and western perimeters of the 
model to represent the edges of local watersheds.  A no flow boundary condition was also applied at the 
bottom of Layer 8, which infers that the bedrock system has little influence on the overburden flow systems.  

 Drains and River Boundary Conditions:  Drains and river boundary conditions were applied to represent 
water features within the model domain.  These boundaries were assigned through the aquifer layers of the 
model; the elevation for the boundary conditions assigned was based on the DEM – 0.5 m.  

 Recharge:  Recharge rates were varied across the model domain, and in general were dependent on the 
nature of the surficial materials at site.  The applied rates across the model ranged from 30 mm/yr (where 
Newmarket Till was present at surface) to 420 mm/yr (hummocky areas).  Recharge in the area will vary as 
a function of the average annual precipitation, vertical hydraulic gradients, the surface conditions and 
overburden units that are present.  The final recharge rates applied in the model were derived through the 
model calibration process and are summarized in EarthFX (2006) and EarthFX and Azimuth (2007). 

 

2.3.5 Model Calibration 
The model was calibrated by EarthFX (2006) and EarthFX and Azimuth (2007) and reference should be made to 
these reports for a description of the calibration process.  In summary, the calibration of the groundwater flow 
model involved the adjustment of recharge rates and hydraulic conductivity values until there was a reasonable 
match between:  simulated groundwater elevations and those inferred from monitoring wells; and between 
simulated baseflows; and those estimated from the streamflow monitoring campaigns. 

 

2.3.6 Model Hydraulic Conductivity 
The hydraulic conductivity values established through the model calibration process (within the vicinity of 
Ballantrae) are summarized in Table 2.2.  The spatial distribution of the hydraulic conductivity zones are 
described in EarthFX (2006) and EarthFX and Azimuth (2007).  The hydraulic conductivity zones in the main 
aquifer and aquitard layers (Layers 4 and 5) are presented in Appendix A on Figures A-1 and A-2, respectively. 
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Table 2.2: Model Hydraulic Conductivity Values in the Vicinity of Ballantrae 

Layer 
KH 

(m/s) 
Anisotropy 

Layer 1 – Surficial Deposits absent absent 
Layer 2 – Halton/Kettleby Aquitard 5E-7 0.3 
Layer 3 – Oak Ridges Aquifer Complex (ORAC) 2.5E-5 to 1E-4 0.5 
Layer 4 – Tunnel Channel Silt 5E-7 0.2 
Layer 4 – Newmarket Aquitard 5E-8 0.03 
Layer 5 – Tunnel Channel Sand 1E-4 1 
Layer 5 – Thorncliffe Aquifer Complex 1E-5 to 1E-4 0.5 
Layer 6 – Sunnybrook Aquitard 5E-8 0.1 
Layer 7 – Scarborough Aquifer Complex 1E-5 to 3.2E-5 1 
Layer 8 – Weathered Bedrock 1.6E-5 1 
 

2.4 Drilling and Testing Program 2009/2010 
A drilling and testing program was completed by Azimuth as part of the Groundwater Resource Program in 2009 
and 2010 to develop an additional water supply for the Region in the Ballantrae area (Azimuth 2010a, 2010b).  
The information from this program was reviewed by Golder for incorporation into the groundwater flow model 
used in this study. 

This section provides an overview of the work completed to develop PW-3 into a municipal production well and is 
summarized from the following reports: 

 Ground Water Drilling and Assessment Program, Community of Ballantrae (Azimuth, 2010a); and 

 Ground Water Drilling and Assessment Program, Ballantrae Production Well No. 3 (Azimuth, 2010b). 

As part of the program, two potential sites were investigated for the location of a third production well.  Site A 
was located at the southeast corner of McCowan Road and St. Johns Sideroad (approximately 1.6 km north of 
the existing production wells) where MW8 was constructed and tested (Figure 1).  Site B was located in the 
vicinity of Aurora Sideroad and Highway 48 (at the Fire Hall) where MW10D was constructed and tested 
(Figure 1).  Drilling of both holes was completed with dual rotary drilling methods to the bedrock contact with 
natural packed wells (152 mm nominal diameter casing with 127 mm nominal diameter screen) installed in the 
most permeable zones encountered.  Following completion of the wells, variable rate step tests were conducted 
followed by 72-hour constant rate pumping tests. 

MW8 was screened within the tunnel channel deposits from approximately 132.8 to 145.5 metres below ground 
surface (mbgs).  The Newmarket Till was not encountered during the drilling of this hole.  After construction of 
the well, the well was pumped at 200 Igpm during the 72-hour pumping test with approximately 70.5 m of 
drawdown recorded.  The aquifer transmissivity in the vicinity of MW8 was estimated to be in the range of 300 to 
350 m2/day. 

The deposits encountered at the MW10D site included a multi-layered system of three aquifers and three 
aquitards.  The screen was set from approximately 97.6 to 103.5 mbgs in a relatively uniform sand and gravel 
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unit.  After construction of the well, the well was pumped at 250 Igpm during the 72-hour test with approximately 
6.5 m of drawdown recorded.  The aquifer transmissivity in the vicinity of MW10D was estimated to be 
100 m2/day. 

Based on the results of the testing, the Region decided to install a municipal production well at Site B (MW10D).  
Installation of the well was completed with dual rotary drilling methods with the completion of a natural packed 
well (300 mm nominal diameter casing with 279 mm nominal diameter screen) installed in the most permeable 
zone encountered from 95.1 to 100.6 mbgs.  The well is screened within the Thorncliffe aquifer and is separated 
from the overlying ORM Deposits by the Newmarket aquitard.  In addition, a total of three nested monitoring 
wells were completed in the vicinity of this new production well PW-3 (MW10, MW11 and MW12 shown on 
Figure 1).  Again, a variable rate step test was conducted at the municipal production well followed by a 72-hour 
constant rate pumping test at 600 Igpm. 

At the end of the test a total drawdown of 14.6 m was recorded although it was noted that water levels were still 
declining at the end of the test.  Azimuth (2010b) estimated an aquifer transmissivity in the range of 80 to 
110 m2/day.  Water quality was also analyzed during the test and the results indicated that the water is of 
excellent quality and meets the Ontario Drinking Water Quality Standards (ODWQS). 

The PW-3 well was selected as the best option as part of the Environmental Assessment and is a back-up 
municipal well for the Ballantrae water supply system. 

 

3.0 GROUNDWATER FLOW MODEL UPDATES 
The objective of the current modelling assessment is to delineate the WHPA and assess vulnerability for Well 
PW-3 and to update the existing WHPAs and vulnerability for PW-1 and PW-2 (if these change due to simulated 
operation of well PW-3).  To complete this objective, the previous WHPA groundwater flow model (EarthFX and 
Azimuth, 2007) was updated including the following tasks: 

 Translation of the model into Visual MODFLOW; 

 Review of the model in relation to the new hydrogeologic information at the PW-3 site; 

 Update the model hydrostratigraphy (the Geomodel); and 

 Update the MODFLOW groundwater flow model. 

The work completed for these tasks is described below. 

 

3.1 Model Translation 
The previous WHPA groundwater flow model provided by the Region for use in this study (2007 York 
SAATS/SWATS model described in Section 2.3) consisted of MODFLOW input files that were linked to 
VIEWLOG model parameter files.  For use in this study, the model was translated from this VIEWLOG format to 
Visual MODFLOW (v4.6.0.159) to allow model runs, visualization and adjustment of model properties and 
boundary conditions outside of the software VIEWLOG.  
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The model translation process and resulting Visual MODFLOW files are described in more detail in a separate 
technical memorandum on this task (Golder, 2012), which is included in Appendix C. 

The model translation task included a check to ensure that previous capture zones for wells PW-1 and PW-2 
could be replicated with the model before making any updates to the model.  It should be noted that well 
locations in the original model were stored in the centre of the model cell, which have been maintained in this 
updated model. 

 

3.2 Review and Incorporation of New Hydrogeologic Information from 
the PW-3 Site 

The new hydrogeologic information from the PW-3 site (described in Section 2.4) was reviewed in relation to the 
model.  This included the following tasks: 

 Interpretation of hydrostratigraphic units from the PW-3 well log.  The key hydrostratigraphic units that 
differed in the model compared to the PW-3 well log were the top of the Newmarket aquitard and the top of 
the Thorncliffe aquifer, which were encountered in PW-3 at elevations of 278 and 258 masl, respectively.   

 Obtain YPDT-CAMC Master Database and confirm whether it contains the new PW-3 site well data.  
This well database was obtained and contains the new 2009/2010 well information from the PW-3 site. 

 Obtain preliminary Tier 3 model hydrostratigraphic surfaces.  These preliminary Tier 3 surfaces were 
obtained and taken into account to assist in the model layer review.  These surfaces included additional 
detail not in the 2007 eight layer model including separate delineation of tunnel channel silt and sand unit 
layers. 

 Review of model layers and borehole data in cross-section to identify areas/layers requiring update.  
Based on review of the data, the following are noted: 

 Revisions to the layer surfaces at the immediate location of PW-3 would be required to reflect the new 
hydrostratigraphic information at this location; this includes adjustments to the top of the Thorncliffe 
aquifer and the top of the Newmarket aquitard.   

 An abrupt change in elevation in the top of the Thorncliffe aquifer and top of Newmarket aquitard layers 
was present in the original 2007 model immediately to the east from PW-3 (starting at the adjacent 
model cell).  This was causing the PW-3 well screen and Thorncliffe aquifer in the model to be in direct 
connection with the overlying ORAC unit and the well screen was also adjacent to Newmarket Till 
model layer preventing any flow to the well from the east in the model.  The original model surface 
elevation plots showing the abrupt elevation change in Layer 4 (Newmarket aquitard) and Layer 5 
(Thorncliffe aquifer) are presented on Figures A-3 and A-4 in Appendix A.  This issue with these layers 
needed to be addressed to complete the capture zone modelling for this project. 

 Review of transmissivity and hydraulic conductivity estimates from PW-3 testing.  As described in 
Section 2.4, the transmissivity of the aquifer at PW-3 was estimated by Azimuth to be 80 to 110 m2/day with 
a hydraulic conductivity of 1.7E-4 to 2.3E-4 m/s.  This estimated hydraulic conductivity is in a similar range 
to the value in the groundwater flow model for the Thorncliffe aquifer in this area (1E-4 m/s). 
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3.3 Updates to Model Hydrostratigraphy (Geomodel) and Flow Model 
The Newmarket aquitard and Thorncliffe aquifer model layers (Layers 4 and 5) were revised in the vicinity of 
Ballantrae Well PW-3 to adjust for the new hydrostratigraphic information at the PW-3 site and to fix the abrupt 
surface elevation change that existed in this area.   

The area of layer revision is outlined on Figures A-3 and A-4 in Appendix A.  Existing model layer elevation 
information was removed in the outlined area that is approximately 2,000 m in the east-west direction and 
3,900 m in the north-south direction around well PW-3.  Adjusted hydrostratigraphic picks at the PW-3 site and 
surface contact interpretations were then inserted and incorporated into the existing layer information to create a 
new surface using geostatistical software tool Surfer ® by Golden Software, Inc.  The new top surface elevations 
for these layers are shown on Figures A-3 and A-4.  The updated model layers are shown in a West to East 
cross-section through well PW-3 (Figure A-5 in Appendix A). 

As described above, the model hydraulic conductivity values of the Thorncliffe aquifer and adjacent tunnel 
channel sands were similar to the values interpreted from the PW-3 testing so no changes in hydraulic properties 
were made in the model.  The interpreted lateral extent of tunnel channel deposits and the associated model 
hydraulic conductivity zones/values were not adjusted as part of this study.  The model was not recalibrated 
following the adjustments made to Layers 4 and 5 since the layer adjustments did not result in a significant 
change in the original calibration and modelled hydraulic head.  The simulated heads from the original model 
were compared to the simulated heads of the updated model and were found to be similar. 

 

4.0 WELLHEAD PROTECTION AREA DELINEATION 
4.1 Introduction 
Numerical modelling was used to determine well capture zones and the groundwater time of travel (ToT) to the 
municipal wells as per Technical Rule V (42) (Ministry of the Environment, 2009a).  The time-related capture 
zones were developed for PW-3, as well as updates to the capture zones for wells PW-1 and PW-2, using the 
simulated pumping rates described in Section 4.2.  Backward particle tracking was used for WHPA delineation of 
the 2-year, 5-year, 10-year and 25-year ToT zones.  Note that the 10 year ToT was delineated at the request of 
the Region, although this zone was not required under the Ministry of the Environment (MOE) Technical Rules, 
delineation of the 10 year ToT is an Official Plan mapping requirement under the Oak Ridges Moraine 
Conservation Plan ORMCP (Ministry of Municipal Affairs and Housing, 2002). 

 

4.2 Pumping Rates 
The pumping rates used to determine the WHPA are based on the allocated quantity of water.  The allocated 
quantity of water is the lesser of: 

a) The maximum annual quantity of water that can lawfully be taken under the PTTW; or 

b) The quantity of water that would have to be taken annually to meet committed demand of the system. 
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The committed demand means the quantity of water provided by a drinking water system that would be required 
if the area served by the system were developed in accordance with the official plans for the area to an extent 
that would result in the greatest use of drinking water. 

For WHPA delineation, the pumping rates applied to PW-1 and PW-2 were 2,290 m3/d each; together this is the 
maximum permitted combined daily pumping (4,580 m3/d) from these wells and is the rate used in the previous 
capture zone delineation (EarthFX and Azimuth, 2007).  The pumping rate applied to PW-3 was 2,618 m3/d, 
which is the maximum allowable pumping rate for PW-3 under the PTTW.  Various pumping scenarios were run 
to develop a composite WHPA, including 1) pumping PW-1 and PW-2 together (each at 2,290 m3/d), 2) pumping 
PW-3 alone (2,618 m3/d), and 3) pumping all three wells together (at rates identified above).  These rates 
provide a conservative estimate and allow for various scenarios of operation.  For example, pumping PW-1 and 
PW-2 at half the permitted combined daily pumping each, allows for the worst case scenario under the permitted 
taking.  Given the close proximity of the wells PW-1 and PW-2, these wells essentially act as a single well in the 
model (they are within a single model cell).  Therefore, additional scenarios of shifting pumping between these 
wells are not necessary.  The pumping of PW-3 at its maximum allowable rate allows for the worst case scenario 
assuming PW-1 and PW-2 are out of service.  Finally, pumping the three wells together provides for a 
conservative estimate at a total pumping rate greater than that permitted by the PTTW.   

 

4.3 Particle Tracking 
Using the updated model, a particle tracking method (MODPATH) was used to delineate ToT capture zones for 
the wells.  To develop the ToT capture zones, groundwater particles were released at the pumping wells in the 
model and backward tracked (using MODPATH) towards their source of recharge.  At each well location, 
particles were released in all hydrostratigraphic units encountered by the well screen.  The time-related path 
lines that are subsequently generated by the model from this analysis are then overlain and a single ToT capture 
zone drawn around the “family” of path lines generated at each well.  The particle tracking completed for the 
Ballantrae wells is shown in Figure A-6 in Appendix A.  The previous capture zones were delineated by EarthFX 
and Azimuth (2007) using the same backward particle tracking methods. 

The resulting capture zone from this process represents the two-dimensional projection of the particle outlines to 
ground surface.  Note that the capture zone developed in this manner does not imply that a contaminant, spilled 
or released at surface, would reach the water supply well within the specified 2-year, 5-year, 10-year or 25-year 
travel times.  While in some cases the aquifer (and water table) may be near ground surface and so the travel 
time down to the water table may be relatively short, for confined and deeper aquifers, the travel times from the 
point of contaminant release within the capture zone may be considerably longer and/or the contaminant may 
never reach the pumping well(s).  Based on the above, this provides a conservative capture zone estimate 
covering a larger area than if developed based on actual ToT from ground surface. 

 

4.4 WHPA Delineation Results 
A backward particle tracking method was used to delineate the 2-year, 5-year, 10-year and 25-year ToT WHPA 
zones, projected to surface, for the wells operating at the pumping rates described in Section 4.2.  Where very 
thin sections of land were found to lie between adjacent capture zones, these lands were also incorporated into 
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the final WHPAs.  The final WHPA developed for the Ballantrae well field is illustrated on Figure 2 with a 
comparison of the new WHPAs and previous WHPAs included on Figure B-1 in Appendix B. 

The WHPA for the well PW-3 generally extends about 1 km to the west and southwest from the well and about 
2 km to the south of the well.  The simulated pumping of well PW-3 resulted in a minor change in the shape of 
the original WHPAs for wells PW-1 and PW-2 (see Figure B-1).  The WHPA-A, -B and -C zones for wells PW-3 
and PW-1/PW-2 are distinct from each other.  However, the WHPA-D zones for wells PW-3 and PW-1/PW-2 
intersect and are therefore represented by a single combined WHPA for the Ballantrae wells as illustrated on 
Figure 2. 

Figure B-1 indicates that the WHPA-A, -B and -C zones around PW-1/PW-2 are similar in size and shape.  In the 
vicinity of PW-1/PW-2, WHPA-D is slightly larger and has changed shape near PW-3.   

 

4.5 Sensitivity Analysis for Nearby WHPAs 
In order to assess the potential for impact on nearby WHPAs, the following sensitivity analysis was conducted: 

 Ballantrae PW-1 and PW-2 shut-off:  all other wells pumping at their prescribed rates.  This scenario 
showed a minor change to the shape of capture zone for well PW-3 and no change to the capture zones for 
Stouffville wells PW-5 and PW-6. 

 Stouffville PW-5 and PW-6 shut-off:  all other wells pumping at their prescribed rates.  This scenario 
showed no change to the capture zones for wells PW-1/PW-2 and PW-3. 

 Ballantrae PW-3 shut-off:  all other wells pumping at their prescribed rates.  This scenario showed a 
minor change to the shape of capture zone for wells PW-1/PW-2 and no change to the capture zones for 
Stouffville wells PW-5 and PW-6. 

The conclusions from these scenarios are: 

 Pumping from Ballantrae wells does not affect the capture zones of the Stouffville wells (located 
approximately 5 km southeast of the Ballantrae wells) and vice versa (i.e., pumping from Stouffville wells 
does not affect the capture zones of the Ballantrae wells); and 

 Pumping from Ballantrae well PW-3 affects the capture zone of wells PW-1/PW-2 and vice versa (i.e., 
pumping from PW-1/PW-2 also affects the capture zone of well PW-3). 

As noted above, there is some change in the shape of the capture zones based on which wells are operating.  
As such, the capture zones delineated from the various scenarios were combined to create a composite capture 
zone as discussed above.  This composite capture zone is considered conservative since it encompasses all the 
various pumping scenarios. 
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5.0 VULNERABILITY ASSESSMENT AND SCORING 
5.1 Introduction 
The intrinsic vulnerability of the aquifer refers to the level of protection provided by the geological materials 
overlying the aquifer and is independent of the potential contaminant. 

One method of assessing groundwater vulnerability is by calculating the ToT from the water table to the well 
(WWAT).  The WWAT approach is described as a direct estimate of the travel time from the water table to the 
supply well of interest and includes both vertical and horizontal travel time.  The method is based on the premise 
that aquifer vulnerability decreases as ToT increases.  The intrinsic vulnerability derived from the WWAT method 
is expressed in units of time.  We believe that this approach is more conservative and representative of potential 
contaminant sources that are situated directly above the water table, and thus more favourable from the 
perspective of source protection.  Although the WWAT method is not listed in the provincial Technical Rules, 
there is a provision for using alternate methods with the approval of the Director of the Source Protection 
Programs Branch.  Director approval was granted to use the WWAT method for the York Region vulnerability 
assessments (EarthFX, 2009).  Based upon the Director’s approval of the approach during the Assessment 
Report work, and for internal consistency, the WWAT method was used in this study.   

The WWAT is based on Darcy’s Law which requires aquifer porosity, thickness of the geologic layer, hydraulic 
conductivity and difference in head between the confined aquifer and the water table.  These properties have 
been represented in the groundwater flow model, which is used for WWAT calculations as described below.  
Following completion of the WWAT intrinsic vulnerability categorization, an intrinsic vulnerability scoring map 
was created for the WHPA.  The intrinsic vulnerability scoring map was prepared to provide an indication of the 
relative vulnerability of the aquifer within the WHPAs and was used for the threat risk scoring procedure. 

 

5.2 General Approach 
The WWAT was calculated using the numerical groundwater flow model and detailed particle track simulations 
with MODPATH.  In general, the MODPATH particle tracking file was generated by placing a grid of particles 
throughout the model domain at an elevation about 0.05 metres below the water table.  One particle was placed 
in each cell within the model.  These particles were forward tracked to their point of discharge within the model 
(i.e., a water supply well) and the endpoint file produced by the model reviewed to ascertain the specific 
discharge location and associated ToT for each particle.  This produces spatial coverage of data which reflects 
the ToT from the water table to the supply well.  WWAT times were calculated (and an associated map 
produced) for the scenario applied in the groundwater model.  Spatial grids were developed from the raw data 
using inverse distance interpolation methods. 

The WWAT travel times were converted into WWAT intrinsic vulnerability categories based on Technical 
Rule IV.1 (38) (MOE, 2009a) as follows: 

 High Aquifer Vulnerability – WWAT less than five years; 

 Medium Aquifer Vulnerability – WWAT between five years and 25 years; and 

 Low Aquifer Vulnerability – WWAT greater than 25 years. 
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Following completion of the WWAT intrinsic vulnerability categorization, the WHPA was overlain/integrated with 
the WWAT intrinsic vulnerability map for the area to produce an intrinsic vulnerability scoring map.  The intrinsic 
vulnerability scoring and mapping was performed using the methodology outlined in Technical Rule VII.3 (82, 83) 
(MOE, 2009a).  The procedure for intrinsic vulnerability scoring is summarized in Table 5.1. 

 

Table 5.1: Wellhead Protection Area Vulnerability Scores - WWAT 
Intrinsic 

Vulnerability 
Category 

Wellhead Protection Area Intrinsic Vulnerability (IV) Scores 

WHPA-A WHPA-B WHPA-C WHPA-D 

High 10 10 8 6 
Medium 10 8 6 4 

Low 10 6 2 2 
 

5.3 Results of the Vulnerability Scoring 
Figure 3 illustrates the results of the WWAT intrinsic vulnerability categorization completed for the Ballantrae 
supply wells.  A review of the results allows the following observations.  A high WWAT intrinsic vulnerability is 
observed around PW-3.  The remainder of the WHPA is characterized by both medium and low WWAT intrinsic 
vulnerability.  The WWAT intrinsic vulnerability is considered to provide a good indication of the vulnerability of 
the supply wells to surface sources of contamination.  The WWAT intrinsic vulnerability categorization is similar 
to the previous WWAT intrinsic vulnerability categorization completed by EarthFX and Azimuth (2007).  

The intrinsic vulnerability scoring is shown on Figure 4.  In general, the intrinsic vulnerability ranges from high 
(10) near the production wells to low (2) in the outer parts of the WHPA. 

 

5.3.1 Preferential Transport Pathways 
Adjustments to the vulnerability scoring can be made to account for the presence of constructed preferential 
pathways that might bypass the natural protective geologic layers.  These man-made constructed pathways can 
include improperly constructed wells, improperly decommissioned wells, pits and quarries.  EarthFX and Azimuth 
(2007) indicate that no specific data on improperly decommissioned wells or on pits and quarries breaching 
confining units were found and as such no adjustments were made to the vulnerability scoring.  A review of 
ortho-imagery and land use designations did not reveal any pits or quarries within the PW-3 area and as such no 
changes were made to the current vulnerability scoring. 

 

6.0 MANAGED LAND AND LIVESTOCK DENSITY 
6.1 Managed Land 
The Technical Rules (Part II, Rule 16) require that the location of managed lands and the percentage of 
managed lands within WHPA-A, -B, -C and -D be assessed in areas where the vulnerability scores allow for 
significant, moderate or low threats (vulnerability score greater than or equal to 6).  The calculated percent 
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managed land is used in the threat assessment to determine the circumstances for nutrient application related 
threats including the application of agricultural source material to land, the application of non-agricultural source 
material to land and the application of commercial fertilizer to land.  Storage of agricultural source material, use 
of land as an outdoor confinement area or a farm-animal yard, use of land for livestock grazing or pasturing land, 
and the application of pesticide to land are also considered managed land threats.  For consistency, the 
methodology and assumptions outlined in Technical Memorandum A3 (Stantec, 2010) were followed for this 
study. 

Part I.1 of the Technical Rules describes “managed land” as land to which agricultural source material, 
commercial fertilizer or non-agricultural source material is applied.  Managed land can be broken down into 
agricultural managed land and non-agricultural managed land.  The CWA Technical Rules define “agricultural 
managed land” as managed land that is used for agricultural production purposes including areas of cropland, 
fallow land and improved pasture where agricultural source material, commercial fertilizer or non-agricultural 
source material is applied or may be applied.  “Non-agricultural managed land” is interpreted to include golf 
courses, sports fields, lawns and other grassed areas that may receive nutrient applications. 

The percentage of managed land is considered to be the sum of agricultural managed land and non-agricultural 
managed land areas divided by the total land area of the vulnerable zone.  It should be noted that the area only 
includes those parts of a property that are within the vulnerable zone regardless of whether the property 
boundaries extend beyond the zone.  This methodology was used to provide consistency with previous 
assessments (Stantec, 2010). 

The managed land calculations were completed in accordance with the MOE Technical Bulletin issued 
December 2009 (MOE, 2009b).  A GIS based approach was used to delineate the agricultural managed land 
and non-agricultural managed land areas within WHPA-C using aerial imagery (York Region, 2011b) 
interpretation and property codes.  The aerial imagery was used to identify managed land on a parcel by parcel 
basis and estimate how much of this land is managed.  Properties with agricultural and non-agricultural 
managed land were included as part of the managed land area minus the area of woodlands, wetlands, rivers, 
lakes, houses, barns, driveways and other impervious structures.  A windshield survey was completed on 
December 3, 2012 to confirm these managed land areas.  In addition, the windshield survey was completed to 
identify land uses and potential threats within WHPA-A, -B and -C. 

It should be noted that the original managed lands delineated by Stantec (2010) were used as a starting point for 
this analysis.  These managed land areas were reviewed and adjusted (including updating the calculated 
percentages) based on the updated WHPA and more recent aerial photographs.  The total percent managed 
land only changed slightly for PW-1 and PW-2 based on the updated assessment, however the categories of 
percent managed land did not change from the previous assessment for these wells (i.e., less than or equal to 
40%).  Managed land for PW-3 was calculated at more than 40% and less than 80% for WHPA-A, -B and –C. 

The percent managed land was then calculated and grouped into one of three categories as specified by the 
MOE Technical Rules (MOE, 2009a).  Table 6.1 summarizes the percent managed land calculated for the 
Ballantrae WHPA.  The managed land mapping is shown on Figure 5. 
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Table 6.1: Managed Land 

 
Percent 
Agricultural 
Managed Land 

Percent Non-
Agricultural 
Managed Land 

Percent Total 
Managed Land 

Hectares of 
Total Managed 
Land 

Managed Land 
Category 

PW-1 and PW-2 
WHPA-A 0.2 17.1 17.3 0.62 ≤40 

PW-1 and PW-2 
WHPA-B 4.7 8.6 13.3 7.70 ≤40 

PW-1 and PW-2 
WHPA-C 5.4 7.5 12.9 10.28 ≤40 

PW-3 WHPA-A 0 41.9 41.9 1.31 >40 - <80 
PW-3 WHPA-B 1.3 55.6 56.9 20.83 >40 - <80 
PW-3 WHPA-C 2.4 56.0 58.4 22.98 >40 - <80 
 

When completing the threat enumeration for applicable managed land threats, the above information was 
applied to determine the circumstances associated with threats, where applicable. 

 

6.2 Livestock Density 
The Technical Rules (Part II, Rule 16) also require the mapping of livestock density.  Livestock density is defined 
as the number of nutrient units over a given area, and is expressed by dividing the nutrient units by the number 
of acres in the agricultural managed land area or the livestock grazing area depending on the threat being 
assessed.  As per O. Reg 267/03 (General) made under the Nutrient Management Act (2002), nutrient unit 
means the amount of nutrients that give the fertilizer replacement value of the lower of 43 kilograms of nitrogen 
or 55 kilograms of phosphate as nutrient as established by reference to the Nutrient Management Protocol. 

For consistency, the methodology and assumptions outlined in Technical Memorandum A3 (Stantec, 2010) were 
followed for this study.  The calculation of livestock density involves the following steps:  estimate the number of 
animals present in each category; convert the numbers of each animal present into nutrient units (to allow for all 
animals to be compared on an equivalent unit of measure); and sum the total nutrient units of all animals present 
and divide by the agricultural managed land within the same area.  Stantec (2010) previously completed the 
livestock density assessment using observations from the field and following the guidelines outlined by the MOE 
(2009b).  The livestock density in the WHPA for PW-1 and PW-2 was re-calculated as part of the current study 
based on the updated WHPA delineation.  The total nutrient units estimated within WHPA-A, -B and -C of PW-1 
and PW-2 is 67.6 nutrient units.  The updated livestock density categorization for WHPA-A, -B and -C (for PW-1 
and PW-2) resulted in no change from the previous assessment.  WHPA-A is categorized as less than or equal 
to 0.5 nutrient units per acre and WHPA-B and WHPA-C are categorized as greater than or equal to 1 nutrient 
unit per acre. 

A review of aerial imagery within WHPA-A, -B and -C of PW-3 indicates that there is a minor amount of 
agricultural managed land in this area.  A windshield survey confirmed that there are four properties with 
agricultural managed land within WHPA-A, -B and -C of PW-3, two of which contain livestock (both within 
WHPA-B).  Based on the field survey, the livestock density within WHPA-B was estimated to be greater than 0.5 
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but less than 1 nutrient unit per acre based on an estimated 0.7 nutrient units.  It is estimated that there is no 
livestock present on the properties in WHPA-A and WHPA-C and as such the lowest category for nutrient units 
(less than or equal to 0.5 nutrient units per acre) was applied to these zones for PW-3. 

The results of the livestock density analysis are presented on Figure 6.  This information was also used when 
determining the circumstances associated with agricultural threats, where applicable. 

 

7.0 IMPERVIOUS SURFACE AREA 
The Technical Rules (Rule 16(11) and 17) require calculation and mapping of the percentage of total impervious 
surface area where road salt can be applied per square kilometre in each of the vulnerable areas.  This 
impervious surface area mapping is used in the MOE water quality risk scoring and assessment of threat 
circumstances relating to road salt application.  Total impervious surface area is defined in the CWA Technical 
Rules as the surface area of all highways and other impervious land surfaces used for vehicular traffic and 
parking, and all pedestrian paths. 

For consistency, the methodology and assumptions outlined in Technical Memorandum A3 (Stantec, 2010) were 
followed for this study.  The road network was provided by York Region, including primary and secondary roads 
in the Region.  It should be noted that sidewalks, parking lots and driveways (which could receive road salt) were 
not included in the assessment following the methodology of previous assessments (Stantec, 2010).  The 1 km2 
grid supplied by the Lake Simcoe Region Conservation Authority (LSRCA) was overlain by the road network.  
Road widths were assigned to each road using the same widths outlined in the previous study.  The road widths 
were assigned as follows: 

 Aurora Road – arterial road – 15 m wide 

 McCowan Road – collector road – 12 m wide 

 Highway 48 – highway – 12 m wide 

 All other roads – local road – 10  m wide 

The percent impervious area was calculated as the impervious road area divided by the 1 km2 grid area.  The 
calculations were completed for areas within the WHPA and did not include portions of grid that lie outside a 
protection area boundary as specified by the CWA Technical Rules (i.e., only the portion of the parcel within the 
WHPA was included in the calculation).  The percent impervious surface area calculated within each grid was 
then categorized as follows: 

 Less than or equal to 1%; 

 Greater than 1% but less than or equal to 8%; 

 Greater than 8% but less than 80%; or 

 Greater than or equal to 80%. 

The results of the impervious surface area analysis are presented on Figure 7.  Most of the WHPA was 
categorized as greater than 1% and less than or equal to 8% impervious.  Some areas were categorized as less 
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than or equal to 1% impervious and a small area north of PW-3 was categorized as greater than 8% and less 
than 80%.  Based on the area of the new WHPA some of the grid areas now have a lower percent impervious 
area compared to the previous assessment (Stantec, 2010).  Specifically, an area southwest of PW-1 and PW-2 
and an area between PW-1/PW-2 and PW-3 dropped one category for percent impervious area.  It was 
assumed that all roads would have road salt application and the percent impervious information was used when 
completing the threat enumeration and ranking for the application of road salt. 

 

8.0 DRINKING WATER THREATS ASSESSMENT 
8.1 Introduction 
A threat assessment was performed as part of this project to identify, evaluate and rank the threats to the water 
supply occurring on individual properties located within the wellhead protection area that are posed by: 

1) Activities - Current activities that could affect the quality of drinking water; and 

2) Conditions - Contamination that already exists and is associated with past activities that could affect the 
quality of drinking water. 

The MOE has prepared a number of regulations, rules and bulletins pertaining to Ontario’s drinking water quality 
threat assessment process.  Ontario Regulation 385/08 includes a prescribed list of drinking water threats under 
Section 2 (1) of the Clean Water Act, 2006.  Within each WHPA, the following are Activities that are or would be 
drinking water quality threats: 

 The establishment, operation or maintenance of a waste disposal site within the meaning of Part V of the 
Environmental Protection Act; 

 The establishment, operation or maintenance of a system that collects, stores, transmits, treats or disposes 
of sewage; 

 The application of agricultural source material to land; 

 The storage of agricultural source material; 

 The management of agricultural source material; 

 The application of non-agricultural source material to land; 

 The handling and storage of non-agricultural source material; 

 The application of commercial fertilizer to land; 

 The handling and storage of commercial fertilizer; 

 The application of pesticide to land; 

 The handling and storage of pesticide; 

 The application of road salt; 
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 The handling and storage of road salt; 

 The storage of snow; 

 The handling and storage of fuel; 

 The handling and storage of a dense non-aqueous phase liquid; 

 The handling and storage of an organic solvent; 

 The management of runoff that contains chemicals used in the de-icing of aircraft; and 

 The use of land as livestock grazing or pasturing land, an outdoor confinement area or a farm-animal yard. 

Note that no additional threats beyond those listed above were assessed as part of this project.  In addition, 
there are two additional threats included in the MOE list of prescribed threats (an activity that takes water from 
an aquifer or a surface water body without returning the water taken to the same aquifer or surface water body; 
and an activity that reduces the recharge of an aquifer) that are not included here as they are associated with 
water quantity only. 

The areas for significant, moderate and low threats in Ballantrae are shown on Figures 8, 9 and 10 for 
Chemicals, Pathogens and DNAPLs, respectively. 

Following the identification of the above listed threats, the threat assessment involved ranking a threat as 
significant, moderate or low based on the vulnerability score and the circumstance information in the Tables of 
Drinking Water Threats (MOE, 2009a).  This is based on the circumstances that are related to site-specific 
characteristics of the threats and the vulnerability of the parcel on which the threat is identified.  The approaches 
and assumptions outlined in the document “Reducing Inconsistencies in Threat Subcategory Enumeration” 
prepared by the South Georgian Bay Lake Simcoe Source Protection Region (2010) and the methodology 
outlined in Technical Memoranda A2 and A3 by Stantec (2010) were used for the threat assessment. 

 

8.2 Threat Assessment Methodology 
The main objective of the threats assessment is to identify the significant threats in addition to moderate and low 
threats.  A significant threat to a source of drinking water is a threat with a high likelihood of rendering a current 
or future drinking water source impaired, unusable or unsustainable, combined with a potential route for the 
threat to enter the source water. 

The key data sources used to identify threats on properties within the WHPAs include the following: 

 Property code assessment information; 

 Aerial photography;  

 Windshield survey;  

 Business Directory and Road Network provided by York Region; and 

 York Threats Geodatabase (York_Threats.mdb, December 2011) and Ecolog ERIS reports. 
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The use of these data sources in the threat risk scoring is further described in the following section.  The 
previous geodatabase, “York_Threats” was used as a template to store the updated threat related dataset.  The 
geodatabase was sorted to only include threats in Ballantrae.  For properties where threats were previously 
assessed, circumstances were adjusted where necessary and vulnerability scores were updated where the 
scoring had changed as discussed below.  The risk score was then re-calculated and entered into the 
geodatabase.  For properties within the new PW-3 WHPA, threats were identified and also assigned a risk score 
and added to the geodatabase. 

 

8.2.1 Activity Threat Assessment 
Activity threats are current land uses that could affect the quality of drinking water.  A methodology and set of 
assumptions was developed to allow an assumed threat risk scoring to be developed for individual properties 
within each WHPA.  This approach uses a combination of assumptions of threat activities and circumstances 
that typically occur at different types of properties, along with additional threat information populated from 
existing datasets and field surveys.  The assumptions made and the data sources used in this process for each 
threat are outlined in the report for the previous threat assessment (Stantec, 2010).  It should be noted that the 
assessment has not included site visit surveys to validate information, but a windshield survey was conducted to 
identify land uses and existing threats.  Detailed site visits are recommended as a possible next step to verify if 
the threats and circumstances assumed for a given property are valid, such as at industrial and agricultural 
properties (including 15288 Highway 48 and 15437 Highway 48), where significant threats have been assigned 
or property use is not known.   

Consistent with previous methodology outlined in Technical Memorandum A2 (Stantec, 2010), if the barn and/or 
building structures for large parcels of land were outside of the WHPA-C then the point source threats (i.e., fuel, 
pesticide and fertilizer storage) were not included. 

After a threat is assigned on a property, then the hazard score related to the assumed circumstance is 
determined using the MOE hazard score lookup tables (MOE, 2010).  For some threats, additional 
circumstances are derived using data from GIS based calculations to develop a measure of the area of land 
subjected to specific activities.  For example, for application of agricultural source material to land, application of 
commercial fertilizer to land and application of non-agricultural source material to land, the circumstances 
include percent managed lands and the livestock density within the protection zones.  Also, storage of 
agricultural source material, use of land as an outdoor confinement area or a farm-animal yard and use of land 
for livestock grazing or pasturing land have circumstances that require the amount of nutrient units present.  The 
application of pesticide to land requires an estimate of the land area where pesticide is applied.  Similarly, 
percent impervious surface area is a circumstance for the application of road salt threat.  It should be noted that 
the application of road salt threat was applied along all roadways, which were divided into sections based on the 
different impervious surface values and vulnerability values. 

The threats identified in the previous assessment (Stantec, 2010) were used as a starting point.  Properties were 
generally grouped into three categories: 1) properties previously assessed with no change in WHPA zone or 
vulnerability, 2) properties previously assessed with a change in WHPA zone or vulnerability, and 3) properties 
not included in the previous assessment.   
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For properties previously assessed, pathogen threats outside of WHPA-B were removed from the table of 
threats.  The circumstances associated with threats related to the handling and storage of fuel were not adjusted 
as they were based on the previous field survey.  Threats related to managed land and nutrient units were 
adjusted to correlate with the associated updated mapping.  All other assumptions made by Stantec (2010) 
remained the same. 

The hazard scores, which are linked to the selected circumstance, are then multiplied by the vulnerability score 
to give the risk score for the threat in question.  Note that the vulnerability score used to calculate the risk score 
for a property is based on the maximum vulnerability score within the property.  Also, when multiple chemical 
parameters circumstances are present for a given threat, the risk score for the threat is calculated using the 
chemical with the highest hazard score.  If the same pathogen threat and chemical threat occur on a property 
then the threat is only included once as in the previous assessment (Stantec, 2010).  

If the calculated risk score for a threat is greater than or equal to 80, the threat is ranked as significant; if the risk 
score is greater than or equal to 60 but less than 80, the threat is ranked as moderate; and if the risk score is 
greater than 40 but less than 60, the threat is ranked as low.  A risk score of 40 or lower is considered negligible 
and the activity is not considered a threat.  All the threat scores for a property are tabulated in the geodatabase. 

 

8.2.2 Conditions Threat Assessment 
Conditions are contamination that already exists and are associated with past activities that could affect the 
quality of drinking water.  To identify a threat Condition, Part XI.3, Rule 126 of the Technical Rules, lists the 
following criteria relevant to groundwater sources: 

 The presence of a non-aqueous phase liquid in groundwater in a highly vulnerable aquifer, significant 
groundwater recharge area or wellhead protection area; 

 The presence of a contaminant in groundwater in a highly vulnerable area, significant groundwater 
recharge area or a wellhead protection area, if the contaminant is listed in Table 2 of the Soil, Groundwater 
and Sediment Standards and is present at a concentration that exceeds the potable groundwater standard 
set out for the contaminant in that Table; or 

 The presence of a contaminant in sediment, if the contaminant is listed in Table 1 of the Soil, Groundwater 
and Sediment Standards and is present at a concentration that exceeds the sediment standard set out for 
the contaminant in that Table. 

The risk scoring procedure for Condition threats is simpler than that for Activity threats since there are no MOE 
circumstances to assess the Conditions.  The CWA Technical Rules indicate that if there is evidence that a 
Condition is causing off-site contamination, a hazard rating of 10 should be applied.  If there is no evidence of 
off-site contamination for the Condition, the hazard score should be six, which would result in a moderate or low 
drinking water threat within the WHPA.  Similar to the Activity threat assessment, if the calculated risk score for a 
threat is greater than or equal to 80, the threat is ranked as significant. 

Potential conditions were identified and summarized by Stantec (2010) based on their review of historical data 
sources including Ecolog ERIS and select Phase I/II Environmental Site Assessment reports provided by the 
Region.  Following the criteria outlined above, it was determined that insufficient data was available to be able to 
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allow for the definitive classification of a condition, and as such all the sites were identified as potential 
conditions (Stantec, 2010).  The potential condition sites were reviewed as part of this assessment and are 
carried forward with no change.  It should be noted that these locations of potential conditions would require 
further investigation to confirm if they are actual condition threats. 

 

8.2.3 Issues Threat Assessment 
The purpose of the drinking water Issues approach is to link drinking water Issues with Activities or Conditions 
that could have caused the Issue or may add to the Issue in the future.  If an Issue has been identified for the 
protection zone being evaluated then all threats related to a particular Issue within the Issue Contributing Areas 
are modified to be significant, regardless of the vulnerability.  No drinking water issues were identified at PW-1 
and PW-2 by Stantec (2010).  The Region reviewed water quality data at PW-1 and PW-2 from the time of 
Stantec’s assessment to present and found no changes in water quality that would indicate a drinking water 
issue.  The water quality sampling conducted at PW-3, during construction, indicated that the water quality is 
excellent and meets the ODWS and Schedule 23 and 24 of Ontario Regulation 170/03 (as amended) for the 
parameters tested (Azimuth, 2010a, 2010b).  As such, no issues are identified at PW-3.   

 

8.3 Threat Enumeration 
8.3.1 Activity Threats 
The CWA Technical Rules require estimation of the number of locations at which an Activity is a significant 
drinking water threat.  This enumeration of significant threats was completed as part of this project along with an 
enumeration of moderate and low threats.  The results of the threat enumeration are presented by threat in 
Table 8.1 and by parcel in Table 8.2. 

Table 8.1: Activity Threat Enumeration By Threat 
Threat Type Significant Moderate Low Total 

The establishment, operation or maintenance of a 
waste disposal site within the meaning of Part V of 
the Environmental Protection Act 

0 (0,0) 1 (1,0) 0 (0,0) 1 (1,0) 

The establishment, operation or maintenance of a 
system that collects, stores, transmits, treats or 
disposes of sewage 

21 (5,16) 97 (19,78) 90 (14,76) 208 (38,170) 

The application of agricultural source material to 
land 0 (0,0) 0 (0,0) 2 (0,2) 2 (0,2) 

The storage of agricultural source material 1 (1,0) 4 (2,2) 1 (1,0) 6 (4,2) 
The management of agricultural source material 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 
The application of non-agricultural source material 
to land 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 

The handling and storage of non-agricultural 
source material 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 

The application of commercial fertilizer to land 0 (0,0) 0 (0,0) 2 (0,2) 2 (0,2) 
The handling and storage of commercial fertilizer 0 (0,0) 1 (1,0) 1 (1,0) 2 (2,0) 
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Threat Type Significant Moderate Low Total 

The application of pesticide to land 0 (0,0) 0 (0,0) 2 (0,2) 2 (0,2) 
The handling and storage of pesticide 0 (0,0) 1 (1,0) 1 (1,0) 2 (2,0) 
The application of road salt 0 (0,0) 9 (3,6) 47 (14,33) 56 (17,39) 
The handling and storage of road salt 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 
The storage of snow 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 
The handling and storage of fuel 5 (3,2) 5 (2,3) 3 (3,0) 13 (8,5) 
The handling and storage of a dense non-aqueous 
phase liquid 2 (1,1) 0 (0,0) 0 (0,0) 2 (1,1) 

The handling and storage of an organic solvent 0 (0,0) 0 (0,0) 1 (0,1) 1 (0,1) 
The management of runoff that contains 
chemicals used in the de-icing of aircraft 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 

The use of land as livestock grazing or pasturing 
land, an outdoor confinement area or a farm-
animal yard 

1 (1,0) 4 (2,2) 1 (1,0) 6 (4,2) 

Total Threats 30 (11,19) 122 (31,91) 151 (35,116) 303 (77,226) 

Totals in brackets are for the individual well fields as follows: (Well 1 and 2, Well 3). 

* The handling and storage of fuel threats only include a single threat for each vulnerability of 10 zone where heating oil could be used. 

 

Table 8.2: Activity Threat Enumeration By Parcel 
Threat Type Significant Moderate Low Total 

The establishment, operation or maintenance of a 
waste disposal site within the meaning of Part V of 
the Environmental Protection Act 

0 (0,0) 1 (1,0) 0 (0,0) 1 (1,0) 

The establishment, operation or maintenance of a 
system that collects, stores, transmits, treats or 
disposes of sewage 

21 (5,16) 97 (19,78) 90 (14,76) 207 (38,169) 

The application of agricultural source material to 
land 0 (0,0) 0 (0,0) 2 (0,2) 2 (0,2) 

The storage of agricultural source material 1 (1,0) 4 (2,2) 1 (1,0) 6 (4,2) 
The management of agricultural source material 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 
The application of non-agricultural source material 
to land 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 

The handling and storage of non-agricultural 
source material 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 

The application of commercial fertilizer to land 0 (0,0) 0 (0,0) 2 (0,2) 2 (0,2) 
The handling and storage of commercial fertilizer 0 (0,0) 1 (1,0) 1 (1,0) 2 (2,0) 
The application of pesticide to land 0 (0,0) 0 (0,0) 2 (0,2) 2 (0,2) 
The handling and storage of pesticide 0 (0,0) 1 (1,0) 1 (1,0) 2 (2,0) 
The application of road salt 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 
The handling and storage of road salt 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 
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Threat Type Significant Moderate Low Total 

The storage of snow 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 
The handling and storage of fuel* 22 (6,16) 5 (2,3) 3 (3,0) 29 (11,18) 
The handling and storage of a dense non-aqueous 
phase liquid 2 (1,1) 0 (0,0) 0 (0,0) 2 (1,1) 

The handling and storage of an organic solvent 0 (0,0) 0 (0,0) 1 (0,1) 1 (0,1) 
The management of runoff that contains 
chemicals used in the de-icing of aircraft 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 

The use of land as livestock grazing or pasturing 
land, an outdoor confinement area or a farm-
animal yard 

1 (1,0) 4 (2,2) 1 (1,0) 6 (4,2) 

Total Parcels (not including roads) 24 (7,17) 98 (20,78) 92 (14,78) 211 (40,171) 

Totals in brackets are for the individual well fields as follows: (Well 1 and 2, Well 3). 

* The handling and storage of fuel threats include all parcels with a vulnerability of 10 that could include heating oil. 

 

The total number of identified significant threats in Ballantrae is 30 on 24 properties (not including roads) as 
shown on Figure 11.  The application of road salt threats are shown on Figure 7.  Note that the total number of 
identified significant drinking water threats is higher than the number of properties as a property can have 
multiple threats. 

 

8.3.2 Condition Threats 
The CWA Technical Rules require estimation of the number of locations at which a Condition resulting from past 
activity is a drinking water threat.  Due to the lack of information, the below conditions were identified as potential 
conditions based on Ecolog ERIS Report results from the previous assessment (Stantec, 2010).  These potential 
conditions are summarized in the following table based on WHPA zone and shown on Figure 12. 

 

Table 8.3: Potential Condition Threat Enumeration 
Potential Condition WHPA-A WHPA-B WHPA-C WHPA-D Total 

Historical Waste Disposal Site 0 0 0 1 1 
Contaminated Sites on Federal Land 0 0 0 1 1 
Reported Spill Location 0 0 1 1 2 
Total 0 0 1 3 4 
 

  



 

BALLANTRAE SOURCE WATER PROTECTION 

 

February 2013 
Report No. 11-1170-0067 24  

 

9.0 UNCERTAINTY 
9.1 WHPA Uncertainty Assessment 
The capture zones developed from the numerical modelling approach described above are considered to 
represent reasonable “theoretical” estimates based on the available data.  However, it should be recognized that 
following this approach, there will not be a unique solution to the model calibration process and therefore, there 
is inherently some uncertainty associated with the (subsequent) capture zones forecast by the calibrated 
groundwater model.  These uncertainties stem (in part) from limitations in the available subsurface information 
and can be related to variability in the aquifer properties (e.g., hydraulic conductivity and porosity) or 
uncertainties with the conceptual model (e.g., groundwater-surface water interactions, location of flow 
boundaries, recharge rates, continuity in aquitards and direction of regional groundwater flow). 

In general, ToT related capture zones are sensitive to aquifer porosity, a parameter for which little data is 
available.  As such EarthFX and Azimuth (2007) used conservative values of porosity that were less than half of 
the typical values.  These porosity values have been used for this modelling work.  The Technical Rules require 
that an Uncertainty Rating, characterized as High or Low, be assigned for completed WHPA assessments.  
Uncertainty assessment for WHPA delineation was undertaken by both EarthFX and Azimuth, 2007 (revised, 
2009) and through an independent peer review commissioned by the SGBLS Region (SGBLS Source Protection 
Committee, 2011).  As a result of these two assessments, the Uncertainty of WHPA delineation was ranked as 
High.  Given that this project update uses the same numerical model that was peer reviewed and uses the same 
assumptions as the previous model, with the exception of new hydrogeologic information being added only 
within the immediate vicinity of the wellhead, we suggest the ranking of High Uncertainty also be applied to the 
current updated WHPA delineation for Ballantrae.  This is consistent with the previous ranking. 

 

9.2 Vulnerability Uncertainty Assessment 
The greatest uncertainty with respect to the WWAT calculations is considered to be quantifying the vertical 
saturated travel time to the water supply aquifer.  Conceptually, this uncertainty is considered to be much larger 
than the uncertainty associated with the horizontal travel time to the well.  While some consideration has been 
given to different hydraulic properties for confining layers, it should be recognized that there are essentially no 
measurements of vertical hydraulic conductivity in the study area and the representativeness of any 
measurements in the field would be questionable as the till layers are typically a very heterogeneous mixture of 
materials.  Further, the presence of “windows” in the confining layer (e.g., fractures; sand seams in the till) are 
not included in the vertical travel time calculations as it is not practical to map and include these in the model 
given the regional scale of the WHPAs.  In addition, the nearby “tunnel channels” have a strong influence on the 
intrinsic vulnerability and there is uncertainty in the location of these channels.  WWAT calculations are sensitive 
to aquifer porosity, a parameter for which little data is available.  As such EarthFX and Azimuth (2007) used 
conservative values of porosity that were less than half of the typical values.  These porosity values have been 
used for this modelling work.   

The Technical Rules require that an Uncertainty Rating, characterized as High or Low, be assigned for 
completed WHPA assessments.  Previous uncertainty ranking (EarthFX and Azimuth, 2007) indicate a high 
uncertainty for the vulnerability mapping outside of WHPA-B and a low uncertainty rating inside WHPA-B.  As 
described in Section 9.1, the uncertainty of the WHPA delineation was ranked as High.  The vulnerability 
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assessment using the WWAT approach is based on the same data and the same conceptual model and 
numerical model as the WHPA delineation and involves the additional uncertainties described above.  Therefore 
we suggest the ranking of High Uncertainty also apply to the vulnerability assessment for all WHPA zones.   

 

9.3 Threat Uncertainty Assessment 
As stated previously, it is important to note that the enumeration of threats is based on a number of assumed 
circumstances at individual properties (such as below/above grade storage and types of chemicals stored), 
which were assumed using conservative assumptions and a precautionary approach.  The assessment included 
a windshield survey to validate information where possible.  As field site visits were not completed, the 
uncertainty in the identification of threats is high.  Similarly, the previous assessment (Stantec, 2010) concluded 
that assignment of threats and identification of conditions had a high uncertainty.  It is expected that a substantial 
number of the threats identified herein would be reduced if site specific visits were conducted and/or additional 
site specific information were to be made available to evaluate the activities actually occurring on a given 
property. 

 

10.0 SUMMARY 
As part of the source water protection assessment for the Ballantrae well field, WHPAs have been delineated for 
well PW-3.  The simulated pumping from PW-3 affected the shape of capture zones for wells PW-1 and PW-2 
and therefore the WHPAs for these wells were also updated. 

The vulnerability assessment and scoring has been completed and updated for the Ballantrae WHPA. 

The delineated WHPA areas and vulnerability scoring was used to complete the threats assessment.  The 
threats assessment identified 30 significant activity threats and four potential condition threats.   
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12.0 LIMITATIONS OF THE REPORT AND ITS CONTENTS 
This report has been prepared for the use of the Region and the South Georgian Bay Lake Simcoe Source 
Protection Committee and ultimately to aid in the completion of the Assessment Report and inform municipal 
source water protection activities.  The report is based on the methodology as set out in the CWA Technical 
Rules and on data and information provided to Golder as described in the report.  Except where specifically 
stated to the contrary, the information contained in this report was provided to Golder by others and has not 
been independently verified or otherwise examined by Golder to determine its accuracy or completeness.  
Golder has relied in good faith on this information and does not accept responsibility for any deficiency, 
misstatements or inaccuracies contained in the information as a result of omissions, misinterpretations, etc. 

The factual information, descriptions, interpretations, comments, recommendations and electronic files contained 
herein are specific to the project described in this report and do not apply to any other project or site.  Under no 
circumstances may this information be used for any other purposes than those specified in the scope of work 
unless explicitly stipulated in the text of this report or formally authorized by Golder.  This report must be read in 
its entirety as some sections could be falsely interpreted when taken individually or out-of-context.  As well, the 
final version of this report and its content supersedes any other text, opinion or preliminary version produced by 
Golder. 

The services performed as described in this report were conducted in a manner consistent with that level of care 
and skill normally exercised by other members of the engineering and science professions currently practicing 
under similar conditions, subject to the time limits and financial and physical constraints applicable to the 
services.  The WHPAs defined within this study are intended to provide guidance to groundwater protection for 
the municipalities within the study area and the South Georgian Bay Lake Simcoe Source Protection Committee; 
however interpretation specific to any particular property or land use should be used with caution.  Any use 
which a third party makes of this report, or any reliance on, or decisions to be made based of it, are the 
responsibilities of such third parties.  Golder accepts no responsibility for damages, if any, suffered by any third 
party as a result of decisions made or actions based on this report. 

Golder also shall not be held responsible for damages resulting from unpredictable or unknown underground 
conditions, from erroneous information provided by and/or obtained from other sources than Golder, and from 
subsequent changes in the site conditions unless Golder has been notified by the Region of any occurrence, 
activity, information or discovery, past or future, susceptible of modifying the underground conditions described 
herein, and have had the opportunity of revising its interpretations, comments and recommendations.  
Furthermore, Golder shall not be held responsible for damages resulting from any future modification to the 
applicable regulations, standards and criteria, for any use of this report and its contents by a third party, and/or 
for its use for other purposes than those intended.  Golder shall not be held responsible for any decrease, real or 
perceived, of a property’s value or any failure to complete a transaction, as a consequence of this report. 

References to acts and regulations that may be contained in this report are informally provided on a technical 
basis and should not be construed as being complete.  Since acts and regulations are subject to interpretation, 
Golder recommends the Region consult with legal counsel to obtain appropriate advice. 

This report provides professional opinion in light of the information available at the time of this report and 
therefore no warranty is expressed, implied or made as to the conclusions, advice or recommendations offered 
in this report. 



 

BALLANTRAE SOURCE WATER PROTECTION 

 

February 2013 
Report No. 11-1170-0067   

 

Report Signature Page 

GOLDER ASSOCIATES LTD.  

 

 

 

Blythe Reiha, M.Sc. John Piersol, M.Sc., P.Geo. 
Groundwater Modeller Senior Hydrogeologist and Associate 
 

 

 

Greg Padusenko, M.Sc., P.Eng., P.Geo. 
Hydrogeologist 
 

BR/GRP/JP/cg 

 

  

  

  

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.  

 

\\bar1-s-filesrv1\data\active\2011\11-1170-0067 york ballantrae whpa\report\final report\11-1170-0067 rpt final 2013feb25 ballantrae source protection revised.docx 

 

 



 

BALLANTRAE SOURCE WATER PROTECTION 

 

February 2013 
Report No. 11-1170-0067   

 

FIGURES 
 



632000

632000

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

638000

638000

639000

639000

48
7

4
0

0
0

48
7

4
0

0
0

48
7

5
0

0
0

48
7

5
0

0
0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

48
7

9
0

0
0

48
7

9
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

1
_

S
ite

L
o

ca
tio

n
.m

xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17
Imagery: Bing Maps © 2009 Microsoft Corporation and its data suppliers.

REV. 0.0

Mississauga, Ontario

DESIGN

SITE LOCATION

FIGURE: 1

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

KD 28 May. 2012

CHECK

REGIONAL MUNICIPALITY OF YORK

KD 28 May. 2012
BR
 

28 May. 2012
 

!.

!.

!.

!.
!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.
!.

!.

!.

Vivian

Aurora Vandorf

Glasgow

Goodwood

Newmarket

Lemonville

Bogarttown
Ballantrae

Bloomington

Pine Orchard
Cedar Valley

Preston Lake

Lincolnville

Pleasantville

Wesley Corners

Musselman's Lake

Pine Orchard Station

REFERENCE

INDEX MAP

SCALE

Study Area

1:25,000

0.5 0 0.5 1 1.50.25

KILOMETERS

! Municipal Well Type I

! Private Water Well

! Well (2009/2010 Drilling Locations, Azimuth 2010)  

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

I



!.

!!

!

I

I

I

Ballantrae

H
IG

H
W

A
Y

48
BROOKDALECRT

TAMARACDR

ELLIOT ST

K
E

N
N

E
D

Y
 R

D

LEGENDARY
TR

A
IL

AURORA RD

R
O

B
E

R
T

G
R

A
Y

R
D

PETTETRD

BALLANTRAE RD

LOGGERS
TRAIL

M
C

C
O

W
A

N
R

D

W
OODLOT CRT

LAKESHORE RD

T
R

E
E

V
IE

W
A

V
E

JASM
IN

E
C

R
E

S

TRANMER RD

CRANBORN CHASE

LOBRAICO LANE

ST JOHNS SIDE RD E

S
A

N
D

Y
 L

A
N

E

VANDORF SIDE RD

JESSE THOMPSON RD

IROQUOIS DR

GREENVALLEY CIR

F
E

L
C

H
E

R

BLVD

P
LA

YE
R

PL

MCMULLEN DR

ARNIES CHANC E

F
O

R
E

S
T

V
IE

W
T

R
A

IL

GREENAN RD

S
IR

G
E

O
R

GE

L
O

N G STAN

GRAYFIELD DR

HER
O

N
T

R
A

IL

GEORGE PIPHER LANE

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

4
8

7
5

0
0

0

4
8

7
5

0
0

0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

2
_

B
a

lla
n

tr
a

e
W

H
P

A
D

e
lin

e
a

tio
n

.m
xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE WHPA DELINEATION

FIGURE: 2

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 22 Jan. 2013

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 22 Jan. 2013
GP

 
22 Jan. 2013

 

!.

!.

!.

!.
!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.
!.

!.

!.

Vivian

Aurora Vandorf

Glasgow

Goodwood

Newmarket

Lemonville

Bogarttown
Ballantrae

Bloomington

Pine Orchard
Cedar Valley

Preston Lake

Lincolnville

Pleasantville

Wesley Corners

Musselman's Lake

Pine Orchard Station

REFERENCE

INDEX MAP

SCALE

Study Area

1:15,000

300 0 300 600 900150

METRES

! Municipal Well Type I

Watercourse

Watercourse, Intermittent

WHPA-A (100 m)

WHPA-B (2yr Time of Travel)

WHPA-C (5yr Time of Travel)

WHPA-C1 (10yr Time of Travel)

WHPA-D (25yr Time of Travel)

Waterbody

Wetland

I

Well 3

Well 2

Well 1



!!

!

I

I

I

H
IG

H
W

A
Y

4
8

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

4
8

7
5

0
0

0

4
8

7
5

0
0

0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

3
_

B
a

lla
n

tr
a

e
W

w
a

tV
u

ln
e

ra
b

ili
ty

.m
xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE WWAT VULNERABILITY

FIGURE: 3

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 22 Jan. 2013

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 22 Jan. 2013
GP

 
22 Jan. 2013

 

!.

!.

!.

!.
!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.
!.

!.

!.

Vivian

Aurora Vandorf

Glasgow

Goodwood

Newmarket

Lemonville

Bogarttown
Ballantrae

Bloomington

Pine Orchard
Cedar Valley

Preston Lake

Lincolnville

Pleasantville

Wesley Corners

Musselman's Lake

Pine Orchard Station

REFERENCE

INDEX MAP

SCALE

Study Area

1:15,000

300 0 300 600 900150

METRES

! Municipal Well Type I

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

Wellhead Protection Area (WHPA)

WWAT Vulnerability

Low ( > 25 years)

Medium (5-25 years)

High (< 5 years)

I

Well 3

Well 2

Well 1



!.

!!

!

I

I

I

H
IG

H
W

A
Y

4
8

Ballantrae

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

4
8

7
5

0
0

0

4
8

7
5

0
0

0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

4
_

B
a

lla
n

tr
a

e
In

tr
in

si
cV

u
ln

e
ra

b
ili

ty
S

co
rin

g
.m

xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE INTRINSIC VULNERABILITY SCORING

FIGURE: 4

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 22 Jan. 2013

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 22 Jan. 2013
GP

 
22 Jan. 2013

 

!.

!.

!.

!.
!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.
!.

!.

!.

Vivian

Aurora Vandorf

Glasgow

Goodwood

Newmarket

Lemonville

Bogarttown
Ballantrae

Bloomington

Pine Orchard
Cedar Valley

Preston Lake

Lincolnville

Pleasantville

Wesley Corners

Musselman's Lake

Pine Orchard Station

REFERENCE

INDEX MAP

SCALE

Study Area

1:15,000

300 0 300 600 900150

METRES

! Municipal Well Type I

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

Wellhead Protection Area (WHPA)

WHPA-A (100 m)

WHPA-B (2 Year Time of Travel)

WHPA-C (5 Year Time of Travel)

WHPA-D (25 year Time of Travel)

Intrinsic Vulnerability Scoring

WHPA Vulnerability Scoring - 10 (high) 

WHPA Vulnerability Scoring - 8

WHPA Vulnerability Scoring - 6

WHPA Vulnerability Scoring - 4

WHPA Vulnerability Scoring - 2 (low)

I

Well 3

Well 2

Well 1



!!

!

I

I

I

H
IG

H
W

A
Y

4
8

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

4
8

7
5

0
0

0

4
8

7
5

0
0

0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

5
_

B
a

lla
n

tr
a

e
_

M
a

n
a

g
e

d
L

a
n

d
.m

xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE MANAGED LANDS

FIGURE: 5

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 16 Nov. 2012

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 16 Nov. 2012
GP

 
16 Nov. 2012

 

!. !.

!.

!.

!.

!.

Brampton Toronto

Orangeville

Newmarket

Whitby

Hamilton

REFERENCE

INDEX MAP

SCALE

Study Area

Lake Ontario

1:15,000

300 0 300 600 900150

METRES

! Municipal Well Type I

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

Wellhead Protection Area (WHPA)

WHPA-A (100 m)

WHPA-B (2 Year Time of Travel)

WHPA-C (5 Year Time of Travel)

WHPA-D (25 year Time of Travel)

Percent Total Managed Land

≤ 40%

> 40% - < 80%

≥ 80%

I

Well 3

Well 2

?

?

WHPA-A:
41.9% (1.31 ha) Managed Lands

0.0% Ag Lands
41.9% Non-Ag Lands

?

WHPA-B:
56.9% (20.83 ha) Managed Lands

1.3% Ag Lands
55.6% Non-Ag Lands

?

WHPA-C:
58.4% (22.98 ha) Managed Lands

2.4% Ag Lands
56.0% Non-Ag Lands

?

WHPA-A:
17.3% (0.62 ha) Managed Lands

0.2% Ag Lands
17.1% Non-Ag Lands

?

WHPA-B:
13.3% (7.70 ha) Managed Lands

4.7% Ag Lands
8.6% Non-Ag Lands

?

WHPA-C:
12.9% (10.28 ha) Managed Lands

5.4% Ag Lands
7.5% Non-Ag Lands

Well 1



!!

!

I

I

I

H
IG

H
W

A
Y

4
8

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

4
8

7
5

0
0

0

4
8

7
5

0
0

0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

6
_

B
a

lla
n

tr
a

e
_

L
iv

e
st

o
ck

D
e

n
si

ty
.m

xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE LIVESTOCK DENSITY

FIGURE: 6

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 16 Nov. 2012

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 16 Nov. 2012
GP

 
16 Nov. 2012

 

!. !.

!.

!.

!.

!.

Brampton Toronto

Orangeville

Newmarket

Whitby

Hamilton

REFERENCE

INDEX MAP

SCALE

Study Area

Lake Ontario

1:15,000

300 0 300 600 900150

METRES

! Municipal Well Type I

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

Wellhead Protection Area (WHPA)

WHPA-A (100 m)

WHPA-B (2 Year Time of Travel)

WHPA-C (5 Year Time of Travel)

WHPA-D (25 year Time of Travel)

Nutrient Units/Acre

≤ 0.5

> 0.5 - < 1.0

≥ 1.0

I

Well 3

Well 2

?

Well 1



!!

!

I

I

I

H
IG

H
W

A
Y

4
8

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

4
8

7
5

0
0

0

4
8

7
5

0
0

0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

7
_

B
a

lla
n

tr
a

e
_

To
ta

lIm
p

e
rv

io
u

sS
u

rf
a

ce
A

re
a

.m
xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE TOTAL IMPERVIOUS SURFACE AREA
AND APPLICATION OF ROAD SALT THREATS

FIGURE: 7

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 16 Nov. 2012

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 16 Nov. 2012
GP

 
16 Nov. 2012

 

!. !.

!.

!.

!.

!.

Brampton Toronto

Orangeville

Newmarket

Whitby

Hamilton

REFERENCE

INDEX MAP

SCALE

Study Area

Lake Ontario

1:15,000

300 0 300 600 900150

METRES

! Municipal Well Type I

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

Wellhead Protection Area (WHPA)

WHPA-A (100 m)

WHPA-B (2 Year Time of Travel)

WHPA-C (5 Year Time of Travel)

WHPA-D (25 year Time of Travel)

% Impervious

≤ 1%

> 1% - ≤ 8%

> 8% - < 80%

≥ 80%

Threat Levels for the Application of Road Salt

Significant

Moderate

Low

Not Applicable

I

Well 3

Well 2

?

Well 1



!!

!

I

I

I

H
IG

H
W

A
Y

4
8

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

4
8

7
5

0
0

0

4
8

7
5

0
0

0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

8
_

B
a

lla
n

tr
a

e
_

A
re

a
sF

o
rS

ig
n

ifi
ca

n
tM

o
d

e
ra

te
A

n
d

L
o

w
D

ri
n

ki
n

g
W

a
te

rT
h

re
a

ts
_

C
h

e
m

ic
a

ls
.m

xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE AREAS FOR SIGNIFICANT,
MODERATE AND LOW DRINKING WATER THREATS:

CHEMICALS

FIGURE: 8

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 16 Nov. 2012

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 6 Dec. 2012
GP

 
6 Dec. 2012

 

!. !.

!.

!.

!.

!.

Brampton Toronto

Orangeville

Newmarket

Whitby

Hamilton

REFERENCE

INDEX MAP

SCALE

Study Area

Lake Ontario

1:15,000

300 0 300 600 900150

METRES

! Municipal Well Type I

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

I

Well 3

Well 2

?

Vulnerability
Score Significant Moderate Low
10 (red) 1 (CW10S) 3 (CW10M) 6 (CW10L)
8 (orange) 2 (CW8S) 4 (CW8M) 7 (CW8L)
6 (yellow) ‐ 5 (CW6M) 8 (CW6L)

Chemicals
Provincial Table Number (Table Name)

Well 1



!!

!

I

I

I

H
IG

H
W

A
Y

4
8

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

4
8

7
5

0
0

0

4
8

7
5

0
0

0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

9
_

B
a

lla
n

tr
a

e
_

A
re

a
sF

o
rS

ig
n

ifi
ca

n
tM

o
d

e
ra

te
A

n
d

L
o

w
D

ri
n

ki
n

g
W

a
te

rT
h

re
a

ts
_

P
a

th
o

g
e

n
s.

m
xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE AREAS FOR SIGNIFICANT,
MODERATE AND LOW DRINKING WATER THREATS:

PATHOGENS

FIGURE: 9

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 16 Nov. 2012

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 6 Dec. 2012
GP

 
6 Dec. 2012

 

!. !.

!.

!.

!.

!.

Brampton Toronto

Orangeville

Newmarket

Whitby

Hamilton

REFERENCE

INDEX MAP

SCALE

Study Area

Lake Ontario

1:15,000

300 0 300 600 900150

METRES

! Municipal Well Type I

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

I

Well 3

Well 2

?

Vulnerability
Score Significant Moderate Low
10 (red) 12 (PW10S) 13 (PW10M) ‐
8 (orange) ‐ 14 (PW8M) 15 (PW8L)
6 (yellow) ‐ ‐ 16 (PW6L)

Pathogens
Provincial Table Number (Table Name)

Well 1



!!

!

I

I

I

H
IG

H
W

A
Y

4
8

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

4
8

7
5

0
0

0

4
8

7
5

0
0

0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

1
0

_
B

a
lla

n
tr

a
e

_
A

re
a

sF
o

rS
ig

n
ifi

ca
n

tM
o

d
e

ra
te

A
n

d
L

o
w

D
rin

ki
n

g
W

a
te

rT
h

re
a

ts
_

D
N

A
P

L
S

.m
xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE AREAS FOR SIGNIFICANT,
MODERATE AND LOW DRINKING WATER THREATS:

DNAPLS

FIGURE: 10

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 16 Nov. 2012

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 6 Dec. 2012
GP

 
6 Dec. 2012

 

!. !.

!.

!.

!.

!.

Brampton Toronto

Orangeville

Newmarket

Whitby

Hamilton

REFERENCE

INDEX MAP

SCALE

Study Area

Lake Ontario

1:15,000

300 0 300 600 900150

METRES

! Municipal Well Type I

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

I

Well 3

Well 2

?

Vulnerability
Score Significant Moderate Low

WHPA A, B, C
(<5 year TOT) 9 (DWAS) ‐ ‐

(beige)
6 (within WHPA D) ‐ 10 (DW6M) 11 (DW6L)

(yellow)

Provincial Table Number (Table Name)
DNAPLs

Well 1



dcdcdcdc

dcdcdc

dcdcdcdcdcdc

dcdcdcdc

dc
dc
dc

dcdcdcdc

dcdcdc

dcdc
dc

dcdcdcdcdcdcdcdc

dc
dc

dc

dc

dc

dc dc
dc

dc

dcdc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc
dc dcdc

dc

dc
dc

dc

dc

dc

dc

dc
dc

dcdc
dc

dc

dc

dcdc
dcdc
dcdc
dc

dc

dc
dc

dc
dc

dcdc

dc

dc

dc
dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc
dc

dc

dc

dc

dc

dc
dc
dc
dc

dc

dc
dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc
dc

dc

dc

dcdc

dc

dc

dc

dc

dcdcdc

dc

dcdc dc

dc

dcdcdcdc
dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc
dc

dc

dc

dc

dc

dc
dc

dc

dc

dcdcdcdcdcdcdc
dcdcdc
dc
dc

dc

dc

dc
dc
dc
dc
dcdc

dc

dc

dc

dc

dc

dc

dc
dc

dc

dc

dc

dc

dc

dc

dc

dcdc dcdcdc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dc

dcdc

dc
dc

dc

!
!

!

21

10

21

21

15

17

21

10

15
11

214

15
2

21

415 2

15
9

2

1

2

8
3

4
15

2

16

2
2
2

415
2

411

15
92

8
3

4
15

2

I

I

I

H
IG

H
W

A
Y

4
8

2

2

2

2

2

2
2

2

2

22

2

2

2

2

2

2

2

2

2

2

2 2
2

2

2

2

2

2

2

2

2

2

2
2

2

2

22

2
2
2

2

2

2

2

2

2
2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2
2

2

2

2

2

22 2

2

2 2
2

2

2 2 2 2 2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2 2
2

2
2

2

2

2

2

2

2

2

2

2 2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2
2

22
2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

15

15
15

15

16

633000

633000

634000

634000

635000

635000

636000

636000

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

11
_

B
e

lla
n

tr
a

e
A

ct
iv

ity
T

h
re

a
ts

.m
xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE ACTIVITY THREATS

FIGURE: 11

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 6 Dec. 2012

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 6 Dec. 2012
GP

 
6 Dec. 2012

 

!. !.

!.

!.

!.

!.

Brampton Toronto

Orangeville

Newmarket

Whitby

Hamilton

REFERENCE

INDEX MAP

SCALE

Study Area

Lake Ontario

1:13,000

250 0 250 500 750125

METRES

! Municipal Well Type I

Threat Rating

dc Significant

dc Moderate

dc Low

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

Wellhead Protection Area (WHPA)

WHPA-A (100 m)

WHPA-B (2 Year Time of Travel)

WHPA-C (5 Year Time of Travel)

WHPA-D (25 year Time of Travel)

I

Well 3

Well 2

?

Well 1



!!

!

#

\[

\[

rq

I

I

I

S

S

H
IG

H
W

A
Y

4
8

633000

633000

634000

634000

635000

635000

636000

636000

637000

637000

4
8

7
5

0
0

0

4
8

7
5

0
0

0

48
7

6
0

0
0

48
7

6
0

0
0

48
7

7
0

0
0

48
7

7
0

0
0

48
7

8
0

0
0

48
7

8
0

0
0

G
:\

P
ro

je
ct

s\
2

0
11

\1
1

-1
1

7
0

-0
0

6
7

_
B

a
lla

n
tr

a
e

\G
IS

\M
X

D
s\

R
e

p
o

rt
in

g
\F

in
a

l\F
ig

u
re

1
2

_
B

a
lla

n
tr

a
e

_
P

o
te

n
tia

lC
o

n
d

iti
o

n
T

h
re

a
ts

_
A

rc
1

0
.m

xd

³
LEGEND

Base Data - MNR LIO, obtained 2009
Produced by Golder Associates Ltd under licence from 
Ontario Ministry of Natural Resources, © Queens Printer 2012
Projection: Transverse Mercator   Datum: NAD83   Coordinate System: UTM Zone 17

REV. 0.0

Mississauga, Ontario

DESIGN

BALLANTRAE POTENTIAL CONDITION THREATS

FIGURE: 12

PROJECT NO. 11-1170-0067 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

ME 16 Nov. 2012

CHECK

REGIONAL MUNICIPALITY OF YORK

ME 16 Nov. 2012
GP

 
16 Nov. 2012

 

!. !.

!.

!.

!.

!.

Brampton Toronto

Orangeville

Newmarket

Whitby

Hamilton

REFERENCE

INDEX MAP

SCALE

Study Area

Lake Ontario

1:15,000

300 0 300 600 900150

METRES

! Municipal Well Type I

Watercourse

Watercourse, Intermittent

Waterbody

Wetland

rq Historical Waste Disposal Site

#

Contaminated Sites on Federal Land

\[ Reported Spill Location

Wellhead Protection Area (WHPA)

WHPA-A (100 m)

WHPA-B (2 Year Time of Travel)

WHPA-C (5 Year Time of Travel)

WHPA-D (25 year Time of Travel)

I

Well 3

Well 2

?

S

Well 1



 

BALLANTRAE SOURCE WATER PROTECTION 

 

February 2013 
Report No. 11-1170-0067   

 

APPENDIX A  
Groundwater Modelling Figures 
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BALLANTRAE 

Hydraulic Conductivity of Model Layer 5 

Thorncliffe Aquifer 
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Top Elevation of Layer 4 

Mostly Newmarket Till 
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Top Elevation of Layer 5 

Thorncliffe Aquifer 
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BALLANTRAE 

Model Cross-Section through PW-3  

FIGURE A-5 
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BALLANTRAE 

Backward Particle Tracking 

FIGURE A-6 
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APPENDIX B  
Wellhead Protection Area Comparison 
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This technical memorandum provides a description of the MODFLOW groundwater flow model files used for the 
Ballantrae WHPA Delineation and Vulnerability Assessment Update (Golder, 2012).  The previous WHPA 
groundwater flow model that was provided by York Region for use in the Ballantrae WHPA Delineation (2007 
York SAATS/SWATS model described below) consisted of MODFLOW input files (MODFLOW-96) that were 
linked to VIEWLOG model parameter files.  For use in this update, the model was converted from VIEWLOG 
format to Visual MODFLOW (v4.6.0.159) to allow model runs, visualization and adjustment of model properties 
and boundary conditions outside of the software VIEWLOG.  

The previous model files, the model conversion process and the resulting Visual MODFLOW files are described 
in more detail in the sections that follow.  

 

Previous Model Files (2007 York SAATS/SWATS model)  

For consistency and as per the project terms of reference, the starting point for the Ballantrae WHPA delineation 
was to update the existing groundwater flow model used for the previous WHPA and vulnerability assessment 
for Ballantrae (EarthFX and Azimuth, 2007).  The groundwater flow model used in the previous WHPA 
delineation and vulnerability assessment work is referred to in the EarthFX model file documentation (EarthFX, 
2009a) as the “2007 York SAATS/SWATS model” (Surface To Aquifer Advection Time/Surface To Well Arrival 
Time).  Separate model versions were used for the WHPA and vulnerability modelling for Nobleton, Schomberg 
and Mt. Albert as described in EarthFX (2009b).   

The 2007 York SAATS/SWATS model is based on the YPDT-CAMC Core Groundwater Flow Model (2006).  
This Core Flow Model is based on the Core Geomodel (Release 1- 2004).  A report entitled “Groundwater 

Modelling of the Oak Ridges Moraine Area” prepared by EarthFX (2006) provides a description of the Geomodel 
and Flow Model that formed the basis for the 2007 model.  For additional details on the model, reference should 
be made to the above noted report.  Some adjustments were made to the original 2006 Core Flow Model during 
the 2007 calibration of the York SAATS/SWATS model.  
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The 2007 York SAATS/SWATS model uses the United States Geologic Survey (USGS) MODFLOW Code that is 
documented by McDonald and Harbaugh (1988), Harbaugh and McDonald (1996) and Harbaugh et al. (2000), 
as described by EarthFX and Azimuth Environmental Consulting Inc. (EarthFX and Azimuth, 2007).   

As described by EarthFX (2009a), the 2007 York SAATS/SWATS model MODFLOW files that were provided 
include the following: 

 A batch file c:\ej\York_SAATS_SWATS\ysa\ysa.bat as the model was actually run in batch mode.  This 
reads a file called ysa.def, which uses the below MODFLOW files. 

 LIST   ysa.lst 

 BAS    new_core4.bas 

 BCF   new_core4.bcf 

 WEL   ysa.wel 

 DRN   new_core4a.drn 

 RIV   new_core4a.riv 

 RCH   new_core4.rch 

 OC    new_core4.oc 

 PCG   new_core4.pcg 

 The above BCF called upon binary files, which defined the model layers and hydraulic conductivity. These 
files include: 

 Adjusted Bottom of Weathered Bedrock.grd 

 Adjusted Top of Bedrock 1.grd 

 Adjusted Top of Halton2.grd 

 Adjusted Top of Newmarket2.grd 

 Adjusted Top of OakRidges1.grd 

 Adjusted Top of Scarborough1.grd 

 Adjusted Top of Sunnybrook1.grd 

 Adjusted Top of Thorncliffe1.grd 

 HYCOND1.GRD 

 HYCOND2.GRD 

 HYCOND3_nmkt14.grd 

 HYCOND4.GRD 

 HYCOND5_16TH.GRD 
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 HYCOND6.GRD 

 HYCOND7_Smoothed.GRD 

 HYCOND8.GRD 

 

Model Conversion to Visual MODFLOW 

The model conversion consisted of the following key steps: 

 ASCII file formats of Model Layering and Hydraulic Conductivity information were exported from VIEWLOG; 

 A Visual Basic script was written to read particular files (exported from VIEWLOG) in order to generate a 
new ASCII compatible BAS file in MODFLOW-96 format. These files include model surface information and 
head files: 

 NewIbound1.xyz through NewIbound8.xyz 

 NewHeads1.xyz through NewHeads8.xyz 

 The DOS-based conversion tool (MF96to2K.exe) developed by the USGS was used to generate 
MODFLOW-2000 data sets, which were then used to import directly into Visual MODFLOW; 

 Anisotropy and porosity values were assigned in the model based on the values listed in EarthFX (2006) 
and EarthFX and Azimuth (2007).  These properties were not contained in the MODFLOW files provided so 
had to be input manually; 

 As described in Golder (2012), an abrupt change in elevation in the top of the Thorncliffe aquifer and top of 
Newmarket aquitard layers was present in the 2007 York SAATS/SWATS model immediately to the east 
from PW-3 (starting at the adjacent model cell).  This represents a more widespread potential problem that 
may exist in many different York Region models, which may be a result of erroneous elevation values within 
parts of the guiding lines (polylines) that helped form the 3D tunnel channels during this work in 2006/2007 
(as per email from R. Gerber on April 18, 2012).  This issue was corrected locally in the Ballantrae area as 
described in Golder (2012) but was not corrected elsewhere in this version of the model.  If this version of 
the model is to be used elsewhere this issue should be further investigated/corrected. 

 The model conversion task included a check to ensure that previous capture zones for wells PW-1 and 
PW-2 could be replicated with the model before making any updates to the model.  The original capture 
zones were replicated in the Ballantrae area as described in Golder (2012) allowing confidence that the 
model structure and parameterization was successfully converted locally in the Ballantrae area. 

 

Resulting MODFLOW Files 

The MODFLOW_2000.zip file contains a modelling file transmittal letter with the associated MODFLOW-2000 
files of the YPDT-CAMC Core Groundwater Flow Model. 
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CLOSURE 

We trust that this meets your needs and look forward to your comments.  Please do not hesitate to contact us if 
you have any questions. 

GOLDER ASSOCIATES LTD. 

  
  
 
 
John Piersol, M.Sc., P.Geo Blythe Reiha, M.A.Sc., P.Eng. 
Hydrogeologist, Associate Environmental Engineer 
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