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Preface 
The main objectives of the Tier Two Water Budget Study on the Credit River Watershed are as follows: 

• Build upon the current understanding with respect to identification, quantification and interaction 
of hydrologic and hydrogeologic processes throughout the watershed; 

• Conduct an assessment of stresses on surface water and groundwater resources, as they relate 
primarily to consumptive water use within the watershed. This assessment was undertaken using 
available data on a subwatershed basis, for each of the 22 subwatersheds within the watershed; 
and, 

• Delineate Significant Groundwater Recharge Areas (SGRAs). This study was conducted on a 
watershed basis, and utilized data obtained through the water budget and stress assessment. 

All investigations were conducted in full compliance with the Province’s Clean Water Act (2006), strictly 
adhering to guidelines and directives handed down by the Province, through the Ministry of Environment’s 
(MOE) Guidance documentation. This documentation has undergone several refinements over two-plus 
years, culminating in the release of the Technical Rules on November 16, 2009. These rules supersede 
previous versions of the guidance.  

This study commenced in 2007 under the direction of MOE Guidance Module 7, and was completed in 
the fall of 2008. Prior to finalization, it was peer reviewed and updated in respect of the Technical Rules.  

Water Budget Framework  

The Water Budget studies have been developed upon a tiered framework as outlined in Part III of the 
Technical Rules. This framework is designed for use as a screening mechanism in order to obtain a 
progressive understanding of the characteristics of the watershed, the dynamics of surface water and 
groundwater interaction, and the impacts of water takings on municipal water supplies within the 
watershed.  

Under this framework, a Conceptual Water Budget is initially undertaken to gather base information at a 
watershed level. This study will provide a characterization and visualization of the system. Based on the 
information from the Conceptual Water Budget stage, a Tier One Water Budget Study can then be 
executed. This level of study entails simplified numeric modelling (GIS water budget or equivalent) at the 
subwatershed level, and will result in an improved level of understanding of the dynamics of the 
watershed. Where a Tier One study indicates that there may be potential stresses, given the threshold 
criteria defined in the Technical Rules (see Stress Assessments), a Tier Two Water Budget Study can 
then be undertaken at a subwatershed level. This involves more advanced modelling techniques such as 
3D Groundwater flow or Continuous surface water flow models. Where the Tier Two level further confirms 
potential stresses, a more focussed water quantity risk assessment can then be undertaken through a 
Tier Three Water Budget Study. This study is conducted at a smaller scale, usually at the level of the 
relevant municipal water system (s).  

Due to the advanced state of characterization, data processing and modelling activities at the Credit 
Valley Conservation Authority (CVC) prior to the Province’s Source Protection initiatives, CVC was 
permitted to forego the development of Conceptual and Tier One level water budgets, and to proceed 
straight to the Tier Two level of water budget study, in compliance with the provisions of Part III.2 
Rule 24, of the Technical Rules. 
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Stress Assessments  

The intention of the stress assessment is to obtain logical estimates of water availability and demand on 
both surface water and groundwater resources, and to rationalize stress levels in relation to municipal 
water supply. The stress classification is defined through threshold criteria presented in Part III of the 
Technical Rules. 

The stress studies are based on best modelling practices and on the most suitable software available at 
the time the work was done. The modelling utilized a variety of inputs ranging from rainfall, surface water 
and groundwater data, to other field information (physical geology, soil conditions, land morphology etc.) 
obtained from a variety of sources (CVC, PGMN, MOE, MNR etc). These were all approximated within 
the models to provide best estimations of precipitation, runoff, groundwater flow, boundary conditions and 
other parameters within the watershed.  

The modelling approach adopted is an integrated one, which consists of two components: precipitation/ 
surface water flow, and groundwater flow. Specialized models were used to assess each component: 

• Precipitation/surface water: The HSPF model evaluated surface flow based on precipitation, 
geology, soils, slopes, land use, demands etc; and 

• Groundwater: The FEFLOW model evaluated subsurface flows and fluxes based on surface 
recharge (from HSPF output), geology, boundaries, demands, hydrogeology etc. 

Municipal data and the MOE’s Permit to Take Water (PTTW) database were extensively utilized to assess 
water demand, and to obtain best estimates of consumptive usage. The demand information was subject 
to intense review, verification, and where possible, field-truthing.  

Given the reporting timelines, a cut-off date of December 2006 was applied to data harvesting, and as 
such, the stress assessments do not reflect post-2006 permitting information. This is, with the exception 
of Subwatershed 16 (Caledon Creek), which was further evaluated to December 2008, on a directive 
issued by the CTC Source Protection Committee (see Peer Review & SPC Acceptance). 

The studies have classified three subwatersheds has being under potential stress, with respect to their 
groundwater resources. These are Subwatersheds 19 (Orangeville), 10 (Black Creek) and 11 
(SilverCreek), respectively. The populations residing within all three receive drinking water supplies via 
groundwater-based municipal systems. 

It should be noted that though identified, these subwatersheds are not necessarily experiencing 
hydrologic or ecologic stress. This classification merely indicates that the demand-to-availability 
percentage is greater than the defining threshold for moderate stress as outlined in the Technical Rules, 
and that additional information is required to understand the cumulative impacts of water withdrawals.  

In respect of this, the rules recommend that they each be subject to a more focussed quantity risk 
assessment offered under a Tier Three level Water Budget Study.  

Significant Groundwater Recharge Areas  

As part of Ontario's Source Protection Program, Significant Groundwater Recharge Areas (SGRAs) must 
be delineated across watershed regions and these areas should be considered vulnerable from a quality 
and quantity perspective.  In accordance with the Technical Rules, significant recharge areas are 
delineated and mapped to identify and subsequently protect all drinking water sources across the broader 
landscape, without specific focus on municipal supplies. 
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This investigation seeks to delineate the areas of relative highest volumetric groundwater recharge within 
the Credit River watershed. The methodology for this work was selected after careful consultation with 
Part V.2 Rules 44, 45 and 46 of the Technical Rules, where a number of methods and conditions have 
been prescribed for use in identifying and delineation SGRAs. 

In this study, Rule 44 (1) was applied. It states that an area is a significant groundwater recharge area if 
the area annually recharges water to the underlying aquifer at a rate that is greater than the recharge 
across the whole of the related groundwater recharge area by a factor of 1.15 or more.  

This rule was thought to apply best, given the surficial geology and morphology of the Credit River 
Watershed. The method outlined in this technical rule was chosen because: 

• Developed for areas where recharge rates within source protection areas are homogenous, 

• It can assist in distinguishing between high recharge versus low recharge even when narrow 
ranges in recharge rates exist across an area, 

• Is dependent on scale. That is, considerable differences can occur in the delineation of SGRAs 
depending on the scale (subwatershed/watershed/SPA) at which the method is applied, 

• If applied at smaller spatial scales, it will likely lead to a greater variation in SGRA delineation 
between adjacent areas and a much higher likelihood of boundary issues occurring between the 
different areas where it is applied. 

The annual average recharge across the entire watershed was ultimately selected (see discussion in 
Peer Review) as the basis upon which the factor should be applied, as this was determined to produce 
the most appropriate and defensible expression of the SGRAs across the watershed.  

Peer Review & Source Protection Committee (SPC) Acceptance 

The findings of this study were subject to rigorous peer review. Peer reviewers were charged with 
examining the integrity of the science and the rationale along which the stress assessments were 
conducted, and upon which the SGRAs and major recommendations have been based. They have 
expressed a high degree of confidence in the way that the work was done, on the conclusions and on 
recommendations presented within the report.  

The Tier Two Water Budget Report was subsequently submitted to the CTC Source Protection 
Committee (SPC), who reviewed and provided additional comments. While the major conclusions of the 
report were accepted as they applied to the potentially stressed subwatersheds (10, 11, 19), there were 
questions with respect to the following: 

• Subwatershed 16 (Caledon Creek) stress results – groundwater resources of subwatershed 16 
was assessed as being under insignificant stress, but its demand-to-availability ratio 
(percentage) fell just short of the threshold criterion signifying a moderate stress level, and  

• SGRAs – originally delineated on the basis of three defined physiographic areas of the 
watershed. Though the Technical Rules were fully adhered to, doubts were raised as to whether 
the expression of the SGRAs as derived on this basis, could be amply justified or defended.  

An Ad Hoc Working Group of the SPC was appointed to further examine these two issues.  
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Ad Hoc Working Group Deliberations 

The Ad Hoc Working Group directed technical staff to review the demand information for Subwatershed 
16, and also to update with the most recent PTTW data. The aim was to investigate whether the updated 
data would cause the stress level to elevate over the threshold and into a moderate category, prompting a 
referral to a Tier Three level water budget study.  

Subsequent to updating demand data to December 2008, and re-running the assessment, the demand-
to-availability percentage dropped below the original estimate, and further from the threshold. A decision 
was taken to accept the original assessment, based upon the new information. 

The Ad Hoc Working Group also directed staff to re-examine the SGRAs using annual average recharge 
on the basis of two other scales of comparison:  

• individual subwatersheds, and 

• the entire Credit River Watershed 

Subsequent to detailed review of the Technical Rules, much discussion and debate, the method utilizing 
the entire watershed was determined to be the most logical expression of SGRAs. The CTC Source 
Protection Committee accepted this recommendation from the Ad Hoc Working Group,  

Limitations 

This report has been prepared to meet provincial requirements under the Clean Water Act, 2006 and 
should not be used for other purposes without consultation with the responsible conservation authority.  
The water budget process follows a tiered process to screen the areas to identify where there is potential 
water quantity stress.  These potentially stressed areas that are associated with mandated drinking water 
supplies are then studied in more detail.  The process is designed so that each successive tier in the 
analysis (up to and including Tier 3), becomes more complex, requiring increased sophisticated analysis 
and data.  As a result, with each successive tier the certainty in the findings of the analysis is increased. 

 
The analysis used to produce this report was based on best information available at the time.  Priority 
should be given to more recent information collected in accordance with accepted scientific protocols 
when being used for other decision-making purposes, such as determining the impact of a site specific 
water taking. 
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Executive Summary 
The Credit River Watershed covers an area of approximately 1,000 km2 and extends from the Town of 
Orangeville in the north to the City of Mississauga and Lake Ontario in the south.  The watershed covers 
an area west and northwest of the City of Toronto and includes portions of the Cities of Brampton, 
Mississauga and Oakville, some of the most densely populated regions in Canada.  Approximately 
600,000 people live within the Credit River Watershed, and these numbers are expected to rise in the 
coming decades.  The main channel of the Credit River is 90 km long and is supported by over 1,500 km 
of tributary streams and creeks that are organized into 22 subwatersheds. 

The most significant physiographic feature in the Credit River Watershed is the north-south trending 
Niagara Escarpment.  The Niagara Escarpment subdivides the watershed into three generalized 
physiographic regions; the Upper Watershed (i.e. the area west of the Niagara Escarpment); the Niagara 
Escarpment (Middle); and the Lower Watershed (i.e. the area east of the Niagara Escarpment).  The Oak 
Ridges Moraine, the Orangeville Moraine and the Paris Moraine are also significant physiographic and 
hydrogeologic features within the watershed.   

From a hydrogeologic perspective, the Halton Till overlies Queenston Formation shale bedrock in the 
majority of the area in the Middle and Lower Watershed, east of the Escarpment.  These low hydraulic 
conductivity materials are a stark contrast to the high hydraulic conductivity overburden and bedrock units 
present west of the Escarpment in the Upper Watershed.   

Land use in the Credit Valley Watershed consists primarily of agricultural land (34%) and developed land 
(30%).  The population within the watershed is expected to increase over the coming decades, with much 
of this growth taking place east of the Escarpment.  There are some forest and plantation areas (16%), 
and aquatic and wetland areas (7%) that are generally located west of, and at the base of, the 
Escarpment.   

Groundwater within the Credit River Watershed is important for potable water supply for many residents 
and it is also a requirement for healthy ecosystems within the watershed.  The groundwater system 
discharges to surface water features such as rivers and streams that support various coldwater and 
coolwater fish communities, and it also provides streamflow for wastewater assimilation during low 
streamflow periods.  Rural residents in the watershed are dependent on groundwater for their potable 
water supply and several communities within the watershed rely on groundwater aquifers for their 
municipal water supply.  These communities include Acton, Georgetown, Orangeville, Mono, Amaranth, 
Inglewood, Cheltenham, Alton, Erin, Hillsburgh and Caledon Village.  Lake Ontario, the outlet for the 
Credit River, is used for municipal and commercial water supply for many residents and businesses 
located in the Lower Watershed region including the urban areas of Brampton, Mississauga and Oakville.  

Recognizing the importance of the groundwater aquifers in the watershed on both human and ecological 
health, the Credit Valley Conservation Authority (CVC) has been developing and applying surface water 
and groundwater flow models to better understand the quality and quantity of the water resources in the 
watershed for several years.  While these water budget models have been applied to evaluate the impact 
of land use on the natural hydrologic environment, new Source Protection regulations, and climate 
change challenges require a long-term commitment to water budget assessment in the watershed.  
Recently, the CVC applied the calibrated surface and groundwater management tools to predict the 
potential impacts on ecosystem health due to changes in land use (with and without the use of best 
management practices).  This study (the Credit River Water Management Strategy Update Study (CVC et 
al, 2007a)) is an excellent reference when considering the impact of low water on both surface water and 
groundwater quality, and also in examining the impact of low water conditions on ecosystem and human 
health.   
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Scope of Current Effort 

The CVC’s water budget modelling framework was updated to support the implementation of Ontario’s 
Clean Water Act (MOE, 2006a).  This legislation requires the preparation of locally-developed, science-
based Source Protection Assessment Reports and Source Protection Plans.  A significant component of 
this science-based approach is the development of a watershed-based water budget, which documents 
and accounts for the movement of surface water and groundwater, and the demands placed on the water 
resources over time.  The water budget also provides the framework from which to evaluate the 
sustainability of drinking water supplies.   

A Water Quantity Stress Assessment is one component that needs to be completed to fulfill the 
requirements of the Clean Water Act (MOE, 2006a).  The Water Quantity Stress Assessment estimates 
the level of potential stress placed on each subwatershed within a watershed region.  This estimate 
compares the water demands to the available surface water and groundwater supply for each 
subwatershed.  The Stress Assessment is a tiered process whereby subwatershed areas identified to be 
hydrologically ‘stressed’ are studied in progressively greater detail, than those subwatersheds that are 
under negligible hydrologic stress.   

The Scope of Work undertaken in this assessment, and outlined in this report, closely follows the 
Province’s recommended framework for a Tier Two Water Budget and Hydrologic Stress Assessment 
(MOE, 2008).  Tasks completed for this study are summarized below: 

• Water Demand Estimate.  Estimate consumptive surface water and groundwater use within the 
watershed;  

• Refine and Calibrate Water Budget Models.  Refine the CVC’s existing numerical models including 
HSP-F (Hydrological Simulation Program – FORTRAN; surface water) and FEFLOW (groundwater) 
to improve the simulation and representation of long-term hydrologic processes. 

• Integrated Water Budget.  Using the calibrated surface models, develop and present a 
subwatershed-based water budget including key hydrologic parameters; groundwater recharge, 
groundwater discharge, municipal pumping, and lateral flow into and out of subwatersheds; and, 

• Tier Two Stress Assessment.  Complete a Tier Two Subwatershed Stress Assessment as outlined 
in the Province’s Technical Rules (MOE, 2008) on Water Budget and Water Quantity Risk 
Assessment.  This assessment identifies subwatersheds having the potential to be under 
hydrologic stress and identifies municipalities that may have to complete additional water budgeting 
work under the Clean Water Act.  
 

Water Demand Estimates 

Estimating water demand is a key part of conducting a water budget assessment.  Water demand 
estimates were generated using the Province’s recommended methodology.  The primary data source for 
the Water Demand Estimate was the Ministry of Environment’s (MOE) Permits to Take Water (PTTW) 
database that contains records of the large permitted water users located within the watershed.  The CVC 
partnered with the MOE in 2006 to initiate the Credit River Watershed Water Use Assessment Project 
(MOE, 2006b). The purpose of this project was to obtain accurate and up-to-date non-municipal water 
taking values from the Credit River Watershed, and reduce the uncertainty associated with the Ministry’s 
PTTW database.  The data was subject to intense review, verification, and where possible, field-truthing.  

Consumptive water use refers to an estimate of the volume of water that is not returned to its source by a 
water taking operation.  Consumptive use rates were estimated for each PTTW by applying published 
seasonal and consumption factors to all permits.  Wherever available, reported water taking rates were 
used in this analysis.  While non-permitted water takings (e.g. rural residential takings) are considered to 
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be less significant than permitted takings on the overall watershed water budget, these takings were still 
included in the water demand estimates. 

Given the reporting timelines, a cut-off date of December 2006 was applied to data harvesting, and as 
such, the assessments do not reflect post-2006 permitting information. This is, with the exception of 
Subwatershed 16 (Caledon Creek), which was further evaluated to December 2008, on a directive issued 
by the CTC Source Protection Committee (see Preface). 

The following table summarizes estimated consumptive groundwater use across the Credit River 
Watershed: 

 Average Annual Consumptive Groundwater Use 
Purpose m3/d % of Total
Municipal 26,957 68%
Aggregate 7,780 20%
Rural Domestic 1,549 4%
Other 1,752 4%
Golf Course 941 2%
Agriculture 411 1%
Bottled Water 225 1%
Total 39,615 100%

 

Water Budget Tools 

The integrated water budget framework for the Credit River Watershed utilizes a continuous surface water 
model (HSP-F) and a steady-state three-dimensional groundwater model (FEFLOW) to quantify water 
budget components.  The two models are coupled through the groundwater recharge and discharge 
distribution; the groundwater recharge rates predicted by HSP-F are used as input into the FEFLOW 
model and groundwater discharges predicted in FEFLOW are compared against flow targets at stream 
gauges.  This coupling is essential to be able to combine the predictions made by the two models into a 
single water budget framework. 

The CVC’s current HSP-F model (v12; Bicknell et al., 2001) was developed as part of the CVC’s Water 
Quality Strategy (WQS), Phase II (CVC and EbnFlo, 2008).  HSP-F is a comprehensive modelling 
package capable of simulating hydrologic processes within drainage catchments and along watercourse 
networks.  The HSP-F software, developed over several decades, is currently maintained and supported 
by the United States Environmental Protection Agency. 

The watershed is represented as a mosaic of urban and rural land elements.  Each element has 
homogeneous characteristics, and several elements together form subcatchments (i.e., discrete 
sewersheds and small tributary catchments that combine to makeup subwatersheds).  Surface runoff 
discharges from each element into the local watercourse stream/sewer.  Subsurface runoff (i.e., interflow 
and groundwater flow) is generally routed to the nearest local stream channel; however, in some cases 
subsurface flows are simulated to move to adjacent or downstream reaches to reflect the general 
groundwater movement patterns observed in the watershed.  The watercourse reach may represent a 
section of a tributary to the main channel, or a section of the main channel of the Credit River.  Each 
urban and rural land element is characterized by the land use, topsoil characteristics and topography 
found within.  These elements are also referred to as hydrologic response units (HRUs). 
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The HSP-F model was calibrated to seven streamflow gauges with long-term records for the period 1997 
to 2000.  Following the model calibration and validation process, the model was used to simulate 
hydrologic conditions in response to a long-term climate data set (1960-2005).  Average groundwater 
recharge under these long-term conditions was used as input into the FEFLOW groundwater flow model.   

In November of 2000, the CVC initiated the development of a regional conceptual and a numerical 
groundwater model encompassing the entire Credit River Watershed.  The CVC selected FEFLOW 
(WASY, 2005), a numerical finite-element groundwater flow modelling code.  FEFLOW utilizes standard 
GIS formats, which enables integration with other disciplines and tools used by the CVC.  The calibrated 
and verified model represents the regional groundwater flow conditions very well, as it has been 
continuously updated since its original development. 

As part of the current assessment, the FEFLOW groundwater model was refined to better represent 
subwatershed-scale hydrogeological conditions.  The model was calibrated using groundwater recharge 
rates estimated from HSP-F.  The resulting calibration demonstrates an acceptable match between 
observed and simulated groundwater levels and estimated and simulated baseflow measurements.   

Integrated Water Budget 

Water budgets have traditionally been presented from either a surface water or groundwater point of 
view.  In a simplified system, where there is little interaction between the surface water and groundwater 
systems, looking at the water budget from one perspective may be sufficient to understand the key 
hydrologic processes and pathways.  However, in a highly integrated system like the Credit River 
Watershed, which may have substantial groundwater flows between subwatersheds, looking at both 
systems from an integrated perspective is fundamental to understanding the important hydrologic 
processes within the watershed. 

This Integrated Water Budget presents estimated average values of hydrologic and hydrogeologic 
parameters on a subwatershed basis.  It also provides an estimate of the amount of groundwater flowing 
between subwatersheds and in and out of the Credit River Watershed.  The Integrated Water Budget is 
valuable in evaluating changes in the hydrologic cycle across areas with different physiography, geology, 
and land uses.  Hydrologic changes across the watershed are evident when the average subwatershed 
components of the Water Budget results are compared and contrasted. 

Tier Two Water Budget and Subwatershed Stress Assessment 

The Province’s Water Budget Framework specifies that a Tier Two Water Budget needs to include the 
delineation of Significant Groundwater Recharge Areas (SGRAs), and a Subwatershed Stress 
Assessment. The Technical Rules (MOE, 2008) dictate that SGRAs should be delineated, and mapped, 
to identify and protect, the drinking water across the broader landscape, with no specific focus on 
municipal supplies.  This study considered a straightforward and reproducible methodology for delineating 
SGRAs.  This methodology delineated significant groundwater recharge areas by estimating average 
groundwater recharge in the watershed and then identifying areas that had estimated recharge rates 
greater than 115% of the average. 

The second stage in the three-tiered Water Budget Framework is the Tier Two Subwatershed Stress 
Assessment. (As part of the Tier Two Assessment, the potential for hydrologic stress is estimated by 
calculating the Percent Water Demand under current and future water demand conditions.)  The Percent 
Water Demand compares the amount of water consumed to the amount of water available within a 
subwatershed.  This analysis is carried out for both surface water and groundwater resources, and it 
considers both current and future water demands.  Based on the estimated Percent Water Demand and 
published thresholds, a subwatershed is classified as having a low, moderate, or significant potential for 
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hydrologic stress.  When a municipality has a drinking water source located within a subwatershed 
classified as having a moderate or significant potential for hydrologic stress, that municipality is required 
to complete a Tier Three Water Quantity Risk Assessment under the Clean Water Act (MOE, 2006a). 

The Tier Two Subwatershed Stress Assessment conducted in this study identified Subwatersheds 10, 11, 
and 19 as having the potential for moderate or significant hydrologic stress under current and future water 
demand conditions.  Within these subwatersheds, Acton and Georgetown, within the Regional 
Municipality of Halton, and the Town of Orangeville need to consider a Tier Three Water Quantity Risk 
Assessment to meet their requirements under the Clean Water Act (MOE, 2006a).  Water demands for 
these subwatersheds are primarily municipal wells, and as a result, the Percent Water Demand 
calculations have a high level of certainty.  The future water demand estimates do not cause the 
classification for any subwatershed to be increased from a low to a moderate level. 

This study was completed in the fall of 2008 and is consistent with the Ministry of the Environment’s 
Technical Rules (MOE, 2008).  This document was written with the most up to date technical direction 
available. 

Key Recommendations 

This report suggests the following key recommendations for the CVC to consider as part of its Water 
Budget initiatives.   
 

1. Permits to Take Water.  The CVC should enhance its PTTW monitoring process.  This process 
should include an on-going evaluation of consumptive use for each surface and groundwater 
permit.   

 
2. Groundwater Monitoring.  The CVC should work together with its partner municipalities and 

maintain a regularly updated database of municipal groundwater monitoring data for the 
watershed.  This integrated database could be used to support the CVC’s watershed monitoring 
report and would facilitate future updates to the groundwater flow model.  Additional monitoring 
data from other large water users and permit holders could also be included within an integrated 
groundwater monitoring database.   

 
3. Conceptual Geologic Model.  A detailed characterization and interpretation of bedrock valleys and 

bedrock valley deposits is recommended to reduce uncertainties with the groundwater flow model 
across the watershed.  Calibration of the FEFLOW groundwater flow model should be revisited 
following the refinement to the geologic model.   

 
4. HSP-F Model.  Additional attention is recommended to focus on the hydrological conditions 

simulated by the HSP-F model in Subwatersheds 10 and 11.  Hydrologic processes including 
evapotranspiration and runoff are not entirely consistent with adjacent land areas, and given 
variable climate patterns, the model parameters should be evaluated on a subwatershed level. 
The collection of additional streamflow data may be required. 

 
5. Significant Groundwater Recharge Areas.  This study identified significant groundwater recharge 

areas using regional estimates of recharge and steady-state capture areas.  If required for 
property-specific planning purposes under the Clean Water Act, the delineation of significant 
recharge areas should be refined at the wellfield scale to take into account a more refined and 
detailed hydrogeological characterization. 

 
6. Region of Halton / Georgetown Area.  Groundwater monitoring data for the Region of Halton was 

not made available to the CVC until after the draft version of this report had been prepared.  As a 
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result, it was not possible to adequately calibrate the groundwater flow model to conditions in the 
Region, in particular in the vicinity of Georgetown.  It is recommended that the CVC update the 
regional groundwater flow model in the future to better represent conditions in the Georgetown 
area. 

Data Availability and Application of Findings 

The findings of this study reflect the best scientific effort available at the time of completion. They 
describe prevailing conditions within the watershed and present stress assessments premised upon a 
varied range of input data spanning a defined snapshot of time. However, the following must be 
appreciated: 

• The accuracy of the results is subject to uncertainty, inherent within the PTTW database, the 
provincial rules (evolving nature, and ambiguity), modelling assumptions, and the models 
themselves; 

• Variation in meteorological conditions, land use activities, and in water taking permitting should 
be carefully monitored, as this can alter the dynamics of the watershed, the nature and 
distribution of the observed stresses. This in turn, can impact the accuracy of results and 
inferences presented in this report;  

• Modelling was applied at the subwatershed scale, so it is also essential to appreciate that results 
of the stress assessments do not pertain to smaller or site-specific scales. Where additional 
information has been deemed necessary, recommendation has been made for further study at a 
reduced scale (Tier Three level of study); and,  

• Caution also applies to the use of SGRAs, which are delineated using regional estimates of 
recharge and steady-state capture areas.  For use at a site-specific scale, they should be refined 
to take into account a more detailed hydrogeological characterization. 

 
As such, consideration should be duly exercised when applying the outputs of this study, to planning and 
policy - driven scenarios and decisions.  
 
The stress classifications within the Technical Rules are prescribed as a mechanism for identifying areas 
that may require additional study. It is not the intention for them to be used to predetermine / influence / 
bias the outcome of any future Class Environmental Assessment or development approvals of Permit to 
Take Water (PTTW) applications within the watershed. 

It is also advised that the databases developed during the course of this work, be maintained and kept 
current by periodic updating. This will allow for future refinement of CVC’s groundwater flow model and for 
checks and updates in the stress evaluations presented.  
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1.0 Introduction 

This document describes the Credit Valley Conservation Authority’s (CVC’s) Water Budget Modelling 
Framework, and outlines the methodologies and results of the CVC’s Tier Two Water Quantity Stress 
Assessment.  Ecosystem health and human health are both linked to the quality and quantity of 
groundwater and surface water.  Furthermore, private and public uses of groundwater and surface water 
within the watershed are extremely important for the economic and social health of those that live in, and 
do business, in the watershed.  CVC is responsible for managing the watershed’s water resources to 
maintain the health of the ecosystems across the watershed and to meet the economic and social needs 
of the watershed’s residents with respect to water and the environment.  Fulfilling these responsibilities 
requires a solid understanding of the functions of the hydrologic system, including the water budget of the 
area, to make informed water resources management decisions. 

The CVC’s Water Budget Modelling Framework aims to continuously improve the characterization and 
understanding of the Credit River Watershed’s hydrology (see Figure 1-1).  This framework is based on 
the integration of a continuous surface water flow model (Hydrological Simulation Program-FORTRAN; 
HSP-F) and a three-dimensional groundwater flow model (FEFLOW) representing the conceptual 
hydrology and hydrogeology of the watershed.  The CVC’s HSP-F model was initially developed as a 
flood forecasting model, and it evolved into a continuous hydrologic model calibrated to simulate the 
many hydrologic processes that occur above and below the ground surface.  With the surface water and 
groundwater models in place, the CVC can better characterize the hydrological processes above and 
below the ground surface, throughout the watershed.  This enables the CVC to evaluate the watershed’s 
water budget and estimate the impacts of current and future water demands on the watershed’s 
hydrology.   

Refinements made to the CVC water budget models are also being carried out to meet the requirements 
of the Clean Water Act (MOE, 2006).  Under these requirements, the CVC is required to develop a series 
of technical studies that will ultimately contribute to the Source Protection Areas (SPAs) Assessment 
Report.  The Interim Watershed Characterization Report for the Credit River Watershed (CVC, 2007a) 
provides a technical review of the existing hydrological, hydrogeological, ecological and social 
characterization data within the watershed.  In addition to the Characterization Report, the CVC is also 
required to report on its water budget efforts within the watershed.  The primary goal of these more 
advanced water budget assessments is to use numerical models to understand and assess the 
sustainability of the Province’s various drinking water sources.  Prior to this report, the CVC has prepared 
two reports to document the surface water and groundwater budget efforts previously completed within 
the watershed.  Elements relating to the development of the surface water model were previously 
documented within the Phase II Report for the Credit River Water Quality Strategy (CVC and EbnFlo, 
2008). The CVC’s groundwater flow model was initially developed in 2000 with continuous improvement 
since that time.  The development and calibration of the groundwater flow model was documented in a 
draft report by AquaResource (2006), and this information was used in the preparation of this report.   

This report satisfies the CVC’s requirement under the Clean Water Act for a Tier Two Water Budget Study 
and includes a Tier Two Subwatershed Hydrologic Stress Assessment that estimates the potential 
hydrologic stress for each of the subwatersheds within the watershed.  For the purposes of meeting the 
CVC’s water budget requirements under the Clean Water Act, this report should be considered to 
supersede the earlier AquaResource (2008) and CVC and EbnFlo (2008) reports.  Comments provided 
on the two earlier reports were incorporated, wherever possible, into this report.  Section 4 of this report 
provides a more extensive summary of historical surface water modelling work in the watershed and 
Section 5 of this report provides a more extensive summary of historical groundwater modelling work in 
the watershed.  In addition, this document is a revised version of the Water Budget Report submitted to 
the CVC in 2007.  Comments provided by the Source Protection Peer Review Team, partner 
municipalities and adjacent conservation authorities were addressed in this document wherever possible.  
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1.1 SOURCE PROTECTION WATER BUDGETS 
The Clean Water Act (2006) was introduced by the Province of Ontario in its First Reading on December 
5, 2005 and received Royal Assent on October 19, 2006. On July 3, 2007, the Act and five regulations 
came into effect. The intent of the legislation is to ensure communities are able to protect their municipal 
drinking water supplies through the development of collaborative, locally driven, science-based Source 
Protection Plans.  Communities will identify potential risks to local water sources and take action to 
reduce or eliminate these risks. Municipalities, conservation authorities, property owners, farmers, 
industry, community groups and the public will work together to meet these common goals.   

In addition to understanding threats to water quality, the Clean Water Act requires that communities 
understand and address the threats to the quantity of water required to sustain the current or future water 
supply needs.  The Ministry of Natural Resources (MNR), in association with the Ministry of the 
Environment (MOE), prepared a Water Budget and Water Quantity Risk Assessment Guidance Module 
(Guidance Module 7; MOE, 2007) to provide instructions on how to best evaluate water quantity threats.  
This Guidance Module outlines the steps to: 1) estimate the quantity of water flowing through a 
watershed, 2) understand the pertinent processes and pathways water follows, and 3) assess the 
sustainability of water supply sources from a quantity perspective. The goals of this assessment are to 
identify watershed communities where the sustainability of water supplies is questionable and to highlight 
key factors that may limit the sustainability, such that appropriate risk management activities can be 
completed. The Guidance Module (2007) was superseded by Technical Rules released by the MOE in 
November 2008.  As such, this work fully conforms to the requirements of the Technical Rules. 
 
The Technical Rules (2008), Part III describes a three-tiered assessment approach with each tier of the 
Framework being more detailed, and providing greater certainty, than the previous.  Within the tiered 
rating system, water demand and supply scenarios are initially studied within a watershed-scale study, 
where surface water and groundwater systems are modelled and assessed and associated water 
stresses are calculated.  Water demand/ supply stresses are then evaluated in different areas of the 
watershed and assigned a score based on a rating system developed by the MOE and detailed in the 
guidance documents. In areas where the availability of water far outweighs the demand, a simplified 
approach (Tier One) may be sufficient for decision-making and further efforts are not required. Highly 
developed areas that obtain municipal water supply from local resources may require significantly more 
advanced and detailed assessments. Once the stresses exceed a certain threshold value, more detailed 
subwatershed-scale (Tier Two) studies are recommended. Once the Tier Two study process is 
completed, it may be found that stress thresholds may again be exceeded and that additional modelling is 
necessary. In this event, modelling work will then be refined and focused at an even more localized (Tier 
Three – level of the Municipality, Town etc.) scale under the approved tiered rating system. 
 
An overview of the tiered studies prescribed within the Technical Rules (MOE, 2008) is provided in the 
following sections. 

1.1.1 Conceptual Water Budget 
The MOE Technical Rules (MOE, 2008) requires that a Conceptual Water Budget be developed for each 
watershed in the Province of Ontario.  The Conceptual Water Budget should address baseline data 
collection, mapping, and an analysis of the information compiled.  The conceptual understanding phase of 
the water budget builds upon the Watershed Characterization completed and should present an initial 
overview of the functions of the flow systems in the study area (both groundwater and surface water).  
Four basic questions are emphasized at this stage:  

• Where is the water?   
• How does the water move between the various watershed elements (soils, aquifers, lakes, rivers)?   
• What and where are the stresses on surface water and groundwater?   
• What are the trends? 
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In addressing the above questions, the Conceptual Water Budget will include an initial understanding of 
the various watershed hydrologic elements (e.g. soils, aquifers, rivers, lakes) and fluxes in a study area 
(precipitation, recharge, runoff, evapotranspiration, etc.).  It will also require an understanding of the 
geologic system and a consideration of surficial features, such as wetlands and large impervious areas 
that would have to be incorporated into any water budget analysis.  A preliminary inventory of all water 
takings would also be undertaken at this stage.  

The Technical Rules (MOE, 2008), Part III.1 Rule 19 provide the expected outputs, or deliverables for the 
Conceptual Water Budget. 

1.1.2 Tier One Simple Water Budget and Subwatershed Stress Assessment   
The goal of the Tier One Simple Water Budget and Water Quantity Stress Assessment is to estimate 
cumulative hydrologic stresses placed on a subwatershed.  The study team undertaking the Tier One 
Assessment will estimate the Percent Water Demand, the percentage of water supply that is demanded 
by water users.  Watersheds where the Percent Water Demand is determined to be above a benchmark 
threshold value are termed ‘moderately’ or ‘significantly stressed’ and require more detailed study (Tier 
Two). Watersheds calculated as having a low Percent Water Demand are termed ‘low stress watersheds’ 
and will not be subject to additional water budget requirements.  

The Technical Rules (MOE, 2008), Part III.3 Rule 32 to 33 provide the expected outputs, or deliverables, 
for the Tier One Water Budget and Subwatershed Stress Assessment. 

1.1.3 Tier Two Complex Water Budget and Subwatershed Stress Assessment   
Tier Two Subwatershed Stress Assessments are completed to verify the results of the Tier One Stress 
Assessment using additional data and numerical water budgeting tools.  The Tier Two Water Budgets are 
developed at the subwatershed scale, similar to the Tier One level, and they require a continuous surface 
water model and a calibrated groundwater flow model.   

The CVC proceeded with a Tier Two Subwatershed Stress Assessment and this document outlines the 
methodologies and results of this Assessment.  The methodologies used throughout this assessment, are 
consistent with the methodologies laid out in the Province’s Water Quantity Guidance Module 7 (MOE, 
2007).   

The Technical Rules, Part III.4 Rules 34 to 36 outline the expected outputs, or deliverables for the Tier 
Two Complex Water Budget and Subwatershed Stress Assessment. 

1.1.4 Tier Three Water Quantity Risk Assessment   
The objective of the Tier Three Water Quantity Risk Assessment is to estimate the likelihood that 
municipalities will be able meet future water quantity requirements.  A Tier Three Risk Assessment is 
carried out on all municipal water supplies located in subwatersheds that were classified in the Tier Two 
Assessment as having a ‘moderate’ or ‘significant’ potential for hydrologic stress. The Tier Three 
Assessment uses refined surface and/or groundwater flow models, and involves a much more detailed 
study of the groundwater or surface water sources available.  

1.1.5 Approach for Credit Valley Watershed 
At the start of the Source Protection Water Budget process, Credit Valley Conservation provided earlier 
documentation of their existing conceptual model and water budget reports to the Ministry of Natural 
Resources, and the CVC was subsequently permitted, in accordance with Technical Rules (2008) Rule 
Part III.2 Rule 24), to bypass the Conceptual Water Budget and Tier One Assessment and proceed 
directly to the Tier Two Water Budget and Subwatershed Stress Assessment.  This approach 
acknowledged the assessments that had already been completed within the watershed using the existing 
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surface and groundwater models, as well as the knowledge of water quantity stresses within the 
watershed. 

It is recognized that by progressing to the Tier Two Water Budget stage, the CVC would not prepare 
some of the outputs normally required as part of the Conceptual Water Budget and Tier One Assessment.  
While all of those outputs are not explicitly provided in this report, they are provided in earlier CVC Water 
Budget documents and are referenced throughout this report.  This document, in addition to the CVC’s 
Watershed Characterization Report (CVC, 2007a), address the vast majority of the outputs expected to 
be prepared as part of the Conceptual Water Budget.  Outputs include the development of a series of 
maps, estimated hydrological and hydrogeological flows, and the development and refinement of the 
Permit to Take Water database.   

1.2 INTEGRATED WATER BUDGET 
Creating an Integrated Water Budget includes examining the outputs of surface water and groundwater 
models, and with the aim of improving the understanding of the hydrologic system in a watershed.  This is 
particularly true for the Credit River Watershed where there are significant interactions between the 
groundwater and surface water systems.  The Credit River Watershed modelling tools include a calibrated 
HSP-F surface water model (discussed in Section 4) and a calibrated FEFLOW groundwater model 
(discussed in Section 5). 

The two models provide a tool from which the following water budget components can be evaluated from 
an integrated surface water and groundwater perspective: 

• Precipitation: Climate data used to represent the precipitation over each of the subwatersheds are 
estimated from local and nearby climate stations and are input into the HSP-F model;  

• Evapotranspiration: HSP-F estimates actual evapotranspiration by estimating potential 
evapotranspiration, representation of soils, land use, and land cover and simulating water budget 
processes in shallow soils; 

• Recharge: By calculating the amount of infiltration and net evapotranspiration, HSP-F estimates 
the amount of recharge to groundwater for each urban and rural land element; 

• Runoff: HSP-F estimates runoff (including interflow) across the watershed based on soil type, land 
use, and land cover; 

• Groundwater Discharge: The FEFLOW model simulates the amount of groundwater discharging 
into surface water features such as wetlands, streams, and lakes;   

• Groundwater Levels:  The FEFLOW model simulates groundwater levels in various hydrogeologic 
units across the watershed.  The model can also simulate changes in groundwater elevation under 
alternative water use and climate scenarios; and, 

• Groundwater Wells: This parameter refers to pumping of groundwater from municipal and non-
municipal pumping wells across the watershed. 

  A brief summary of these tools is outlined below.  

1.2.1 History of HSP-F and FEFLOW Modelling in the Credit River Watershed  
The CVC developed surface water and groundwater flow models to simulate the hydrologic and 
hydrogeologic processes within, and surrounding, the Credit River Watershed to enhance the 
understanding of the groundwater and surface water systems and to further their water budget initiatives. 

The surface water model was developed using the software program HSP-F (v.12; Bicknell et al., 2001), 
which expanded upon earlier GAWSER hydrologic modelling of the Credit River Watershed (Schroeter et 
al., 2001).  The CVC has used the HSP-F surface water model to address hydrologic flow concerns (i.e., 
baseflow, erosion) and to assess water quality issues and concerns within the watershed.   
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The groundwater model was initially developed in 1998 using FEFLOW (WASY, 2005).  Through a 
process of continuous improvement, the model has been updated and applied to support the CVC’s water 
management activities including various subwatershed-scale and watershed-scale studies.  The model 
simulations and the enhanced understanding of the groundwater system developed throughout the Water 
Budget Study served as a framework to address water resource issues facing the Credit River 
Watershed.  

Both the HSP-F and FEFLOW numerical models used within this assessment are regional tools, 
constructed from regional scale datasets.  While the models have been refined locally in some instances, 
some local complexities may not be represented within the models and they are not considered to 
represent all of the local hydrologic conditions within the watershed. Section 1.2.2 below summarizes the 
regional and local datasets used in the development and calibration of the models. 

1.2.2 Data Sources 
The development and calibration of the numerical flow models relied on numerous datasets.  The 
databases are maintained by the CVC and were provided by its provincial and municipal partners. Table 
1 provides a summary of the data sources broken down into the model components used by the HSP-F 
model or the FEFLOW model or, in several cases, both.  

Table 1: Summary of Data Sources 
Data Source Model 

Regional and 
Subwatershed 
Studies 

 

Numerous reports were consulted in the development of the conceptual hydrogeologic 
model of the Credit River Watershed.  These reports were reviewed to develop a 
comprehensive understanding of the geologic and hydrogeologic setting of the Credit 
River Watershed.  The reports used in the development of the model are outlined in 
detail in the original conceptual model report (WHI, 2002a).  Additional resources 
consulted since that time are referenced in the reference list located at the back of this 
report. 

HSP-F 
and 
FEFLOW 

GIS Mapping 

 

The CVC maintains various GIS maps that were used in completing this study including: 
Ecological Land Use Maps; 
Rivers, Streams, Lakes and Classified Wetlands; 
Monitoring Station Locations; and, 
Base maps (roads, political boundaries). 

 
Other mapping products produced by the CVC’s provincial partners include: 

Physiology and surface landforms;  
Surficial Geology; 
Bedrock Geology; and 
Digital Elevation Model (DEM). 
 

HSP-F 
and 
FEFLOW 

Streamflow 
Monitoring 

 

Streamflow data used in support of surface water and groundwater flow model 
calibration includes Water Survey of Canada HYDAT gauges located across the 
watershed in addition to spot baseflow measurements completed by the CVC at various 
locations. 

HSP-F 
and 
FEFLOW 

Climate Data 

 

In order to meet all of the climate data input needs of HSP-F, the following parameters 
are required: 

Rate of precipitation (hourly), 
Air temperature (hourly), 
Wind speed (hourly), 
Solar radiation (hourly), 
Cloud cover (hourly), 
Dew point temperature (daily) and  
Potential evapotranspiration (hourly). 

Climate input datasets for HSP-F were developed using data collected from a number 
of stations within and near the watershed. 

HSP-F 
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Data Source Model 
YPDT 
Database 

 

Developed by the York-Peel-Durham-Toronto (YPDT) coalition and the Conservation 
Authorities Moraine Coalition (CAMC), the YPDT database contains all water well 
records and additional exploration and geotechnical borings within the Credit River 
Watershed.  These data include updates from the Ministry of the Environment (MOE) 
Water Well Record database, municipal supply wells, and geotechnical wells.  A 
summary of the wells and boreholes contained within the groundwater model area is 
provided below:  

Total number of records within model area (includes MOE domestic wells and 
geotechnical wells added by YPDT): 14,041; 

Total number of MOE water well records: 11,369; 
Records that do not meet Quality Assurance criteria for location and elevation   

 (Qualified = 9): 1,386; and 
Records having static water level observations: 10,365. 
Records having static water level observations and quality assurance criteria < 9: 9,179 

FEFLOW 

Stratigraphic 
Interpretations 

 

The CVC maintains a database of stratigraphic interpretations (i.e., elevations of 
interpreted stratigraphic units) at wells located within the watershed.  These wells 
include those from the MOE Water Well Record Database and those with more reliable 
borehole logs.  This database originated from stratigraphic interpretations completed in 
2000 and has evolved with additional studies completed since that time.  The database 
is expanded as wells are interpreted as part of watershed and subwatershed studies.  It 
currently houses all of the stratigraphic picks from cross-sections analyzed for the 
development of the watershed model and subwatershed scale layer refinements. 

FEFLOW 

Municipal 
Groundwater 
Monitoring 

The CVC’s municipal partners, including the Town of Orangeville, Township of Mono 
and the Regional Municipalities of Peel and Halton, provided groundwater level 
monitoring data to the CVC. 

 

Groundwater 
Monitoring - 
PGMN 

Provincial Groundwater Monitoring Network (PGMN).  The MOE and the CVC have 
developed a network of fourteen wells (in 9 locations) for which a continuous record of 
water levels has been recorded since 2001.  These points were used in the model 
calibration process to assess the hydraulic head calibration (average head value).   

FEFLOW 

Permits to 
Take Water 
(PTTW) 

 

The Ministry of the Environment issues Permits to Take Water (PTTW) that allow permit 
holders to withdraw large volumes of surface water and/or groundwater.  These permits 
are contained within a database that identifies the location, water source, maximum 
permitted volume and pumping rate, number of days of extraction, and date of expiry.  
The permits are completed for both surface water and groundwater withdrawals that 
have a pumping rate of greater than 50,000 litres per day (LPD).  The PTTW database 
contains useful information about the location and maximum permitted pumping rate for 
all large permitted water takers in the study area.  The CVC has made an effort to verify 
the location of each PTTW within the Credit River Watershed and to update the 
database with this information. 

The CVC collected municipal pumping rates from its partner municipalities as part of the 
development of its Watershed Characterization Report (CVC, 2007a).  The MOE, in 
partnership with the CVC, conducted a Water Use Assessment in the Credit River 
watershed. This assessment included a survey of permit-holders and resulted in refined 
estimates (or reported measured takings) for a number of permits within the watershed.  

FEFLOW 
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1.2.3 Water Demand Estimates 
Estimating water demand is critical in the development of a water budget framework.  An estimate of the 
extent and variability of water use throughout the watershed is required to identify areas under the highest 
degree of hydrologic stress and to guide efforts to refine the water budget tools in those areas.  The 
Water Demand Estimate was developed by incorporating data from a variety of sources, including 
Permits to Take Water, municipal pumping information, and Statistics Canada data.  As the Credit River 
Watershed continues to experience both economic and population growth, there will be increased 
demands on the watershed’s water resources to supply sufficient water to residential, commercial, and 
industrial consumers.  

The CVC completed an assessment of water use for the Credit River Watershed in cooperation with the 
Ministry of the Environment in the summer of 2006 (Water Use Study; MOE, 2006b).  This assessment 
surveyed the large permitted water takers within the watershed to refine the understanding of water use in 
the watershed.  The survey response in the Water Use Study was lower than desired; however, the 
information available on water use takings from municipalities (consumptive water takers) was excellent.  
This information helped form the basis for further water use assessments conducted in this study (see 
Section 7.0).  

1.3 SCOPE OF WORK 
The primary objective of the CVC’s Water Budget is to develop defensible conceptual and numerical 
models of the hydrologic and hydrogeologic environment encompassed by the Credit River Watershed 
(Figure 1-1).  The models enhance the understanding of surface water flow, groundwater flow, and 
groundwater-surface water interactions and predict the impacts of human water use and climate 
variations.   

The objectives of this study are summarized below: 

• Estimate Water Demand.  Analyze and document surface water and groundwater use within the 
watershed.  Develop a preliminary estimate of future water demand, at approximately a 25-year 
planning horizon;  

• Refine and Calibrate HSP-F Model.  Refine the model to allow for spatial climate variability and 
update the simulation of hydrological processes in Lower Watershed (Halton Till Plain); 

• Refine and Calibrate FEFLOW Model. Update the regional groundwater flow model including the 
development of a new mesh and updated model boundary conditions.  Update the geological 
conceptual model to include revisions made within the Region of Peel as part of their wellhead 
protection area studies and updates to conceptualizations in the Lower Watershed (Halton Till 
Plain);   

• Integrated Water Budget.  Develop and present a subwatershed based water budget using the 
calibrated surface water and groundwater flow models.  Water budget components include: 
groundwater recharge, groundwater discharge, municipal pumping, and lateral flow into and out of 
subwatersheds; and, 

• Tier Two Stress Assessment.  Complete a Tier Two Subwatershed Stress Assessment following 
the Technical Rules (MOE, 2008) and completing the following tasks:   

• estimation of the various water budget fluxes;  
• calibrating the estimates to observed data;  
• estimation of the percentage of the consumptive amount of a water supply source that is 

demanded by water users;  
• validation of results to actual observations such as groundwater level fluctuations, pond 

or lake fluctuations, streamflow data, or changes induced by water takings; and, 
• consideration of both current conditions as well as a 25-year future water demand 

scenario. 
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All aspects of the surface water and groundwater modelling efforts were carried out with the 
understanding that the models will be used to assess future local and regional scenarios.  The conceptual 
and numerical models will continue to evolve in the future as additional information is collected and as 
hydrogeologic and hydrologic conditions are reviewed on finer scales as part of local and subwatershed-
based studies. 

This study was completed in the fall of 2008 and is consistent with the Technical Rules (MOE, 2008).  
This document was written with the most up to date technical direction available at the time. 

1.3.1 Tier Two Water Budget Outputs 
Guidance Module 7 (MOE, 2007) lists the expected outputs for the Tier Two Water Budget and these are 
summarized below in Table 2.  Each of the outputs outlined in the Guidance Module are provided within 
this report. 

Table 2: Summary of Tier Two Outputs 
No. Tier Two Deliverable 
1 Map(s) and/or tables of estimated supply for each subwatershed to be used in the Tier Two Stress Assessment 

(based on WB Map 27 polygons) and associated description of the analysis and findings.   
2 Map of refined significant groundwater recharge areas. 
3 Map and table summarizing estimates of surface water source supply from surface water model for current and 

future conditions. 
4 Map and table summarizing estimates of groundwater source supply for each subwatershed from groundwater 

model for current and future conditions. 
5 Map(s) and/or tables of estimated consumptive water demand for each subwatershed to be used in the stress 

assessment (based on WB Map 27 polygons) and associated description of the analysis and findings.   
6 A checked/ updated/ refined PTTW database based on water use surveys and other update efforts. 
7 Map(s) and/or tables of estimated reserve for each subwatershed to be used in the stress assessment (based 

on WB Map 27 polygons) and associated description of the analysis and findings.   
8 Estimates of groundwater reserve; (minimum 10% of the existing groundwater discharge). 
9 Estimates of surface water reserve (as per instream needs study) for moderate to significantly stressed 

subwatersheds. 
10 Map(s) and/or tables of estimated water budget components for each subwatershed (based on WB Map 27 

polygons) and associated description of the analysis and findings.   
11 Tier Two Water Budget quantities (e.g. P, SWin, GWin, ANTHin, ET, SWout, GWout, ANTHout) summarized on 

a monthly as well as on an annual basis using tables and/or mapping. 
12 Updated discussion and figures to illustrate the flow system from major recharge to major discharge areas, as 

well as an understanding of groundwater / surface water interaction. 
13 Map(s) and/or tables of reduced surface and groundwater flows during drought conditions for each 

subwatershed (based on WB Map 27 polygons) and associated description of the analysis and findings.   
14 Estimates of surface water source supply from surface water model for drought conditions.  (Note: This is not 

required for CVC since there are no municipal surface water intakes.) 
15 Estimates of groundwater source supply from groundwater model for drought conditions. 
16 Maps illustrating location of subwatersheds with significant and moderate surface water stress levels for each of 

the three scenarios and the location of the corresponding municipal drinking water intakes. 
17 List and description of municipal water intakes/wells and designated systems on a subwatershed basis by 

completing associated summary worksheets (see section 6). 
18 Maps illustrating location of subwatersheds with significant and moderate groundwater stress levels for each of 

the scenarios and the location of the corresponding municipal drinking water wellheads. 
19 Maps and description of municipal groundwater wells and designated systems shown to be potentially impacted 

by drought conditions.   
20 List and description of municipal groundwater water intakes/wells and designated systems on a subwatershed 

basis by completing associated summary worksheets. 
21 Report documenting the subwatershed stress level assignment determined by combining the hydrologic 

stresses for all scenarios for each of the groundwater and surface water systems. 
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22 Report must include a discussion of the Stress Assessment validation which considers historical and monitoring 
information to assess the results of the Stress Assessment.  Also included are the subwatersheds that are 
recommended for a Tier Three Water Budget and Risk Assessment. 

23 Identify and list subwatershed data gaps. 
24 Identify and list data gaps that will require further assessments as part of Tier Three. 
 

1.3.2 Precision and Accuracy of Reported Information 
The findings presented in this report describe prevailing conditions within the watershed and present 
calculations premised upon a varied range of input data spanning a defined snapshot of time. However, 
the following must be appreciated: 

• The accuracy of the results is subject to uncertainty, inherent within the PTTW database, the 
provincial rules (evolving nature, and ambiguity), modelling assumptions, and the models 
themselves; 

• Variation in meteorology conditions, land use activities, and in water taking permitting should be 
carefully monitored, as this can alter the dynamics of the watershed, the nature and distribution of 
the observed stresses. This in turn, can impact the accuracy of results and inferences presented 
in this report;  

• Modelling was applied at the subwatershed scale, so it is also essential to appreciate that results 
of the stress assessments do not pertain to smaller or site-specific scales. Where additional 
information has been deemed necessary, recommendation has been made for further study at a 
reduced scale (Tier Three level of study); and,  

• Caution also applies to the use of SGRAs, which are delineated using regional estimates of 
recharge and steady-state capture areas.  For use at a site-specific scale, they should be refined 
to take into account a more detailed hydrogeological characterization. 
 

This report provides many tables of raw and estimated numerical data.  Much of this data is reported at 
various levels of precision, and this is a reflection in many cases of the information provided to the 
authors and not always the accuracy of the data.  In some cases, tables of estimated numerical data 
serve to describe data relating to water use or hydrological processes and there is a large variation in 
magnitude in the range of numbers presented.  As an example a table of data may include numbers that 
range from 2 m3/day to 35,000 m3/day. In these cases readers should not interpret that all these data 
have an accuracy to the nearest cubic of 2 m3/day; rather, the data should be interpreted to the extent 
that it describes the range of values across the study area. 
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2.0 Watershed Characterization  

2.1 OVERVIEW 
This section summarizes the geological and hydrogeological characterization of the Credit River 
Watershed to support the development of the Tier Two Water Budget surface and groundwater models.  
The information contained in this section is consistent with the requirements laid out in the Technical 
Rules (MOE, 2008) for the development of a conceptual water budget model.  The characterization in this 
section is not meant to be exhaustive; the reader is encouraged to reference other recent CVC 
documents for additional detail on the watershed characterization (e.g. CVC, 2007a; CVC et al., 2007; 
CVC and EbnFlo, 2008) and also the many subwatershed reports completed by the CVC and referenced 
throughout Section 2.5.   

This document represents a summary of information contained within the CVC Interim Watershed 
Characterization Report (CVC, 2007a), with a few notable added sections; discussion of the sand and 
gravel thickness distribution within the watershed (Section 2.2.5.1) and additional summaries of the 
subwatersheds within the watershed (Section 2.5). 

2.2 LAND CHARACTERIZATION 
This section provides a description of the important hydrologic and hydrogeologic features of the Credit 
River Watershed and surrounding areas as they relate to the development of the groundwater and 
surface water flow models.  Figure 2-1 illustrates the subwatersheds that were delineated by the CVC in 
support of their water management efforts.  The figure also illustrates the hydrological features (streams, 
rivers, ponds and wetlands) within the watershed.    

2.2.1 Ground Surface Topography 
The ground surface topography within the present day Credit River Watershed evolved from erosional 
and depositional processes active during glacial and post-glacial times.  Ground surface topography in 
the watershed varies from 75 m above mean sea level (AMSL) at Lake Ontario to about 525 m AMSL 
near Orangeville (Figure 2-2; CVC, 2007a).  The most significant topographic feature within the 
watershed is the north-south trending Niagara Escarpment which separates the watershed into 3 regions; 
the Upper (west), Middle and Lower (east) Watershed regions.   

Topography reflects glacial landforms including moraines such as the Orangeville Moraine, the Oak 
Ridges Moraine and the Paris Moraine (Figure 2-2).  Additional landforms include low relief till plains, 
drumlin fields, and incised river valleys.  The Oak Ridges Moraine and the Orangeville Moraine create 
topographic ridges and hummocky topography on the landscape and both were deposits laid down on the 
landscape during the last glaciation.  Till plains, such as the Halton Till Plain, are low-relief landforms that 
are particularly prevalent in the southern portion of the watershed.  Drumlin fields, such as the Guelph 
Drumlin Field in the Town of Erin, consist of a series of elongated hills on the landscape, with the 
elongation parallel to the direction of glacial ice movement (Figure 2-3).   

The topographic relief varies from relatively flat terrain within the till plains to rolling (hummocky) 
topography within moraine features.  The till plains tend to result in a higher degree of runoff and often 
contain a higher density of tributaries, municipal drains and tiled fields.  Hummocky topography contains 
closed depressions, usually characterized by little connected drainage and significant depression storage.  
With the lack of connected drainage, the landscape’s ability to retain runoff is greatly increased.  The 
retained runoff collects in depressions and either infiltrates into the ground or is evaporated.   
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2.2.2 Physiography  
As noted above, the Credit River Watershed is subdivided into three generalized regions; the Upper 
Watershed region (i.e., above the Niagara Escarpment), the Niagara Escarpment (Middle) and the Lower 
Watershed (CVC, 2007a).  The Upper Watershed region is comprised of higher permeability sediments 
that recharge the deeper groundwater flow system.  In addition, the Upper Watershed and Escarpment 
areas have significantly more vegetative cover than the Lower Watershed leading to higher infiltration and 
snow storage conditions.  These zones are discussed in greater detail in the following sections. 

Zone 1 - Upper Watershed 

The Upper Watershed includes the portions of the Credit River Watershed that lie on, or west of, the 
north-south trending Niagara Escarpment.  This Upper Watershed region is comprised of till plains, 
moraines, and coarse-grained glacial spillways.  The surficial sediments consist of moderate to high 
permeability materials that help support the regional groundwater system.  Ground surface topography is 
hummocky in some areas and well drained in others.  Groundwater discharge supports baseflow to rivers 
and streams and surface water and groundwater quality are generally good.  Approximately 60% of the 
Upper Watershed is heavily forested and is dominated by deciduous forest and white cedar swamps.  
The Credit River valley varies from a complex and highly developed system around the upper end of the 
Escarpment to flat marshy areas in the headwater regions.  The primary land use in the Upper Watershed 
has traditionally been agriculture; however, in the past decade the amount of land under cultivation has 
decreased significantly and the number of small hobby farms (primarily horses) has increased.   

Major urban centers in the Upper Watershed include Orangeville, Erin, Alton, Caledon Village and 
Hillsburgh. These towns are experiencing growth pressures due to their close proximity to the Greater 
Toronto Area.  

Zone 2 - Middle Watershed 

The Middle Watershed zone includes the Niagara Escarpment area between Inglewood, Georgetown and 
Norval.  This zone is characterized by steep escarpment slopes, significant rock outcrops, and thin 
overburden.  Average slopes exceed 0.5 m/km and in some areas the Escarpment forms a well defined 
vertical cliff face.  The steep topography in this area translates to relatively high runoff volumes and 
velocities; however, forest cover in this zone slows the runoff and increases infiltration.  In the Middle 
Watershed zone the Credit River flows through a steep-walled narrow valley, and numerous small spring-
fed creeks drain over the Escarpment plateau into the main branch. 

 There are three major Credit River tributaries within this region; Silver Creek, Black Creek and the East 
Credit River.  Most tributaries in this region develop in headwater wetland complexes that cover 
approximately 40% of the Escarpment plateau.  East of the Escarpment, the Credit River cuts through 
clay till plains and is characterized by steep-walled valleys with floodplains of varying widths. 

Land use above the Escarpment plateau is heavily forested with mixed deciduous stands in upland areas 
and white cedar swamps in lowland regions.  There are numerous recreational areas throughout this 
area, and the Bruce Trail runs through the zone along the edge of the Escarpment.   

Zone 3 - Lower Watershed 

Ground surface topography in the Lower Watershed region is relatively low-lying, sloping gently towards 
Lake Ontario in the southeast.  Surficial soils in this portion of the watershed have low infiltration rates in 
comparison to the remainder of the watershed; however, localized pockets of sand and gravel exist in 
areas near the Credit River, and these contribute groundwater discharge to local creeks and streams.  
Runoff is greater in this zone and infiltration is significantly lower than other areas of the watershed.   
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This zone is currently highly urbanized and has a growing population.  It includes portions of the cities of 
Brampton, Mississauga and Oakville. Many of the tributaries in the Lower Watershed have been 
channelized. 

2.2.2.1 Physiographic Regions 

Chapman and Putnam (1984) describe eight major and two minor physiographic regions within the Credit 
River Watershed (Figure 2-3; CVC, 2007a).  The major physiographic regions within the Credit River 
Watershed include:   

• Lake Iroquois Plain; 
• South Slope; 
• Lake Peel Plain; 
• Niagara Escarpment; 
• Oak Ridges Moraine; 
• Horseshoe Moraines (Galt, Paris and Singhampton); 
• Guelph Drumlin Field;  and, 
• Hillsburgh Sandhills (Orangeville Moraine). 

 
The two minor physiographic regions are the Dundalk Till Plain and the Flamborough Plain.  These 
regions are present in very isolated areas within the watershed, and as such they are not described 
below.  The following is a brief overview of the major physiographic regions identified within the 
watershed. 

Lake Iroquois Plain 

Roughly 12,000 years ago, the Laurentide Ice Sheet retreated northward out of southern Ontario to the 
St. Lawrence River where it blocked the drainage outlet for Lake Erie and Lake Ontario.  This blockage 
raised the water levels in the Lake Ontario basin to levels that were up to 90 m above the present day 
lake levels.  This high lake level was known as Glacial Lake Iroquois, and its northern shoreline is still 
visible today roughly 3 to 5 km north of the present day Lake Ontario shoreline.  The Lake Iroquois plain 
slopes gently towards Lake Ontario, and is covered with a thin veneer of glaciolacustrine sand and silty 
sand.  Some sand and gravel beach terraces are also present along the abandoned shoreline (Chapman 
and Putnam, 1984). 

South Slope 

The South Slope is divided into two areas below the Niagara Escarpment; a northern portion that covers 
the base of the Escarpment and includes a portion of the Palgrave and Cheltenham Moraines, and a 
southern portion that includes part of the Trafalgar Moraine between the Peel Plain and the Lake Iroquois 
Plain.  The two areas are interrupted in the middle by the Peel Plain (described below). The South Slope 
is characterized by low-lying ground moraine with irregular knolls and hills (Chapman and Putnam, 1984).  
The Trafalgar Moraine provides some subtle topographic relief to the otherwise relatively flat topography 
in an area west of the Credit River. 

Peel Plain 

The Peel Plain is a flat to undulating area of clay soils deposited when glacial meltwater ponded on top of 
the low permeability Halton Till Plain.  The Peel Plain is underlain by silts and clays and fine-grained till. 

Niagara Escarpment 

The Niagara Escarpment is the most distinctive physiographic feature in the Credit River Watershed.  It 
trends from north to south through the watershed and separates the Horseshoe Moraine to the west, from 
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the South Slope and Peel Plain to the east.  The Escarpment is a major topographic break in the bedrock 
and formed as a result of differential erosion of softer underlying shale and harder dolostone.  The 
Niagara Escarpment is very pronounced, with vertical bedrock cliffs present from Acton to the Forks of the 
Credit.  North of the Forks of the Credit glacial overburden deposits generally mask the steep surficial 
expression of the Escarpment that is evident in other portions of the watershed (Chapman and Putnam, 
1984). 

The Escarpment is made up of stacked bedrock units with a shallow dip towards the southwest.  In the 
Credit River Watershed, the bedrock units are composed of shales (Queenston Formation) at the base, 
overlain by bedrock of the Cataract Group (Whirlpool Formation sandstones, Manitoulin Formation 
dolostones and Cabot Head Formation shales). The Cataract Group is overlain by shale and siltstone 
rocks of the Clinton Group (Fossil Hill Formation), and ultimately by the regionally extensive Amabel 
Formation (dolostone), which forms the caprock of the Escarpment (Johnston et al., 1992).   

The interbedded nature of the shales and dolostones has helped create the steep cliff present in some 
portions of the study area.  The steep Escarpment face is largely a function of the difference in hardness 
of the rock layers which cause the softer bedrock units to erode much faster than others.  The shale and 
siltstone units are fine-grained and easily eroded by water, wind, and glacial ice.  These fine-grained units 
which lie near the base of the Escarpment eroded away until the upper carbonate (limestone and 
dolostone) units have no underlying support, and they fall off in large pieces forming the characteristic cliff 
face of the Niagara Escarpment (Tovell, 1992).  

Oak Ridges Moraine 

The Oak Ridges Moraine occupies a small portion of the watershed in the Caledon area within 
Subwatershed 13.  The Oak Ridges Moraine is an extensive sand and gravel moraine that extends from 
the Credit River Watershed, across the top of the Greater Toronto Area, eastwards towards the Trent 
River (Chapman and Putnam, 1984).  The Oak Ridges Moraine is one of the most significant landforms in 
southern Ontario, and it is characterized by hilly topography with relief varying by as much as 50 m 
locally.  In the Credit River Watershed, the Oak Ridges Moraine is characterized by hummocky hills of 
fine-grained sand (Chapman and Putnam, 1984). 

The Oak Ridges Moraine was formed approximately 13,400 years ago when glacial lobes advancing from 
the north and south came together forming the interlobate moraine (Barnett, 1992).  The moraine is 
significant from a hydrological perspective as the sand and gravel rapidly transmit rain and snowmelt to 
the underlying groundwater flow system.  This groundwater recharge water helps support the regional 
groundwater flow system, and locally, groundwater discharges to surface water features such as rivers, 
creeks and wetlands.  

Horseshoe Moraines 

Above the Niagara Escarpment lies a broad belt of moraines that extend in a north-south direction and 
are termed the Horseshoe Moraines (Chapman and Putnam, 1984).  The Horseshoe Moraines extend 
from Acton to Orangeville, primarily just west of the Escarpment.  They are comprised mostly of sand to 
silt tills of the Galt, Paris, and Singhampton Moraines.   

The Paris Moraine is a moderate relief end moraine located in the northwest portion of the watershed 
above the Niagara Escarpment.  The moraine is composed of a sandy to silty sand till (Wentworth Till), 
and it also contains sandy interbeds that increase the overall permeability of the Moraine (Karrow, 1968).  
The Moraine acts as a local surface water divide and, similar to the Oak Ridges and Orangeville 
Moraines, the Paris Moraine is a significant recharge area in this portion of the watershed.  Precipitation 
falling on the Moraine is rapidly transmitted through the overburden to the underlying water table, where it 
recharges deeper groundwater aquifers, and/or discharges to the many creeks and wetlands located on 
the flanks of the moraine.   
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Guelph Drumlin Field 

The Guelph Drumlin field is an area of low rolling drumlins located between the Singhampton Moraine 
and the Orangeville Moraine. It is characterized by a series of streamlined drumlins that trend in a west to 
northwest orientation, separated from one another by interconnected meltwater channels (Karrow, 1968; 
Chapman and Putnam, 1984). 

Hillsburgh Sandhills/ Orangeville Moraine 

Occupying the most northwesterly portion of the watershed is the physiographic region known as the 
Hillsburgh Sandhills.  The area is comprised mainly of the coarse-grained Orangeville Moraine, an area of 
higher relief with thick deposits of glacial outwash overlying bedrock (Chapman and Putnam, 1984).  The 
Orangeville Moraine is a significant recharge area in the headwaters of the Credit River Watershed, due 
to the presence of thick sand and gravel deposits that quickly transmit precipitation to underlying 
groundwater aquifers.  Similar to the Oak Ridges and Paris Moraines, the flanks of the Orangeville 
Moraine contain coldwater creeks and streams, as well as groundwater-fed wetland complexes.   

Meltwater Channels 

Although meltwater channels are not physiographic regions as defined by Chapman and Putnam (1984) 
they are important physiographic features within the Credit River Watershed and as such they warrant a 
brief discussion.  Additional discussion is located in Section 2.3 below. 

As glacial ice lobes melted from the Credit River Watershed area, meltwater channel deposits consisting 
of variably sorted mixtures of sand and gravel were laid down in various areas within the watershed.  
Cowan (1976) describes the Hillsburgh Meltwater Channel as a sandy gravel meltwater channel that 
extends south of Caledon Lake towards Hillsburgh along the southern reaches of the Orangeville 
Moraine.  Singer and others (2003) describe another meltwater channel that lies between Orangeville and 
Alton (Alton-Cataract Meltwater Channel).  It is associated with the drainage down the Credit River 
following the retreat of ice that formed the Orangeville Moraine.  These deposits are of the same age as 
those laid down in the Caledon Meltwater Channel, a meltwater channel that runs from Erin in the south, 
through Cataract and north along the Niagara Escarpment towards Caledon Village (Singer et al., 2003).  
The infill of the Caledon Meltwater Channel varies from gravel to well-sorted fine and medium sand 
(Singer et al., 2003) and it is interpreted to have formed when the Lake Ontario sublobe advanced over 
the Niagara Escarpment and formed the Paris Moraine (White, 1975).  Meltwater channels were also 
mapped to exist along Black Creek and Silver Creek extending to Georgetown.  The Caledon East 
Meltwater Channel extends from Caledon East (outside the watershed) to Inglewood.  

2.2.3 Land Classification 
The CVC created a land classification map (Figure 2-4) by combining Ecological Land Classification 
(ELC) maps and recent urban land use mapping.  This map is considered to be representative of 2004 
land use within the watershed. 

The CVC initiated the ELC mapping exercise in 1996 and completed it in 1999.  The CVC updated the 
mapping in 1999 and 2002 with some field validation carried out during this period.  Earlier maps were 
created using aerial photograph interpretation (1993, 1996, 1999), and later updates were made using 50 
cm orthophotographs.  The CVC maintains the current ELC map in GIS format (ArcView Shape files), with 
references to the source, year, and dates of updates associated with each land use polygon. 

As part of the Credit River Water Management Strategy Update, the CVC completed a project to develop 
accurate urban land use maps (CVC et al, 2007a).  The main objective of the land use analysis was to 
determine and capture the changes in the land uses (specifically percentage imperviousness) of specific 
catchment areas within the Credit River Watershed during the 5-year monitoring period.  Orthophoto 
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images from 1999 (< 1 m resolution), IRS satellite scenes (5 m resolution), and SPOT satellite images (10 
m resolution) for 2004 were used to complete the analysis. 

The ELC map was used in the HSP-F surface water modelling effort to delineate hydrologic response 
units (HRUs) that represent areas of similar land use, geology, and slope.  The HSP-F results then 
provide an estimated recharge rate for each HRU.  The ELC maps are provided as part of this report as 
they are an important characterization tool for estimating recharge rates.  In general, urbanized and 
developed areas are reflected by having lower recharge rates due to increased imperviousness.   

2.3 GEOLOGIC SETTING 
Deep below the ground surface of the Credit River Watershed lies Precambrian basement rocks of the 
Canadian Shield.  These rocks are overlain by a thick sequence of sedimentary Paleozoic rocks, which 
are in turn overlain by unconsolidated overburden sediments deposited since the last glaciation 
(~135,000 years ago; Eyles, 2002).  Mapping of the Paleozoic geology in the watershed was assembled 
by the Ontario Geological Survey (Armstrong and Carter, 2006) and is presented in Figure 2-5.    

The Niagara Escarpment is the most significant geologic feature in the Credit River Watershed.  The 
Escarpment forms a topographic break bisecting the watershed in a north-south direction and was formed 
through differential erosion of the bedrock units by marine intrusion and fluvial erosion prior to glaciation. 
During periods of glaciation the bedrock was further eroded and scoured through processes related to 
repeated ice advance and retreat (Tovell, 1992). In the Credit River Watershed, the Escarpment is visible 
in the south, east of Acton, trending to the northern watershed divide northeast of Caledon Village. The 
Niagara Escarpment bisects the watershed such that much of the ground surface topography west of 
(above) the Escarpment is rugged and hilly, while topography east of (below) the Escarpment is gently 
sloping (Singer et al., 1994).  

2.3.1 Sources of Geologic and Hydrogeologic Data 
The YPDT database is the primary source of raw geologic and hydrogeologic data within the watershed. 
The database was developed and is maintained by the York-Peel-Durham-Toronto (YPDT) coalition and 
the Conservation Authorities Moraine Coalition (CAMC).  It contains all water well records and additional 
exploration and geotechnical borings located within the Credit River Watershed and the other 
conservation authorities in the Coalition.  This data includes updates from the MOE Water Well Record 
database, municipal supply wells, and geotechnical wells.  A summary of the wells and boreholes 
contained within the groundwater model area are provided in Table 1.  

While recently drilled and surveyed boreholes provide a significant amount of site-specific information, the 
greatest amount of subsurface information across the watershed remains the lithology reported in the 
MOE water well records.  Water well records provide the basis for a consistent watershed-wide 
hydrostratigraphic interpretation and source of groundwater model calibration targets.  When used for 
interpretation or calibration, the reliability of water well records is uncertain and must always be 
considered.   

2.3.2 Bedrock Geology 
The bedrock units in the Credit River Watershed consist of Paleozoic sedimentary rocks, composed of 
limestone, dolostone, sandstone and shale sequences that overlie Precambrian basement. The bedrock 
units exhibit a regional dip of 0.2% to the southwest, as is observed across the Michigan Basin (Johnson 
et al, 1992). Bedrock outcrops are limited to the Niagara Escarpment and along river valleys where the 
overlying sediment has been eroded away.  

Table 3 below describes the Paleozoic rocks within the study area from youngest (top) to oldest (bottom), 
and Figure 2-5 illustrates their subcrop location within the watershed. 
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Table 3: Bedrock Geology Within the Credit River Watershed 
Period Depositional Environment Bedrock Formation Description  

Upper Silurian  
(420- 408 
Million ybp)     
 

Shallow high energy shoal to deep 
basinal. 
 
Reefal and inter-reefal environments. 

Guelph Formation 
 
Amabel Formation  

Dolostone; shaley 
dolostone 

Shallow water marine basinal 
environment. 

Fossil Hill Formation 
(Clinton Group) Argillaceous dolostone 

Shallowing upward from offshore 
basinal to marginal marine 
environment. 

Cabot Head Formation 
(Cataract Group) 

Greenish grey and red silty 
shale 

Near shore to offshore reefal 
environment. 

Manitoulin Formation 
(Cataract Group) 

Medium bedded dolostone 
with shaley interbeds 

Lower Silurian  
(438- 420 
Million ybp)  
  

Shallow Marine unit. Whirlpool Formation 
(Cataract Group) Grey to reddish sandstone 

Ordovician 
(505- 438 
Million ybp) 

Deltaic complex with marginal marine 
and shallow marine environments. Queenston Formation Brick red coloured shale 

 Shallowing upward shelf succession. Georgian Bay 
Formation Shale and limestone 

 

Georgian Bay Formation: The Georgian Bay Formation (shale) bedrock is the oldest bedrock formation 
to subcrop within the watershed.  This shale formation was deposited in a deep water marine 
environment.  Water levels in this marine system gradually rose, leading to the deposition of shales, 
sandstones and dolostones of the Queenston and Cataract Group, as well as the dolostones of the 
Amabel Formation.  The coarsening upward sequence recorded in the bedrock formations of the Niagara 
Escarpment is the result of tectonic uplift imparted on the region millions of years ago. 

Queenston Formation: The Queenston Formation is the uppermost bedrock unit below (east of) the 
Escarpment and it underlies younger bedrock formations that make up the Niagara Escarpment.  The 
Queenston Formation is described as an unfossilifereous, thin to thickly-bedded red shale, that reaches a 
maximum thickness below the Escarpment of up to 150 m thick (Singer et al., 1994).  The red (iron oxide) 
colour makes this formation readily identifiable in the field. 

Cataract Group: West of (above) the Niagara Escarpment in the Study Area, and unconformably 
overlying the Queenston Formation shale are the Whirlpool, Manitoulin and Cabot Head Formations of 
the Cataract Group.  The Whirlpool Formation is a grey to reddish sandstone that outcrops at the base 
of the Escarpment above the Queenston Formation.  The formation is approximately 4 m in thickness in 
the Study Area.  The Manitoulin Formation is a grey, medium bedded dolostone with occasional 
interbeds of shale.  It overlies the Whirlpool Formation and outcrops along the banks of the Credit River at 
Cataract (Tovell, 1992).  The Manitoulin Formation is approximately 6 m in thickness in the Study Area 
(Karrow, 1991).  The Cabot Head Formation also outcrops along the Credit River at Cataract (Tovell, 
1992).  It is described as a fossiliferous, dark greenish-grey and red silty shale with sandstone interbeds.  
The formation is approximately 18 m thick (Karrow, 1991). 

Clinton Group: Overlying the Cataract Group is the Clinton Group consisting of dolostones of the 
Reynales Formation in the southern portion of the watershed, and the Fossil Hill Formation, in the 
central and northern portions of the watershed.  The Clinton Group is a rather thin (2-3 m) bed of 
argillaceous dolostone with shaley interbeds and partings (Johnson et al, 1992).  The Fossil Hill 
Formation is described as a richly fossiliferous dolostone, while the Reynales Formation is described as a 
dark grey-brown argillaceous dolostone and dolomitic limestone with silty and shaley interbeds and few 
fossils. 

Amabel Formation: The Amabel Formation is the uppermost formation on the Niagara Escarpment and 
consists of a thick succession of grey to blue-grey crystalline, massively bedded, fossiliferous dolostone.  
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The Amabel is a highly transmissive bedrock aquifer and is characterized by numerous reefal structures 
of moderate to high primary porosity.  In addition, this unit is frequently fractured and karstic, which 
increases the overall permeability of the unit (Singer et al, 2003).  The thickness of this unit reaches up to 
30 m in the watershed (Karrow, 1991). 

Guelph Formation: The Guelph Formation is a dolostone present in the western portions of the 
watershed, and it is texturally and lithologically similar to the Amabel Formation, the two formations are 
often grouped together.  Similar to the Amabel Formation, the Guelph Formation is also considered to be 
a productive aquifer.  The Eramosa Member of the Amabel Formation separates the Guelph and Amabel 
Formations and has been observed in some locations in the western area of the watershed.  Where 
present, this unit is known to have a lower hydraulic conductivity and would therefore reduce the 
interactions between groundwater in bedrock and overburden. 

Within the watershed, the Amabel Formation is the most transmissive and common bedrock aquifer.  
While the Guelph Formation does exist in some locations in the western watershed, it is thin and not as 
significant as a source for groundwater supplies.  As a result, the Guelph and Amabel Formations are 
combined together into one aquifer for the purposes of the groundwater flow model described later in this 
report.  

Preferential directions of bedrock fracturing and regional faults have not been considered in the 
development of the geologic conceptual model due to the lack of detailed information within the 
watershed.  The bedrock (Precambrian and/or Paleozoic) fracture patterns may play a role in the 
orientation and formation of the buried bedrock valleys within the watershed.   

2.3.3 Bedrock Topography 
Bedrock topography, illustrated on Figure 2-6, has a regional slope from approximately 460 m AMSL at 
the most northern extent of the watershed near Orangeville to approximately 60 m AMSL where the 
Credit River enters Lake Ontario.  The slope of the bedrock is greatest along the Escarpment where the 
bedrock surface declines over 100 m, from approximately 410 m AMSL to 290 m AMSL at the base of the 
Escarpment.   

As part of this study and previous CVC Water Budget studies, several buried bedrock valleys were 
interpreted to be incised into the gently sloping bedrock surface.  The bedrock surface was exposed and 
subject to glacial and fluvial erosion and weathering that shaped the underlying bedrock surface for 
millions of years.  Differential erosion of carbonates, sandstones and shales resulted in the carving of 
deep bedrock valleys in the relatively soft shales and the creation of bedrock highs such as the Niagara 
Escarpment in areas overlain by resistant carbonate rocks (Johnson et al., 1992).  Much of the irregular 
bedrock topography is attributed to fluvial erosion whereby paleodrainage was focused along the bedrock 
for extensive periods of time, leading to the erosion of river valleys in the bedrock. Subsequent erosion by 
glacial processes modified and enhanced the fluvial paleodrainage such that some local areas may be 
over deepened. 

Figure 2-6 presents a map of the bedrock topography created by interpolating bedrock surface elevations 
contained within the YPDT database, which covers the entire Credit River Watershed area.  The YPDT 
database in the Credit River Watershed consists of water well information from the MOE Water Well 
Information System, as well as high quality borehole information from the production wells and monitoring 
wells maintained by the towns and municipalities within the watershed.  The surface was created using 
wells having a location uncertainty less than or equal to 300 m (qa_code <= 5), and no control points 
were added to the surface illustrated on Figure 2-6 to increase the continuity of the valleys.  The surface 
was created using the ‘push-down technique’ which involves a two-step process.  A first surface is 
created using wells that intersect bedrock.  Following this, overburden wells are checked to identify wells 
where the reported depth of overburden is lower than the first bedrock surface.  These types of situations 
are typically identified in buried valleys having sufficient lower aquifers to satisfy water supply needs in 
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areas where there are also not enough bedrock wells to define the bedrock surface.  Any overburden 
wells intersecting the initial bedrock surface are referred to as ‘push-down’ wells and the bottom elevation 
of overburden for those wells is then added to the set of bedrock surface points.  The bedrock surface is 
then recreated using bedrock wells and push-down wells.  The surface was created using the software 
program Surfer and the ‘Natural Neighbour’ gridding algorithm using a 50 m grid spacing. 

Figure 2-7 represents a second map of bedrock topography created as part of the YPDT-CAMC 
Groundwater Study (Kassenaar and Wexler, 2006).  While this map was created primarily using water 
well records, this study added additional control points to modify the depth and continuity of the bedrock 
valleys.  These valleys were conceptualized as being carved exclusively by fluvial processes, and 
therefore the main channel of the valleys were interpreted to have a continuous downward sloping base 
into Lake Ontario. The depth of the valley is based on two deep (200 m below ground surface) boreholes 
drilled in  a buried bedrock valley near Caledon East (see Davies et al., 2006, and Appendix D1 of CVC et 
al., 2007b), and also on interpreted seismic profiling of the valley in the Caledon East area.  The thalwegs 
of the buried bedrock valley interpreted in this study are coincident with those interpreted in the YPDT-
CAMC Groundwater Study and only the depth and continuity of the valleys differ between the two 
surfaces. The thalwegs illustrated in Figure 2-7 were interpreted and provided to the CVC by the YPDT 
Groundwater Study Team in March, 2005.  Figure 2-6 and 2-7 also illustrate the location of bedrock 
valleys that host municipal supply aquifers.  Acton, Georgetown, Cheltenham, Inglewood, and Alton have 
at least one municipal well that draws water from a buried bedrock valley, or a combination of buried 
valley aquifer and overlying meltwater channel aquifers; the location of these valleys are illustrated in 
Figures 2-6 and 2-7.  

The two conceptualizations used to map bedrock topography result in local differences in the vicinity of 
many bedrock valleys.  In spite of these differences, it is acknowledged that having the two 
conceptualizations of the bedrock surface is useful for this water budget study.  When evaluated together, 
the two surfaces represent the upper and lower range of uncertainty in the bedrock surface elevation.  A 
general lack of deep borehole information in the buried valleys results in significant uncertainty associated 
with the depth, continuity, and sediment infill of these valleys throughout the watershed. The largest 
differences between the two surfaces lie in the depth and continuity of the valleys, reflecting differences in 
interpretation.  Figure 2-6 may not define the maximum depth of bedrock valleys, while Figure 2-7 may 
over-estimate the depth of bedrock valleys.  

Within the Credit River Watershed, five major bedrock valleys were mapped by Singer and others (2003) 
and all are illustrated in Figures 2-6 and 2-7. Three of these valleys lie west of (above) the Niagara 
Escarpment and two lie east of the Escarpment.  The first bedrock valley is interpreted to run beneath the 
present day Credit River from Orangeville southeastward towards the Niagara Escarpment east of 
Cataract.  This valley contains medium to coarse-grained sediments that supply water to one Region of 
Peel municipal well (Caledon Village Well 4) and one Town of Orangeville municipal well (Orangeville 
Well 10).  The second buried bedrock valley runs beneath the present day West Credit River from 
Belfountain to Erin and extends outside the watershed into the Grand River Watershed.  The third 
bedrock valley lies within Subwatershed 10 and extends along the Black Creek and Silver Creek 
Subwatersheds to the base of the Escarpment south of Georgetown (Singer et al., 2003).  Georgetown 
has a number of municipal wells that extend into coarse-grained overburden aquifers within this 
geologically complex buried bedrock valley.  The fourth buried bedrock valley runs from the Forks of the 
Credit to Cheltenham, and lies slightly northeast of the present day Credit River valley.  This buried 
bedrock valley contains overburden aquifers that supply municipal drinking water in both Cheltenham 
(Well PW1/PW2) and Inglewood (Well 3).  The fifth buried bedrock valley noted by Singer and others 
(2003) runs from Cheltenham to Port Credit, beneath the present day Credit River, and it may be an 
extension of the valley interpreted in the Silver Creek and Black Creek Subwatersheds.   
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2.3.4 Quaternary Geology 
Quaternary aged overburden sediments provide a complex record of glacial and interglacial events 
throughout the most recent glaciation (Wisconsinan Glaciation).  The last major ice advance began 
approximately 25,000 years ago, and glacial ice retreated for the last time from the area approximately 
10,000 years ago.  Figure 2-8 shows the surficial distribution of Quaternary deposits that exist within the 
watershed as mapped (1:50,000 scale) by the Ontario Geological Survey (2003) and Table 4 outlines the 
overburden deposits mapped and conceptualized to lie within the watershed.  The following section 
outlines the conceptual understanding of the Quaternary sediments within the Credit River Watershed, 
and briefly describes the depositional environment under which these deposits were laid down. 

Table 4: Overburden Stratigraphy of the Credit River Watershed 
Sub- 
stage 

Glacial 
Stage 

Depositional Environment Deposit Description of 
Deposit in the 

CVC 
Holocene Recent 

(10,000 ybp 
to present) 

Fluvial environment.  Gravel, sands, silts and 
clays deposited in modern day rivers and 
creeks and their floodplains. 

Alluvium Gravel, sands, 
silts and clays 

Two-Creeks 
Interstade 
(12,000 to 
11,500 ybp) 

Large glacial lake within the Lake Ontario 
basin, led to deposition of shoreline sands in 
the CVC area; Glacial ice retreated 
completely. 

Lake Iroquois 
Sand 

Sands 

Port Huron 
Stade 
(13,200 to 
12,000 ybp) 

Ontario ice lobe advanced from Lake Ontario 
basin northward overriding Escarpment as far 
as Paris Moraine. Below the Escarpment 
there were likely high water levels in Lake 
Ontario basin leading to interbedded tills and 
shallow water glaciolacustrine sands. 

Wentworth Till 
above 
Escarpment (Paris 
Moraine); 
Halton Till below 
Escarpment 

Wentworth Till- 
Sandy silt till 
Halton Till- silty 
clay till with 
sand interbeds 

Mackinaw 
Interstade 
(14,000 to 
13,200 ybp) 

Warm interstadial period. Ice retreated out of 
area; fluvial and outwash sand and gravel 
deposited; (periglacial and eolian processes 
dominated). 

Oak Ridges 
Moraine 
equivalent below 
Escarpment 

Outwash sands 
and gravels, 
tunnel channel 
deposits 

Port Bruce 
Stade 
(15,000 to 
14,000 ybp) 

Tavistock Till deposited as Georgian Bay lobe 
moved south into the upper CVC area.  Areas 
to the south remained covered with ice (non-
deposition). 

Port Stanley Till, 
Tavistock Till, 
Orangeville 
Moraine. Guelph 
Drumlin Field 

Silty clay tills NE 
of Orangeville; 
Ice-contact drift 
in Orangeville 
Moraine 

Erie 
Interstade 
(18,000 to 
15,000 ybp) 

Ice sheet remained over much of the study 
area including the CVC and Greater Toronto 
Area. 

None recorded None recorded 

La
te

 W
is

co
ns

in
an

 

Nissouri 
Stade  
(25,000  to 
18,000 ybp) 

Ice advanced from north as one till sheet 
advancing across Ontario into the United 
States. 

Northern Till and  
Catfish Creek Till 

Silty clay till 

Middle Wisconsinan 
(53,000 to 25,000 ybp) 

Glaciolacustrine conditions- water levels in L. 
Ont. basin remain high. Thorncliffe- delta 
formed when sediment laden meltwater 
stream/ river (Laurentian Channel) emptied 
into L. Ont basin (Karrow, 1989). 

Thorncliffe 
Formation 
equivalent- below 
Escarpment only 

Sand, silt and 
clay, local 
rhythmites 

Ice was proximal (in Lake Ontario basin but 
did not reach land).  Sunnybrook was 
deposited when elevated  lake levels (~90 m 
higher than today) led to quiet water clays 
deposited with rain out (ice berg) clast debris 
(forming glaciolacustrine diamicts in Toronto 
area; Karrow, 1989.) 

Sunnybrook Drift 
equivalent- 
preserved in 
topographic lows 
(buried valleys) 
below Escarpment 

Silts/ clays 

Early Wisconsinan 
(80,000 to 53,000 ybp) 

Glacial lake ~ 45m above present day levels Scarborough Sands 
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Sub- 
stage 

Glacial 
Stage 

Depositional Environment Deposit Description of 
Deposit in the 

CVC 
filled the Lake Ontario basin. Laurentian 
Channel fed sediment laden meltwater into 
the deep basin (in Toronto) causing the 
formation of a prograding delta (e.g. clays 
and silt at the base, build into sands and 
gravels at the top as seen along the 
Scarborough Bluffs; Eyles and Eyles, 1983). 

Sands equivalent 
below Escarpment 
preserved in 
topographic lows 
(buried valleys) 
below Escarpment 

Sangamonian 
Interglaciation (80,000- 
135,000 ybp) 

Shallow glaciomarine deposit formed when 
water levels in the Lake Ontario basin 
fluctuated in the ice free (warm) interglacial 
period (deposition of interbedded sands and 
muds; Karrow, 1989; Eyles and Eyles, 1983). 

Don Formation 
(near the base of 
deep buried 
bedrock valleys) 

Sand and mud 
(silt and clay) 
beds 

Illinoian Glaciation 
(135,000- 115,000 ybp) 

Ice sheet moved throughout the area 
depositing a subglacial till that in the CVC 
area, incorporated the underlying Georgian 
Bay and Queenston Formation shales; 
Karrow, 1989. 

York Till (at the 
base of some 
buried bedrock 
valleys) 

Grey till; 
abundant shale 
clasts 

  

The oldest Quaternary sediments existing in the watershed are found at the base of deep buried bedrock 
valleys, and include sediments referred to as the ‘Scarborough Sands’ or equivalent, the ‘Sunnybrook 
Drift’ or equivalent and ‘Thorncliffe Formation’ or equivalent (see Eyles and Eyles, 1983 for descriptions of 
units in the Toronto area); collectively these sediments are referred to by Kassenaar and Wexler (2006) 
as the “Lower Sediments”.  There are no surficial outcrop exposures of these sediments within the 
watershed and the borehole information is limited to a few high quality wells (see Appendix D1 of CVC et 
al., 2007 and Davies et al., 2006) and water wells from the MOE water well information system.  As the 
distribution of these Lower Sediments is based on such a limited amount of borehole data within the 
watershed, correlation with similar deep buried bedrock valley deposits located in the Caledon East area, 
and correlation with other valleys outside the watershed, the extent of these sediments within the buried 
valleys is poorly understood.   

‘Scarborough Sands’ or Equivalent: At the base of many of the bedrock valleys, sand overlies the 
bedrock surface (referred to by Kassenaar and Wexler (2006) as the ‘Scarborough Sands’ or equivalent). 
This unit is interpreted to have been deposited during the Early Wisconsinan glacial stage (80,000- 
53,000 years ago; Berger and Eyles, 1994) when the Laurentian Channel (east of the Region of Peel) 
carried sediment into the overdeepened Lake Ontario basin, forming a delta (Eyles et al., 1985).  Within 
the watershed, the sand and gravel deposits found at the base of the bedrock valleys are interpreted to 
have been glaciofluvial deposits laid down as meltwater and funneled along these topographic lows in the 
bedrock.  

‘Sunnybrook Drift’ or Equivalent: Overlying the ‘Scarborough Sands’ or equivalent sediments lies a bed 
of fine-grained glaciolacustrine clay, or clay diamict referred to as the ‘Sunnybrook Drift’ or equivalent 
(Kassenaar and Wexler, 2006).  This unit is interpreted to have been deposited when lake levels in the 
Lake Ontario basin were approximately 90 m higher than the present day levels (Eyles and Eyles, 1983; 
Eyles et al., 1985).  This elevated lake level is interpreted to have flooded the topographic lows of the 
study area (notably buried bedrock valleys), and led to the deposition of fine-grained clay deposits.   

‘Thorncliffe Formation’ or Equivalent: The ‘Thorncliffe Formation’ or equivalent (Kassenaar and 
Wexler, 2006) is a coarse-grained sand and gravel unit that overlies the fine-grained glaciolacustrine 
clays (diamicts) below. This unit is interpreted to have formed in the Middle Wisconsinan (53,000 to 
25,000 years ago; Berger and Eyles, 1994) as glaciofluvial meltwater was channeled along bedrock 
valleys towards Lake Ontario (Eyles and Eyles, 1983; Eyles et al., 1985).  
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Northern Till: During the Nissouri Stage of the Late Wisconsinan (25,000 to 18,000 years ago; Berger 
and Eyles, 1994), the Laurentide Ice Sheet advanced through southern Ontario depositing the regionally 
extensive Northern Till (also referred to as the Catfish Creek Till; Barnett, 1992).  Within the Study Area, 
this till is often buried, though there are outcrop exposures within the Town of Caledon. It is described as 
a sandy silt till with coarse-grained lenses of stratified sands, and it ranges in thickness from 10 to 30 m 
(Cowan, 1976).  (Note: the Geological Survey of Canada and the YPDT Groundwater Management 
Group refer to the Northern Till as the Newmarket Till.) 

Port Stanley Till: The continental scale Laurentide Ice Sheet broke up into a series of sublobes that 
advanced independently during the Port Bruce Stade (15,000 to 14,000 years ago; Berger and Eyles, 
1994).  The Port Stanley Till, a stoney, sandy, silt till was deposited subglacially across the Town of Erin 
and portions of the Region of Peel including Caledon Village and Alton (Cowan, 1976).  Ice contact 
stratified drift deposits near Alton, associated with the creation of the Orangeville Moraine, were laid down 
at the end of this period and may interfinger with the Port Stanley till on the flanks of the Orangeville 
Moraine. This till forms part of the Guelph Drumlin field, and ranges in thickness from 1 to 30 m (Cowan, 
1976).  

Tavistock Till: The Tavistock Till was deposited contemporaneously with the Port Stanley Till, and it is 
also mapped at surface in the most northwesterly part of the Credit River Watershed, has a thickness 
typically less than 12 m (Cowan, 1976).  It is described as having a clayey silt matrix and where it overlies 
the Orangeville Moraine, the till contains thin interbeds of sand (Cowan, 1976).   

Mackinaw Interstadial Sediments/ ORM or Equivalent: The ice lobes melted back as the climate 
warmed in the Mackinaw Interstade (14,000 to 13,200 years ago; Barnett, 1992) and led to the deposition 
of outwash sand and gravels across the watershed including the development of the Oak Ridges 
Moraine, and the Orangeville Moraine (Barnett, 1992).  It is believed that meltwater deposits 
corresponding to this period are laterally continuous across the watershed both above and below the 
Escarpment. 

Wentworth and Halton Tills: The Ontario ice lobes advanced into the Study Area for the last time during 
the Port Huron Stade (13,200 to 12,000 years ago), and deposited the stony and sand-rich Wentworth Till 
west of the Niagara Escarpment (in the Caledon Village area; White, 1975), and the clay-rich Halton Till 
to the east and south (in the Inglewood and Cheltenham areas; Karrow, 1991).  The Wentworth Till is 
described as a sandy to silty-sand till, with a thickness from 1 m to 15 m on the Paris Moraine (Cowan, 
1976).   

Halton Till: The Halton Till is the most prevalent till east of the Escarpment where it forms a gently rolling 
till plain of maroon to red clay to clayey silt till from the lower slopes of the Escarpment to the former Lake 
Iroquois shoreline (Karrow, 1991).  It commonly overlies Queenston Formation Shale bedrock, and near 
the Escarpment is commonly interbedded with fine-grained sand lenses (Karrow, 1991).  The Halton Till 
and the Wentworth Till are the youngest tills in the watershed, and they typically overlie coarse grained 
materials associated with the Mackinaw Interstade. 

Newmarket Till: The Newmarket Till was also deposited during the Port Huron Stade when the Lake 
Simcoe lobe advanced from the north into the Study Area (Cowan, 1976). The till is mapped at surface in 
the eastern portion of the study area as a belt of hummocky topography referred to as the Singhampton 
Moraine.  The till is described as a sandy silt till with numerous sand rich lenses.  The till is similar in 
composition but is described as less stony than the Port Stanley Till which is deposited to the west of the 
Singhampton Moraine. The naming of this unit is coincident with the ‘Newmarket Till’ described in 
Kassenaar and Wexler (2006) and some GSC publications (Russell et al., 2002). However, from a 
hydrostratigraphic perspective, it is sufficient to understand that this is sandy silt till is younger than the 
earlier mentioned tills and overlies the Mackinaw Interstadial sediments.  

Recent Alluvial Deposits and Meltwater Deposits: The Study Area also contains meltwater channel 
deposits laid down in the recent time period following the Port Huron Stade.  These sediments are 
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prevalent at surface in the Caledon Village and Alton areas and are mapped as glaciofluvial sands and 
gravels (see Figure 2-8; Cowan, 1976).  In addition to these coarse-grained sediments, alluvial sediments 
are also actively being deposited across the watershed.  These deposits are composed of silts, sands, 
gravels and clays that have been eroded, transported and subsequently deposited by streams and rivers 
in their channels and floodplains. 

2.3.5 Quaternary Sediment Thickness 
The greatest accumulations of overburden (Figure 2-9) are found in the northern portion of the watershed, 
and in areas underlain by bedrock buried valleys (Figure 2-6).  Overburden thickness east of (below) the 
Escarpment ranges from 10 to 20 m, but this thickness increases significantly in the Georgetown and 
Inglewood areas where buried bedrock valleys are present.  A substantial thickness of overburden is 
interpreted near the Forks of the Credit, where two bedrock valleys converge (Figure 2-6). Wells drilled in 
this area recorded an accumulation of overburden sediments that exceeded 100 m, and reached up to 
170 m at a well in Caledon.  East of the Escarpment, thick overburden accumulations are also associated 
with the sands of the Oak Ridges Moraine in Subwatershed 13. 

West of the Escarpment, the overburden thickness is highly variable ranging from 0 m (at the Escarpment 
where bedrock outcrops) to 50 m on the Orangeville and Paris Moraines.  Overburden thickness on the 
Singhampton Moraine ranges from 10 to 30 m and reaches up to 50 m in one small area (Figure 2-9).  
The area of greatest overall thickness of overburden, typically ranging from 50 m to greater than 75 m, is 
found in the northwest portion of the watershed near Hillsburgh and Orangeville in Subwatershed 17.  
This area is dominated by sands and gravels of the Orangeville Moraine.  The thickness of overburden on 
the till plains, and between the moraines is approximately 20 to 30 m; however, along the brow of the 
Escarpment where bedrock is close to surface, overburden thickness is commonly a few meters thick to 
less than a meter.  

2.3.5.1 Sand and Gravel Thickness 

The greatest accumulations of sand and gravel within the Credit River Watershed are generally 
associated with the Orangeville and Oak Ridges Moraine, as well as the outwash deposits and meltwater 
channel deposits (Figure 2-10).  The sand and gravel thickness map was created by summing the 
thickness of sand and gravel units for all bedrock wells located within the watershed.  The surface 
illustrated on Figure 2-10 was created by interpolating the results using the Natural Neighbour 
interpolation method using a grid cell spacing of 50 m.  

As illustrated on Figure 2-10, the thickest accumulations of sand and gravel occur in the Upper 
Watershed regions, and are associated with the Orangeville Moraine, and also with the buried bedrock 
valley that runs from Orangeville towards the Forks of the Credit.  Thick accumulations are also observed 
on the western side of the Paris Moraine near the Village of Erin, and these deposits are associated with 
the glaciofluvial meltwater channel in this area.  The Caledon Meltwater Channel and Caledon East 
Meltwater channels are also areas with thick accumulations of sand and gravel (Figure 2-10).   

Areas with little to no sand and gravel occur in many portions of the Lower Watershed, outside the buried 
bedrock valley.  The thickness of sands along the Lake Ontario shoreline are likely underestimated in this 
area due to the limited borehole information available in this urbanized area.  

2.3.6 Geologic Cross Sections 
Five geologic cross-sections were drawn in location across the watershed to provide a general view of the 
subsurface geology and overburden thickness encountered in the area surrounding a few of the municipal 
wellfields within the watershed.  The cross-sections were oriented to intersect as many high quality water 
wells and MOE water wells as possible while still providing details on the overburden stratigraphy of the 
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area.  The location of the cross-sections is illustrated in Figure 2-9 and the cross-sections are illustrated in 
Figures 2-11 through 2-15.   

Figure 2-11 is a northwest to southeast cross-section through the village of Cheltenham within Peel 
Region.  The western portion of the cross-section shows the thin till overburden overlying bedrock of the 
Niagara Escarpment slope (Queenston Formation). The Credit River lies in the central portion of the 
cross-section and east of the Credit River lies a buried bedrock valley incised into the Queenston 
Formation.  The valley is infilled with variable thicknesses of sand and gravel; the upper aquifer 
corresponds to the Mackinaw Interstadial sands and gravels, while the lower aquifer is interpreted to 
correspond to older Thorncliffe equivalent sands.  The surficial till is interpreted to be the Halton Till, while 
the lower till is interpreted to be the Northern Till.  Water levels on this cross-section are shallow and in 
general, show groundwater flow into the Credit River, a regional discharge zone in this area.  This cross-
section is generally representative of the types of overburden sediments encountered in the lower portion 
of the watershed near the Credit River.  

Figure 2-12 is a cross-section through the Georgetown area within the Region of Halton.  Outside the 
buried bedrock valleys within the Georgetown area, the overburden consists of Halton Till overlying a 
basal aquifer (in some areas) which overlies Queenston Formation shale bedrock.  The figure illustrates 
the Halton Till (with its coarse-grained sand and gravel lenses) and a lower basal aquifer that lies within 
topographic lows and bedrock valleys in the area.  Water levels in the Georgetown are variable, and there 
are significant downward gradients in certain areas as water flows from upper aquifers to the deeper 
basal aquifers.  Figure 2-12 illustrates the high static water levels near the Credit River where 
groundwater discharges into the Credit River. 

 A north-south cross-section through the Town of Orangeville is illustrated on Figure 2-13.  This cross-
section runs through several water supply wells in the Town including Orangeville well 8A and 8B 
(Dudgeon Wells), Well 4 (decommissioned water supply well), and Orangeville Well 11.  The geology of 
the area is complex; ice contact stratified drift associated with the Orangeville Moraine in some places 
directly overlies the Amabel Formation bedrock, and in other places the coarse-grained sand and gravel 
is underlain by till overlying bedrock.  In other areas, as in the northern portion of the cross-section 
(Figure 2-13), overburden consists of fine-grained tills or silts and clays.  The southern reaches of the 
cross-section also identify the presence of a buried bedrock valley, interpreted to be infilled with both fine 
and coarse-grained sediments.  

Figure 2-14 is an east-west cross-section through the Town of Mono, and this section clearly illustrates 
the presence of the buried bedrock valley (central portion of the cross-section).  As illustrated on this 
section, bedrock varies from Queenston Formation bedrock, to Amabel Formation bedrock in the far 
eastern and western portions of the cross-section, on either side of the bedrock valley.  In this cross-
section the valley is interpreted to be infilled with fine-grained tills and fine-grained glaciolacustrine 
material; however, other portions of the valley contain coarse-grained material (see Figure 2-13).  The 
geology in the Town of Mono is very similar to the adjacent Town of Orangeville and Figure 2-14 also 
identifies areas where the coarse-grained overburden overlies the productive Amabel Formation bedrock, 
leading to enhanced recharge in these areas.  

Figure 2-15 is a northwest to southeast cross-section that runs along Main Street through the village of 
Erin (Town of Erin).  The cross-section illustrates the location of a bedrock valley; however, the depth of 
the valley and its infill are poorly understood due to the limited number of deep boreholes that penetrate 
into the valley to the bedrock beneath.  Overburden in this area is highly variable and includes till (Port 
Stanley Till) overlying bedrock, glaciofluvial outwash sand and gravel associated with the bedrock valley, 
and ice contact stratified drift associated with the deposition of the Paris Moraine to the southeast.  

2.4 HYDROGEOLOGIC SETTING 
The regional groundwater flow system in the Credit River Watershed is controlled primarily by topographic 
relief and the ability of the subsurface geologic materials to transmit water. Precipitation falling in areas 
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with high permeability surficial sediments will infiltrate to the water table and flow within the groundwater 
system at a greater rate than precipitation falling on soils with low permeability.  Groundwater flows both 
laterally and vertically depending on soil and rock permeability and the presence of boundaries (i.e., 
streams, lakes) which can either add or remove water from the groundwater system.  High permeability 
geologic units such as sand and gravel are typically dominated by rapid lateral movement of groundwater 
while low permeability units such as silt and clay are typically dominated by slow vertical movement of 
water.   

Groundwater moves from areas of high hydraulic head to areas of low hydraulic head, generally following 
topographic relief, unless impeded by geologic conditions or local changes in relief such as stream 
valleys that intersect the water table.  In areas where rivers or streams intersect the water table, 
groundwater will discharge into the stream or river and contribute baseflow to the surface water feature.   

Two water level maps were produced to develop an understanding and visualization of groundwater flow 
within the watershed; a map of shallow water levels (water table elevations; Figure 2-16) and a map of 
deep groundwater levels (deep overburden and bedrock wells; Figure 2-17).  These maps were created 
by interpolating static water levels reported in MOE water well records.  These water levels correspond to 
water levels measured by well drillers after drilling a well.  Within this report, maps showing groundwater 
levels are shown for both shallow and deep water wells, represented by wells that are completed at 
depths above and below 25 m, respectively.  Maps of shallow and deep water levels were prepared 
instead of overburden and bedrock water levels as the approach resulted in a better spatial distribution of 
water well records.  When focusing specially on overburden wells, for example, there are a number of 
areas throughout the watershed having very little thin overburden and therefore a limited amount of 
information to estimate overburden water levels.  The 25 m depth threshold was selected to provide a 
similar distribution of wells between the shallow and deep maps. 

The map of deep groundwater levels was created by identifying water wells having a depth greater than 
25 m.  The reported water level elevation at each well was then gridded using Surfer (Natural Neighbour) 
at a grid spacing equal to 50 m.   

Stream elevation for all streams with a Strahler stream order classification greater than 2, (refer to Figure 
2-1), were estimated from the digital elevation model (DEM) and these data were included within the set 
of control points used to create the shallow groundwater map (Figure 2-16).  While it is recognized that 
2nd order streams may not always be perennial, it was assumed that those streams generally have 
interaction with groundwater at the watershed scale.  Adding this data to the shallow groundwater level 
map was found to be helpful to better visualize the shallow groundwater flow system.   

Mapping of water levels at this regional scale does not follow specific aquifer units and as such is not 
considered to be locally representative; however, it provides a reasonable representation of regional 
groundwater flow conditions.  While it is understood that the water levels reported within the MOE water 
well database are uncertain, they provide a reasonable characterization of groundwater flow at the 
regional scale.  At the watershed scale, the surface water divides are generally representative of 
groundwater divides; however, there are localized areas within the watershed where a significant amount 
of water flows across watershed divides.  An example of an area where groundwater flows across the 
surface water divide is the surface water boundary north of Orangeville in Subwatershed 19, where 
groundwater flows to the north into the Nottawasaga River valley. 

It is also recognized that the use of static water levels collected over a long period of time may not 
represent the influence of localized pumping (municipal or otherwise) on the regional water levels.  
However, use of borehole logs drilled in recent years would dramatically limit the spatial distribution of the 
data. In addition, the water levels predicted in the calibrated FEFLOW model, provide insight into the 
influence of municipal pumping on regional water levels (see Section 5 for details). 

The complete history of water wells reported in the YPDT database was included within the datasets used 
to create the water level maps.  While this may not reflect possible changes over time, the entire history 
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results in a more complete coverage of data points.  Local errors or uncertainties in water levels are 
irrelevant as the purpose of the maps is to visualize the groundwater flow system at a watershed scale. 

2.4.1 Shallow Groundwater Flow 
The shallow water level contours (Figure 2-16) generally follow topographic relief, with the highest water 
level elevations located in the northwest, and a general declining trend in water level elevations towards 
the Escarpment, and Lake Ontario. Notable exceptions include the local topographic lows of the West 
Credit River and the main branch of the Credit River above the Forks of the Credit where shallow 
groundwater flows towards these surface water features.   

A local groundwater level high exists west of the Niagara Escarpment beneath the Paris Moraine.  
Groundwater flows from the Paris Moraine in the west towards the Niagara Escarpment and locally 
towards the West Credit River.  In some areas of the watershed, the Escarpment is a steep scarp face, 
and in these areas, the overburden above the Escarpment is not hydraulically connected to the 
overburden units below the Escarpment. In these areas, and other areas of the watershed where the 
overburden is thin, Figure 2-16 is representative of the shallow bedrock water levels and not the 
overburden water level elevations.   

The water table declines dramatically (over 100 m) across the slope of the Niagara Escarpment, following 
the ground surface topography (Figure 2-2).  Below the Escarpment groundwater flow is generally south-
eastward towards Lake Ontario, but is strongly influenced by the Credit River (and the underlying buried 
bedrock valley).  

Groundwater discharge (seepage) occurs along the face of the Escarpment and forms the headwaters of 
several tributaries that feed the main Credit River between Inglewood and Georgetown.  Water level 
elevations decrease to the southeast towards Lake Ontario, but are strongly influenced by the buried 
bedrock valley system beneath the Credit River.   

2.4.2 Deep Groundwater Flow  
The deep groundwater water level map (Figure 2-17) is representative of water levels within deeper 
overburden or within bedrock, depending on the thickness of overburden.  Deep groundwater flow 
generally mimics bedrock topography and the groundwater flow in the shallow overlying system.  Above 
the Escarpment, the highest water level elevations occur where bedrock elevations are highest (Figure 2-
17).  For example, the bedrock surface beneath the crest of both the Orangeville and Paris Moraines is 
higher than the surrounding topography and the corresponding deep groundwater level surface elevations 
beneath these moraines are also higher than the surrounding areas on the flanks of the moraines.  In the 
northwest portion of the watershed, where the elevation of the bedrock surface is higher than other areas 
of the watershed (Figure 2-6), water levels in the bedrock reach up to 475 m AMSL.  

2.4.3 Hydrostratigraphy 
Three-dimensional hydrostratigraphic interpretations include identification of the vertical and horizontal 
extent of hydrogeologic units in the subsurface and their connectivity.  This interpreted hydrostratigraphy 
can then be incorporated into a numerical groundwater flow model that allows for assessment of 
groundwater flow directions and fluxes at any given point within the model. 

Hydrostratigraphic units are derived from stratigraphic units based on their general hydrogeologic 
properties. Units composed of primarily coarser grained materials (e.g. sands, gravels and silts) are 
referred to as aquifers and units composed of lower permeability units (e.g. clay, till) are referred to as 
aquitards.  These units are not grouped solely on lithology as fracturing or weathering may increase the 
ability of a low permeability unit such as clay or shale to transmit modest amounts of groundwater such 
that it may be considered a weak aquifer.  
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Twelve hydrostratigraphic units were identified in the Credit River Watershed as shown on Table 5, and 
their relationship to hydrostratigraphic units is presented on example cross-sections discussed earlier 
(Figures 2-11 to 2-15).  

Table 5: Hydrostratigraphy of the Credit River Watershed 
Hydrostratigraphic 

Unit Name Zone Stratigraphic Units Represented 

Surficial sediments Overburden Meltwater channel deposits; modern alluvium; peat and organic bog 
material 

Upper (younger) Till 
Aquitard Overburden Halton, Wentworth, and Newmarket Tills  

Upper (younger) Aquifer  Overburden Ice-Contact Drift, Mackinaw Interstadial sand and gravel (ORM 
equivalent sediments) 

Intermediate (older) Till 
Aquitard Overburden Port Stanley, Tavistock, and Northern Till (Catfish Creek Till)  

Intermediate Aquifer  Overburden Sand/ gravel outwash; (Thorncliffe or equivalent) 

Basal Aquitard Overburden Fine-grained glaciolacustrine valley infill sediments; (Sunnybrook Drift 
or equivalent) 

Basal Aquifer Overburden Coarse-grained (glacio) fluvial valley infill sediments (Scarborough 
Sands or equivalent) 

Weathered Bedrock  Bedrock 
Contact zone Contact zone, upper 3-5 m of weathered bedrock outside valleys 

Guelph/ Amabel Aquifer Bedrock Guelph/ Amabel Formations 
Cabot Head Aquitard Bedrock Cabot Head Formation 
Manitoulin / Whirlpool 
Aquifer Bedrock Manitoulin / Whirlpool Formations 

Queenston Aquitard Bedrock Queenston Formation 
Georgian Bay Aquitard Bedrock Georgian Bay Formation 

 

The Intermediate Aquifer (Thorncliffe or equivalent), Basal Aquitard (Sunnybrook or equivalent), and 
Basal Aquifer (Scarborough or equivalent); are collectively referred to by the YPDT Groundwater 
Management Group and the GSC as the “Lower Sediments” (Sharpe and Russell, 2004).  These units 
are observed only in a few very deep boreholes that penetrate the deepest portions of the buried valley 
(e.g. borehole CVC-ORM-1 (1b) in Subwatershed 13; see Appendix D1 of CVC, 2007b; Davies et al., 
2006).  Due to limited exposure and understanding, these units were simulated as one unit with hydraulic 
conductivities modified to reflect local conditions.  

The thickness, distribution and relative hydraulic conductivity of each of these hydrostratigraphic units in 
the watershed was initially determined as part of Phase 1 of the CVC’s Water Budget Modelling efforts 
(WHI, 2004) and was undertaken by creating and interpreting more than 120 geologic cross-sections 
across the watershed. The interpretation used surficial geology mapping and the stratigraphic 
understanding of the study area to correlate geologic units between wells. The Halton, Northern and Port 
Stanley Tills were key marker beds used to understand connections as these units are, in general, more 
laterally continuous than aquifer units in the Credit River Watershed. Bedrock units were not well 
described in MOE water wells logs, so existing Paleozoic bedrock mapping and detailed oil and gas well 
logs were used to guide the bedrock interpretations. 

Additional cross-sections were interpreted as part of Subwatershed 11 and 13 studies, the Island Lake 
Water Budget study (CVC and WHI, 2005; CVC et al, 2007), and recently local cross-sections were 
interpreted around wellhead areas within the Villages of Inglewood, Cheltenham, Alton and Caledon 
Village through a Region of Peel Wellhead Protection Area study (AquaResource, 2007).   
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2.4.4 Aquifer Complexes 
Most of the groundwater use in the Credit River Watershed occurs in the Middle and Upper Watersheds, 
in areas beyond the reach of Lake Ontario based services. In the Upper Watershed areas, municipal 
water supplies are obtained from coarse grained overburden sediments and permeable dolostone 
bedrock. Domestic supplies can be obtained throughout the watershed as shown by the well distribution 
in Figures 2-15 and 2-16. These domestic supplies often use the upper few metres of fractured bedrock 
or local coarse-grained overburden sediments. 

Singer and others, (2003) provided a summary of the aquifer complexes providing groundwater supply in 
the Credit River Watershed (Table 6).   

Table 6: Aquifer Complexes in the Credit River Watershed (After Singer et al., 2003) 
Aquifer Complex Watershed 

Location 
Aquifer Material Description 

Orangeville Moraine  Upper  Gravel, sand minor silt; Glaciofluvial gravel, glaciolacustrine sand and silt. 
Hillsburgh Channel Upper Outwash gravel; Meltwater channel on the southern limb of 

Orangeville Moraine. 
Alton Channel Upper Sand and silty gravel to 

stratified gravel; 
Meltwater channel on the northeast limb of 
Orangeville Moraine. 

Caledon Meltwater 
Channel 

Upper Gravel and sand; Meltwater channel that traverses the brow of 
Escarpment from Caledon to Erin; Broad Valley. 

Black-Silver Creek 
Channel 

Middle Sand and Gravel; Meltwater channel used as water supply for Acton 
and Georgetown. 

Caledon East 
Meltwater Channel 

Middle Fine to medium sand; Meltwater channel that extends from Albion to 
Inglewood. 

Lake Peel Deltaic 
Aquifer 

Lower Fine sand and silt; Minor aquifer that extends from Highway 7 to 
Churchville. 

Contact Zone –
Weathered Bedrock 

Entire 
Watershed 

Fractured bedrock and 
overlying coarse material 

Upper 3-5 m of fractured bedrock. 

Guelph-Amabel Upper/ 
Middle  

Dolostone Paleozoic bedrock, with vertical zones of very high 
transmissivity. 

 

Several of the aquifer complexes presented in Table 6 are shallow and may be more susceptible to 
surficial contamination than other aquifers in the watershed.  These shallow aquifers include the 
meltwater channel deposits (Hillsburgh, Alton, Caledon, and Caledon East Meltwater Channels) as well 
as the Lake Peel Deltaic Aquifer.  The Region of Peel has a municipal well (Caledon Village Well 3) 
screened within the Caledon Meltwater Channel, and despite the vulnerability to surficial contamination, 
the water quality in the well is fairly good. From a regional hydrostratigraphic perspective, these meltwater 
channels were laid down during the retreat of ice from the watershed, and as such are some of the 
youngest deposits in the area, and in Table 5 above, are included in the category of ‘surficial overburden’ 
units.   

The aquifers within the Black-Silver Creek channel are the aquifers associated with the buried bedrock 
valley that runs from Acton to Georgetown.  The infill of these sediments is poorly understood and is 
being investigated in more detail in the Region of Halton Tier Three Water Budget Study. It is interpreted 
that these aquifers include the Mackinaw Interstadial sediments, and potentially some of the “Lower 
Sediments” aquifers (e.g. Thorncliffe Formation or Scarborough Sands equivalent sediments) outlined in 
Table 5 above.   

The contact zone and Guelph Amabel Formation bedrock aquifers outlined in Table 6 are discussed 
further in the section below. 
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2.4.4.1 Bedrock Aquifers  

The Guelph- Amabel Formation is a highly transmissive bedrock aquifer that forms the cap rock of the 
Niagara Escarpment.  The high transmissivity is the result of significant secondary porosity features such 
as fractures, joints, and vugs.  In many areas overburden overlying the Amabel Formation is thin, making 
the aquifer susceptible to surficial sources of contamination.  Some studies have suggested that the 
Amabel Formation can be subdivided into upper, middle, and lower zones (Gartner Lee et al., 1999; 
Golder, 2005). The total thickness of the Amabel in the Credit River Watershed reaches up to 50 m.  In 
the Guelph area, outside of the Credit River Watershed, a middle high-transmissivity “Production Zone” 
has an estimated thickness of up to 10 m (Golder, 2005).  Due to the thick overburden within the western 
portion of the watershed, especially in the Orangeville area, the characterization of the Amabel Formation 
is not as strong as in other areas of southern Ontario where the Amabel Formation lies close to the 
ground surface.  All of the Town of Orangeville’s municipal wells draw water from the Amabel Formation 
bedrock, with the exception of Well 5/ 5A and Well 10 and, to date, higher productivity zones or a 
“Production Zone” has not been mapped in this area or other areas of the Credit River Watershed.  As 
such, the groundwater flow model does not incorporate a higher production zone within the Amabel 
Formation.  

The presence and spatial distribution of the Eramosa Member of the Amabel Formation has not been 
well-characterized within the watershed.  As a result, the Guelph and Amabel formations are considered 
together as one aquifer within this study.  This assumption is considered to be reasonable at the 
watershed scale; however, it may not be representative of local conditions in all places.   

The Queenston Formation is often used for domestic water supply by homeowners east of the 
Escarpment, as productive overburden aquifers that are well protected from surficial contamination are 
rare outside of outwash and kame deposits.  The weathered portion of the Queenston Formation is able 
to transmit modest amounts of water (5 to 15 L/min) which may be suitable for domestic supply but 
unsuitable for communal or municipal supply.   

2.4.4.2 Overburden Aquifers 

From a regional perspective, overburden aquifers provide an excellent source of water within the 
watershed.  Their spatial distribution is highly variable, and they exist as 1) sub-regional units covering 
large portions of a subwatershed, 2) local discrete lenses, 3) mounds, or 4) linear features (e.g. buried 
bedrock valley deposits and meltwater channel deposits).  Private well users tap into surficial overburden 
units for their water supply; however, these aquifers are often local in scale and are often regionally 
insignificant features. 

The Oak Ridges Moraine is a regionally significant overburden aquifer where present.  The overburden 
geology of the moraine is very complex, and consists of interbedded aquifer and aquitard materials 
referred to as ‘stratified drift’.  Similarly, the Orangeville Moraine and Paris Moraine (with its associated 
meltwater deposits) above the Escarpment also act as productive overburden aquifers for private water 
users; however, the unconfined nature of the sands and gravels leaves them susceptible to surficial 
contamination.  

Across the watershed, buried bedrock valley aquifers are used by several communities including 
Orangeville, Alton, Inglewood, Cheltenham and Georgetown (see Figure 2-6).  The water supply wells 
derive their groundwater from an aquifer that was deposited during the same time period as the Oak 
Ridges Moraine (Mackinaw Interstadial; Berger and Eyles, 1994), as well as deeper sands and gravels 
potentially equivalent to the Thorncliffe or Scarborough Sands mapped east of the watershed at the 
Scarborough Bluffs (Eyles and Eyles, 1983; Eyles et al., 1985).  
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2.4.5 Surface Water / Groundwater Interactions 
Portions of the Credit River and its tributaries are ecologically important as self-sustaining coldwater 
fisheries. Groundwater discharges to the river and streams providing a significant portion of streamflow, 
particularly in the Upper and Middle Watershed regions.  In addition, groundwater is important in 
sustaining wetland complexes throughout the watershed. These wetland complexes support intensive 
terrestrial and aquatic communities.   

The CVC designed their monitoring programs with a focus on groundwater and surface water interactions 
that sustain terrestrial and aquatic resources. Flow measurements have been collected on the main 
branch of the Credit River and at various other tributaries for many years. Representative baseflow values 
have been interpreted from these records as part of previous studies (Singer et al, 1994). To supplement 
this large watershed scale baseflow assessment, "spot" baseflow measurements were first collected on a 
subwatershed scale (as part of subwatershed studies) in 1994 and have continued on various portions of 
the watershed since that time. In addition, the CVC has collected spot baseflow measurements on a 
watershed scale since 1999, as part of their Integrated Watershed Monitoring Program (IWMP).  These 
measurements are made on a quarterly basis each year and their locations are illustrated on Figure 2-18. 

The following sections provide additional discussion on surface water / groundwater interactions for the 
Upper, Middle, and Lower Watershed regions.  This discussion is focused primarily on only a few key 
wetland complexes within each of the three watershed regions.  Additional discussion on groundwater 
and surface water interactions in each subwatershed is provided in Section 2.5. 

2.4.5.1 Upper Watershed 

Groundwater discharge into streams throughout the Upper Watershed helps support the coldwater 
fisheries.  In addition, the extensive natural areas work to sustain the coldwater fish habitat and promote 
healthy fish communities through the retention of riparian canopy, stable streams, and good water quality. 

The numerous wetland complexes located throughout the Upper Watershed commonly support 
warmwater fisheries. The wetland areas and dams tend to increase the temperature of the surface water 
features. Table 7 lists the major wetland complexes in the Upper Watershed and the relevant 
characteristics. 

Table 7: Upper Watershed Wetlands 
Wetland Name Size 

(ha) 
Composition Sub-

watershed 
Notes 

Orangeville Reservoir 
Wetland Complex 

285.2 
 

Marshland (92.5%) 
swampland (7.5%) 

19 Surrounds the Island Lake 
Reservoir; supports 
warmwater fishery 

Caledon Lake Wetland 
Complex - Provincially 
Significant Wetland Complex 

547 Swampy vegetation 
(87.1%) 

17 9 individual wetlands 
support rare flora and 
vegetation 

Alton-Hillsburgh Wetland 
Complex  

411 Swamp (95%) 
Marshland (5%) 

17 7 individual wetlands 

Credit River at Alton Wetland 
Complex 

172.2 Swamp (86%) 
Marshland (14%) 

17 Non-provincially significant; 
21 individual wetlands 

Provincially Significant West 
Credit Wetland Complex 

879 Swamp (85%) 
Marshland (15%) 

15 Maintains a self-sustaining 
heritage brook trout 
population 
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2.4.5.2 Middle Watershed 

Coarse-grained sediment, hummocky topography and groundwater recharge help support coldwater fish 
habitat, while wetlands help support the warmwater fisheries in the Middle Watershed.  Table 8 lists the 
wetlands in the Middle Watershed.   

The complex hydrologic system has led to variable fish communities within the watershed.  Studies are 
underway to determine the potential environmental and ecological issues associated with aggregate 
extraction and increased development. Land use changes such as agricultural practices, and/or 
urbanization may also play a role in the spatial distribution of fish species within the subwatershed.   

Table 8: Middle Watershed Wetlands 
Wetland Name Size (ha) Composition Subwatershed Notes 

Credit Forks Wetland Complex  
 

29.4 Swamp (89%) 
Marshland (11%) 

20 14 wetlands on the Oak 
Ridges Moraine 

Provincially Significant Ballinafad 
Ridge Wetland Complex 

591.1 Swamp (90.5%) 
Marshland (8.6%) 
Fen (0.6%).   

12, 11 61 individual wetlands; 
most fed by groundwater 
discharge 

Black Creek at Acton Wetland - 
Provincially Significant Wetland 
Complex 

42.5 Marshland (56%) 
Swamp (44%) 

10 7 wetlands 
 

The Acton-Silver Creek Wetland - 
Provincially Significant Wetland 
Complex 

497.6 Swamp (99%) 
Marshland (1%) 

10,11 56 wetlands 

Hungry Hollow Wetland 
Complex- Provincially Significant 
Wetland Complex 

51.7 Swamp (95%) 
Marshland (5%) 

11 Located in urban 
Georgetown area. 

2.4.5.3 Lower Watershed 

Due to the intense urban environment and land clearing associated with agricultural activities in the Lower 
Watershed, there are limited aquatic habitat and wetland areas as well as barriers to the free movement 
of fish.  In some areas, there is sufficient groundwater discharge to support coldwater fisheries, and 
provide a good linkage for migratory fish passage between Lake Ontario and the central portions of the 
watershed.  There is some habitat for warmwater fisheries in the Lower Watershed region, though the low 
summer flows and the intermittent reaches in the subwatershed generally offer limited fish habitat.   

Wetland areas in the Lower Watershed are primarily the result of poorly drained soils and low infiltration 
and there are few Provincially Significant Wetland Complexes (Table 9). 

Table 9: Lower Watershed Wetlands 
Wetland Name Size 

(ha) 
Composition Subwater

shed 
Notes 

Rattray Marsh Provincially 
Significant Wetland 

9.8 Marshland (82%) 
Swamp (8%) 

Lake 
Ontario 

Coastal wetland complex on north shore 
of Lake Ontario 

(proposed) Levi Creek 
Wetland Complex  

17.3 Swamp (81%)  
Marshland (19%) 

6 Last remaining wetland in the Levi Creek 
Subwatershed; contributes baseflow to 
nearby creeks, maintains biological 
diversity 

Provincially Significant 
Wetland Complex - 
Creditview Wetlands 

10 Swamp (74%) 
Marshland (17%) 
Bog areas (9%) 

2 3 individual wetlands host  rare natural 
habitat for vegetation and wildlife within 
urban area  
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2.5 SURFACE WATER HYDROLOGY  

2.5.1 Introduction 
The Credit River Watershed drains to Lake Ontario primarily by the Credit River; however, there are a few 
small shoreline tributaries that drain directly to Lake Ontario, including, but not limited to, Cawthra Creek, 
Cooksville Creek, and Sheridan Creek (Figure 2-1).  The Credit River consists of three main branches, 
the main Credit River, which runs through Orangeville and Alton, the West Credit River which runs 
through Hillsburgh, Erin and Belfountain, and the East Credit River which joins with the main branch of 
the Credit River near Inglewood.  Above the Escarpment these reaches of the river have relatively low 
gradients. Several tributaries of the Credit River flow into the main branch upstream of the West Credit, 
including Caledon Creek and Shaw's Creek and the headwaters area around the Town of Orangeville. 

Both the main branch and the west branch of the Credit River flow through deep re-entrant valleys in the 
Niagara Escarpment, joining at the Forks of the Credit.  Downstream of the Forks of the Credit, the valley 
forms a wide alluvial plain and is joined by the East Credit River at Inglewood.  The main Credit River 
then flows along a narrow valley between the Escarpment and the South Slope till plain.  At Glen 
Williams, the river flows in a southeasterly direction in a broad plain, following the slope of the till plain.  At 
Norval, the river cuts through the clay till plain, in some areas into the underlying shale bedrock.  As the 
river flows southward it cuts through the former Lake Iroquois plain, into the underlying Queenston Shale 
bedrock.  The river is then diverted northward by a barrier beach before flowing to Lake Ontario at Port 
Credit.  

The main branch and the west branch of the Credit River are believed to overlie a buried bedrock valley 
system (Meyer and Eyles, 2007; Kassenaar and Wexler, 2006; Singer et al., 2003).  The nature and infill 
of these valleys were discussed earlier in Section 2.3.3, and it is interpreted that the bedrock valleys were 
paleo-drainage features, and the ancestral drainage patterns were likely similar to the modern day 
drainage network. 

2.5.2 Climate 
The climate of southern Ontario is characterized as having warm summers, mild winters, a long growing 
season, and usually reliable precipitation (Brown et al, 1974). The climate within southern Ontario differs 
somewhat from one location to another and from one year to the next. Spatial variations are caused by 
the topography and varying exposure to the prevailing winds in relation to the Great Lakes.  

Long-term monitoring of meteorological quantities has occurred within and surrounding the Credit River 
Watershed for more than 100 years. Historical data are primarily available from Environment Canada’s 
Meteorological Services of Canada (MSC).  A broad discussion of the available climate records in the 
vicinity of the Credit River Watershed is provided in the CVC’s Interim Watershed Characterization Report 
(CVC, 2007a). 

The CVC uses several climate stations (Figure 2-18) to characterize climate variability across the 
watershed: 

• The Toronto Lester B. Pearson International Airport (LBPIA) MSC station is representative of the 
climatic conditions for areas located in the Lower Watershed region. The LBPIA MSC station is 
located on the southeast end of the watershed and contains close to forty years of data.  Long-term 
data collected from this station was used to support model calibration and scenarios in this study; 

• The Orangeville MOE station is representative of the climatic conditions in the Upper Credit River 
Watershed.  The station contains over forty years of continuous daily data.  Long-term data 
collected from this station was used to support model calibration and scenarios in this study; 

• The Guelph Turf Grass Institute (GTI) is representative of climatic conditions in the vicinity of 
Subwatersheds 10 and 11 in the western portion of the Credit River Watershed.  This region is 
characterized by having higher precipitation on the western side of the Niagara Escarpment.  Long-



CREDIT VALLEY CONSERVATION 
TIER TWO INTEGRATED WATER BUDGET REPORT   

 

July 2009    32

term data collected from this station was used to support model calibration and scenarios in this 
study; 

• The Shand Dam MSC station is representative of the climatic conditions for the Upper Watershed 
region of the Credit River Watershed.  The Shand Dam is located northwest of the watershed and 
contains over thirty-eight years of recorded data; 

• The Georgetown WPCP station is representative of the climatic conditions in the Middle Watershed 
region, and it contains over forty years of climate data; and 

• Caledon Landfill Station.  The Region of Peel operates a climate station at the Caledon Landfill to 
measure rainfall, snowfall, temperature and solar radiation.  This data has not been taken through 
a quality control process similar to that followed for MSC stations, and therefore, was not used to 
support the CVC’s water budget efforts. 

 
The hydrologic modelling work carried under this project subdivides the watershed into three climate 
zones as discussed further in Section 4 of this report. 

According to the Shand Dam and Toronto LBPIA stations, the mean annual precipitation in the Credit 
River Watershed is approximately 850 mm, of which 15% appears as snowfall (or 125 mm depth). Mean 
annual precipitation varies between the Shand Dam and Toronto LBPIA stations by approximately 50 to 
100 mm/year; the climatic conditions reported at the Shand Dam are considered representative of climatic 
conditions west of the Escarpment, while conditions reported at Toronto LBPIA are representative of the 
Lower Watershed.  The average precipitation reported at these two stations is considered representative 
of the watershed as a whole. The greatest precipitation amounts occur in the northern part of the 
watershed south of Erin, due in part to some influence of the Niagara Escarpment on ‘lake effect’ storms 
originating over Lake Ontario. Lake effect precipitation originating from Lake Huron and Georgian Bay are 
also possible, but they influence totals in the northern part of the watershed (CVC et al., 2003). 

The mean annual evapotranspiration in the watershed is about 540 mm as deduced from isohyetal maps 
for southern Ontario (Brown et al., 1974; OMNR, 1984), which has been verified from water balance 
analyses using observed streamflow data by Singer et al. (1994). This value is consistent with 
evapotranspiration rates (575-603 mm/yr) developed with the Thornthwaite and Mather (1955) method by 
Kassenaar and Wexler (2006) for the Peel Region and Toronto area.  The area has an annual frost-free 
period of 148 days, with a growing period of about 202 days. The mean annual air temperature is 6.0 °C, 
where the mean daily temperature in January is about -6.4 °C and 20.3 °C in July (CVC et al., 2003). 

2.5.3 Streamflow Monitoring 
Long-term monitoring of streamflow in the Credit River Watershed has taken place at ten Water Survey of 
Canada HYDAT locations listed in Table 10 and illustrated on Figure 2-18. Seven of these gauges are still 
in operation, of which three (Cataract, Melville, Silver Creek / Norval) have been in operation for over 
thirty years.  The Erindale gauge was discontinued in 1993, although it was in operation since 1945.  The 
Cataract gauge has been operating since 1912 and represents one of the oldest stations in southwestern 
Ontario.  Streamflow data are available in real-time for flood forecasting purposes at Melville, Cataract, 
above Erin, Boston Mills, and Silver Creek at Norval. Hourly flow data are available from these same 
gauges for open water periods only, beginning in 1969.  Limited streamflow data are available from 
temporary gauges step-up during the fieldwork phase of Subwatershed 5 (Fletcher’s Creek), and 
Subwatershed 7 and 8a (Huttonville Creek and Springbrook Creek). These gauges were in operation for 
only a portion of a year (late spring to early autumn). 
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Table 10: Stream Gauge Summary (WSC Gauges) 

Gauge Station Location Status Gross drainage 
area (km2) 

Period of record 
(Regulation) 

02HB001 Cataract Cataract Active 205  1912 - Present 
02HB002 Erindale Erindale Discontinued 795 1945 - 1993 
02HB008 Silver Creek / Norval Norval Active 127  1960 - Present 
02HB013 Melville Orangeville Active 62.2  1967 - Present 
02HB018 Boston Mills Boston Mills Active 402  1982 - Present 
02HB019 Shaw’s Creek Above Alton Discontinued 59.5  1983 - 1991 
02HB020 West Credit / Erin Above Erin Active 32.3  1983 - Present 
02HB025 Black Creek Below Acton Active 615  1988 - Present 
02HB024 Credit R / Norval Norval Active 18.9  1987 - Present 
02HB026 Mississauga Golf Course Mississauga Discontinued  1988 - 2003 
 

Table 11 summarizes the mean annual flow in addition to the estimated average annual baseflow for nine 
of the ten HYDAT stations situated within the Credit River Watershed.  The average annual baseflow was 
estimated using the program BFLOW (Arnold and Allan, 1999) which separates baseflow from streamflow 
by passing a mathematical filter over the streamflow record three consecutive times; forwards, 
backwards, and forwards again.  Each filter pass produces three time series estimates of baseflow, with 
the user selecting the optimum pass.  Baseflow recession methods, other than BFLOW, were not 
considered in this analysis.   

Figure 2-19 shows an example of the BFLOW baseflow recession results at the Norval Gauge for the 
hydrologic year October 1, 1999 – September 30, 2000.  As shown on this figure, the baseflow recession 
estimates provided by the three BFLOW passes vary in terms of the total area of the hydrograph being 
classified as baseflow.  For a groundwater-dominated watershed area such as that contributing to 
baseflow at the Norval gauge, it is expected that groundwater discharge dominates the baseflow regime.  
Groundwater discharge is a reflection of deeper groundwater flow that does not change rapidly over time 
and shallow groundwater flow that increases and decreases in response to shorter-term climate changes.  
As a result, it is impractical to judge the baseflow estimate that is most representative of actual 
groundwater discharge.  Rather, the method is best used as a rough estimate of groundwater discharge, 
and as a tool to compare the flow regimes throughout the watershed.  

Table 11 provides a summary of key annual streamflow parameters at WSC gauges within the watershed.  
The average estimated baseflow was calculated for comparison purposes as the average of BFLOW 
Pass 1 and Pass 3.  Since this analysis is based on measured data, the parameters include 
anthropogenic activities (e.g., wastewater treatment plants) that would have an impact to streamflow.  

Table 11: Summary of Mean Annual Flow and Baseflow at WSC Gauges (1990-2000) 

Gauge Description Watershed 
Zone 

Mean Flow 
(m3/s) 

Average Est. 
Baseflow  

(m3/s) 
Baseflow / 
Mean Flow 

Flashiness 
(90:10 Ratio) 

02HB001 Cataract Upper 1.83 1.36 75% 3.2 
02HB002 Erindale Lower 9.59 5.90 62% 5.8 
02HB008 Silver Creek / Norval Middle 1.28 0.80 63% 7.0 
02HB013 Melville Upper 0.54 0.37 69% 3.7 
02HB018 Boston Mills Middle 4.5 3.26 73% 3.7 
02HB019 Shaw’s Creek Upper 0.78 0.55 71% 4.0 
02HB020 West Credit / Erin Upper 0.47 0.33 71% 3.2 
02HB024 Black Creek Middle 0.24 0.16 67% 4.8 
02HB025 Credit R. / Norval Middle 6.61 4.66 71% 4.2 
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A high proportion of flows in the Credit River are represented by baseflow contributions (Table 11).  The 
influences of topography, geology and climate on the flows along the length of the Credit River are 
evident when looking at the relative contributions from the different parts of the watershed. For example, 
75% of the mean annual flow at the Cataract gauge (02HB001) is attributed to baseflow, while only 63% 
of the mean annual flow downstream at Erindale (02HB002) is attributed to baseflow.  These trends are 
expected given the higher expected recharge in the Upper Watershed versus the lower expected 
recharge in the Lower Watershed.   

Table 11 also provides a ‘Flashiness’ index, calculated as the ratio of the average 90th percentile flow to 
the average annual 10th percentile flow.  This index is essentially a ratio of typical high flows to typical low 
flows.  It is expected that the flashiness index is greater for urban areas with higher runoff and lower for 
rural, baseflow-dominated catchment areas. As shown in Table 11, the lowest flashiness index is shown 
at the Cataract gauge, which also has the highest baseflow/mean flow ratio.  The highest flashiness ratio 
is shown at the Silver Creek / Norval gauge, and this may be a result of runoff from the Georgetown area. 
Flashiness at Erindale is also high, resulting from urban runoff in the Lower Watershed. 

Figure 2-20 through Figure 2-28 provide summaries of monthly streamflow statistics for each of the 
gauges and are referenced in the following subsections. These figures illustrate monthly mean annual 
flow in addition to the monthly median and 10th and 90th percentile exceedances. These exceedances 
refer to the percentage of flow that is exceeded for each month.  As an example, the 90th percentile 
exceedance implies that 90% of the streamflows exceed the given value for each month. Therefore, this 
parameter is a measure of a monthly low flow. 

2.5.4 Instream Flow Requirements 
Instream flow, in its simplest definition, refers to the water flowing through a stream channel.  This simple 
definition may be expanded upon to account for variations in flow that occur through different seasons, 
across different years, and in response to climate events.  An ‘instream flow requirement’ is a term used 
to represent how much water is needed to satisfy competing needs, such as irrigation, public supply, 
recreation, hydropower, and aquatic habitat.  Estimating an instream flow requirement is not 
straightforward, and a significant amount of work is currently being carried out in industry and academia 
to develop tools and techniques to better understand instream flow requirements.  Historically, instream 
flow estimation has been thought of as the estimation of single minimum rates needed to meet simplified 
requirements.  However, the techniques are being expanded upon to recognize the need to maintain the 
variability in streamflow patterns to meet a complex set of ecological needs relating to aquatic habitat and 
geomorphology.  Instream flow requirements relating to aquatic habitat and geomorphology are often 
referred to as ecological flows. 

Within the Credit River Watershed, most of the instream flow requirements are classified as those needed 
to sustain the watershed’s rich fisheries populations.  In addition, the presence of wastewater treatment 
plants within relatively small watercourses (i.e., Orangeville, Georgetown, Acton) places very significant 
and regulated control on instream flow requirements for wastewater assimilation.  

The need to maintain instream flow requirements within the watershed must be addressed in all water 
resources assessments in the watershed, and further scientific and applied research will benefit the ability 
to estimate and quantify required flows. 

2.5.5 Climate Change 
The Technical Rules (MOE, 2008) require that historical projections related to changes in the climate of 
the watershed be addressed as part of the Water Budget process.  Historically, CVC has examined the 
potential impacts of climate change on the watershed as part of the development of the Water Quality 
Strategy (Credit Valley Conservation and EbnFlo, 2008).  This work was completed using previous 
versions of the water budget models and was not updated as part of this study.  This previous work is 
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considered preliminary in nature and future studies will provide better insight into potential climate change 
impacts to the watershed. 

CVC is currently undertaking several studies, including Subwatershed Studies for Subwatersheds 17 and 
19, which include assessments of potential climate change impacts.   Furthermore, CVC is currently 
planning a larger-scale climate change assessment of the watershed which will evaluate low flow and 
peak flow hydrology as well as water quality.  When these studies are complete, CVC will be better able 
to understand potential climate change impacts to the watershed in the context of drinking water source 
protection, and will incorporate this understanding into updates of the water budget studies.  

2.6 SUBWATERSHED CHARACTERIZATION 
This section provides a qualitative discussion of the hydrologic and hydrogeologic features within each of 
the subwatersheds (Figure 2-1).  Some of the subwatersheds are grouped together in the discussion, 
consistent with some previously completed subwatershed studies.   

Subwatersheds 21 and 22 have been omitted from this discussion as they are relatively small 
subwatersheds located in the built-up urban area of Mississauga and their creeks drain directly into Lake 
Ontario.   

2.6.1 Subwatershed 19 – Orangeville 
Subwatershed 19 is located in the headwaters of the Credit River and it includes the entire Town of 
Orangeville, portions of the Town of Mono, Town of Caledon, and Townships of Amaranth and East 
Garafraxa.  The subwatershed drains an area of approximately 62 km2 and land use is predominantly 
rural with 50% of the land area classified as agricultural.  Approximately 25% of the area is designated as 
urban, and this includes the urban area of Orangeville, as well as nearby subdivisions and communities in 
Mono. 

The most significant geologic and topographic feature in the subwatershed is the Orangeville Moraine. 
This hummocky feature trends in a northeast to southwest direction, and consists predominantly of sand 
and gravel with lesser amounts of interbedded till.  Outside of the moraine, the surficial geology consists 
of relatively flat-lying till plains that limit the recharge to the underlying aquifers.  In general, there is a 
significant amount of recharge within the subwatershed, and much of this discharges to the local streams 
and wetlands.  Overburden thickness in this subwatershed is highly variable, ranging from over 90 m in 
the northwestern portion of the moraine, to less than a meter where bedrock outcrops near Melville in the 
southern reaches of the subwatershed. 

Bedrock in the area is primarily Amabel Formation dolostone; however, in the central and eastern 
portions of the subwatershed, a buried bedrock valley has eroded the Amabel Formation dolostone and 
the uppermost bedrock formations are the interbedded limestone, shales and sandstones of the 
underlying Clinton-Cataract Groups.   

The Credit River and its headwater tributaries including Mill Creek and Monora Creek support healthy 
warmwater and coldwater fisheries.  Groundwater discharge throughout the subwatershed works to 
support the coldwater fisheries, while the retention of riparian canopy, stable streams and good water 
quality also help support the fisheries.  

The most significant hydrologic feature within the subwatershed is the Island Lake Reservoir and control 
structure.  The Island Lake Reservoir forms the headwaters of the Credit River Watershed and is located 
within the 322-acre Island Lake Conservation Area east of the Town of Orangeville (CVC et al., 2006a).  
The reservoir was created in 1967 with the construction of two dams, and its primary objective was 
augmenting low flows in the headwaters of the Credit River.  The South Dam controls water flow into the 
Credit River, augmenting and improving the water quality in the upper reaches of the river.  This function 
was made more critical in 1985 when a major expansion and change of process took place at the 
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Orangeville Water Pollution Control Plant (WPCP; CVC et al., 2006a).  The CVC is responsible for 
operating the dam and providing a consistent flow of water to assimilate the waste from the Orangeville 
WPCP.  The WPCP discharges approximately 150 L/s of effluent into the Orangeville Marsh, which 
outlets to the Credit River.  This amount of effluent forms a significant portion of the streamflow in the 
Credit River at this portion of the Credit River and therefore is considered an important hydrologic feature 
within Subwatershed 19. 

In addition to the streams, groundwater discharge also supports local wetlands including the Orangeville 
Wetland Complex.  This Provincially Significant Wetland Complex is approximately 340 hectares and is 
primarily marsh (92.5%) with lesser areas of swampland (7.5%).  The majority of the Wetland Complex is 
associated with the Island Lake Reservoir which supports a significant warmwater fishery.  

The Town of Orangeville has experienced a significant population increase over the last 15 years.  The 
population in the Town in 1991 was 17,921 and according to Statistics Canada (2006 Census) the 
population has risen over 50 percent to 26,925 in 2006.  Similar to the Georgetown area, this increase in 
population has led to a corresponding increase in the demand for potable water, which is exclusively 
derived from groundwater.  A Tier Three Water Budget Pilot Project, funded by the Ministry of Natural 
Resources, is currently underway to conduct a detailed water budget within the subwatershed 
(AquaResource et al., 2008) and simultaneously, the CVC is undertaking a subwatershed study to update 
the study completed in 1997 by Aquafor Beech and others.  

Figure 2-20 illustrates the monthly streamflow statistics at the Melville Gauge at the outlet of 
Subwatershed 19.  The reservoir is designed to augment summer low flows, and this is shown by 
relatively consistent streamflow statistics from June until October. 

2.6.2 Subwatershed 17 – Shaw’s Creek 
Shaw’s Creek Subwatershed lies in the northwestern portion of the Credit River Watershed. The ground 
surface topography in this area is undulating and hummocky and is largely attributed to the coarse-
grained Orangeville Moraine, which lies across the vast majority of the subwatershed, and contains thick 
accumulations of sand and gravel.  Groundwater recharge is significant along the moraine, and is 
interpreted to discharge to the wetlands and streams within the subwatershed, and further downgradient 
in the watershed.  Land use in Subwatershed 17 is dominated by agriculture (active and inactive; 43.6%) 
as well as natural areas (47.9%), urban areas (6.2%) and active aggregate (1.2%). 

Coldwater and warmwater fisheries have been identified in several areas across the subwatershed.  
Warmwater sites are likely reflective of the wide distribution of wetland areas, or of dams that have been 
noted, both of which tend to increase the temperature of the surface water features.   

The most ecologically significant wetland complex in the subwatershed is the Caledon Lake Wetland 
Complex. It is a 547 ha Provincially Significant Wetland Complex that is dominated by swampy vegetation 
(87.1%) and located within coarse-grained overburden sediment.  The Wetland Complex supports rare 
flora and vegetation communities rare to other areas of the Credit River Watershed. Other significant 
features include a large kettle lake (38 hectares), and a series of smaller lakes and ponds that formed as 
a result of marl extraction.  Other significant wetlands include the Alton-Hillsburgh Wetland Complex 
southwest of Alton, and the Credit River at Alton Wetland Complex, a riverine wetland complex 
associated with the Credit River. 

The subwatershed is characterized by its natural areas and rural setting, including the Village of Alton, 
which is experiencing modest growth. There has been a modest increase in development in the northeast 
corner of the subwatershed within the Town of Orangeville in recent years, and there is also increasing 
pressure for aggregate extraction.  A number of gravel pits exist in the subwatershed, and there is 
potential for additional aggregate extraction in the future.  
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Figure 2-21 illustrates the monthly streamflow statistics at the Shaw’s Creek Gauge above Alton 
(discontinued).  The groundwater discharge conditions and high proportion of wetlands described above 
result in relatively low month to month variations in streamflow statistics.  

2.6.3 Subwatersheds 16 and 18 – Caledon Creek and Credit River (Melville to Forks of 
the Credit) 

Subwatersheds 16 and 18 are located in the northeastern portion of the Credit River Watershed and form 
an essential component of the headwaters of the Credit River.   

The Niagara Escarpment runs through both subwatersheds and it offers refuge for various flora and fauna 
in the area.  It also plays a significant role on the movement of groundwater and surface water through 
the subwatersheds.  Streamflow in Subwatersheds 16 and 18 is very different; flow in Caledon Creek is 
largely ephemeral, while flow in the Credit River through Subwatershed 18 has sustained flow year round 
due to groundwater discharge.  

Overburden in the subwatersheds includes sandy tills and coarse-grained sands and gravels associated 
with the Caledon Meltwater Channel and glacial spillways.  The Caledon Meltwater Channel is a 
northeast-southwest trending feature that is important from a groundwater recharge perspective and also 
from an economic, aggregate extraction perspective. Significant groundwater recharge occurs through 
these sediments to the underlying porous Amabel Formation dolostone.  Similarly, significant recharge 
occurs along the Singhampton Moraine, a ridge of hummocky topography that lies on the northern 
reaches of the subwatersheds.   

Fisheries across the Subwatershed 16 and 18 are highly variable.  Within Caledon Creek, the fish species 
were noted to be tolerant of a range of environmental conditions (coolwater, warmwater, mixed), while the 
most sensitive coldwater fisheries were found only in the lower reaches of Caledon Creek where 
permanent baseflow exists.  Similarly, critical coldwater spawning habitat was noted in the downstream 
portions of Subwatershed 18 (CVC et al, 1998).   

There are two small urban areas within the subwatersheds; Caledon Village (Subwatershed 16) and 
Cataract (Subwatershed 18).  Urban growth is not expected to be significant within either of the 
communities, as the Town of Caledon Official Plan and the Niagara Escarpment Plan have limited the 
fragmentation of land, and prohibited new residential development in these areas.  Land use outside 
these small urban centers is dominated by intensive and non-intensive agriculture (43%), as well as 
natural areas (39%), where 21% of the subwatershed is classified as forested (CVC, 1998).  Active and 
inactive aggregate extraction also comprises a significant proportion of the subwatershed area (total of 
12% of the area), especially south and west of Caledon Village.  

Figure 2-22 illustrates the monthly streamflow statistics at the Cataract gauge within Subwatershed 18.  
Monthly variations in streamflow are not very large, and summer baseflow remains sustained.  These 
sustained summer baseflows are further illustrated by the relatively small difference between the 10th and 
90th percentile exceedances during the summer months. 

2.6.4 Subwatershed 15 – West Credit River 
The West Credit River Watershed is located west of the Niagara Escarpment in the western reaches of 
the Credit River Watershed.  The subwatershed drains portions of the Town of Caledon and the Town of 
Erin through the West Credit River which runs through Hillsburgh, the Village of Erin, and Belfountain.  
These three small communities make up only 3% of the land use area of the subwatershed (3% of the 
subwatershed is designated as urban), while the remainder of the subwatershed is dominated by 
agriculture (68%) and natural areas, consisting of woodlands (15%) and wetlands (14%).   

There are abundant coarse-grained sediments within the subwatershed including sand and gravel 
outwash plains, the sand-rich tills of the Paris Moraine, and the coarse-grained Orangeville Moraine 
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located in the northwestern portions of the subwatershed.  Ground surface topography on both the Paris 
and Orangeville Moraines are hummocky and lead to significant groundwater recharge in the 
subwatershed.  A portion of the recharged water discharges to wetlands and coldwater streams within the 
subwatershed and another portion travels through the ground to other subwatersheds in the Credit River 
Watershed.   

Groundwater discharge in the subwatershed helps support the coldwater fisheries in the subwatershed. 
The large percentage of natural areas within the subwatershed helps sustain coldwater fish habitat and 
promote healthy fish communities.  

As noted above, wetlands account for approximately 14% of the West Credit River Subwatershed, and 
these include the Provincially Significant Wetlands along the Credit River between Erin and Hillsburgh, 
and also along the Credit River near Alton, along the subwatershed boundary with Subwatershed 17 
(Shaw’s Creek).  The Provincially Significant West Credit Wetland Complex occupies the lowlands of the 
West Credit Subwatershed (Subwatershed 15) and extends from west of the village of Alton, through the 
villages of Hillsburgh and Erin.  The Wetland Complex covers 879.1 hectares, and is dominated by 
eastern white cedar and poplar swamps (87.4%). These wetlands play an important role in the 
maintenance of the self-sustaining population of heritage brook trout of the Credit River Watershed. 

Figure 2-23 illustrates the monthly streamflow statistics at the Erin Branch (above Erin) Gauge within 
Subwatershed 15.  Monthly variations in streamflow are not very large, and summer baseflow remains 
sustained.  The figure shows that the 90th percentile exceedance flow does tend to decrease over the 
summer months into September which suggests that low flow issues are sometimes a problem later in the 
summer.   

2.6.5 Subwatershed 13 – East Credit River 
The East Credit River is a tributary of the Credit River and is located in the northeastern portion of the 
Credit River Watershed, entirely within the Town of Caledon.  The most prominent natural feature in the 
subwatershed is the Oak Ridges Moraine, which lies in the eastern portions of the subwatershed.  The 
Niagara Escarpment lies just west of the subwatershed and contributes to the variable ground surface 
topography across the subwatershed.  In the western portions of the subwatershed, the ground surface 
slopes steeply to the east (associated with the Niagara Escarpment) while topography across the central 
portion of the subwatershed is hummocky (associated with the Moraine). 

A buried bedrock valley (often termed the Caledon East Channel) is interpreted to exist beneath 
Subwatershed 13, and is interpreted to run from Caledon East in the north to the Credit River near 
Inglewood in the south.  The channel is interpreted to be infilled with interbedded sands and gravels as 
well as finer-grained till, silt and clay deposits.   

According to ELC mapping in the subwatershed, land use is dominated by agriculture, with only 3% 
characterized as ‘urban,’ 15.6% as forest, and 6.3% as wetland. Included in this statistic is the Little 
Credit River Wetland Complex. This Provincially Significant Wetland lies at the base of the Oak Ridges 
Moraine where groundwater discharge accumulates in meltwater channels deposits.  This wetland 
complex is predominantly comprised of swamps (95%) with lesser marshes (5%).  

There are several creeks and streams within Subwatershed 13 that host coldwater fisheries. The East 
Credit River was designated on a regional scale as a coldwater tributary (CVC, 2002b).  Warmwater 
reaches are more common in wetland habitats throughout the subwatershed.  Overall, the health of the 
fisheries community in the subwatershed is good. 

Approximately 44% of the subwatershed falls under the jurisdiction of the Niagara Escarpment Planning 
Area, and approximately 37% of the subwatershed falls under the Oak Ridges Moraine Conservation 
Plan.  Both of these pieces of legislation aim to protect the ecological integrity within the subwatershed.  
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2.6.6 Subwatershed 20 – Forks of the Credit to Cheltenham 
Subwatershed 20 lies entirely within the Town of Caledon in the central portion of the Credit River 
Watershed, along the slope of the Niagara Escarpment.  The ‘Forks of the Credit’ sits in the middle of the 
subwatershed where the West Credit River joins the main branch of the Credit River.  The Village of 
Inglewood lies within Subwatershed 20 at the base of the Niagara Escarpment.  The Credit River receives 
the flow contribution from the East Credit River within Subwatershed 20. 

Surficial geology in this area is variable, and primarily described as bedrock drift (mix of weathered 
bedrock and thin overburden) along the slope of the Escarpment, Halton Till at the base of the 
Escarpment, and a thin veneer of Wentworth Till on the slopes and crest of the Escarpment.  Recharge is 
fairly significant in the headwaters of the subwatershed, but decreases along the slope and base of the 
Escarpment where fine-grained till predominates. 

The Credit Forks Wetland Complex is a 29.4 ha complex that lies in the central portion of the 
subwatershed.  This Provincially Significant Wetland Complex is made up of 14 individual wetlands that 
lie on or near the base of the Oak Ridges Moraine to the east.  The wetlands are composed of 89% 
swamp and 11% marshland and the dominant vegetation is deciduous trees (45%) and coniferous trees 
(22%). 

Figure 2-24 illustrates the monthly streamflow statistics at the Boston Mills gauge within 
Subwatershed 20.  Monthly variations in streamflow are not very large, and summer baseflow remains 
sustained.  The flow distribution is very similar to that at the Cataract gauge. Median August flows, 
however, more than double from the Cataract Gauge as a result of increased groundwater contributions 
across the Escarpment. 

2.6.7 Subwatershed 12 – Credit River – Cheltenham to Glen Williams 
Subwatershed 12 is located in the central portion of the Credit River Watershed, north and east of 
Subwatershed 11 discussed below.  Urban areas within Subwatershed 12 include the Villages of 
Cheltenham, Terra Cotta and Glen Williams.   

Ground surface topography is highly variable across the subwatershed due to the presence of the 
Niagara Escarpment which bisects the subwatershed in half, as well as the presence of the Paris Moraine 
located in the headwaters. The hummocky topography associated with the Moraine, as well as the 
coarse-grained sediments that comprise the Moraine translates to high groundwater recharge rates in the 
headwaters of the subwatershed.  Surficial geology in the subwatershed includes the sandy Wentworth 
Till, coarse-grained ice contact sands and gravels, and bedrock drift (areas with thin overburden and 
bedrock outcrops) along the crest and slope of the Escarpment.  Below the Escarpment, fine-grained 
Halton Till overlies low permeability Queenston Formation shale bedrock (Karrow, 1991).  

There are several areas within Subwatershed 12 that contain coldwater fisheries habitat, as well as warm 
and cool water habitat.  The hummocky topography and the coarse-grained surficial geology in the upper 
portions of the subwatershed have led to a complex hydrologic system with perennial, intermittent and 
ephemeral streams, resulting in variable fish communities within the subwatershed.   

The Provincially Significant Ballinafad Ridge Wetland Complex is located in the headwaters of 
Subwatershed 12 on the Paris Moraine. The Complex extends from west of Belfountain to just north of 
Acton, and many of the wetlands lie between the hummocks of the moraine while others are fed by 
groundwater discharge at the base of the moraine. The wetland occupies approximately 700 ha and is 
predominantly swamp (90.5%) with lesser marshland (8.6%) and fen (0.6%).  The Caledon Mountain 
Wetland Complex also lies within Subwatershed 12. This wetland complex is located on the hummocky 
tableland of the Niagara Escarpment and covers an area of approximately 206.6 ha.  The complex is 
dominated by swamps (86%) and riparian marsh communities (14%).  The complex is fed by groundwater 
discharge, which then flows eastward towards the brow of the Escarpment and the Credit River.  
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Subwatershed 12 faces pressures for aggregate extraction, which are also faced within Subwatershed 10 
and are further discussed in Section 2.6.9 below.  Studies are currently underway to investigate the 
potential environmental and ecological issues that may arise from the development of a portion of land 
referred to in the Town of Caledon Official Plan as Resource Area 9A.  

2.6.8 Subwatershed 14 – Credit River – Glen Williams to Norval 
Subwatershed 14 is located just east of the Niagara Escarpment in the central portion of the Credit River 
Watershed.  The subwatershed straddles the boundaries between the City of Mississauga, Town of 
Caledon and the Town of Halton Hills.  Land use within the subwatershed is predominantly agricultural 
with some natural areas in the portion of the subwatershed north of the Credit River and largely urban in 
the area south of the Credit River (associated with the urban Georgetown area).  

Surficial geology in the area consists of the fine-grained and low-lying Halton Till Plain on the western and 
eastern portions of the subwatershed, and coarse-grained glaciofluvial sands and gravels along the 
central portions of the subwatershed.  These coarse-grained sediments that lie along the banks and 
floodplain of the Credit River facilitate groundwater upwelling into the Credit River and help support the 
coldwater fisheries within the subwatershed.  

Figure 2-25 illustrates the monthly streamflow statistics at the Norval Gauge on the Credit River at the 
outlet of Subwatershed 14.  Since the Norval gauge monitors flows from the Credit River, data reflects the 
entire upstream watershed area, not solely Subwatershed 14.  The monthly flow regime is very similar to 
that at the Boston Mills gauge.  Summer median flows do not increase significantly over those observed 
at the Boston Mills gauge.   

2.6.9 Subwatershed 10 – Black Creek 
Subwatershed 10 is located in the southwestern reaches of the Credit River Watershed, and it lies within 
the Town of Halton Hills and the Town of Erin.  The largest urban area within the subwatershed is the 
Village of Acton located at the intersection of Highway 25 and Highway 7.   

Ground surface topography in the subwatershed is highly variable due in part to the presence of the 
north-south trending Niagara Escarpment and also due to the hummocky nature of the Paris Moraine, 
which feeds the headwaters of the subwatershed.  The hummocky nature and coarse-grained sediments 
associated with the Moraine mean there is a significant amount of groundwater recharge occurring in this 
headwaters area as well as other areas of the subwatershed.  Surficial geology in the subwatershed 
includes the sandy Wentworth Till, coarse-grained ice contact sands and gravels, and bedrock drift (areas 
with thin overburden and bedrock outcrops) along the crest and slope of the Escarpment (Karrow, 1968).   

The significant groundwater recharge that occurs in this area helps support the coldwater fisheries that 
reside in Black Creek and the other tributaries within the subwatershed. In addition, groundwater 
recharge supports a large number of wetland communities including the Black Creek at Acton Wetland 
and the Acton Silver Creek Wetland Complex.  The Black Creek at Acton Wetland Complex is a 
Provincially Significant Wetland Complex made up of seven individual wetlands that are composed of two 
wetland types (56% marsh and 44% swamp).  The Acton-Silver Creek Wetland is also designated as 
Provincially Significant Wetland Complex and it is made up of 56 wetlands, and is composed almost 
entirely (99%) of swamp (with 1% marshland). 

Due to its proximity to the Greater Toronto Area, the thin overburden west of the brow of the Niagara 
Escarpment, and the high quality bedrock, portions of this subwatershed are currently being mined or 
explored for potential aggregate extraction.   

Figure 2-26 illustrates the monthly streamflow statistics at the Black Creek Gauge below Acton in 
Subwatershed 10.  Monthly variations in streamflow are not very large, and summer baseflow remains 
sustained.  The figure shows that the 90th percentile exceedance flow decreases over the summer 
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months into September which suggests that low flow issues are sometimes a problem later in the 
summer.   

2.6.10 Subwatershed 11 – Silver Creek 
The Silver Creek Subwatershed lies in the central portion of the Credit River Watershed on the slope of 
the Niagara Escarpment.  The headwaters of the subwatershed are located within the Town of Erin while 
the remainder of the subwatershed lies in the Town of Halton Hills.  Ground surface topography in the 
headwaters area is undulating and hummocky due to the presence of the Paris Moraine.  Topography in 
the central and eastern portions of the subwatershed slopes steeply from west to east due to the Niagara 
Escarpment, which bisects the subwatershed in a north-south direction.   

There are several wetlands within the subwatershed, many of which lie above the Niagara Escarpment 
and are associated with the Paris Moraine.  The Provincially Significant Ballinafad Ridge Wetland 
Complex is located in the headwaters of Subwatershed 11 on the Paris Moraine. Many of the wetlands 
that form this complex lie within the hummocks of the moraine while others are supported by groundwater 
discharge at the base of the moraine.  The wetland complex occupies just over 700 ha and is 
predominantly swamp (90.5%), with lesser marshland area (8.6%).  In addition, the Hungry Hollow 
Wetland Complex in Georgetown and portions of the Acton-Silver Creek Wetland Complex (both 
Provincially Significant Wetland Complexes) also lie within Subwatershed 11. 

Subwatershed 11 supports coldwater fish communities along reaches of the Credit River, and other 
coolwater and warmwater fish species have also been noted within the subwatershed (CVC, 2002a).  The 
fluctuations in fish communities are largely due to the variable surficial geology across the subwatershed, 
as well as the presence of wetlands which tend to increase the temperature of surface water features.  
Land use changes such as agricultural practices, and/or urbanization may also play a role in the spatial 
distribution of fish species within the subwatershed (CVC, 2002a). 

Land use in the subwatershed is primarily natural (45.6%) and rural (34.6%).  Approximately 20% of the 
subwatershed is defined as ‘urban’, the largest town being Georgetown (population 36,690; Canadian 
Census, 2006) lying at the base of the Escarpment in the eastern portion of the subwatershed (CVC, 
2002a).   

Urban development within the approved urban boundary in the Town of Halton Hills has been significant 
over the past 15 years.  According to Statistics Canada, the population of Halton Hills has been climbing 
rather steadily.  The population was approximately 36,816 in 1991, 42,390 in 1996, 48,184 in 2001 and 
55,289 in 2006.  This corresponds to a 50% increase in population in 15 years (1991 to 2006).  A 
corresponding increase in the demand for potable water has been a challenge for the Town as it is 
entirely dependent on groundwater with a buried bedrock valley system as the bedrock formation 
underlying the Town (Queenston Formation shale) is unsuitable for municipal supply. Georgetown also 
has one of four sewage treatment plants within the watershed, and the plant discharges effluent to Silver 
Creek.  

Figure 2-27 illustrates the monthly streamflow statistics at the Silver Creek Gauge at Norval in 
Subwatershed 11.  Monthly variations in streamflow are larger than others in the headwaters, with spring 
mean annual flow (April) being approximately 30 times larger than August mean flow.  

2.6.11 Subwatershed 9 – Norval to Port Credit 
Subwatershed 9 includes the portion of the Credit River that runs between Norval and Port Credit through 
the very densely populated and urban portions of Brampton and Mississauga.  The urbanization that has 
taken place throughout the subwatershed has removed much of the historic upland vegetation; however, 
there are several contiguous forest blocks remaining along the valley that support several different 
aquatic and terrestrial species (Gartner Lee et al., 1999).   
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Similar to the subwatersheds surrounding Subwatershed 9, the surficial geology primarily consists of fine-
grained Halton Till; however, there are localized areas with sand rich soils on the surface that supply local 
recharge, and subsequent groundwater discharge, to the Credit River (Karrow, 1991).  This groundwater 
discharge is significant enough to support coldwater fisheries, and this valley corridor provides a good 
linkage for migratory fish passage between Lake Ontario and the central portions of the watershed.  

Of geological significance in the subwatershed is the presence of a buried bedrock valley that loosely 
underlies the present day Credit River.  The valley is incised up to 40 m into the bedrock surface, and is 
infilled with interbedded fine-grained tills, silts and clays, and coarse-grained sands and gravels.  Due to 
the limited number of boreholes drilled in the valley, and limited hydraulic testing information available, 
the spatial distribution of the aquifers infilling the valley are poorly understood. 

Portions of the Provincially Significant Churchville-Norval Wetland Complex lie within Subwatershed 9. 
This wetland complex consists of marshland (67%) and swampland (33%) and lies within the floodplain of 
the Credit River, and includes a number of old abandoned river channels.   

Figure 2-28 illustrates the monthly streamflow statistics at the Erindale Gauge (discontinued).  Monthly 
variations in streamflow are higher, showing a relatively high spring flows as compared to summer low 
flows.  These effects are likely due to a number of factors including increased runoff and decreased 
recharge within the lower permeability soils of the Lower Watershed and also the effects of urbanization 
in the Lower Watershed.  

2.6.12 Subwatersheds 7, 8- Huttonville Creek, Springbrook Tributary and Churchville 
Tributary  

Subwatersheds, 7, 8a and 8b are all located in the lower portion of the Credit River Watershed, within the 
City of Brampton.  The land use in the area is primarily agricultural in the headwaters areas, and 
residential (with private services) with some recreation (parks and a golf course) in the southern reaches 
of the subwatersheds. There are significant development pressures and the lands are expected to be 
transformed to residential land use with some open space lands. 

The headwaters of Huttonville Creek and Springbrook Creek consist of several intermittent agricultural 
drains that drain the low permeability and low relief surficial soils (Halton Till) that blanket much of the 
three subwatersheds.  There are localized areas of sand rich soils that supply local recharge; however, 
these are minimal (Karrow, 1991).  Bedrock outcrops at ground surface along portions of the banks of 
Huttonville Creek and there is localized groundwater discharge into the creeks at these locations (TSH et 
al., 2004). 

The downstream reaches of the three Credit River tributaries are coldwater streams fed by groundwater 
discharge where the creeks intersect permeable sands or exposed bedrock.  The lower reaches of 
Huttonville and Springbook Creeks (up to Queen Street) provide high quality fish habitat, and the 
provincially significant red side dace have been reported in both of these creeks.  Rainbow trout have 
also been found spawning in the lower reaches of Huttonville Creek (TSH et al., 2004).  

Wetland areas in these subwatersheds are primarily the result of poorly drained soils and low infiltration.  
Portions of the Provincially Significant Churchville-Norval Wetland Complex lie within Subwatershed 8b. 
This wetland complex, consisting of marshland (67%) and swampland (33%), lies within the floodplain of 
the Credit River, and includes a number of old abandoned river channels.   

2.6.13 Subwatershed 6 – Levi Creek 
Levi Creek Subwatershed lies in the Lower Watershed region on the south side of the Credit River, within 
the City of Brampton.  Similar to the other subwatersheds east of the Niagara Escarpment, ground 
surface topography is low-lying and slopes gently towards Lake Ontario.  Surficial geology in this area is 
predominantly fine-grained and consists of fine-grained silts and clays and clay till (Halton Till), all of 
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which limit the amount of water recharging into the groundwater system, and it also limits the groundwater 
recharge into the streams and creeks.  There is insufficient groundwater discharge in the headwaters of 
Levi Creek to maintain permanent flow through the year, especially in the summer months when the 
water table is depressed (Gartner Lee et al., 1999). 

There has been significant agricultural activity and land clearing in the upper two-thirds of this 
subwatershed; these activities have led to a headwaters area with limited aquatic or wildlife habitat 
(Gartner Lee et al., 1999).  In the lower portions of the subwatershed where the Creek merges with the 
Credit River, there is some habitat for warmwater fisheries; however, in general the low summer flows 
and the intermittent reaches in the subwatershed offer limited fish habitat (Gartner Lee et al., 1999).  

Land use in the upper portions of the subwatershed is primarily agricultural in the form of fruit farming, 
row crops with lesser cattle and dairy farming (Gartner Lee et al., 1999).  The downstream portions of the 
subwatershed are increasingly urbanized, particularly in the City of Mississauga (Gartner Lee et al., 
1999). 

The (proposed) Levi Creek Wetland Complex represents the last remaining wetlands in the Levi Creek 
Subwatershed.  This complex plays an important role contributing baseflow to nearby creeks and in 
maintaining biological diversity within the City of Brampton.  The complex contains swamps and riverine 
marshes that are connected to Levi Creek through surface water and groundwater seepage originating 
from the surficial sand deposits near Embleton.  In 2006, this wetland was evaluated by the MNR and 
preliminary results indicate that the wetland may be Provincially Significant.  

2.6.14 Subwatershed 5 – Fletcher’s Creek 
Fletchers Creek Subwatershed lies in the Lower Watershed region on the north side of the Credit River, 
within the City of Brampton.  The subwatershed lies in portions of the Town of Caledon, City of Brampton 
and City of Mississauga.  Similar to the other subwatersheds east of the Niagara Escarpment, ground 
surface topography is low-lying and slopes gently towards Lake Ontario.  Surficial geology in this area is 
predominantly clay till (Halton Till), which limits the amount of water that recharges into the groundwater 
system. 

Land use in the upper headwaters reaches of this subwatershed is primarily agricultural, while the land 
use within the City of Brampton (central portion of the subwatershed) is a mix of agricultural, urban area 
and lands under construction (CVC et al., 2006b).  The lower reaches of the subwatershed in 
Mississauga are largely urban, and the result of urban growth in recent years.   

2.6.15 Subwatershed 4 – Mullett Creek 
Mullet Creek Subwatershed lies in the Lower Watershed region on the south side of the Credit River, 
within the City of Brampton.  Similar to the other subwatersheds east of the Niagara Escarpment, ground 
surface topography is low-lying and slopes gently towards Lake Ontario.  Surficial geology in this area is 
predominantly fine-grained and consists of fine-grained silts and clays and clay till (Halton Till), all of 
which limit the amount of water recharging into the groundwater system, and it also limits the groundwater 
recharge into the streams and creeks.  There is insufficient groundwater discharge in the headwaters of 
Mullet Creek to maintain permanent streamflow in the creeks through the year, especially in the summer 
months when the water table is depressed (Gartner Lee et al., 1999). 

The headwaters of Mullet Creek are ephemeral and their main function is to convey stormwater to the 
Credit River.  This upper portion of the subwatershed provides limited functional value in terms of aquatic 
or terrestrial resources.  In the lower reaches, where the Creek joins with the Credit River, the creek 
provides modest habitat for some species of fish, although there are barriers within the urban 
environment that prevent the free movement of fish (Gartner Lee et al., 1999). 
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Land use in the upper portions of the subwatershed is primarily agricultural in the form of fruit farming, 
row crops with lesser cattle and dairy farming (Gartner Lee et al., 1999).  The downstream portions of the 
subwatershed are increasingly urbanized, particularly in the City of Mississauga (Gartner Lee et al., 
1999).  

2.6.16 Subwatershed 2 – Carolyn Creek 
The Carolyn Creek Subwatershed lies on the eastern side of the Credit River, within the City of 
Mississauga.  Similar to Subwatersheds 1 and 3 (discussed below), land use in the subwatershed is 
dominated by urban land uses including residential, commercial and open park land.  Surficial geology in 
this area is primarily the fine-grained Halton Till, and topography is generally flat lying with a gentle slope 
towards Lake Ontario.  

There is one Provincially Significant Wetland Complex located within the subwatershed and it is called the 
Creditview Wetlands.  These wetlands are approximately 10 ha in size and they consist of swampland 
(74%), marshland (17%) and bog areas (9%; Ecoplans, 1988).  The wetlands are naturally occurring and 
they represent a rare natural habitat for vegetation and wildlife within the urban area of Mississauga. 

Similar to the other subwatersheds within the Cities of Brampton and Mississauga, several of the creeks 
and tributaries have been channelized or placed in sewers. 

2.6.17 Subwatersheds 1 and 3 – Loyalist Creek and Sawmill Creek 
Subwatersheds 1 and 3 lie in the southeastern portion of the watershed on the western side of the Credit 
River, within the Town of Milton and the City of Mississauga. Both subwatersheds are highly urbanized 
and land use is dominated by urban residential, commercial and open space lands. 

Overburden in these subwatersheds consists of fine-grained Halton Till, or associated fine-grained 
glaciolacustrine deposits.  Ground surface topography slopes gently towards Lake Ontario.  Some of the 
tributaries and creeks in these subwatersheds have been channelized or placed in sewers, and there are 
very few wetlands or woodlots.   

There are no provincially significant wetlands within either of the subwatersheds, and due to the intensive 
urbanization the coldwater fisheries are restricted to an area just upstream of the confluence of Loyalist 
Creek and the Credit River.   
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3.0 Consumptive Water Demand 

This section provides a summary of the estimation of human surface water and groundwater consumptive 
water demands for each subwatershed in the Credit River Watershed.  Consumptive water demand refers 
to the use of water that is not returned to its original source.  An estimate of the extent and variability of 
water use throughout the watershed is required to identify which areas may be under the highest degree 
of hydrologic stress, and to guide future efforts to refine the water budget tools in those areas of higher 
stress.   

According to the Technical Rules for Water Budgets and Water Quantity Risk Assessments (MOE, 2008), 
Great Lakes water takings are excluded from the assessments as the Great Lakes are considered to 
have a significant volume of potable water, and threats to water quantity are considered negligible.  
Therefore, the Lake Ontario water takings that service the residents in Mississauga, Brampton, and 
Oakville are not considered in the estimates of surface water demands in this assessment. 

While this section estimates consumptive water demand across the watershed, it is recognized that there 
are a number of non-consumptive water users (i.e., water for waste assimilation and ecological flow 
requirements).  These water needs, however, do not remove water from its source; rather, they rely on 
having healthy and sustainable streamflows.  While it is possible to estimate the amount of streamflow 
needed along a particular reach of a stream to sustain ecological requirements along that reach, it is not 
possible to estimate a total ecological flow requirement within a subwatershed or subwatershed. 

3.1 SUMMARY OF MUNICIPAL WATER USE IN THE CREDIT RIVER WATERSHED 
Table 12 lists the coordinates and reported pumping rates from 2005-2006 for each permitted municipal 
drinking water well in the Credit River Watershed (see CVC, 2007a for additional information).  The table 
also lists the estimated actual pumping rates for several of the wells (as outlined in the Permit to Take 
Water database).  The locations of all municipal groundwater wells in the watershed are illustrated on 
Figure 3-1.  

Table 12: Summary of Municipal Pumping Wells 

Well Name Easting 
(NAD83) 

Northing 
(NAD 83) 

Reported 
Average 
Day 
Pumping 
(m3/d) 

Permitted 
Pumping 
Rate 
(m3/d) 

Aquifer Pumping Rate 
Source 

Subwat-
ershed 

Region of Peel / Town of Caledon 

Alton Well 3/ 4 575070 4857132 2111 1,046 OB2 AquaResource, 
2007 17 

Caledon Village Well 
3/3A 581788 4855688 1824 1,964 OB2 AquaResource, 

2007 16 

Caledon Village Well 
4 576670 4856617 5424 3,273 OB2 AquaResource, 

2007 16 

Cheltenham Well 
PW1/ PW2 587284 4844416 2501 1,469 OB2 AquaResource, 

2007 20 

Inglewood Well 1 586043 4850102 N/A1 N/A1 OB2 AquaResource, 
2007 20 

Inglewood Well 2 586043 4850102 731 1295 OB2 AquaResource, 
2007 20 

Inglewood Well 3 585994 4851504 2451 1295 OB2 AquaResource, 
2007 20 

Town of Erin 
Erin Well 7 573556 4847599 734 2,586 BR3  CVC, 2007a 15 
Erin Well 8 573466 4846759 648 2,357 BR3  CVC, 2007a 15 



CREDIT VALLEY CONSERVATION 
TIER TWO INTEGRATED WATER BUDGET REPORT   

 

July 2009    46

Well Name Easting 
(NAD83) 

Northing 
(NAD 83) 

Reported 
Average 
Day 
Pumping 
(m3/d) 

Permitted 
Pumping 
Rate 
(m3/d) 

Aquifer Pumping Rate 
Source 

Subwat-
ershed 

Hillsburgh Well H2 568676 4849209 216 982 OB2  CVC, 2007a  15 
Hillsburgh Well H3 568233 4849607 216 655 OB2  CVC, 2007a  15 
Region of Halton 
Cedarvale Well 1A 587035 4833232 816 2,618 OB2  CVC, 2007a  11 
Cedarvale Well 3 587196 4832986 564 3,931 OB2  CVC, 2007a  11 
Cedarvale Well 4 587293 4833040 N/A 7,855 OB2  11 
Cedarvale Well 4A 587293 4833040 3,156 5,891 OB2  CVC, 2007a  11 
Princess Anne Well 5 586186 4833157 N/A 4,582 OB2  11 
Princess Anne Well 6 586186 4833157 1,967 13,091 OB2  CVC, 2007a  11 
Lindsay Court Well 584902 4833304 4,022 6,544 OB2  CVC, 2007a  10 
4th Line Well A 577038 4835290 1,031 1,309 BR3  CVC, 2007a  10 
Davidson Well 1 780 1,250 
Davidson Well 2 

577011 
 

4833241 
 780 1,250 

BR3  CVC, 2007a  10 

Prospect Park Well 576804 4830877 1,344 4,546 OB2  CVC, 2007a  10 
Town of Orangeville / Mono 
Mono Cardinal Woods 
Well 1 571266 4866092 9 818 BR3  CVC, 2007a  19 

Mono Cardinal Woods 
Well 3 571646 4866369 251 1,571 BR3  CVC, 2007a  19 

Mono Coles Well 1/2 576251 4864785 138 570 OB2  CVC, 2007a  19 
Mono Island Lake 
Well 1 - PW1   N/A 1,958 OB2  19 

Mono Island Lake 
Well 2 - TW1 574610 4865780 26 821 OB2  CVC, 2007a  19 

Orangeville Well 2A 570126 4862459 354 1,308 BR3  CVC, 2007a  19 
Orangeville Wells 5-
5A 569536 4862719 2,511 6,000 OB2  CVC, 2007a  19 

Orangeville Well 6 571383 4860475 1,578 3,600 BR3  CVC, 2007a  17 
Orangeville Well 7  570508 4863057 867 1,310 BR3  CVC, 2007a  19 
Orangeville Well 8A 570816 4864119 252 655 BR3  CVC, 2007a  19 
Orangeville Well 8B 570788 4864232 408 655 BR3  CVC, 2007a  19 
Orangeville Well 8C 570716 4864269 579 655 BR3  CVC, 2007a  19 
Orangeville Well 9A-
9B 569718 4861869 1,254 2,952 BR3  CVC, 2007a  19 

Orangeville Well 10 575103 4862304 622 1,453 OB2  CVC, 2007a  19 
Orangeville Well 11 571726 4861089 711 1309 BR3  CVC, 2007a  17 
Total   27,960 95,424    

1 Estimates cited for the Region of Peel represent the reported average pumping in the respective wells for the year 2006. 

2 OB denotes municipal wells screened in an unconsolidated overburden aquifer 

3 BR denotes municipal wells screened in a Paleozoic bedrock aquifer 

4 Estimates cited for the Region of Peel represent the reported average pumping in the respective wells for the year 2007. 
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3.1.1 Region of Peel 
In the Region of Peel, there are 4 communities within the Credit River Watershed that are dependent on 
groundwater for their potable water supply: Alton, Cheltenham, Inglewood and Caledon Village.  
Residents within the cities of Brampton and Mississauga obtain their water supply from Lake Ontario. 
Caledon East also relies on groundwater for its municipal water supply; however, it lies east of the 
watershed within the Humber River Watershed.  

Alton is located in the northwest area of the Region of Peel in the Town of Caledon within Subwatershed 
17.  The settlement area currently has a service population of about 1503 people.  Currently there are two 
municipal pumping wells that supply water to the residents of Alton (Alton wells 3-4). These wells extract 
water from coarse-grained overburden deposits interpreted to be part of the Alton Meltwater Channel, a 
glaciofluvial channel that carried meltwater from Orangeville southeastward towards the brow of the 
Escarpment near Cataract.  

Cheltenham is located in the Region of Peel in the western part of the Town of Caledon, on the west side 
of Creditview Road.  The community has a serviced population of about 736 people, which also includes 
residents of Terra Cotta.  The twinned well PW1-PW2 services Cheltenham and extracts water from a 
buried bedrock valley that trends beneath the modern day Credit River. 

Inglewood is located on Old Baseline and McLaughlin Road in the Region of Peel in the Town of 
Caledon.  Inglewood currently has a serviced population of about 1055 people, and there are two 
wellfields that supply water to these residents (Wells 1-2 and 3). Wells 1-2 extract water from a shallow 
overburden aquifer, while Well 3 extracts water from a deeper coarse-grained aquifer within a north-south 
trending buried bedrock valley.   

Caledon Village is located just off the crossroads of Highway 10 and Charleston Sideroad.  Currently 
there are 2 actively pumping wells supplying water to the residents of Caledon Village (Caledon 3, and 4).  
Caledon Well 3 is located in Subwatershed 16 and Well 4 is located in Subwatershed 18. Caledon Village 
Well 3 extracts water from the Caledon Meltwater channel, while Caledon Village Well 4 intersects an 
aquifer located with a buried bedrock valley located east of Alton. 

3.1.2 Region of Halton 
Residents within the Credit River Watershed that reside in the cities of Milton and Oakville obtain their 
water supply from Lake Ontario, while residents of Acton and Georgetown obtain their potable water from 
groundwater aquifers. 

Acton is an historic town within the Town of Halton Hills in Subwatershed 10.  The Region of Halton 
operates three pumping wells that supply the residents of Acton; Fourth Line Well, Davidson Well and the 
Prospect Park Well.  

Georgetown is also part of the Town of Halton Hills and is located in Subwatershed 11.  The Region of 
Halton operates six active pumping wells that service the residents of Georgetown (Lindsay Court, 
Princess Anne 5 and 6, Cedarvale wells 1A, 3A, and 4A). These wells extract water from aquifers within 
the buried valley aquifer that underlies Georgetown (Black-Silver Creek Channel).   

3.1.3 Wellington County 
The Town of Erin is an amalgamated community located in Wellington County.  The two urban centers, 
the Villages of Erin and Hillsburgh, are located in Subwatershed 15.  Currently there are two actively 
pumping wells supplying the Village of Erin (Erin Well 7 and Erin Well 8) and two actively pumping wells 
supplying the residents of Hillsburgh (Hillsburgh Well 2 and Hillsburgh Well 3).   
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3.1.4 Dufferin County 
Portions of the Townships of East Garafraxa and Amaranth lie within the headwaters of the Credit River 
Watershed.  There are numerous private wells located in these areas; however, there are no municipal or 
communal wells located within these areas that lie within the CVC jurisdiction.   

Orangeville is located northwest of Brampton at the intersection of Highways 10, and 9.  Currently there 
are twelve wells in eight wellfields within the Town of Orangeville that supply a population of 
approximately 28,000 people.  All of the Orangeville wells except Well 5/ 5A, and Well 10 derive their 
water supply from the bedrock aquifer.  Wells 5/ 5A and 10 obtain their water from overburden aquifers.  
The majority of Orangeville’s municipal wells lie within Subwatershed 19 except for Orangeville Wells 6 
and 11, which lie southwest of Orangeville in Subwatershed 17.   

The Town of Mono has six municipal wells within the Credit River Watershed: Coles Wells 1 and 2, 
Cardinal Woods Wells 1 and 3, and Island Lake Wells 1 and 2.  These water supply wells extract their 
water from both overburden and bedrock aquifers within Subwatershed 19.   

3.2 PERMITS TO TAKE WATER 
The Ministry of the Environment’s Permit to Take Water Program has been in place since the early 
1960’s.  The MOE requires that any person taking more than 50,000 L/day, on any given day in a year, is 
required to hold an active PTTW.  Exceptions are granted for domestic water use, livestock watering and 
water taken for firefighting purposes.  Information such as geographic location of the source, maximum 
permitted volumes, and the general and specific purposes of the water takings are stored within the 
PTTW database. 

3.2.1 Water Use Assessment Project 2006 
The CVC partnered with the Ministry of the Environment (MOE) Central Region to initiate the Credit River 
Watershed Water Use Assessment Project in 2006 (MOE, 2006b). The purpose of the project was to 
obtain accurate and up-to-date non-municipal water taking values from the Credit River Watershed. This 
information was intended to improve compliance for PTTW purposes; where any non-municipal water 
taking over 50,000 L/day must be regulated and approved by the MOE. The collection of these data was 
also intended to aid the CVC in their water budget and modelling initiatives. 

The project involved the identification of potential water use sites within the watershed.  Each site was 
contacted either by telephone, mail, fax or e-mail with the goal of estimating water taking status through 
the completion of a questionnaire.  A total of 40 questionnaires were returned to the project team for 
water taking activities relating to 27 unique PTTWs. 

3.2.2 Consumptive Water Use Methodology 
In the context of a water budget or water quantity risk assessment, water consumption refers to the 
amount of water removed from a hydrological system and not returned to the same system in a 
reasonable time period.  All estimates of water demand must consider consumptive use, as opposed to 
the total amount of water that may be pumped from a system.   

The PTTW database was used to estimate the consumptive water use within the Credit River Watershed.  
The recommended process for use in estimating consumptive water use is located in Appendix D, Figure 
1 of Guidance Module 7 (MOE, 2007), and remains valid in respect of the Technical Rules (MOE, 2008). 

Estimating consumptive water demand requires a proper consideration of scale as well as the physical 
water taking operation.  Some water takers may have large extraction volumes associated with their 
permits while actually consuming very little of that water.  An example of this is aggregate washing 
operations where large volumes of water are circulated between washing and settling ponds, and a 
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relatively small percentage (10%; Gartner Lee, 2006) is lost to evaporation or is removed offsite within the 
washed material.  Another example is a dewatering activity where groundwater that is pumped to lower 
the water table is discharged to a nearby creek.  At the scale of a subwatershed very little of this water is 
actually consumed; however, this water taking would be fully consumptive with respect to the pumped 
aquifer. 

Understanding that consumptive use is dependent on the scale of the assessment, the following three 
consumptive factors were created: 

Consumptive with Respect to the Source  

If water is removed from a source and not returned to the same source as it was withdrawn, the taking 
was assumed to be 100 percent consumptive with respect to the source.  Groundwater takings usually fall 
into this category where it is common for water to be pumped from a deep aquifer and returned to a 
surface water feature.  Another situation that could exist is the case of a small hydroelectric dam has a 
very high permitted rate along a river (source), but doesn’t consume any water from that river.  In this 
situation the taking is assumed to have a low consumption rate (minor losses due to enhanced 
evaporation only).  Table 13 provides a list of suggested consumptive use factors (AquaResource, 2005) 
that should be used for water takings where water is returned to the same source from which it is taken.  
These default values correspond to the ‘Specific Purpose’ assigned by the MOE to each permit. 

Consumptive with Respect to the Subwatershed 

If water is taken and not returned to a water body within that subwatershed it was assumed to be 100% 
consumptive at the scale of the subwatershed.  Municipal supply wells or river intakes, drawing water 
from one particular subwatershed, and discharging via wastewater effluent to another subwatershed 
would be considered 100 percent consumptive at this scale.  If the water was returned within the same 
subwatershed, the purpose specific consumptive factor was used (Table 13).   

Consumptive with Respect to the Watershed  

If water is taken from the watershed and not returned within the watershed, it is assumed to be 100 
percent consumptive at the watershed scale.  Water bottling operations, and other commercial operations 
that include water in their processing, fall into this category.  All other types of water taking operations 
would be assigned consumptive factors specific to their purpose of taking (Table 13). 

Note that the consumptive factors cited in Table 13 were obtained from Appendix D, Table 2 (“Default 
Consumptive Use Factors”) of Guidance Module 7 (MOE, 2007).  While these factors are generalized, 
they provide a consistent approach for the initial estimation of consumptive water use within a watershed.  
In addition, these consumptive factors are not necessarily the same as what might be appropriate for a 
source.  As an example, the source-specific consumptive factor for a municipal well would be 1, to 
represent the fact that all of the water pumped from the well is not returned to the same aquifer it was 
pumped from.  Alternatively, a rural domestic well might be assigned a source-specific consumptive factor 
of 0.2 to account for water that is returned to groundwater through a septic system leaching bed. 
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Table 13: Subwatershed and Watershed Consumptive Use Factors 

Category Specific Purpose Consumptive 
Factor (MOE, 2007) Category Specific Purpose Consumptive 

Factor 
Agricultural Field and Pasture Crops 0.8 Institutional Hospitals 0.25 
Agricultural Fruit Orchards 0.8 Institutional Other - Institutional 0.25 

Agricultural Market Gardens / 
Flowers 0.9 Institutional Schools 0.25 

Agricultural Nursery 0.9 Miscellaneous Dams and 
Reservoirs 0.1 

Agricultural Other - Agricultural 0.8 Miscellaneous Heat Pumps 0.1 

Agricultural Sod Farm 0.9 Miscellaneous Other - 
Miscellaneous 1 

Agricultural Tender Fruit 0.8 Miscellaneous Pumping Test 0.1 
Agricultural Tobacco 0.9 Miscellaneous Wildlife Conservation 0.1 
Commercial Aquaculture 0.1 Recreational Aesthetics 0.25 
Commercial Bottled Water 1 Industrial Manufacturing 0.25 
Commercial Golf Course Irrigation 0.7 Industrial Other - Industrial 0.25 
Commercial Mall / Business 0.25 Industrial Pipeline Testing 0.25 
Commercial Other - Commercial 1 Industrial Power Production 0.1 
Commercial Snowmaking 0.5 Recreational Fish Ponds 0.25 
Construction Other - Construction 0.75 Recreational Other - Recreational 0.1 
Construction Road Building 0.75 Recreational Wetlands 0.1 
Dewatering Construction 0.25 Remediation Groundwater 0.5 
Dewatering Other - Dewatering 0.25 Remediation Other - Remediation 0.25 
Dewatering Pits and Quarries 0.25 Water Supply Campgrounds 0.2 
Industrial Aggregate Washing 0.25 Water Supply Communal 0.2 
Industrial Brewing and Soft Drinks 1 Water Supply Municipal Wells 0.2 
Industrial Cooling Water 0.25 Water Supply Other - Water Supply 0.2 
Industrial Food Processing 1    
 

3.2.2.1 Monthly Usage Factors 

Monthly estimates of water use and supply are required to evaluate the transient stress level within a 
subwatershed.  Comparisons of annual water use and supply have been found to mask areas of potential 
water quantity issues since many of those occur during the low flow season.  With the lack of temporal 
characterization within the PTTW database, additional information is required to arrive at monthly 
estimates.   

The GRCA (2005) characterized the seasonality of water takings based on the specific water taking 
purpose.  As part of the Grand River Water Use Study, the GRCA identified the months of the year that 
one could reasonably assume a particular water taking operation or facility would be actively pumping 
water.  These estimates can be used to help improve the estimation of the monthly water use in a 
watershed as this approach recognizes that many water taking facilities operate during specific periods of 
the year (e.g., snow making is generally active in the winter, while golf course irrigation is active in the 
summer months). 

Table 14 outlines the months of the year that particular permits are expected to extract ground or surface 
water.  The demand adjustments outlined in Table 14 below were taken from Table 1 of Guidance Module 
7 (Default Monthly Demand Adjustments; MOE, 2007), and remains valid in respect of the Technical 
Rules (MOE, 2008). 
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Table 14: Monthly Demand Adjustments 
General 
Purpose Specific Purpose Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Agricultural Field and Pasture Crops 0 0 0 0 0 0 1 1 0 0 0 0 
Agricultural Fruit Orchards 0 0 0 0 0 0 1 1 0 0 0 0 
Agricultural Market Gardens / Flowers 0 0 0 0 0 0 1 1 0 0 0 0 
Agricultural Nursery 0 0 0 0 0 0 1 1 0 0 0 0 
Agricultural Other - Agricultural 0 0 0 0 0 0 1 1 0 0 0 0 
Agricultural Sod Farm 0 0 0 0 0 1 1 1 1 0 0 0 
Agricultural Tender Fruit 0 0 0 0 0 0 1 1 0 0 0 0 
Agricultural Tobacco 0 0 0 0 0 0 1 1 0 0 0 0 
Commercial Aquaculture 1 1 1 1 1 1 1 1 1 1 1 1 
Commercial Bottled Water 1 1 1 1 1 1 1 1 1 1 1 1 
Commercial Golf Course Irrigation 0 0 0 0 0 1 1 1 1 0 0 0 
Commercial Mall / Business 1 1 1 1 1 1 1 1 1 1 1 1 
Commercial Other - Commercial 1 1 1 1 1 1 1 1 1 1 1 1 
Commercial Snowmaking 1 1 0 0 0 0 0 0 0 0 0 1 
Construction Other - Construction 1 1 1 1 1 1 1 1 1 1 1 1 
Construction Road Building 1 1 1 1 1 1 1 1 1 1 1 1 
Dewatering Construction 1 1 1 1 1 1 1 1 1 1 1 1 
Dewatering Other - Dewatering 1 1 1 1 1 1 1 1 1 1 1 1 
Dewatering Pits and Quarries 1 1 1 1 1 1 1 1 1 1 1 1 
Industrial Aggregate Washing 0 0 0 0 1 1 1 1 1 1 1 0 
Industrial Cooling Water 1 1 1 1 1 1 1 1 1 1 1 1 
Industrial Food Processing 1 1 1 1 1 1 1 1 1 1 1 1 
Industrial Manufacturing 1 1 1 1 1 1 1 1 1 1 1 1 
Industrial Other - Dewatering 1 1 1 1 1 1 1 1 1 1 1 1 
Industrial Other - Industrial 1 1 1 1 1 1 1 1 1 1 1 1 
Industrial Pipeline Testing 1 1 1 1 1 1 1 1 1 1 1 1 
Institutional Other - Institutional 1 1 1 1 1 1 1 1 1 1 1 1 
Institutional Schools 1 1 1 1 1 1 0 0 1 1 1 1 
Miscellaneous Dams and Reservoirs 1 1 1 1 1 1 1 1 1 1 1 1 
Miscellaneous Heat Pumps 1 1 1 1 1 1 1 1 1 1 1 1 
Miscellaneous Other - Miscellaneous 1 1 1 1 1 1 1 1 1 1 1 1 
Miscellaneous Pumping Test 1 1 1 1 1 1 1 1 1 1 1 1 
Miscellaneous Wildlife Conservation 1 1 1 1 1 1 1 1 1 1 1 1 
Missing Missing 1 1 1 1 1 1 1 1 1 1 1 1 
Recreational Other - Recreational 1 1 1 1 1 1 1 1 1 1 1 1 
Recreational Wetlands 1 1 1 1 1 1 1 1 1 1 1 1 
Remediation Groundwater 1 1 1 1 1 1 1 1 1 1 1 1 
Remediation Other - Remediation 1 1 1 1 1 1 1 1 1 1 1 1 
Water Supply Campgrounds 0 0 0 0 1 1 1 1 1 0 0 0 
Water Supply Communal 1 1 1 1 1 1 1 1 1 1 1 1 
Water Supply Municipal 1 1 1 1 1 1 1 1 1 1 1 1 

Water Supply Other - Water Supply 1 1 1 1 1 1 1 1 1 1 1 1 
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For all types of water taking operations, other than agricultural, this table indicates when the taking is 
assumed to be active.  During these times, it is assumed that water is being extracted every day within 
that month.   

For agricultural permits a slight variation to this method was applied.  Rather than assuming the taking 
was active every day during the particular month, the Study Team estimated the number of days per 
month that an irrigation permit would be actively taking water.  The GRCA estimated that in an area with 
sandy, well drained soil, the average number of irrigation events per year was 4 (GRCA, 2005), with a 
range of 0 (in a wet year) up to 10 irrigation cycles in extremely dry years.  The length of time the average 
irrigator requires to apply an irrigation event to the full crop is poorly understood.  OMAF staff indicated 
that a farmer may take 4 to 7 days to fully irrigate their crop (Rebecca Shortt, pers comm., 2006).  Based 
on this, the Study Team conservatively assumed that for each irrigation event, the water taking is active 
for 7 days.  With 4 irrigation events occurring during the average year, this translates into 28 days in 
which the water taking would be active, over the two month period of July and August.  

3.2.2.2 Water Demand Estimation; Limitations and Assumptions 

Originally designed to manage the fair sharing of water, the data stored in the MOE PTTW database can 
be used to estimate current water demands.  Although the PTTW program is currently being updated to 
collect records of actual water takings, the datasets provided by the MOE only include maximum 
permitted water takings, and must be manipulated to estimate realistic water demands.  However, when 
using the PTTW database to estimate actual water demands the following limitations and assumptions 
must be considered: 

• When specifying the amount of water required for their specific use, permit holders will often 
request a volume of water that exceeds their requirements.  This may be done to ensure 
compliance in dry years, or to secure sufficient water for possible future expansion of the operation; 

• The database does not maintain a record of seasonal water use. Actual water use for irrigation 
(agricultural, golf course, etc) would be much higher during a dry summer than a wet summer.  
Similarly, water takings for a snowmaking operation such as a ski hill will also fluctuate depending 
on the climatic conditions;   

• Multiple wells or sources may be included on a particular permit, and the permitted rate refers to 
the total for all sources associated with that permit.  As an example, two nearby municipal wells 
may operate under one permit but the permit for those wells specifies that they cannot operate 
simultaneously.  In this case, each well source could pump at the maximum permitted rate, but not 
at the same time.  To estimate total demand, the total permitted rate should be divided amongst the 
active source locations; 

• The spatial location of water taking sources is not always accurate; 
• The PTTW database is not current with respect to the MOE’s actual permitting activities (recent 

permit numbers may not be included within the database);   
• The source of water may be characterized in the PTTW database by either “S” for surface water, 

“G” for groundwater, or “B” where both groundwater and surface water are used.  There are no 
standardized fields which indicate whether a specific source is taking water from surface water or 
groundwater; and,  

• Historic municipal water wells, which can be significant, are often “grandfathered” and do not 
require a permit.  As such that demand will not be reflected in the PTTW database. 

 

The PTTW database utilized for this assessment was obtained by the CVC from the MOE.  During this 
Study, this PTTW database was updated to accommodate the above issues wherever possible.   
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3.3 ESTIMATED CONSUMPTIVE WATER USE 
Table 15 lists the active (not expired) and current non-municipal permitted groundwater takings within the 
watershed for 2006.  These water takings were identified using the PTTW database as well as the results 
of the Water Use Assessment Study conducted by the MOE and the CVC in 2006 (MOE, 2006b).  The 
permit locations are also illustrated in Figures 3-1.  The key assumptions behind these consumptive rate 
estimates are summarized below: 

• Permitted Rate.  The permitted rate represents the maximum rate that a permit holder is allowed to 
operate pump.   

• Pumped Rate.  The pumped rate is the actual rate that a pump operates, and may be smaller than 
the permitted rate.  The pumped rate is only applicable where the information was collected in 
response to the CVC/MOE survey.  Without having the survey, the pumped rate is assumed to be 
equal to the permitted rate.   

• Average and Maximum Estimated Consumptive Rate.  The consumptive rates have been either 
estimated using the technique described in Section 3.2.1, through modelling, or reported in the 
MOE and CVC Water Use Assessment Project report (MOE, 2006b).  The maximum estimated 
consumptive rate will correspond to a calculation that takes into account the source-specific 
consumptive use factor.  The average consumption rate accounts for the fact that a water taking 
permit may only be active during specific months or seasons. 

  
As shown in Table 15, there is often a discrepancy between permitted rates and estimated consumptive 
rates.  The largest permitted water takers relate primarily to aggregate washing uses; however, these 
uses do not typically translate to large consumptive demands.  This is often due to the fact that aggregate 
wash water is typically recycled.  Secondly, aggregate washing doesn’t typically occur all the time, so net 
average water use is lower than the permitted use. 

In addition to having the results of the MOE/CVC survey several of the estimates were refined after 
follow-up conversations with permit holders and/or consultants.  In the case of the Aquaculture permit in 
Subwatershed 19, the permit holder did not have pumps installed in the permitted wells.  In the case of 
Subwatershed 10, the consultant for a Quarry operation was able to respond with a refined estimate of 
consumptive use based on a detailed water balance of the quarry. 

Table 15: Non-Municipal Permitted Groundwater Takings 
Pumping  / Consumption Rate (m3/d) 

Consumption Rate Sub 
wat # Permit Purpose Permit Pumped Source1 Average Max 

5 5821-6G7V8B Pits and Quarries 2,455 2,455 Est 143 246 
5 96-P-3031 Aggregate Washing 3,273 3,273 Est 191 327 
6 1358-6LKMVL / 

64-P-249 
Agriculture Irrigation 910 392 Rep 161 354 

7 98-P-3006 Aggregate Washing 2,864 1,080 Rep 72 108 
10 02-P-3087 Pits and Quarries 4,582 n/a Rep 1,000 1,000 
10 2888-6M4HEG Aggregate Washing 9,819 9,819 Rep 655 982 
13 5236-6K3L8S Golf Course Irrigation 851 851 Est 248 596 
13 5236-6K3L8S Golf Course Irrigation 458 458 Est 134 321 
13 5236-6K3L8S Golf Course Irrigation 458 458 Est 134 321 
14 1470-6LBQSN Golf Course Irrigation 9,083 13 Rep 13 13 
15 01-P-2192 Schools 100 100 Est 100 100 
15 6046-6GNKQD Aquaculture 3,273 0 Rep 0 0 
15 8351-6MGLYG Aggregate Washing 7,816 7,816 Est 456 782 
15 8357-6MGLYG Aggregate Washing 10,421 10,421 Rep 1,042 1,042 
15 96-P-2024 Groundwater 1,370 685 Est 685 685 
15 96-P-2024 Groundwater 1,370 685 Est 684 684 
15 97-P-2048 Aggregate Washing 2,288 2,288 Est 229 229 
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Pumping  / Consumption Rate (m3/d) 
Consumption Rate Sub 

wat # Permit Purpose Permit Pumped Source1 Average Max 
15 97-P-2048 Aggregate Washing 982 982 Est 98 98 
15 98-P-2029 Bottled Water 225 225 Est 225 225 
15 98-P-2106 Aggregate Washing 2,030 2,030 Rep 1,015 2,030 
16 0528-75EPX9 Aggregate Washing 3,273 3,273 Est 251 327 
16 02-P-3122 Aggregate Washing 26,186 19432 Est 314 972 
16 8248-6E4QWB Aggregate Washing 3,456 1,855 Rep 701 1,855 
16 8248-6E4QWB Aggregate Washing 21 10 Rep 8 10 
16 8248-6E4QWB Aggregate Washing 19,613 12,065 Rep 0 0 
16 8248-6E4QWB Aggregate Washing 140 132 Rep 16 99 
16 8248-6E4QWB Aggregate Washing 19,613 0 Rep 0 0 
16 8248-6E4QWB Aggregate Washing 22,094 9,549 Rep 804 1,432 
16 8248-6E4QWB Aggregate Washing 8,208 468 Rep 40 70 
17 2415-6GWQ44 Aggregate Washing 2,728 2,728 Rep 159 273 
17 7034-5U6H84 Aggregate Washing 4,004 4,004 Est 234 400 
17 7134-6LJKT4 Aggregate Washing 73 73 Est 4 7 
17 73-P-0480 Other - Agricultural 1,210 1,000 Rep 250 1,000 
17 92-P-2054 Aggregate Washing 5,940 5,940 Est 347 594 
18 01-P-3035 Snowmaking 114 114 Rep 114 114 
18 01-P-3035 Snowmaking 86 86 Rep 86 86 
18 02-P-3020 Groundwater 84 84 Est 42 42 
18 02-P-3020 Groundwater 84 84 Est 42 42 
18 7072-6MASY6 Golf Course Irrigation 1,767 1,767 Est 412 1,237 

 
Notes: 1(Est) – Pumped volumes estimated from known permit information.  (Rep) Pumped volumes estimated from MOE/CVC 
Water Use Assessment. 
 
Table 16 lists the permitted surface water takings within the watershed for 2006.  The locations of these 
permitted takings are shown on Figure 3-2.  

Table 16: Permitted Surface Water Takings 

Water Use (m3/d) 

 Estimated 
Consumptive Use  Sub-

wat Permit Purpose 
Permitted 

Rate Avg. Max Source 

5 5132-6BPQRC Golf Course Irrigation n/a 893 1,532 Rep 
6 0146-6LMJBJ Golf Course Irrigation 1,514 194 582 Rep 
6 86-P-3022 Nursery n/a 306 367 Rep 
9 0030-6NAJ36 Golf Course Irrigation 2,180 115 277 Rep 
9 0146-6LMJBJ Golf Course Irrigation 1,514 890 2,671 Rep 
9 1422-6KWUBJ Golf Course Irrigation 4,908 1,145 3,436 Est 

9 2813-6KWMGY / 
65-P-659 Agriculture Irrigation 3,273 1,374 2,356 Rep 

9 8060-6PFRWP Golf Course Irrigation 2,724 636 1,907 Est 
9 8060-6PFRWP Golf Course Irrigation n/a 836 1,254 Rep 

10 1353-6MYPZJ Golf Course Irrigation 2,319 284 567 Rep 
10 1353-6MYPZJ Golf Course Irrigation 1,375 4 8 Rep 

11 6334-6GDJ4P Wildlife conservation/ 
wetlands/ recreational n/a 0 0 Rep 

12 0065-6MYNFT Nursery production/ Irrigation n/a 1,221 1,832 Rep 
13 00-P-3017 Other - Construction 606 454 454 Est 
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Water Use (m3/d) 

 Estimated 
Consumptive Use  Sub-

wat Permit Purpose 
Permitted 

Rate Avg. Max Source 

14 1470-6LBQSN Golf Course Irrigation 2,592 197 394 Rep 
15 1742-6G6MGQ Wildlife conservation 8,208 0 0 Rep 
15 6046-6GNKQD Aquaculture 10,015 0 0 Rep 
16 01-P-3005 Other - Remediation 19,613 0 0 Rep 
16 97-P-3030 Wildlife Conservation 22,094 0 0 Rep 

17 3025-6GEH98 Wildlife conservation / 
wetlands/ recreational n/a 0 0 Rep 

17 4727-6G7HQN Wildlife conservation/ 
wetlands/ recreational n/a 0 0 Rep 

18 01-P-3035 Snowmaking 2,726 170 681 Rep 
18 01-P-3035 Snowmaking 2,726 170 681 Rep 
18 01-P-3035 Snowmaking n/a 0 0 Rep 
18 7072-6MASY6 Golf Course Irrigation 6,546 2,182 6,546 Est 
18 7072-6MASY6 Golf Course Irrigation 6,546 0 0 Est 
18 7072-6MASY6 Golf Course Irrigation 8,510 0 0 Est 
18 7072-6MASY6 Golf Course Irrigation 13,092 0 0 Est 
19 99-P-3042 Golf Course Irrigation 594 139 416 Est 

Notes: 1(Est) – Pumped volumes estimated from known permit information. (Rep)- Pumped volumes estimated from MOE/CVC 
Survey. 

3.3.1 Unserviced Rural Water Demand 
To provide a better understanding of total water demand, the unserviced rural water demand was 
estimated for each subwatershed in the Credit Valley.  This was completed by estimating the number of 
unserviced residences in each subwatershed and then estimating the average water use for each 
unserviced residence.  The number of unserviced residences was estimated using mapping of rural septic 
systems prepared by the CVC (2007a).  The location of rural septic systems was determined using 
detailed orthophotos across the unserviced watersheds; it was assumed in the assessment that a septic 
system existed at each dwelling located within an unserviced area.  The location of the septic system was 
added to a GIS and mapped spatially across the watershed.  

Each rural unserviced lot was assumed to have one active domestic well.  The total number of active 
domestic wells was then estimated for each subwatershed.  The number of domestic wells was then 
multiplied by the average number of persons occupying each rural lot and by the domestic per capita 
water use.   

The Official Plan for the Town of Erin (2007) estimated 2.90 persons per unit in the Town of Erin, while 
Beatty and Associates (2003) estimated 3.2 persons per unit in the Regional Municipality of Peel.  To be 
conservative, 3.2 persons were assumed to reside in each rural lot.  A domestic per capita water use of 
335 L/day per person was used, consistent with the Technical Rules (MOE, 2008).  In addition, a 
consumptive use coefficient equal to 0.2 (20%) represents the fact that most rural domestic drinking water 
is returned to groundwater through septic systems.   

These values produced the unserviced rural water demand per subwatershed as shown in Figure 3-3.  
The highest unserviced rural water demands (Table 17) are in the western portion of the Credit River 
Watershed, namely the West Credit River, Black Creek, Silver Creek and Credit River – Cheltenham to 
Glen Williams Subwatersheds.  Norval to Port Credit Subwatershed has a fairly high rural water demand 
(101 m3/day) due to the unserviced area in the northern portion of the subwatershed; the middle to lower 
portions of the subwatershed are serviced by Lake Ontario surface water.  
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Table 17: Unserviced Domestic Water Demand 

Subwatershed Estimated Unserviced Water 
Demand 

No. Name 

No. 
Septic 

Systems Total (m3/d) Consumptive 
(m3/d) 

1 Loyalist Creek 5 5 1 
2 Carolyn Creek 0 0 0 
3 Sawmill Creek 11 12 2 
4 Mullett Creek 65 70 14 
5 Fletcher's Creek 81 87 17 
6 Levi Creek 225 241 48 
7 Huttonville Creek 138 148 30 
8a Springbrook Tributary 85 91 18 
8b Churchville Tributary 33 35 7 
9 Norval to Port Credit 470 504 101 
10 Black Creek 1,048 1,123 225 
11 Silver Creek 704 755 151 
12 Credit River - Cheltenham to Glen Williams 580 622 124 
13 East Credit River 405 434 87 
14 Credit River - Glen Williams to Norval 197 211 42 
15 West Credit River 1,188 1,274 255 
16 Caledon Creek 322 345 69 
17 Shaw's Creek 438 470 94 
18 Credit River - Melville to Forks of the 297 318 64 
19 Orangeville 443 475 95 
20 Credit River - Forks of the Credit to Cheltenham 490 525 105 
21 Lake Erie Tributaries 0 0 0 
22 Lake Erie Tributaries 0 0 0 
 Total 7,225 7,745 1,549 

 
The total estimated water use for livestock in the Region of Peel was estimated by Beatty and Associates 
(2003) to be less than 0.1% of the total water use in the Region of Peel.  According to a survey of 
agricultural activities in the Upper Watershed Region (MacDonald, 2006), agriculture in the area is of 
relatively low intensity from a cropping and livestock point of view.  For these reasons, non-permitted 
agricultural water demand was not included in the water budget.  

3.4 SUBWATERSHED WATER USE ESTIMATES 
The following sections summarize water use estimates, and include a discussion of the consumptive 
water use as well as the total volume consumed at each scale.  These estimates are limited to permits 
included in the PTTW database, and do not include non-permitted agricultural demands or unserviced 
rural domestic water demand. 

3.4.1 Consumptive Estimate (Unit Scale) 
The estimated consumptive groundwater demand within each subwatershed is presented in Table 18.  
On an average annual basis, 39,615 m3/day of water are estimated to be removed from groundwater 
aquifers in the Credit River Watershed.  Approximately 69% of this demand is due to municipal use and 
20% of this demand is due to aggregate use (i.e. aggregate washing, dewatering).  Average consumptive 
groundwater demand is illustrated for each subwatershed on Figure 3-4. 
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From a groundwater perspective, the water takings are variable across the watershed (Figure 3-4) with 
the greatest average annual consumptive use generally taking place in areas of high municipal takings 
including Subwatershed 10 (Black Creek), Subwatershed 19 (Orangeville), and Subwatershed 11 (Silver 
Creek).  Average annual consumptive use in Subwatersheds 15 and 16 is also relatively high due to a 
number of aggregate uses.  While the estimated consumptive demand for subwatersheds having a high 
proportion of municipal takings is relatively certain, additional effort is warranted to refine the estimate of 
water demands for aggregate users. 

Maximum monthly water demand is approximately 25% higher than average annual water demand.  
Many of the non-municipal water users (i.e. agriculture, aggregate) operate on a seasonal basis, and as a 
result, their consumptive use is much higher in the summer than in the winter months.  

Table 18: Source Specific Consumptive Demand (Permitted Groundwater) 

Average Consumptive Demand (m3/d) Peak Consumptive 
Demand (m3/d)   

No. 
  

Name Municipal 
Demand 

Permitted 
Non-

Municipal 

Rural 
Domestic 
Demand Total 

Non 
Municipal Total 

1 Loyalist Creek  ND  ND 1 1 ND  1 
2 Carolyn Creek  ND  ND  ND ND   ND ND  
3 Sawmill Creek  ND  ND 2 2  ND 2 
4 Mullett Creek  ND  ND 14 14  ND 14 
5 Fletcher's Creek  ND 334 17 351 573 590 
6 Levi Creek  ND 161 48 209 354 402 
7 Huttonville Creek  ND 72 30 102 108 138 

8a Springbrook Tributary  ND  ND 18 18 ND  18 
8b Churchville Tributary  ND  ND 7 7  ND 7 
9 Norval to Port Credit  ND  ND 101 101  ND 101 

10 Black Creek 7,177 1,655 225 9,057 1,982 9,384 
11 Silver Creek 6,504  ND 151 6,655  ND 6,655 

12 
Credit River - Cheltenham to 
Glen Williams  ND  ND 124 124  ND 124 

13 East Credit River  ND 515 87 602 1,237 1,324 

14 
Credit River - Glen Williams to 
Norval  ND 13 42 55 13 55 

15 West Credit River 1,814 4,534 255 6,603 5,875 7,944 
16 Caledon Creek 724 2,135 69 2,928 4,765 5,558 
17 Shaw's Creek 2,501 993 94 3,588 2,274 4,869 

18 
Credit River - Melville to Forks 
of the 650 697 64 1,411 1,522 2,236 

19 Orangeville 7,020  ND 95 7,115  ND 7,115 

20 
Credit River - Forks of the 
Credit to Cheltenham 567  ND 105 672  ND 672 

21 Lake Ontario Shoreline  ND  ND  ND ND   ND ND  
22 Lake Ontario Shoreline  ND  ND  ND  ND ND   ND 
  Total 26,957 11,109 1,549 39,615 18,702 47,208 

Note: ND – No Demand Identified 
 
The estimated consumptive surface water demand within each subwatershed is presented in Table 19.  
On an average annual basis, 11,212 m3/day of water is estimated to be consumed from surface water 
sources in the Credit River Watershed, which translates to approximately 2% of the Credit River’s mean 
annual flow.  Average consumptive surface water demand is illustrated for each subwatershed in Figure 



CREDIT VALLEY CONSERVATION 
TIER TWO INTEGRATED WATER BUDGET REPORT   

 

July 2009    58

3-5.  The maximum monthly consumptive demand is estimated to be 24,599 m3/day, more than double 
the average annual rate. 

The surface water takings are variable across the watershed (Figure 3-5) with the greatest average 
annual consumptive use taking place in Subwatershed 9.  The extent of these estimated takings are due 
largely to agricultural and golf course irrigation along the main branch of the Credit River.  There is a 
significant seasonal fluctuation in water use associated with those water takings, as demonstrated by the 
larger maximum monthly demand.  Further investigation of these users is recommended to verify the 
reported water takings and nature of those water takings. 

Table 19: Average and Maximum Monthly Consumptive Surface Water Demand 
Surface Water Demand (m3/d) No. Name 

Average Maximum Monthly 
1 Loyalist Creek ND ND 
2 Carolyn Creek ND ND 
3 Sawmill Creek ND ND 
4 Mullett Creek ND ND 
5 Fletcher's Creek 893 1,532 
6 Levi Creek 500 948 
7 Huttonville Creek ND ND 
8a Springbrook Tributary ND ND 
8b Churchville Tributary ND ND 
9 Norval to Port Credit 4,997 11,901 
10 Black Creek 288 575 
11 Silver Creek 0 0 
12 Credit River - Cheltenham to Glen Williams 1,221 1,832 
13 East Credit River 454 454 
14 Credit River - Glen Williams to Norval 197 394 
15 West Credit River ND ND 
16 Caledon Creek ND ND 
17 Shaw's Creek ND ND 
18 Credit River - Melville to Forks of the 2,523 6,546 
19 Orangeville 139 416 
20 Credit River - Forks of the Credit to Cheltenham ND ND 
21 Lake Ontario Shoreline ND ND 
22 Lake Ontario Shoreline ND ND 
 Total 11,212 24,599 

Note: ND – No Demand Identified 
 

3.4.2 Future Domestic Water Demand 
This section provides an estimate of 25-year population growth within the watershed as well as the 
associated increase in groundwater demand over this period of time.  It is noted that this estimate of 
population growth is not based entirely on land use planning information and is presented primarily to 
assess the hydrogeologic sensitivity of the watershed to increased water demands.   

The future water demand estimate is based on the following assumptions: 

• Non-municipal and non-domestic water demand will not change in the watershed; 
• Region of Peel Growth.  The Region of Peel has provided their 2007 official plan population growth 

estimates.  Figure 3-6 displays 2031 population growth across the region as compared to 2006.  
For the purpose of this assessment, all of the increased municipal water demand in the Lower 
Watershed is assumed to be serviced by the Region’s Lake Ontario supply; 

• Town of Erin.  The Town’s estimated 2031 population is 14,850 as compared to the current 
population of 11,000 (Stull, 2008).  This corresponds to a 35% increase in population over this 
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period.  For the purpose of this study, the population growth is assumed to be distributed evenly 
across the township within the watershed.  As a result, most of this growth takes place within 
Subwatershed 15; 

• Region of Halton.  The Region is currently in the process of responding to the Province’s Places to 
Grow legislation and has not published firm growth targets.  Hemson (2007) analyzes economic 
factors relating to a series of growth scenarios, but a single scenario is not chosen or preferred.  
When growth targets are established for the Region, municipal groundwater water supply 
requirements for Acton and Georgetown will depend on the Region’s plans to extend Lake-based 
servicing into these areas.  For the purpose of this analysis, a 35% increase in municipal 
groundwater water demand was predicted; 

• Town of Mono.  The Town of Mono does not have a growth plan.  For the purpose of this analysis, 
a 35% increase in groundwater demand was predicted; and, 

• Town of Orangeville.  The Town of Orangeville does not have a 2031 growth plan.  For the purpose 
of this analysis, a 35% increase in groundwater demand was predicted. 

  

As noted above, the Region of Peel and Town of Erin have each provided 2031 population growth 
estimates.  Table 20 distributes the planned growth for each of the municipalities across each 
subwatershed.  As shown in Table 20, nearly all of the Region of Peel’s growth is anticipated within the 
Lower Watershed, and as a result, this growth will be satisfied by the Region’s Lake Ontario surface 
water supply.  As it was assumed that the Town of Erin’s population would take place evenly across the 
municipality, the population growth is distributed across several subwatersheds, with most of the growth 
taking place within Subwatershed 15 (West Credit River). 

Table 21 summarizes the estimated future and rural water demands for each of the subwatersheds.  
These estimated demands were calculated as follows; 

• Current Water Demand.  The future water demand starts with the current water demand, 
represented by the sum of municipal and rural domestic water estimates in Table 18.  Note that this 
current water demand estimate is a combination of municipal and rural domestic water use.  

• Region of Peel.  The Region of Peel future water demand is calculated based on an estimated 
future water use of 335 L/day per person in the Middle and Upper Watershed areas and the 
population increases outlined on Table 20 .  It is assumed that the increased water demands for 
the Region in the Lower Watershed will be met by the Lake Ontario surface water supply. 

• Town of Erin.  The Region of Peel future water demand is calculated based on an estimated future 
water use of 335 L/day per person in the Middle and Upper Watershed regions and the population 
increases in Table 20.   

• Town of Halton Hills.  The current estimated water demand in Subwatersheds 10, 11, 12, and 14 
are assumed to increase by 35%. 

• Orangeville / Mono / Dufferin.  The current estimated water demand in Subwatersheds 17 and 19 
are assumed to increase by 35%. 
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Table 20: Population Increase for Region of Peel and Town of Erin (2031) 

No. Subwatershed Name 
Area 
(km2) Region of Peel Town of Erin 

1 Loyalist Creek 9.8 -1,227  

2 Carolyn Creek 5.6 -1,659  

3 Sawmill Creek 16.5 28,368  

4 Mullett Creek 32.9 632  

5 Fletcher's Creek 42.5 42,024  

6 Levi Creek 24.7 21,624  

7 Huttonville Creek 15.1 53,203  

81 Springbrook Tributary 4.8 14,622  

82 Churchville Tributary 8.4 11,536  

9 Norval to Port Credit 72.8 50,535  

21 Lake Erie Shoreline 33.0 2,266  

22 Lake Ontario Shoreline 44.2 44,460  

 Lower Watershed (note: All Lake Ontario Serviced) 310.5 266,384 0 

10 Black Creek 79.3  465 

11 Silver Creek 48.8  500 

12 Credit River - Cheltenham to Glen Williams 62.1 163 260 

13 East Credit River 50.6 42  

14 Credit River - Glen Williams to Norval 23.1 17  

20 Credit River - Forks of the Credit to Ch 46.0 479  

 Middle Watershed 309.9 700 1,225 

15 West Credit River 105.6 349 2,180 

16 Caledon Creek 52.0 -92  

17 Shaw's Creek 72.0 860 446 

18 Credit River - Melville to Forks of the 39.2 -69  

19 Orangeville 59.8 -61  

 Upper Watershed 328.6 986 2,625 

 Total 948.9 268,071 3,850 
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Table 21: Future Municipal and Rural Water Groundwater Demand Estimate (2031) 

Additional Future Water Demand 
(m3/d) 

No. NAME Current  Peel 

Town 
of 

Erin Halton 

Orangeville 
/ Mono / 
Dufferin Total 

1 Loyalist Creek 1     1 

2 Carolyn Creek 0     0 

3 Sawmill Creek 2     2 

4 Mullett Creek 14     14 

5 Fletcher's Creek 17     17 

6 Levi Creek 48     48 

7 Huttonville Creek 30     30 

81 Springbrook Tributary 18     18 

82 Churchville Tributary 7     7 

9 Norval to Port Credit 101     101 

21 Lake Erie Shoreline 0     0 

22 Lake Ontario Shoreline 0     0 

 Lower Watershed 238     238 

10 Black Creek 7,402  156 2,591  10,148 

11 Silver Creek 6,655  168 2,329  9,152 

12 Credit River - Cheltenham to Glen Williams 124 54 87 43  309 

13 East Credit River 87 14    101 

14 Credit River - Glen Williams to Norval 42 6  15  62 

20 
Credit River - Forks of the Credit to 
Cheltenham 672     672 

 Middle Watershed 14,982 74 410 4,978 0 20,444 

15 West Credit River 2,069 117 730   2,916 

16 Caledon Creek1 793 541    1,3331 

17 Shaw's Creek 2,595 288 149   770 3,802 

18 Credit River - Melville to Forks of the 714 -23    691 

19 Orangeville 7,115 -21   2,490 9,585 

 Upper Watershed 13286 902 879 0 3,260 18,327 

 Total 28,506 976 1,290 4,978 3,260 39,009 
Note: 1Caledon Village Future Average Annual Demand (Region of Peel Water and Wastewater Master Plan Update, 2007) 

Based on Table 21, the average future groundwater demand within the watershed is estimated to 
increase 30, 009 m3/day.  This estimate is based on a series of assumptions for the purpose of evaluating 
the potential hydrogeologic sensitivity to this growth. 

Table 22 summarizes the estimated total average and peak future groundwater demand.  These 
calculations are based on the assumption that future permitted non-municipal water demand remains 
similar to the current estimates. 
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Table 22: Estimated Average and Peak Monthly Future Water Demand (2031) 

Average Demand (m3/d) Peak Demand (m3/d) 
  

No. 
  

Name 
Municipal and 
Rural Demand 

Non-
Municipal Total 

Non- 
Municipal Total 

1 Loyalist Creek 1   1   1 

2 Carolyn Creek 0   0   0 

3 Sawmill Creek 2   2   2 

4 Mullett Creek 14   14   14 

5 Fletcher's Creek 17 334 351 573 590 

6 Levi Creek 48 161 209 354 402 

7 Huttonville Creek 30 72 102 108 138 

8a Springbrook Tributary 18   18   18 

8b Churchville Tributary 7   7   7 

9 Norval to Port Credit 101   101   101 

21 Lake Ontario Shoreline 0   0   0 

22 Lake Ontario Shoreline 0   0   0 

  Lower Watershed 238 567 805 1,034 1,272 

10 Black Creek 10,148 1,655 11,803 1,982 12,130 

11 Silver Creek 9,152   9,152   9,152 

12 
Credit R.- Cheltenham to Glen 
Williams 309   309   309 

13 East Credit River 101 515 616 1,237 1,338 

14 Credit R.- Glen Williams to Norval 62 13 75 13 75 

20 
Credit R. - Forks of the Credit to 
Cheltenham 672   672   672 

  Middle Watershed 20,444 2,183 22,627 3,232 23,676 

15 West Credit River 2,916 4,534 7,450 5,875 8,791 

16 Caledon Creek 1,333 2,136 3,469 5,898 6,179 

17 Shaw's Creek 3,802 993 4,796 2,274 6,077 

18 
Credit R.- Melville to Forks of the 
Credit 691 697 1,388 1,522 2,213 

19 Orangeville 9,585   9,585   9,585 

  Upper Watershed 18,327 8,360 26,687 15,569 33,896 

  Total 39,009 11,110 50,120 19,836 58,845 
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4.0 Surface Water Model 

4.1 INTRODUCTION 
The CVC’s Water Quality Strategy (WQS) identified the need for a comprehensive watershed scale 
hydrology/ water quality model to be used as a planning and management tool (CVC et al., 2003).  The 
Phase 1 report of the WQS (CVC et al., 2003) identified watershed issues and hydrological model 
requirements.  Watershed issues and concerns were grouped into three categories:  

• Possible decreases in baseflow which could lead to degradation of instream habitat and water 
quality; 

• Possible increased loadings of pollutants which could lead to degraded instream habitat and losses 
of water use for humans; and, 

• Potential instream erosion and changes in sedimentation patterns leading to degraded instream 
habitat, flooding, unstable stream channels and loss of use.  

 
In general, these issues/concerns may be aggravated by continuing urbanization, potential climate 
change, rural developments (i.e., golf courses, aggregate extraction) and various widespread road and 
land management practices that may damage the local ecosystem.  These types of development can 
alter the hydrologic cycle locally and affect change in the Credit River’s flow regime. 

This chapter provides a discussion on the setup and calibration of a surface water flow model for the 
Credit River Watershed.  The modelling approach considers the fundamental watershed-scale hydrologic 
processes that contribute to streamflow within the Credit River and its tributaries.  The key processes 
include; rainfall and snowfall, evapotranspiration, runoff, groundwater recharge, and water storage 
processes including soil water storage, snow accumulation and snow melt.  The model also accounts for 
hydraulic routing processes at key reservoirs (i.e., Island Lake) and stream channels; however, it does 
not represent anthropogenic water routing processes including stormwater management systems or 
agricultural tile drains.  The model also considers the movement of groundwater across surface water 
boundaries as this is important throughout the watershed.  While the model accounts for wastewater 
treatment plant inputs it does not account for other anthropogenic consumptive surface water takings as 
these were not considered to have a significant impact on the watershed hydrology.  

This report on the CVC’s HSP-F modelling should be considered as the main reference relating to the 
CVC’s water budget requirements under the Province’s Clean Water Act.  This report addresses peer 
review comments previously made to an earlier report (CVC and EbnFlo, 2008) and also addresses 
updates to the model made to better define groundwater recharge in the Lower Watershed areas.  
Furthermore, this watershed modelling effort represents a revision to the climate data used for calibration 
and simulations.  The previous model (CVC and EBNLFO, 2008) used a single climate dataset across the 
watershed, and this version attempts to better represent climate variability by including several additional 
sources of climate data. 

4.1.1 The Hydrologic Cycle 
The Hydrologic Cycle (Figure 4-1) describes the continuous movement of water in and near the surface of 
the Earth.  The elements of the Hydrologic Cycle as applicable to the CVC Tier Two Report are as 
follows: 

• Precipitation (QP): water in the form of rainfall or snowfall which reaches the Earth’s surface; 
• Evapotranspiration (QE): water which leaves the Earth’s surface and returns to the atmosphere by 

evaporation and transpiration mechanisms; 
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• Groundwater Recharge (QR): water from rainfall or snowmelt which infiltrates the Earth’s surface 
and enters the groundwater or subsurface flow regime; 

• Surface Runoff (QRO): water which does not infiltrate the Earth’s surface and remains in the surface 
water regime as surface detention storage, surface runoff or interflow;  

• Groundwater Discharge (QGD): water which flows from the subsurface (i.e., groundwater) regime to 
the surface water regime (lakes and rivers); 

• Groundwater Flow In (QGW-In) and Flow Out  (QGW-Out): The watershed’s water budget, even when 
evaluated from a surface water perspective, must consider groundwater that can flow across 
subwatershed boundaries into or out of a subwatershed; and,  

• Surface Water Taking (QST) and Groundwater Taking (QGT).  Anthropogenic water takings, where 
significant, can have an impact on the overall water budget. 

4.1.2 History of Surface Water Modelling in the Credit River Watershed 
The Credit River Watershed was modelled for streamflow on an event basis using GAWSER (Schroeter & 
Associates, 2001) in a watershed-scale hydrologic modelling study as part of the Credit River Water 
Management Strategy, Phase 1 Study conducted by Triton Engineering, 1989 to 1990.  In 1993 to 1995 
the Subwatershed 19 portion of the model was updated for a subwatershed study.  However, this update 
did not report calibration/validation at the downstream limit of the subwatershed.  The effects of 
urbanization were included through the use of impervious areas.  Emphasis was placed upon storm event 
response simulations. 

A second watershed-scale hydrologic model using HSP-F v. 12 (Bicknell et al., 2001) was developed as 
part of the CVC’s Water Quality Strategy (WQS), Phase II (CVC and EbnFlo, 2008).  The model was 
calibrated to seven streamflow gauges with long term records for the period 1997 to 2000.  Island Lake 
Reservoir outflow was modelled in a simplistic, passive manner.  In addition to hydrology, the model 
included water quality simulation for water temperature and six other water quality parameters.  The same 
spatial discretization scheme of catchments as used by GAWSER was employed.  Urban areas are 
modelled in a separate stage involving the use of unit response functions (URFs) for characterizing the 
runoff and heat transfer from a variety of generic unit areas.  URFs are hydrologic response units 
designed for all common urban landforms.  Assessments were conducted involving future urbanization 
scenarios with alternative levels of adoption of Low Impact Development (LID) features and Best 
Management Practices (BMPs).  The watershed’s sensitivity to two climate change scenarios was also 
evaluated.  Assessments were evaluated in terms of hydrologic and water quality response. 

The Subwatershed 19 portion of the watershed hydrology model was upgraded considerably as part of a 
current Tier Three Water Quantity Risk Assessment Pilot Project for the Town of Orangeville 
(AquaResource et al., 2008) and CVC’s ongoing Subwatershed 19 study.  The recent model version for 
this 61 km2 area had 38 catchments, an increase from 2 to 4 catchments in previous models.  In addition, 
the updated model contained more detailed hydrology and outlet modelling for Island Lake and detailed 
accounting of groundwater pumping and groundwater transfers with adjacent watersheds/subwatersheds.  
The operating rule curve for the dam is used as a guide to lake outflow modelling; however, in practice 
dam operation does not strictly follow the operating rule, as available water is often insufficient to meet 
the desired outflow rates as specified in the Permit to Take Water database.  The calibrated/ validated 
streamflow time series from Subwatershed 19 was used as input to the watershed-scale version of the 
model documented in this report.  As Subwatershed 19 is the most upstream portion of the Credit 
Watershed, this method increases the accuracy of the calibration for the whole watershed. 

The surface watershed model calibrated in the Phase II WQS (CVC and EbnFlo, 2008) was revisited for 
this study.  The hydrogeological modelling conducted for the Water Budget Update study  
(AquaResource, 2006) indicated that groundwater recharge in the Halton Till areas in the Lower 
Watershed should have lower recharge rates than previously estimated.  Accordingly, the surface model 
was recalibrated, especially with respect to the Halton Till areas.  Finally, this round of HSP-F modelling 
included climate data from several sources located across the watershed and surrounding areas, 
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whereas earlier HSP-F efforts used a single climate data station.  Calibration/ validation results described 
in this chapter represent the latest effort to calibrate the entire watershed model.   

4.1.3 Model Selection  
HSP-F has been adopted by the CVC for watershed and subwatershed scale hydrologic and water quality 
assessment since selecting the model for the WQS in 2000 (CVC and EbnFlo, 2008).  That selection was 
made following the identification of WQS issues and concerns.  Model objectives were defined, leading to 
a listing of necessary model capabilities.  Several candidate watershed models were screened and HSP-
F was selected as the most suitable.   

HSP-F satisfies the CVC’s needs both from a practical and logistical viewpoint (i.e., well documented, 
long term EPA support, good track record, supporting utilities and readily available) and because the 
model contains all necessary simulation components required to address a wide variety of watershed 
issues including those relating to Tier Two Source Water Protection.  Above all else, HSP-F was chosen 
over the other candidate models in the WQS for the following reasons in common with Tier Two 
Assessments: 

• HSP-F has the capability to provide continuous dynamic long term simulation of all water balance 
components; 

• HSP-F was the only model with the capability to model all water quality parameters of concern.  
While this is not important for the water budget investigation, the ability to simulate water quality 
correctly has been a key criteria for the CVC; and, 

• HSP-F was the only model with the capability to model urban landforms specifically in terms of 
connectivity to infrastructure, lot area composition and impacts of various lot level BMPs and LIDs. 

HSP-F has been chosen for the Tier Two Assessment for similar reasons, recognizing the potential need 
for Tier Three modelling that could build upon the Tier Two model.  With the unique urban modelling 
scheme, future developments with LID features and/or BMPs can be modelled in specific detail.  This 
capability is required for assessment of future conditions in the watershed with alternative development 
approaches.  Other models are limited to adjustments in imperviousness, slope and surface roughness to 
simulate the effects of BMPs and LIDs. 

4.1.4 Modelling Objectives 
The overarching objective of the CVC’s hydrologic modelling is to support the development of watershed 
management plans and policy with an analytical/planning tool that can be applied to future scenarios.  
Specifically, this requires a model that examines and quantifies the impacts and/or benefits of watershed 
scale and local scale activities as well as future conditions that may prevail due to climate change and 
urban development.  These activities include urbanization, rural developments, waste management, land 
management, road management and stormwater management (SWM).  The model may also find 
application in addressing local scale issues such as spills, construction impacts, urban infrastructure 
impacts (i.e., cross connects and inflow/infiltration to sewers), instream aquatic plant growth and instream 
thermal regime management.   

In terms of the Source Protection Water Budget modelling tools, the model must have the ability to 
simulate the entire hydrologic cycle (Figure 4-1).  This includes precipitation, snowpack accumulation and 
melt, surface runoff, unsaturated soil moisture, evapotranspiration (E-T), groundwater recharge and 
groundwater discharge to local watercourses.  The model is most useful in determining how the water 
balance components contribute to streamflow; and to simulate the ongoing response to meteorological 
conditions in a dynamic manner.  In this regard, the model is not used as a predictive tool.  Prediction 
implies estimation of future conditions.  In this study the model aids in understanding current conditions 
with existing land use and management.  
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It was also determined that the model needed the ability to explicitly represent effects of urbanization on 
local hydrology, including such processes and effects as changes in net E-T and soil water infiltration 
caused by impervious surfaces, rapid surface runoff from impervious surfaces, and transfer of runoff from 
impervious surfaces onto pervious surfaces and vice versa, reflecting the complex nature of connectivity 
in the urban environment.  

It is necessary that the model represent runoff processes at sufficient spatial resolution to allow for 
continuous simulation of the streamflow regime in local areas of concern and throughout the watershed.  
Also the model needs the capability to simulate the streamflow regime at an appropriate temporal scale 
(e.g. hourly) in order to simulate the rapid runoff associated with urban stormwater drainage on the 
tributaries and the main channel of the Credit River.   

The model was required to provide time-domain simulation over multi-year continuous periods, to allow 
for assessing the impacts of control measures and strategies over an appropriate range of meteorological 
conditions.  Flexibility in model setup is required to explicitly represent and simulate the effects of various 
possible urban control measures such as pollutant source control, runoff reduction measures, runoff 
treatment systems, and other stormwater management practices that might be considered.  Similarly, the 
model is required to explicitly represent and simulate the impacts of future urban growth and 
intensification within the watershed and explicitly represent and simulate the effects of various rural land 
management practices across the watershed. 

The model also requires the capability to manage large amounts of input data (i.e., time series and spatial 
discretization data) that are necessary for model set-up and calibration, as well as the large amount of 
output time series information (i.e., simulated streamflows and water-quality constituent concentrations) 
that are generated through model application. 

The CVC also required sufficient flexibility in the model to allow for future upgrades and application to 
new and innovative control and management schemes that may arise in the future.  Given these 
conditions and objectives, the model is considered adequate for Source Protection Water Budget 
purposes as outlined in the MOE’s guidance documents (MOE, 2007). 

4.1.5 Modelling Approach 
HSP-F is a comprehensive modelling package capable of simulating hydrologic processes within 
drainage catchments and along watercourse networks.  The HSP-F software has been developed over a 
number of decades and is currently maintained and supported by the U.S. EPA. 

The most recent version of HSP-F (v. 12) includes a Windows style interface to assist with editing the 
input files and summarizing output.  The model is in the public domain and detailed documentation is 
available (Bicknell et al., 2001). 

HSP-F represents the watershed as a series of discrete pervious and impervious land elements and 
stream reaches or ponds/lakes.  The state of water/moisture within each element is simulated in a 
dynamic (i.e., short time step) and deterministic manner.  Deterministic models rely upon established 
physical/chemical principles wherever possible to simulate the behavior and movement of material, while 
respecting the laws of conservation of mass.  Transport processes carry water between elements.  The 
unique manner in which elements are connected defines the watershed’s drainage system and the way in 
which land runoff (surface and groundwater) discharges to other land elements and to streams.   

The characteristics of the land and instream elements determine the manner in which water partitions 
between surface runoff and infiltration to groundwater.  Land characteristics are greatly influenced by land 
use, soil characteristics, drainage, slopes and land management activities (i.e., tillage, pest management 
etc.).  In order to incorporate these important features and provide a high level of spatial detail, the 
watershed must be discretized into land polygons (i.e., elements) on a catchment basis.   
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A unique approach to discretizing the landscape and developing water quality simulation was adopted for 
the CVC model.  In the rural landscape, a conventional approach was used.  That is, the land was 
discretized into nine common land use types; all displaying no significant imperviousness.  Land polygons 
were further discretized according to their soil classification and general slope class.  The surface and 
subsurface runoff is simulated in the PERLND (i.e., PERvious LaND) module.   

4.2 MODEL SETUP  

4.2.1 Model Structure 
The HSP-F model for the Credit River Watershed is structured as follows: 

• The watershed is represented as a mosaic of urban and rural land elements.  Each element has 
homogeneous characteristics.  Several elements together form subcatchments (i.e., discrete 
sewersheds and small tributary catchments that combine to makeup subwatersheds).  Surface 
runoff discharges from each element into the local watercourse stream/sewer.  Subsurface runoff 
(i.e., interflow and groundwater flow) is generally routed to the nearest local stream channel; 
however, in some cases subsurface flows are simulated to move to adjacent or downstream 
reaches to reflect the general groundwater movement patterns observed in the watershed.  The 
watercourse reach may represent a section of a tributary to the main channel, or a section of the 
main channel of the Credit River. 

• Each urban land element is characterized by the land use, topsoil characteristics and topography 
found within.  These characteristics are reflected in the setup and parameterization of the model.  
Urban areas are characterized to reflect several potential connectivity schemes (i.e., the manner in 
which pervious and impervious surfaces are connected to each other and the local infrastructure) 
and land use types.  The simulated runoff from each unique urban land type is saved as a unit area 
surface runoff time series and a corresponding subsurface (i.e., interflow and groundwater) runoff 
time series.  These time series are then brought into the river model and multiplied by a factor to 
reflect the area of each land type in each subcatchment.   

• Rural land element areas are also characterized by the land use, surficial soil types, and 
topography within.  Rural areas are assumed to be primarily pervious and therefore the 
infrastructure connectivity is not required.  Runoff, surface and subsurface, is directed into stream 
reaches.   

• The watercourse network is represented as a series of watercourse reaches.  Each of these is 
characterized using representative stream and valley cross-sections, as well as hydraulic 
roughness values and channel slopes.   

4.2.2 Catchments 
The hydraulic schematic of the HSP-F model is based on the schematic originally employed in GAWSER 
(Guelph All Weather Storm Event Runoff) model.  That model was developed to simulate storm event 
runoff in earlier work (Schroeter and Associates, 2001).  The reach contributing areas (similar to 
catchments) used for the Credit River HSP-F model are based on those originally delineated for use in 
GAWSER.  Since position in a catchment is not relevant with HSP-F, many of the smaller catchments in 
GAWSER that are to the left and right of the watercourse were combined to create one reach contributing 
area.   

The twenty subwatersheds in the Credit River Watershed were subdivided into 180 subcatchments as 
previously used in the GAWSER setup.  These range in size from 14 to 2,875 ha, averaging 475 ha with 
urban catchments generally ranging from 100 to 300 ha.  Catchments are generally the land draining to a 
tributary or section of the main channel in each subwatershed.  There are 3 to 18 catchments in each 
subwatershed.  Carolyn Creek and Credit River – Glen Williams to Norval Subwatersheds are comprised 
of only three catchments while the Fletcher’s Creek and Caledon Creek Subwatersheds have 18 
catchments.  In urban areas catchments are often single sewersheds or several smaller sewersheds with 
a common outlet channel.  In rural areas the catchments generally follow surface drainage patterns.  
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Figure 4-2 shows the subwatershed and catchment boundaries and the stream network in the Credit 
River Watershed.  Subwatersheds 21 and 22, while part of the CVC jurisdiction, do not discharge to the 
Credit River but rather directly to Lake Ontario.  These subwatersheds are therefore not modelled as part 
of the surface water model.  

The two catchments used for Subwatershed 19 (Orangeville) in the first HSP-F model of this area are 
replaced with the newer 38 catchment version (AquaResource et al., 2008) for the purpose of model 
calibration. 

4.2.3 Land Cover 
The three factors used to classify lands for the HSP-F model include land use cover, surface soil 
characteristics and topography.  Of these three factors, land use cover is the most likely to be affected by 
human activities, and is subject to change in future scenarios.  Land use cover for the HSP-F model was 
derived through two major data sources: CVC’s 2004 Ecological Land Classification (ELC) dataset 
(Figure 2-4) and municipally provided land use data.   

Within the ELC dataset, there are two main categories: the existing land use classifications and the 
ecological land classifications themselves.  The data are largely based on the interpretation of the 1996 
spring air photo set, at a scale of 1:8000.  The existing land use classifications are based on Credit 
Watershed Natural Heritage Project Detailed Methodology: Identifying, Mapping and Collecting Field Data 
at Watershed and Subwatershed Scales, Version 3 (CVC, 1998) and include the following land uses: 

• Aggregate (active and inactive) 
• Agricultural (intensive and non-intensive, wet meadow) 
• Settlement (Manicured open space, Rural development, Urban, Landfill) 

Ecological classifications are based on Ecological Land Classification (ELC) for southern Ontario: First 
Approximation (Lee et al., 1998).  These classifications include: 

• Forest (Coniferous, deciduous, and mixed forest and plantations) 
• Wetlands (Coniferous, deciduous, mixed, and thicket swamp, marsh, thicket or treed bog) 
• Successional Communities (cultural thicket, savannah, woodland and meadow) 
• Other (aquatic, open or treed beach/bar, open or shrub bluff) 

 
As illustrated for the East Credit Subwatershed in Figure 4-3, the ELC data are a comprehensive dataset 
for determining land cover for the natural communities but it is not intended to provide detailed 
information in urban areas.   

Additional data were required to further delineate the urban areas into different residential, commercial, 
institutional and industrial land use types.  Where available, digital parcel lot fabric and existing urban 
land use data were used to provide the necessary detail in the larger urban areas in the watershed, 
including Mississauga, Brampton, Georgetown, Acton and Orangeville.  Parcel lot data break up land 
uses into 171 different types of land uses based on different types of vacant, agricultural, commercial, 
industrial, residential, institutional, governmental and ‘specialty’ land uses.  Recent parcel lot fabric was 
available for Brampton (December, 2001), Acton (October, 2001), Georgetown (October, 2001), and 
Orangeville (October, 2001).  Existing land use, as provided by the City of Mississauga (December, 
2001), subdivides land use into 26 different categories and is also based on parcel fabric data.  An 
example of the parcel lot data for the East Credit Subwatershed is provided in Figure 4-4.   

The urban land use (i.e., parcel lot and existing land use data) and the 2004 ELC data were first 
aggregated individually by the CVC and then the two layers were intersected using a Geographic 
Information System.  Both the urban land use and ELC data were aggregated based on the estimated 
range in percent imperviousness of different land cover for application in the hydrologic portion of the 
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model, and the type of activities that would occur within the land cover for application in the water quality 
portion of the model for other applications of the model.   

For the purposes of developing model input, the aggregated land uses were designated as either urban 
or rural.  The urban land use data were divided into 10 major types of land uses while the rural land uses 
were divided into 9 major land uses, as presented in Table 23.  Both intensive and non-intensive 
agriculture in the ELC mapping was lumped together as agriculture (AGR), which was then disaggregated 
into intensive and non-intensive agriculture based on Ontario Ministry of Agriculture, Food and Rural 
Affairs (OMAFRA) census data and overall subwatershed trend results.  The urban parcel lot data 
contained polygons that had not been classified as any land use.  In these cases, the polygon was 
assigned a general ‘urban’ designation.   

Table 23: Urban and Rural Land Use Categories 
Land Use 
Category 

Land Use Modelled with HSP-F Code Examples 

Residential, low density RLD Single, detached homes 
Residential, medium density RMD Semi-detached and duplexes 
Residential, high density RHD Town homes and multiple link homes 
Residential, high rise RHR Apartment buildings 
Commercial, big box CBB Big box stores, large central malls, large office complexes 
Commercial, strip mall CSM Strip malls, stand alone commercial/other businesses 
Industrial, big box IBB Factories, plants, big box industrial 
Industrial, prestige IPR Industrial offices, mixed industrial and offices 
Educational and Institutional EIS Schools, universities, churches, recreational centres 

Urban 

Main Transportation Corridors THC 400 Series Highways, Queen Elizabeth Way, Railroads 
Aggregate, active AGG Open pit mining 
Agricultural, intensive AGT Tilled land 
Agricultural, non-intensive AGP Pasture land 
Open space, unmanaged OPU Fields, meadows, savannah,  
Open space, manicured OPM Municipal parks, sport fields, golf etc. 
Forest FOR Deciduous and coniferous forests and plantations 
Wetlands WET Swamps, bogs, marshes 
Residential, rural estates RES Rural estate development, unserviced 

Rural 

Residential, un-serviced RLDU Rural villages (i.e., Erin, Inglewood, Alton, etc) 

 
After these data were aggregated, the ELC layer was overlaid with the urban land use layers to establish 
the required additional detail in the urban areas.  However, since the urban parcel lot data had polygons 
that were not classified and since there were many non-urban ELC polygons that overlapped the urban 
parcel lot data, additional designation of land uses was required.  In general, the following rules were 
applied in designating land uses: 

• Where a polygon was designated only one land use type, then that land use was assigned. 
• Where more than one land use was assigned to a polygon and one of the land uses was 

designated ‘not classified’, then the land use that was classified was assigned. 
• Where more than one land use was assigned to a polygon and one of the land uses was 

designated ‘urban’ through the ELC dataset, then the more specific urban land use was assigned. 
• Where more than one land use was assigned to a polygon and the land uses conflicted (i.e., 

agriculture and industrial), then orthophoto imagery was used to confirm the land use for all 
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polygons that were greater than 1 hectare.  Where there was an obvious pattern, those polygons 
less than 1 ha were assigned the land use most assigned to those polygons greater than 1 ha.  
Where the pattern was less obvious, the polygons were checked with digital orthophoto imagery 
down to 0.1 ha and the remaining smaller polygons were assigned the majority of the land use 
assigned to those polygons greater than 0.1 ha. 

• Where ELC had designated polygons with no detailed urban data (i.e., rural villages, fringe of 
urban areas), the polygons greater than 1 ha were checked using orthophoto imagery.   

• Where digital orthophoto imagery data were not available (a small portion of Orangeville), hard 
copy Spring 1999 air photos were used to validate land use where needed.   

• Where polygons had the land uses GRD (general road), WLK (sidewalk) and URB (unclassified 
urban and less than 1 ha), these polygons continued to hold their designations.  These three land 
uses (GRD, WLK and URB) were designated to other urban land uses based on the adjacent land 
uses.  An automated routine was developed to measure the length of the perimeter of adjacent 
land uses, sum up any same land uses and then assign the GRD, WLK or URB the land use with 
the longest summed length. 

 
The final land use scheme for the East Credit Subwatershed is illustrated as an example on Figure 4-5. 

4.2.4 Surface Soils 
Beyond land-use, some of the most critical modelling input parameters are related to surface soil types 
within each catchment.  Soil characteristics affect the water balance between surface runoff and 
subsurface runoff and thus, profoundly affect hydrology.  Mapping of topsoil classification according to the 
Ontario Soil Series system was used in this study.  Information on the Hydrologic Soil Group (HSG) for 
each Ontario Soil Series (per Ontario Ministry of Transportation Drainage Manual, 1997) was then used 
to develop mapping of the HSG over the entire watershed area.   

As the watershed is dominated by five HSG classifications (i.e., A, B, C, D and O) a 4-tiered classification 
system was adopted.  The A soils are sands and gravels with high infiltration rates, B soils are fine sands 
and silts with medium infiltration rates, C soils are silty clays with low infiltration rates, D soils are clays 
with very low infiltration rates and the O soils are high in organic matter and are assumed to have high 
infiltration rates.  In this model discretization scheme, the HSG classifications were grouped as AB, BC, 
CD and O.  The final reclassification scheme for the watershed is shown in Figure 4-6.  Ignoring the 
overlying land use, this corresponds to areas with high (AB and O), medium (BC) and low (CD) infiltration 
across the watershed.   

In order to simplify the growing complexity of the model and avoid unrealistic classifications, a number of 
assumptions were made and checked with respect to the soils and topography.  For instance, the areas 
of urban land uses with organic soil types were calculated and found to be representative of an 
insignificant portion of the total land use area, as expected.  Table 24 presents the areas and 
percentages for the urban land uses with organic soils.  Based on this low level, all areas designated as 
organic were changed to BC soils.  This change is not expected to affect results. 

Table 24: Urban Land Use Types with Organic Soils 
Land use type Area with 

organic soils (ha) 
Total land use 
type area (ha) 

Percentage of area of organic soils 
over total land use type area 

Commercial, big box 2 661 0.3% 
Commercial, strip mall 1 697 0.2% 
Educational/Institutional 2 696 0.3% 
Industrial, big box 1 1905 0.0% 
Industrial, prestige 0 316 0.0% 
Residential, low density 11 6240 0.2% 
Residential, medium density 1 889 0.1% 
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Residential, high density 3 779 0.3% 
Residential, high rise 0 319 0.0% 
Main Transportation Corridor 0 689 0.0% 

Also, as commercial and industrial areas are highly impervious in makeup, the scheme was simplified by 
using only the BC soil type with these land uses.  The commercial and industrial areas are typically over 
90% impervious so the soil type is less relevant than on other urban land use types with higher levels of 
perviousness.  In addition, the pervious portions of these land use types typically are not the native soil, 
but topsoil or other more permeable fill material.  By assigning one soil type to these land use areas, the 
model is simplified and results are not expected to be significantly affected.  

4.2.5 Topography 
Ontario Base Mapping (1:10 000) was used to infer differing slopes of the land within the watershed.  
About 13,000 spot elevations were plotted from the digital Ontario Base Mapping (OBM) and a grid was 
overlaid on the digital contours found on the OBM mapping.  Wherever a grid line intersected a contour, a 
new spot elevation was created. 

In addition, where the grid crossed a watercourse, a new spot elevation was created.  All of the original 
and grid-created spot elevations (total of 128,354 points) were used to estimate slopes using the “inverse 
distance” interpolation technique, as described in ArcView 3.2 based on a 100 m cell size and using 12 
neighbouring points.  The 1 ha cells were turned into polygons, based on three slope classifications: 0 to 
1.5 degrees, 1.51 to 3.0 degrees and 3.01 degrees or greater. 

To simplify the model with respect to topography, a general hypothesis was made that industrial and 
commercial lands would not have high slopes due to building constraints and grading.  The areas in 
hectares and the percentage of the slope designations are presented in Table 25. 

Table 25: Land Areas (in hectares) and Slope Ranges for Urban Land Uses (3 Slope Ranges)  
Slope of 0 o to 1.5o 1.51 o to 3.00 o 3.01 o and greater Land Use Type 

(ha) (%) (ha) (%) (ha) (%) 
Commercial, big box 560 85% 98 15% 2 0% 
Commercial, strip mall 619 89% 70 10% 8 1% 
Educational/Institutional 589 85% 101 15% 6 1% 
Industrial, big box 1758 92% 129 7% 18 1% 
Industrial, prestige 299 95% 12 4% 4 1% 
Residential, low density 5013 80% 1,082 17% 146 2% 
Residential, medium density 723 81% 158 18% 7 1% 
Residential, high density 662 85% 109 14% 9 1% 
Residential, high rise 274 86% 45 14% 0 0% 
Main Transportation Corridor 608 88% 74 11% 7 1% 

 

As expected, a very low percentage of urban areas had high slopes (> 3.0o), and it may be that some of 
these high-sloped urban areas were incorrect due to errors in predicting slopes.  High-sloped urban areas 
were lumped with the moderate sloped (1.51 o to 3.00 o) urban areas creating two slope ranges for urban 
areas.  The three slope ranges were maintained for the rural land uses as high slopes (> 3%) constitute a 
significant portion of the rural landscapes.  Figure 4-6 shows the final slope/soil map for the watershed. 

4.2.6 Unit Response Functions 
Urban areas were treated with special detail in the Credit River hydrologic model using a two step 
modelling approach.  The first step in this approach calculates and stores unit hydrologic response 
functions (URFs).  The second model step uses the URFs as input for instream flow simulation.  Rural 
areas are simulated entirely in the second step using a conventional approach.  This URF approach was 
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developed for urbanized portions of the watersheds examined in the Toronto Wet Weather Flow 
Management Master Plan (TSH, 2003).  This approach was chosen for these studies as it allows for more 
detailed and specific characterization of urban landforms and their connectivity to infrastructure.   

URFs are the time series of runoff and heat that are simulated to discharge from one of several possible 
generic urban landforms over the simulation period.  Each URF area has been constructed using the 
necessary number and combination of IMPLND (i.e., IMPervious LaND) and PERLND segments.  The 
characteristics of URFs are highly dependent upon their relative perviousness and the connectivity; the 
flow schematic that describes how surface and subsurface water moves across and through the landform.  
This flow scheme affects the overall response of the hydrological system and ultimately the associated 
water quality.  The model has been setup to maintain this flexibility.  

In industrial, commercial, and institutional land types it is common for all drainage from impervious areas 
(i.e., roofs, walkways, roadways and parking lots) to be collected and discharged directly to the storm 
sewers.  Pervious areas (i.e., lawns and gardens) generally constitute only a small portion of the land 
area and surface runoff generally drains directly to the roadway servicing the buildings.  These landform 
types with high levels of overall imperviousness generate high runoff volumes and very rapid runoff 
responses during storms and contribute only a small amount of flow to groundwater recharge. 

Various drainage connectivity schemes are possible within residential areas.  The configurations believed 
to be the most common in Mississauga and Brampton have roof leaders discharging to the lawns and 
foundation drains connected to the storm sewers.  The roof to lawn configuration is shown on Figure 4-7. 

Open areas such as parks and hydro corridors have very little impervious area.  There may be some 
parking or walkways associated with these land uses in addition to the adjacent roadways.  Conventional 
URFs for these areas assume that parking areas and roadways are drained directly to the storm sewer.  

The relative volume and timing of stormwater runoff from URF areas is highly dependent upon the URF 
characteristics.  At one extreme, low density residential areas with disconnected downspouts and 
foundation drains discharging to the lawn effectively attenuate stormwater runoff.  At the other extreme, 
high density residential areas with connected roofs and foundation drains generate runoff responses 
similar to commercial and industrial areas. 

To represent all of the conditions within the urbanized portion of the watershed, it was necessary to 
construct a total of 140 unique URFs to represent existing conditions within the urbanized portion of the 
watershed.  The hydrologic response from all of the urban areas was then determined in the second 
stage of the modelling, by summing up the area-weighted URFs for all the urban area within each 
subcatchment.  Appendix A contains a table identifying the URFs by code and their characteristics of 
connectivity, soil type and pervious/impervious area breakdown. 

The characteristic levels of perviousness and lot makeup for each land use type have been estimated by 
sampling and measuring several urban areas in Mississauga at random.  Table 26 lists the average land 
use type breakdowns determined in this way and used in this study.  

Table 26: Typical Urban Land Uses and Breakdown by Components 
Land Use Type % Pervious Roofs Road Lawn/ Open Parking/ Drive Patio % Impervious

Low Density Residential 70 13 9 70 7 1 30
Med. Density Residential 50 24 13 50 10 3 50
High Density Residential 35 32 17 35 11 5 65
High Rise Residential 50 9 9 50 32 0 50
Big Box Commercial 4 29 12 4 55 0 96
Strip Mall Commercial 4 17 19 4 60 0 96
Education/Institutional 68 9 9 68 14 0 32
Parks/Cemetery 90 5 5 90 0 0 10
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Land Use Type % Pervious Roofs Road Lawn/ Open Parking/ Drive Patio % Impervious
Highways 40 0 40 40 0 0 60
Prestige Industrial 20 30 7 20 43 0 80
Big Box Industrial 7 45 6 7 42 0 93
The flow schemes for each land use type are simulated in the MASS LINK BLOCK of HSP-F.  In this 
block, surface water (SURO), interflow (IFWO) and groundwater flow (AGWO) pathways are specified, 
allowing for the routing of water from one portion of the lot to another as a lateral inflow (i.e., SURLI) and 
eventually to the storm sewer RCHRES (i.e., ReaCH/REServoir) element or the groundwater RCHRES 
element.  Surface and subsurface RCHRESs have been simulated for each land use type so that the flow 
streams from surface and subsurface pathways can be maintained separately and stored as a time series 
of flow.   

URFs are simulated in a preliminary model run that generates a series of URFs including one for each of 
the possible connectivities and soil type combinations for standard unit areas of one hectare.  The output 
from this run is expressed as volumes of runoff or heat from surface runoff, collected by the storm sewers, 
and subsurface from groundwater.  Since the model is a lumped parameter model the hydrological 
characteristics of slope and slope length are common to all URF areas with common surface 
characteristics.  Values applied represent typical values for the slope and land use classes involved.  
Thus, routing delays for surface and subsurface flows are incorporated in the URFs.  Output is stored in a 
Watershed Data Management (WDM) file using a four digit numbering system that can accommodate 
future expansion of landform types. 

Instream flow is determined in a second model run that uses the urban URFs as input.  The URF for each 
land type in a catchment is multiplied by its area in hectares to generate the total surface and subsurface 
flow by land use from each subcatchment.  

4.2.7 Watercourse Network Definition 
The watercourse network represented in the HSP-F model consists of a set of watercourse reaches that 
represent the main stem of the river, as well as selected portions of tributaries.  In general each 
catchment contains one reach.  Inflow to the reach is from local contributions and upstream contributions.   

Each watercourse reach is modelled within HSP-F as a RCHRES segment.  The hydraulics of the reach 
is characterized in the model by supplying a table of hydraulic parameters including outflow and 
corresponding depth, water surface area and water storage volume for each reach.  These data are then 
used to simulate routing of flows through the reach network. 

Appendix B includes a schematic of Credit River Watershed reaches as modelled.  Free flowing and 
ponded reaches are differentiated.  Appendix B also includes reach characteristics including length, slope 
and local catchment areas. 

Representative stream and valley cross-sections for each reach were used to develop the necessary 
average depth-surface area-reach volume relationships (i.e., flow tables-FTABLES) for each reach.  As a 
first step, the reach cross section shapes and channel roughness were taken from the GAWSER input 
files (Schroeter and Associates, 2001).  The discharge associated with each entry in the table was 
determined using Manning’s equation, where: 

Q = (A) * (S1/2) * (R2/3) * (n-1) ………………..…….Eq.1 

In this equation Q is flow rate (m3/s), A is cross sectional area (m2), S is water surface slope (%), R is 
hydraulic radius (m) and n is Manning’s roughness coefficient (dimensionless).  Stage-discharge 
relationships for ponds were also taken from GAWSER input files.  The stage-discharge relationship for 
Island Lake was taken from the most recent operations report (CVC, 1986). 
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In many headwater areas the channel cross sections had not been accurately measured at the time of 
this study.  In these areas, channel shape characteristics (i.e., depth versus width and volume) were 
taken from other reaches with similar slopes and drainage areas.  This form of gap filling is not expected 
to affect low flow simulation.  However, the accuracy of peak flow simulation will be compromised by this 
method.  Also, some areas may have experienced some development and channel modification since the 
GAWSER study was conducted.  Upgrades to the physical model are recommended. 

4.2.8 Groundwater Routing 
The FEFLOW groundwater model has been used to simulate steady state groundwater conditions for the 
watershed, as discussed earlier in this report.  Using the calibrated model, estimates of groundwater flow 
transfers between subwatersheds and across watershed boundaries were determined.  This was 
undertaken to determine whether there is significant movement of water into or out of the watershed and 
across subwatershed boundaries.  It was apparent that there is significant groundwater flow from 
headwater catchments to the central portion of the watershed, and this water bypasses local streams and 
the headwater portion of the river channel.  The location and geology of these are discussed in more 
detail in Section 2.2.   

While complex subsurface routing is beyond the scope of the surface water model, the most significant 
shallow groundwater movement patterns were incorporated in a simplistic form.  The earliest model runs 
indicated that simulated streamflow in the headwater subwatersheds (i.e., 13 to 20) was too high, while 
simulated flows at Norval near Georgetown were approximately correct.  This confirmed the groundwater 
modelling observations about subsurface movements.  It was decided that this subsurface flow pattern 
should be incorporated in the model in order to improve on simulation accuracy in the headwaters.   

The detailed version of Subwatershed 19 also accounts for transboundary groundwater flows into and out 
of the subwatershed (AquaResource et al., 2008).  That model predicts that approximately 14,600 m3/d of 
groundwater flows out of the watershed, mostly to the north.  Approximately 9,700 m3/d is pumped for 
municipal supplies and approximately 3,700 m3/d flows into the watershed from the west across the 
Orangeville Moraine.  

4.2.9 Model Operation 
The model structure was implemented by developing a set of three HSP-F input files (*.uci - "User Control 
Input files") for simulating the URFs and then importing the URF time series to develop the subcatchment 
urban responses along with the rural response.  The necessary meteorological inputs, as well as 
available streamflow records for model calibration, are stored in a binary HSP-F data storage file (*.wdm - 
"Watershed Data Management file").  When the model was executed, URF time-series files and 
subcatchment output files were stored in WDM files, to facilitate analysis.  A 15 minute time step was 
used at the URF simulation stage to ensure that the dynamic nature of the response was not 
compromised and to avoid instabilities in simulation.  The subcatchment outputs were then used as inputs 
to the watercourse reach network to develop the simulated streamflow, and for other studies, water 
quality response within each of the simulated reaches.  A one hour time step was used for the simulation 
of instream flow and rural pollutant runoff as this time period corresponds to the available rainfall and 
streamflow recording frequency.  Time series outputs were stored from selected reaches in WDM files at 
one hour time steps. 

4.3 MODEL CALIBRATION AND VALIDATION 

4.3.1 Model Input Parameters 
Model inputs include the climate and wastewater loadings.  Climate provides the moisture (i.e., rain and 
snow) and other modifying weather parameters that strongly influence the overall water balance in the 
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watershed.  Point source wastewater inputs represent hydraulic input at three locations (i.e., Orangeville, 
Acton and Georgetown) in the watershed. 

4.3.1.1 Climate 

In order to meet all of the climate data input needs of HSP-F, the following parameters are required: 

• Rate of precipitation (hourly), 
• Air temperature (hourly), 
• Wind speed (hourly), 
• Solar radiation (hourly), 
• Cloud cover (hourly), 
• Dew point temperature (daily) and  
• Potential evapotranspiration (hourly). 

 
Weather data were collected from various stations in and in close proximity to the Credit River 
Watershed.  Table 27 outlines the type, location and frequency of meteorological data prepared for input 
into the model.  All these data are generally available for the time period of 1997 to 2004; however, there 
are gaps in some cases.  The calibration/validation period was chosen as it corresponds to the period 
represented by the land use information (i.e., 2001).  A longer time span was not used as land use 
changes would be significant in some areas over 8+ years.  Since land use is assumed constant for any 
model run, a term that would envelope significant land use change was avoided.  

In most cases the Orangeville MSC, Guelph Turf Grass Institute (TGI) and Lester B. Pearson 
International Airport (LBPIA) data were used for the hourly time series needed and daily snowfall data 
from the LBPIA and Georgetown locations were supplemented.  Gaps in the data series were filled using 
a number of different techniques, depending on the amount of data needed.  When only a few data points 
were missing, the gap was filled by extrapolating between the available points in addition to comparing 
patterns from the previous and next day.  If whole days or months were missing, the data were estimated 
through either simulating patterns from previous years or converting data from another adjacent station.   

Table 27: Weather Stations and Parameters 

Station Air Temp Dew Point 
Temp Rainfall Wind 

Speed 
Snow
-fall 

Solar 
Radiation 

Cloud 
Cover 

Guelph Turf Grass Institute Hourly Hourly Hourly Hourly  Hourly  

Lester B. Pearson Airport (MSC 
# 6158733) 

Hourly; 
(Daily Max, 
Min) 

 Hourly Hourly   Hourly 

Orangeville Water Pollution 
Control Plant (MSC# 6155790) 

Daily Max, 
Min  Hourly  Daily   

Oakville Water Pollution Control 
Plant (MSC# 615N745) 

Daily Max, 
Min  Daily  Daily   

Georgetown Water Pollution 
Control Plant (MSC# 6152695) 

Daily Max, 
Min  Daily  Daily   

Shand Dam in Fergus (MSC# 
6142400) 

Daily Max, 
Min  Hourly  Daily   

 
Table 28 summarizes the annual precipitation at the four meteorological stations for the period (1996 to 
2000) compiled for the CVC WQS (CVC and EbnFlo, 2008).  The 1971 to 2000 normal precipitation is 
also included. Normals are based upon 30 year averages.  In general, the 1996 to 2000 precipitation was 
below normal, except at Georgetown.  Wet precipitation was below normal at all sites.  Also, there are 
significant differences in the total annual precipitation across this group of stations.  These differences are 
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more pronounced when precipitation is examined at shorter time frames and on an event-by-event basis.  
Figure 4-8 shows the monthly total precipitation at the two continuously recording rain gauges used in 
that study for the period 1996 to 2000.  In some months (i.e., September to October, 2000) the 
differences are very large.  Selected precipitation events such as the storm on September 6, 1996, 
display larger discrepancies.  In that case, the total event precipitation at LBPIA, TGI, Orangeville and 
Georgetown were recorded as 66.4, 18.4, 65, and 57 mm, respectively. 

Table 28: Annual Precipitation at Five Meteorological Monitoring Sites, (1996-2000, mm/yr). 

Location Parameter 1996 1997 1998 1999 2000 Annual 
Average 

1971-
2000 

Rain 745 486 623 546 640 608 685 

Snow 122 119 57 67 93 92 115 LBPIA 

Total 867 605 680 613 733 700 800 

Rain 921 612 531 721 618 681 771 

Snow 154 123 57 102 139 115 161 Turf Grass 
Institute 

Total 1,075 735 588 823 757 796 932 

Rain 894 578 606 647 891 723 732 

Snow 155 204 133 145 158 159 160 Orangeville 

Total 1,049 782 739 792 1,049 882 892 

Rain 879 564 671 699 757 714 744 

Snow 184 206 83 148 241 172 142 Georgetown  

Total 1,053 770 754 847 998 885 885 

Rain 900 618 569 755 796 728 na 

Snow 164 173 72 142 208 152 na Shand Dam 

Total 1,064 801 641 897 1,004 881 na 
na – not available 

Discrepancies between stations highlight the spatial heterogeneity of climate, especially precipitation and 
especially where there are significant microclimatic zones.  The LBPIA station reports consistently lower 
rainfall and snow than the other stations, all west of the Niagara Escarpment.  The Niagara Escarpment is 
a major factor in creating microclimatic zones in the watershed.  The LBPIA station may lie in an area 
shielded by the Escarpment, explaining the lower precipitation at this site.  This station may only be 
representative of the immediate area.   

Spatial heterogeneity of precipitation has implications in calibration.  The difference between total 
precipitation at LBPIA and the other stations suggests that there are at least two different precipitation 
zones in the study area.  This assumes that LBPIA is representative of the Lower Watershed and the 
other stations are more representative of the western and northern portions of the watershed.  As 
accurate precipitation rate monitoring is not available across the watershed, we must rely upon two 
gauges outside of the watershed for the rate of rain information.  Consequently, the simulation accuracy 
of event-by-event watershed wide streamflow volumes is limited by the validity of the selected gauge, for 
any particular event, to represent the whole watershed.  This potential error is discussed later in this 
chapter.  Over the long term (i.e., seasons and years) these differences tend to be reduced. 

Hourly precipitation is required in order to simulate the watershed’s dynamic response; however, only the 
LBPIA, TGI, and Orangeville records are available.  These three gauges are used to reflect three climatic 
zones within the watershed.  Orangeville MSC data were used for the northern subwatersheds (i.e., 13 
and 15 to 20).  GSI data were used for subwatersheds 10 and 11.  All subwatersheds below the 
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Escarpment were modelled using the LBPIA rainfall inputs.  About 65% of the watershed is represented 
in this scheme with TGI rainfall while the LBPIA rainfall is used for most of the urban areas.   

Daily snow records for LBPIA have been applied to all areas below the Escarpment.  All northern 
subwatersheds receive Georgetown daily snow inputs.  Similarly to rainfall, snowfall tends to be allocated 
according to two climatic zones.  In general, the snowfall is lower below the Escarpment. 

Turf Grass Institute data were used for wind speed, solar radiation and dew point temperature.  Dew point 
temperature is used in the determination of freezing precipitation conditions.  Potential E-T is calculated 
from average daily temperature and solar radiation using the method of Jensen and Haise (1963).  Actual 
evapotranspiration is calculated within the model and is dependent upon the moisture available, demand, 
and weather conditions. 

4.3.1.2 Wastewater Servicing and Water Supply 

There are a number of different configurations of wastewater servicing and water supplies within the 
watershed.  The Cities of Mississauga and Brampton both have lake-based servicing, whereby the water 
supply is drawn from, and sewage effluent discharges to, Lake Ontario.  Although there are a number of 
exceptions (i.e., watering of lawns and gardens, water consuming industrial activities), much of the water 
that is taken from the lake for municipal water supply is returned to the lake through sewage effluent 
discharges.  Dry weather storm sewer discharges are an indicator of sewer cross connections and sewer 
infiltration.  These have not been measured in the study area and have not been included as a water 
source in this model.  Lake derived water was not taken into account in the Credit River model since it 
was not expected to have a significant impact on the flows in the Credit River. 

Lake Ontario supplied water that is lost within the subwatersheds may be significant in largely urbanized 
subwatersheds in the Lower Credit.  With a population of approximately 400,000 (pers.comm., CVC staff) 
in the Lower Credit, the estimated water supply from Lake Ontario is approximately 160,000 to 240,000  
m3/d assuming per capita daily usage of 0.4 to 0.6 m3/day.  If 10% of this water is lost locally to 
groundwater (i.e., exfiltration, lawn watering, etc.) then the groundwater recharge from this source would 
be about 16,000 to 24,000 m3/d.  Assuming all of this water enters the river (a very liberal assumption) 
then the additional streamflow would be about 2.5% of annual flow at the mouth of the River.  More 
detailed studies are required in order to determine the relative contribution of Lake Ontario water to the 
river system.   

The URFs with foundation drains connected to sanitary sewers are designed to lose water to Lake 
Ontario via the water pollution control plants (WPCPs) from the Credit Watershed.  However, this 
connectivity scheme is believed to be rare in the Credit Watershed.  This was determined by the CVC 
staff (pers.comm. Alison Humphries), during the original model setup, through discussions with municipal 
staff at the Cities of Brampton and Mississauga.  Reliable maps of connectivity were not available at the 
time.  The more common configuration is believed to have foundation drains discharging directly to storm 
sewers. 

Acton, Georgetown, and Orangeville rely on the groundwater system for water supply.  These 
communities have WPCPs that discharge to local watercourses (Figure 4-9) and, accordingly, they are 
represented in the HSP-F model as point sources. The Acton WPCP discharges to Black Creek, which 
flows into Silver Creek. The Georgetown WPCP discharges to Silver Creek, just upstream of the 
confluence with the Credit River, and the Orangeville WPCP discharges directly to the Credit River, 
downstream of the Island Lake Reservoir.  There is also a sewage treatment plant in Inglewood; however, 
this plant was not simulated in the calibrated HSP-F model as it was brought online following the model 
calibration period. 

The municipal water takings for Acton and Georgetown were estimated from actual water takings.  In 
order to compensate for the WPCP inflows to the streams an equivalent portion of groundwater was 



CREDIT VALLEY CONSERVATION 
TIER TWO INTEGRATED WATER BUDGET REPORT   

 

July 2009    78

removed from the local groundwater systems.  This “put and take” scheme ensures that water balance is 
conservative.  As mentioned, the model in the Subwatershed 19 area has been upgraded and the model 
now accounts for the Orangeville WPCP discharges and municipal groundwater water takings.  In this 
subwatershed the pumping and discharges do not balance as the town pumps a significant amount of 
water from Subwatershed 17, and this water is returned to the Credit River in Subwatershed 19 at the 
Orangeville WPCP.     

Within the Credit River Watershed, the larger villages including Cheltenham, Alton, and Erin are serviced 
through municipal groundwater takings and private individual septic systems.  For these cases, the 
groundwater takings were local enough to assume that the groundwater takings were returned to the 
groundwater system via the private septic systems.   

Table 29 summarizes flows as used in modelling the WPCP discharges.  The daily effluent flow rates at 
all sites are the daily averages based upon 1998 summaries.   

Table 29: Modelled WPCP Flow Rates   
Parameter Orangeville Acton  Georgetown  

Outfall Reach # 951 55 151 
Daily Discharge, m3/d 12,135 3,055 12,270 
 

4.3.2 Sensitivity Analysis 
A sensitivity analysis was completed for the hydrological portion of the model to help identify the 
parameters that are the most sensitive.  Five input parameters were tested from the snow routine and 
twenty-five input parameters were tested from the water routine.  Typical values for these input 
parameters were increased and decreased and the changes in key output parameters were reviewed. 

The most sensitive parameters were found to be MGMELT and TSNOW for the input parameters in the 
SNOW block.  MGMELT is the maximum rate of snowmelt by ground heat, in depth of water per day, 
which applies when the snowpack temperature is at the freezing point.  TSNOW is the air temperature 
below which precipitation will be snow, under saturated conditions.  Under non-saturated conditions the 
temperature was adjusted slightly.   

The most sensitive parameters found in the PWATER (i.e., Pervious area WATER) module (those 
hydrologic parameters relating to pervious land segments only) group include LZSN, INFILT, AGRWRC, 
INFEXP, UZSN, NSUR, SREXP, CEPSC, and LZETP.  Table 30 provides a description of these 
parameters and additional details on their sensitivity. 

Table 30: Sensitive Parameters from the PWATER Block  
Parameter Description Sensitivity 
LZSN Lower zone nominal moisture storage Surface and groundwater flows 

and interflow are sensitive to this 
parameter. 

INFILT Index to the infiltration capacity of the soil. Surface water flows and interflow 
are sensitive to this parameter. 

AGRWRC Basic groundwater recession rate which  is defined as the rate of 
flow today divided by the rate of flow yesterday (parameter which 
affects the behaviour of groundwater recession flow, enabling it to 
be non-exponential in its decay with time) 

Groundwater flows are sensitive 
to this parameter.   

INFEXP Exponent in the infiltration equation, and INFILD is the ratio between 
the maximum and mean infiltration capacities over the PLS. 

Surface water flows and interflow 
are sensitive to this parameter. 

UZSN Upper zone nominal moisture storage. Surface water flows and interflow 
are sensitive to this parameter. 
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Parameter Description Sensitivity 
NSUR Manning's n for the overland flow plane Surface water flows are sensitive 

to this parameter. 
SREXP Surface runoff exponent. Surface water flows are sensitive 

to this parameter. 
CEPSC Interception moisture storage capacity. Surface water flows are sensitive 

to this parameter. 
LZETP Lower zone evapotranspiration parameter. It is an index to the 

density of deep-rooted vegetation. 
Groundwater flows are sensitive 
to this parameter.   

 

Emphasis was placed on the sensitive input parameters from the SNOW (SNOW accumulation/melt) and 
PWATER routines during the calibration process.   

This report does not include a comprehensive sensitivity analysis on many of the parameters that may 
affect model calibration or predictions.  A comprehensive sensitivity analysis would be beneficial to the 
CVC’s water budget efforts by contributing to a better understanding of the potential uncertainty of model 
predictions.  In particular, the sensitivity of estimated groundwater recharge rates to evapotranspiration, 
and the range to which these parameters might vary within an acceptable range of calibrated model 
parameters, would be useful to fully define the range of input recharge rates into the groundwater flow 
model. 

4.3.3 Streamflow Calibration 

4.3.3.1 Targets and Process 

Model calibration is the process by which model constants or parameters are adjusted within an expected 
range until the differences between model output and field observations are within selected criteria for 
performance.  This process is the only means to establish parameter values for those parameters that 
cannot be determined from physical/ chemical/ biological observation or measurement.   

Validation is the complementary process by which calibrated model output is compared to a different set 
of field observations.  Validation is an independent test of the model’s capability to represent the 
important processes occurring in the natural system.  Often validation is conducted using field 
observations that differ significantly from those of the calibration period, as a test of the model’s 
robustness and flexibility.   

In this study, calibration was conducted using meteorological inputs from 1997 to 2000 and validation 
relied upon data collected from 2001 to 2004.  Model runs were started on January 1, 1996.  The first 
year of simulation is used as a start-up year and results are not analyzed.  Errors in setting initial 
conditions are generally corrected after this amount of time.  This span of time is sufficiently long to test 
the model under a variety of conditions and seasonal cycles without accompanying a great deal of land 
use change.   

Long term streamflow monitoring has taken place on the Credit River and its tributaries at ten sites.  Eight 
of these were in operation for part or all of the period 1996 to 2004, used to calibrate and validate the 
model.  One of these stations, at Mississauga Golf Club (WSC #02HB026), was only in operation for a 
brief period and is therefore of limited value in this process.  The remaining seven sites were used to aid 
in model calibration.  Table 31 lists relevant information for the seven gauges including a comparison of 
areas reported in the HYDAT database and as determined in this study.  These sites are also shown on 
Figure 2-17.  There are some significant differences in areas reported at the Black Creek station and at 
the West Credit station.  The values determined in this study are considered more accurate, reflecting any 
recent changes in areas due to land use changes and road developments.  It should be noted that at the 
small headwater scale (i.e., Black Creek and West Credit) there may be considerable discrepancy 
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between surface watershed boundaries and groundwater divides.  Thus the uncertainty surrounding the 
actual drainage area is significant at these sites. 

Table 31: Streamflow Gauges in the Credit River Watershed Used in Calibration/ Validation  

Gauge # Location 

HYDAT 
Area 
(km2) 

Model Area 
(km2) 

Model 
RCHRES # 

Recorded 
Streamflow 

(m3X106) (1997 
to 2000) 

Hydrologic 
Yield (m) 

02HB025 Norval 615 618 451 737 1.19 
02HB008 Silver Creek 127 129 151 137 1.07 
02HB024 Black Creek 18 24 55 25.7 1.05 
02HB018 Boston Mills 402 392 222 522 1.33 
02HB001 Cataract 205 194 852 209 1.07 
02HB013 Melville 62 59 951 65 1.10 
02HB020 West Credit 32 36 554 54 1.50 

 

Hydrologic yields reported in terms of runoff depth for a four year period (1997 to 2000) also display some 
discrepancies.  Yield at headwater stations on the Credit River (i.e., Melville and Cataract) and Black and 
Silver Creeks are low compared to values from gauges at Boston Mills and Norval.  It is believed that this 
is due to major subsurface water transfers from these headwater areas to the main river channel further 
downstream along the Niagara Escarpment, via buried valleys.  The buried valleys are discussed in 
Section 2.3.  Very high hydraulic yield at the West Credit River and discrepancies in reported and 
calculated drainage area raise concerns about the accuracy of this information.  

Figures 4-10a and 4-10b show the recorded streamflow at the Norval gauge, near Georgetown from 
1997-2000 and from 2001-2004, respectively.  It is apparent that the model testing period includes a wide 
variety of conditions with major differences observed year by year. 

 A systematic water quantity calibration process was undertaken wherein model parameters were first set 
at reasonable starting values.  In some cases (i.e., soil moisture, infiltration and interception storage) 
guidance is provided in selecting values based upon soil characteristics or land use (U.S.EPA, 1999).  
The calibration was conducted for the period 1997 to 2000.  In fact, the model runs were started on 
January 1, 1996.  The 1996 period was used as a start-up period, allowing the model to establish 
conditions of state that could not be estimated from watershed data (i.e., starting moisture and soil 
concentrations).   

Due to the complexity of the calibration process, involving establishing values for several key model 
parameters, various periods in the calibration were addressed in a stepwise manner.  That is, initially the 
snow/ice period was calibrated, followed by the spring runoff period and finally the late summer low flow 
period.  In some cases individual parameters can be calibrated by focusing upon a selected period of time 
in which that parameter has a significant effect.  For example the groundwater recession parameter, 
AGWRC, determines the shape of the streamflow recession curve during low flow-drought periods.  
Therefore, this parameter can be established accurately through strategically focusing on select periods 
of time.  The calibration process began in the headwater areas and proceeded downstream to the Norval 
station.  Equal emphasis was placed upon calibration of low and high flow rates. 

The most sensitive parameters in the calibration process are identified in Table 33.  Of these, INFILT, the 
infiltration parameter and AGWRC, the groundwater recession parameter, are the most sensitive and 
have the most overall influence on water balance and the shape of the hydrographs.   

Once the most sensitive parameters were established, the remaining parameters were adjusted through 
calibration runs until a reasonable calibration result was achieved.  The degree of success in calibration 
was measured in terms of relative error between predicted flows and flows reported at the seven WSC 
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gauges.  A satisfactory calibration is normally regarded as one that minimizes the relative error in terms of 
long-term flow volume; over months, seasons and years while matching the trends during single events 
and baseflow periods.  A reasonable expectation of calibration success is to achieve less than 10% 
relative error for longer term water volumes.  Relative error may be larger for individual events.  In terms 
of event hydrographs, the model should accurately simulate the onset of the runoff event, approximate 
the time and magnitude of the storm peak and match the trailing limb.  The degree of success in this 
regard is a qualitative judgment.   

4.3.3.2 Results 

Table 32 contains a summary of streamflow calibration results for the six gauged sites in terms of total 
calibration period (i.e., 1997-2000) flow volume.  As mentioned, Subwatershed 19 was modelled 
independently.  This exercise involved matching flow rates and volumes at the Melville gauge 
(AquaResource et al., 2008).  Streamflow rates and volumes from the six gauges listed in Table 11 were 
used as targets for this calibration.  

Table 32: Summary of Observed and Simulated Calibration Period Flow Volumes at 6 Gauged 
Sites (1997-2000) 

Gauge Location Drainage Area (km2) Observed Flow 
(dam3) 

Simulated 
Flow (dam3) 

Relative 
Difference (%) 

Credit at Cataract 194 208,509 207,364 -0.5 
Credit at Boston Mills 392 521,792 521,482 -0.1 
West Credit 36.1 54,275 53,487 -1.5 
Black Creek 24.5 25,701 26,003 1.1 
Silver Creek 129 137,899 139,099 0.9 
Credit at Norval 618 738,001 722,643 -2.1 

 
Snowfall time series inputs were scaled upwards in calibration in some areas in order to achieve best 
results in terms of matching winter and spring flow volumes at the streamflow monitoring sites.  No 
adjustments were used for the areas below the Escarpment.  For subwatersheds above the Escarpment, 
Georgetown snowfall data was factored upwards by 22 to 48% in order to achieve good correspondence 
in calibration.  Turf Grass Institute rainfall inputs were used without adjustments in all areas.   

Snowfall input scaling factors were chosen so that the simulated volume of flow at Norval, the most 
downstream gauged site, would correspond very closely with the observed streamflow on an annual 
basis.  Other sites display various degrees of correlation between simulated and observed flow volumes.  
All sites are within 3% of the observed values  

Figures 10a and 10b show the observed and simulated daily streamflow at Norval for the 1997-2000 
calibration period and the 2001-2004 validation period, respectively. As shown on these figures, the 
model represents streamflow at both the seasonal and event scales.  

Figure 4-11 shows the simulated and observed total flow volumes at Norval for the calibration period 
year.  Correspondence is good except for 1999, wherein the difference is 22%.  Figures 4-12 and 4-13 
show the Norval total flow volumes in seasonal and monthly terms, respectively.  In general, the 
simulation displays reasonably good correspondence between the two sets of seasonal and monthly 
volumes with slightly higher simulated winter and fall flows and slightly lower spring flows. 

Figures 4-14a through 4-14e display the seasonal comparison of flow volumes at the other five gauge 
sites; correspondence is good in all cases.  The largest discrepancies are at Black Creek (summer and 
winter; Figure 4-14b), Cataract (winter and fall; Figure 4-14c) and West Credit (spring and fall; Figure 4-
14e).  Silver Creek (Figure 4-14a) and Boston Mills (Figure 4-14d) display very close agreement.   



CREDIT VALLEY CONSERVATION 
TIER TWO INTEGRATED WATER BUDGET REPORT   

 

July 2009    82

Flow frequency distributions allow for a statistical comparison of the simulated and observed streamflow 
rates.  Figures 4-15 to 4-20 display a comparison of frequency distributions of simulated and observed 
streamflows for the calibration period (i.e., 1997 to 2000) for the six calibration sites.  With the exception 
of Black Creek (Figure 4-16), the curves are in close agreement.  Also, the 5%, 50% and 95% values 
compare well in all cases (i.e., within 10%).  The largest discrepancies appear to be in the high flow range 
at some sites (i.e., West Credit, Silver Creek).  In general the results compare closely. 

A general comparison of the simulated and observed streamflow at six gauged sites is provided in Table 
33 for the calibration period.  The American Society of Civil Engineers Task Committee on Definition of 
Criteria for Evaluation of Watershed Models has recommended that continuous hydrologic simulation 
modelling be evaluated using relatively few criteria in addition to comparative output hydrographs and 
time series (ASCE, 1993).  Recommended criteria include comparisons of runoff volumes and the Nash-
Sutcliffe Coefficient (R2).  Table 33 compares the simulated and observed streamflow rates by their 
extremes (i.e., 5 and 95 percentiles), means, and the Nash-Sutcliffe Coefficient, R2.  The Nash-Sutcliffe 
Coefficient is a measure of the goodness of fit of the simulated data to the observed data.  A value 
between 0 and 1 indicates the degree of agreement between the time series with 1.0 being a perfect 
agreement between the two sets and 0 meaning that the model cannot improve over the mean of the time 
series as an estimator.  

Table 33: Comparative Criteria for the Calibration Period at Seven Gauged Sites  
Criteria1 Cataract Boston Mills West Credit Black Creek Silver Creek Norval 

5th%-ile Flow 
Rate, m3/s 

0.54/0.70 1.35/1.40 0.12/0.12 0.10/0.06 0.45/0.30 1.9/2.1 

Mean Flow,  m3/s 1.26/1.20 3.17/3.0 0.34/0.33 0.16/0.13 0.72/0.7 4.14/4.0 
95th%-ile Flow 
Rate, m3/s 

3.8/3.6 9.4/9.7 0.95/1.07 0.45/0.63 2.81/3.20 14.7/14.9 

Nash-Sutcliffe 
Coefficient, R2 

0.64 0.39 0.25 
 

0.67 0.58 0.68 

1 Flow rates are presented as Simulated/Observed. 

Correspondence between the flow extremes and means are very good at all sites.  The poorest 
correspondence is at Black Creek, especially at the low flow range.  Note that some irregular patterns are 
apparent in the low range of the observed flows at these two sites.  This is likely due to some estimated 
flows or incorrect flows within the time series.  The calibration cannot reflect these very low flows as 
evidenced by the frequency analysis.  

The Nash-Sutcliffe Coefficients are mostly at or above 0.60, except at West Credit and Boston Mills.  This 
criterion indicates that the calibration is acceptable at all locations.   

The correspondence between simulated and observed flow frequencies confirms the model’s ability to 
simulate instream hydrologic behaviour.  Simulated results reflect observed characteristic Credit River 
peakiness (i.e., maximum flow rate/mean flow rate) and extended low flow periods.  The agreement 
between flow volumes is confirmation of the model’s reliability in terms of annual and seasonal water 
balance.  

Table 34 lists the final calibrated values for several key HSP-F hydrology constants.  

Table 34: Final Calibrated Values for HSP-F Hydrology Parameters  
HSP-F Parameter Parameter Meaning Final Calibrated Value 
CCFACT Snow convection-condensation factor  2.0 
COVIND Snowpack distribution factor 50-100 mm 
MGMELT Rate of snowmelt by ground heat 1.1 mm/d 
SNOEVP Snow evaporation factor 0.1 
AGWETP Fraction of E-T from groundwater 0.00  
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HSP-F Parameter Parameter Meaning Final Calibrated Value 
storage 

BASETP Fraction of E-T from baseflow 0.00 
AGWRC Groundwater recession rate 0.999/d 
CEPSC Interception storage capacity 1.0-2.5 mm (monthly varying) 
INFILT Index to infiltration capacity 8-12 (AB soils), 3.0-5.0 (BC soils), 0.03 (CD 

soils) and 6-18(Organic) mm/hr. 
INTFW Interflow inflow parameter 1.0 - 3.0 (land use varying) 
IRC Interflow recession parameter 0.2/d 
LZET Lower zone E-T parameter 0.05 – 0.90 (monthly varying) 
LZSN Lower soil zone nominal storage 50 (CD soil)-150.0 mm 
NSUR Surface roughness coefficient 0.08 – 0.30 (land use varying) 
UZSN Upper soil layer nominal storage 12.0 mm 
 

4.3.3.3 Error and Confidence 

Errors in simulation accuracy are inevitable in the modelling process for a variety of reasons.  The final 
composite error in any simulation is, therefore, a complex function of additive and compensating errors - 
errors that affect the simulation under limited and specific conditions and others that prevail throughout 
the simulation period.  The consequence of error is to lessen the confidence that can be ascribed to the 
results.  If confidence falls below minimum levels then the model results may be unsuitable for certain 
applications or levels of interpretation. 

Error and the estimation of confidence intervals is necessarily an approximating process as precise 
values for the various types and sources of error in the simulation cannot be determined accurately.  Error 
analyses have not been undertaken on the spatial data, time series inputs and other forms of information 
assembled for modelling purposes.  In fact most errors relate to data gaps and missing site input 
information.  Also, the way in which coincident errors compound and interact is uncertain.  Nevertheless it 
is possible to estimate key sources of error and approximate composite error and confidence based upon 
these estimates.   

Generally a very high degree of correspondence between predicted and observed flow is not possible 
due to various sources of error.  It is important to understand the nature of error and the degree to which 
it can be minimized and accounted.  The following lists the general types of modelling error, the nature of 
each type, and their relative importance: 

• Model Structure - The model employs simplifying assumptions, parameter lumping, and empirical 
relationships that are imperfect representations of potentially complex natural systems.  Extensive 
model applications in varied environments, including environments similar to the study area, have 
demonstrated that this approach is reasonable, although imperfect.  Errors due to model 
simplifications, lumping and structure are generally small over large areas, but may become 
significant at smaller scales and under specific climatic conditions. 

• Measurement Error - These include inaccuracies in measuring flow and rainfall and thus they affect 
the calibration target (i.e., flow rate) and the most important input parameter (i.e., precipitation), 
respectively.  Flow gauge accuracy is routinely evaluated to reduce this error.  However, conditions 
can prevail at gauges (i.e., ice, aquatic plants, mechanical failure, etc.), which reduce gauge 
accuracy for periods of time and/or result in lost records, necessitating course approximations.  
Instrument error or under catch is potentially very significant in precipitation measurement.  Rain 
and snow are generally under caught due to gauge edge and wind effects that can reduce the 
catch to half of the actual during high winds (Bruce and Clark, 1969).  Potential evapotranspiration 
(E-T) is one of the most important components of the hydrologic cycle, yet direct measurements 
are not available for the study area.  E-T is generally estimated from long term records at a distant 
site or by disaggregating other meteorological parameters such as air temperature and solar 
radiation.   
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• Data Gaps and Errors - Characteristics of the watershed (i.e., land use, soil type and topography) 
vary considerably from place-to-place.  Soil characteristics also vary with depth in complex 
patterns.  Inevitably some areas are poorly characterized in the available datasets.  Data gaps exist 
in the time series inputs and characterization information concerning a wide variety of landscape 
features is often lacking (i.e., soil chemistry, land use practices, local infrastructure, etc.).  Methods 
used to fill these gaps (i.e., interpolation, literature review, experience, etc.) are not precise and 
lead to error. 

• Meteorological Heterogeneity – Meteorology, especially precipitation rate, can vary widely from 
place-to-place during a storm event.  During thunderstorms it’s possible for one region to receive a 
large volume of precipitation while another area, a few kilometres away, remains dry.  This is 
potentially the largest source of error when comparing runoff results on an event-by-event basis.  
Over months and seasons, total precipitation in these areas may be similar and thus they can be 
expected to produce similar total runoff volumes.  Microclimatic differences between monitoring 
sites and other areas within the study area can also exist and affect other weather parameters such 
as total precipitation, air temperature, E-T and wind speeds.  

• Model Calibration – Many degrees of freedom in setting model parameters for runoff can lead to 
errors in one or more values and thus result in calibration error.  Errors in simulating runoff 
hydrology will cause errors in streamflow simulation, as this component is dependent upon the 
runoff simulation.  Errors in streamflow simulation can cause error in simulating instream water 
quality and instream process and so forth.  Inasmuch as the accurate simulation of instream 
processes is dependent upon the simulation of the source terms (i.e., water and chemistry) the final 
results are dependent upon accurate loading terms. 

 
Precipitation record accuracy and spatial variability of rainfall and snow are the largest potential source of 
error in modelling individual runoff events.  The effect of these factors is apparent in calibration.  There 
are situations during thunderstorm events wherein predicted and observed flows differ significantly.  In 
some cases an event hydrograph is clearly visible in the observed record yet no precipitation was 
recorded at the gauge and therefore no event is predicted.  In other cases, when rainfall is sustained and 
more evenly distributed, the observed and predicted flows are very similar.  These errors are most 
pronounced when examined on an event basis.  Over periods of months and years, spatial input 
heterogeneity becomes less important as differences are obscured.  

Inaccuracy with the E-T inputs is the largest potential source of error in terms of estimating long term flow 
volume and baseflow levels since this component is a major part of the water balance, yet is not directly 
measured.  The error in estimating total annual potential evapotranspiration is +/- 10%.  Potential errors 
are higher for individual days.  However, the actual E-T is calculated by the model based upon potential 
rates, water availability, and meteorological conditions.  The model parameters affecting this process are 
refined in calibrating the model to total runoff volumes.  Since relatively accurate information is available 
on streamflow volumes this component can be accurately calibrated.  Thus, the overall confidence in the 
total actual E-T is somewhat higher than in the estimation of potential E-T.  

The largest sources of error in streamflow simulation and overall water balance are as follows: 

• Precipitation Inputs.  These can be very non-representative at times in the input time series, 
although are probably reasonably valid in terms of total precipitation over months and years.  
Therefore potential error can be very large for any particular event at subwatershed scales.  
However, the error is likely in the range of +/- 10% in terms of total flow volumes and water balance 
components on a larger scale over years.  

• Measured Streamflow.  The streamflow records used to establish calibration targets are accurate 
most of the time.  When streamflows rise to extreme levels or decrease to very low levels the 
gauges are likely to be less reliable and measurement error becomes an issue.  Also, there are 
some gaps in the records for substantial periods requiring infilling which introduces more error.  
This is especially true for winter periods and snow melt periods at headwater gauges.  Major 
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streamflow stations in the Credit Watershed have reliable records.  The relative error is likely less 
than +/- 5% over the long term, with event errors possibly in the +/- 10% range. 

• Model Structure and Calibration.  This error is difficult to estimate as it is comprised of many 
potential error sources.  However, the successful calibration of the model across North America 
suggests that the model structure is reasonable.  Lumping spatial characteristics does result in 
localized errors.  Over the whole watershed or locations representing the runoff from several 
subwatersheds this error is likely minor at less than +/- 5%.  At smaller scales and over shorter 
time periods this error could be in the +/- 5 to 10% range. 

 
The composite effect of these major error types may be to compound the errors at times while at other 
times the effect may be partially self compensating.  The composite error estimated for this study in terms 
of streamflow and water balance simulation is +/- 10 to 15% for the larger scale output sites, including 
several upstream subwatersheds over months and years.  Error is likely higher at headwater sites over 
the longer periods of time.  In these cases the error is estimated at +/- 15 to 20%.  Event scale simulation 
error is possibly very high (+/- 50%) at smaller scale sites and probably +/- 25% at larger scale sites.   

The streamflow calibration is reliable as indicated by the close correspondence between simulated and 
observed flow volumes by month, season and annual period.  The flow frequency analysis confirms the 
agreement throughout the range of flow rates.  In this form the model results can be used for scenario 
comparisons and sensitivity type evaluations wherein the simulated absolute instream flow rates are 
secondary to the overall sensitivity of the system to relative change.  In this respect many errors are 
inapplicable and the model may be considered most reliable.  The errors in a relative comparison of 
streamflow volumes and frequencies are much lower than the errors in calibration.  Error in relative 
comparisons is about +/- 5%.  

For this reason the model is most useful for longer scale water balance and streamflow simulation.  Event 
based simulation should not be regarded as accurate unless precipitation inputs, measured streamflow 
and local conditions can be accurately characterized.   

4.3.4 Model Validation 
Once calibration was achieved for the 1997-2000 period, the model was subjected to a validity test 
wherein model simulation results were compared to measured flow rates from a different time period, 
namely 2001 to 2004.  Error! Reference source not found. contains a summary of streamflow validation 
results for six gauged sites in terms of total validation period flow volume.   

Table 35: Seasonal Total Water Volumes at Six Gauged Sites for the Validation Period, 2001-2004. 
Gauge Location Drainage Area 

(km2) 
Observed Flow 

(dam3) 
Simulated 

Flow (dam3) 
Relative 

Difference (%) 
Credit at Cataract 194 196,407 195,316 -0.6 
Credit at Boston Mills 392 493,919 492,846 -0.2 
West Credit  36.1 54,279 50,990 -6.1 
Black Creek 24.5 22,761 26,451 16.2 
Silver Creek 129 142,272 142,919 0.5 
Credit at Norval 618 719,081 740,605 3.0 

 

Flow volumes compare favourably at all sites except at Black Creek, wherein the model simulates higher 
flows and to a lesser extent at the West Credit site, wherein the model simulates lower flows.  These sites 
represent small drainage areas with some uncertainty around surface and subsurface contributing areas 
as well as local precipitation inputs. 
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Over the whole model testing period, 1997-2004, the model was adjusted to achieve a close balance at 
Norval.  Norval is a location of focus because it is the most downstream gauged site during the model 
testing period and thus is the best integrated measure of whole watershed water balance.  Simulated flow 
volume was about 0.4% higher than observed at this site over eight years.  Over that period all simulated 
streamflow volumes are within 1% of the observed volumes except at the West Credit gauge where a 
relative difference of -3.8% was achieved and at Black Creek where the difference is 8.7%.   

Figure 4-21 shows the simulated and observed annual total flow volumes at Norval for the validation 
period.  All years compare favourably, with a maximum difference in 2003 of 9.9%.  Seasonal and 
monthly total flow volumes at Norval are compared in Figures 4-22 and 4-23, respectively.  The simulated 
and observed seasonality of the streamflow are in reasonably good agreement.  Figures 4-24a to 4-24e 
display the seasonal flow volume comparison at the other five sites.   

Figures 4-25 to 4-30 are the frequency distribution comparisons for the validation period at the six gauged 
sites.  In all cases except the Silver and Black Creek gauges the curves are very similar.  As in the 
calibration, the curves for the observed values at Silver and Black Creeks display some irregularities at 
the low flows.  Also, the Black Creek curve is shifted upwards indicating an over estimation of flow at this 
site.   

Table 36 lists comparative criteria for the validation period for the six gauged sites.  Flow extremes and 
mean as well as the Nash-Sutcliffe Coefficient are provided.  

In general the correspondence between observed and simulated extreme flows (i.e., 5th and 95th 
percentiles) and mean flows is good.  The Nash-Sutcliffe Coefficients are reasonable, although lower for 
the calibration.  While validation results are not as good as those for the calibration period, these results, 
nevertheless, confirm that the model is sufficiently accurate for the Source Protection Water Budget 
application. 

Table 36: Comparative Criteria for the Validation Period at Seven Gauged Sites 
Criteria Cataract Boston Mills West Credit Black Creek Silver Creek Norval 

5th Percentile 
Flow Rate (m3/s) 

0.54/0.60 1.35/1.50 0.12/0.12 0.10/0.06 0.46/0.30 2.05/1.90 

Mean Flow  
(m3/s) 

1.26/1.30 3.17/3.20 0.34/0.33 0.15/0.13 0.72/0.80 4.25/4.30 

95th Percentile 
Flow Rate (m3/s) 

3.81/3.2 9.39/8.30 0.95/1.07 0.45/0.42 2.81/3.10 14.5/14.2 

Nash-Sutcliffe 
Coefficient (R2) 

0.55 0.32 0.22 0.22 0.25 0.46 

 

Figure 4-31 compares the simulated flow peakiness at all subwatershed outlets in the Credit River 
Watershed.  Peakiness is a useful characteristic or metric for comparing simulated and observed time 
series as well as an indicator of watershed hydrologic conditions.  These values were determined for the 
period 1997 to 2003.  Flow peakiness is defined as maximum flow rate divided by mean flow rate.  Very 
high peakiness values are typical in urban areas as imperviousness results in a high proportion of surface 
runoff and rapid drainage aided by municipal infrastructure (i.e., storm sewers).  All of the mainly rural 
subwatersheds upstream of Georgetown have peakiness values of less than 40.  In contrast all urban 
subwatersheds downstream of Georgetown (i.e., Subwatersheds 1 to 8) have very high peakiness 
values, typically greater than 200.  The Credit River mouth site displays low peakiness primarily due to 
the influence of the rural Upper Watershed, which constitutes over 80% of the contributing area.  The 
peakiness at this site (20.3) is marginally higher than that at the nearest upstream main channel site, at 
the Subwatershed 14 outlet, with a value of 19.8, suggesting that peakiness is increasing towards the 
mouth in the main channel as a result of the urban runoff. 
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Figure 4-32 shows the comparison of subwatershed unit area baseflow.  Unit area baseflow is a measure 
of health in terms of the system’s ability to maintain riparian flows and store water.  In this analysis the 
drainage area upstream of each site is used and baseflow is defined as the 5th percentile flow, the flow 
exceeded 95% of the time.  All subwatersheds upstream of the urbanized portion of the watershed have 
higher baseflows.  The lowest of these are the subwatersheds that experience some groundwater 
rerouting (Subwatersheds 16 and 17).  The baseflow for the urbanized subwatersheds are much lower, 
reflecting the minimal recharge of groundwater in these areas due to high imperviousness and the 
dominance of the Halton Till.  WPCP discharges maintain some baseflow in Black and Silver Creeks as 
well as the headwater reaches of the Credit River.   

Figures 4-31 and 4-32 indicate the prevailing pattern in the Credit Watershed towards degraded 
hydrologic conditions at the mouth of the watershed.  The northern rural watershed displays much lower 
peakiness and higher unit area baseflows compared to the small urban subwatersheds in the southern 
portion of the watershed.  The urban subwatersheds consistently display extremely high flow peaks and 
limited baseflow that results in poor instream conditions and tends to degrade the hydrologic conditions in 
the main channel.   

4.4 LONG-TERM SIMULATION 
Following the calibration/validation process a 1961-2004 climate dataset was compiled using Orangeville, 
LBPIA and TGI climate data.  Climate data from these gauges were applied to subwatersheds as shown 
on Figure 2-17.  The purpose of having this dataset was to develop a longer-term average estimate of 
groundwater recharge rates as the basis for input into the groundwater flow model.  A table summarizing 
the simulated water budget results for each rural and urban land element is provided in Appendix C.  In 
terms of water budget components, a balance is determined by the evapotranspiration, runoff, and 
recharge.  These three components should equal the total moisture supplied over the long term.  Table 
37 summarizes the estimated water budget across the watershed for surface water parameters. 

Table 37: Water Budget Summary, 1961-2004 (Surface Water) 

Precipitation Runoff Evapotranspiration Recharge 
ID NAME Area 

(km2) m3/d mm/ 
year m3/d mm/ 

year m3/d mm/ 
year m3/d mm/ 

year 
1 Loyalist Creek 9.8 21,000 778 11,200 415 8,600 318 1,200 45 
2 Carolyn Creek 5.6 11,900 778 5,900 385 5,500 363 500 30 
3 Sawmill Creek 16.5 35,100 778 16,700 370 16,100 358 2,300 50 
4 Mullett Creek 32.9 70,200 778 35,800 397 29,700 329 4,700 52 
5 Fletcher's Creek 42.5 90,600 778 40,300 346 45,300 389 5,000 43 
6 Levi Creek 24.7 52,700 778 19,800 293 27,200 401 5,700 84 
7 Huttonville Creek 15.1 32,200 778 12,600 305 17,400 421 2,200 52 

8a 
Springbrook 
Tributary 4.8 10,200 778 3,900 295 5,500 421 800 62 

8b 
Churchville 
Tributary 8.4 18,000 778 7,800 339 9,200 396 1,000 43 

9 Norval to Port Credit 72.8 155,200 778 60,900 305 71,100 356 23,300 117 
10 Black Creek 79.3 199,800 920 26,600 122 122,900 566 50,300 232 
11 Silver Creek 48.8 121,400 909 21,700 162 72,900 546 26,800 201 

12 

Credit River - 
Cheltenham to Glen 
Williams 62.1 132,400 779 28,800 170 69,900 411 33,700 198 

13 East Credit River 50.6 124,300 897 29,100 210 60,100 434 35,100 253 

14 
Credit River - Glen 
Williams to Norval 23.1 49,300 778 21,000 331 25,000 394 3,400 53 
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Precipitation Runoff Evapotranspiration Recharge 
ID NAME Area 

(km2) m3/d mm/ 
year m3/d mm/ 

year m3/d mm/ 
year m3/d mm/ 

year 
15 West Credit River 105.6 258,700 894 40,200 139 126,300 437 92,100 319 
16 Caledon Creek 52.0 127,700 897 19,400 136 64,300 451 44,000 309 
17 Shaw's Creek 72.0 176,800 896 31,400 159 86,900 440 58,500 297 

18 

Credit River - 
Melville to Forks of 
the 39.2 96,100 895 13,500 125 45,800 426 36,800 343 

19 Orangeville 59.8 143,600 876 27,400 167 68,500 418 47,700 291 

20 

Credit River - Forks 
of the Credit to 
Cheltenham 46.0 112,800 894 34,200 271 56,000 444 22,600 179 

21 
Lake Erie 
Tributaries 33.0 70,400 778       

22 
Lake Erie 
Tributaries 44.2 94,300 778       

 Total / Average  2,040,000 854 508,200 213 1,034,200 433 497,700 208 
 
4.5 SUMMARY COMMENTS 
The following summary comments are made with respect to the HSP-F model setup and 
calibration/validation. 

• HSP-F has been shown to provide a reasonably accurate and comprehensive simulation of the 
Credit River Watershed.  Simulated streamflow follows observed trends reflecting seasonal 
patterns, baseflow, storm event responses and total flow volume. 

• The model simulations reflect the effect of climate variables upon hydrology. 
• Subsurface movement of water in buried bedrock valleys redistributes subwatershed flows in a 

southerly direction towards the central watershed.  Modelling this redistribution is critical to 
achieving a reasonable water balance in the Upper Watershed.  This process is not likely as 
important in the Lower Watershed as urban infrastructure accelerates drainage to the river. 

• The Credit Watershed has distinct regions displaying unique climate, physical characteristics and 
land uses.  The watershed model reflects these characteristics where information permits. 

• In general, the simulated water balance is a reasonable estimate of average conditions across the 
watershed.  However, the water balance parameters associated with each unique soil type, land 
use, and slope combination are not tested in the model calibration.  There is insufficient runoff data 
from unique zones to calibrate to this level.   

• Urbanization greatly influences hydrology in affected areas, particularly the Lower Watershed.  The 
upper 75% of the watershed displays characteristics of a rural stream in terms of streamflow.  The 
model reflects urban impacts through detailed runoff routing. 

• Accurate streamflow calibration is limited by a lack of representative monitoring for rainfall and 
streamflow in many regions of the watershed, especially in urban subwatersheds and near the 
mouth of the Credit River. 

• A significant source of uncertainty within the model relates to the water balance for low permeability 
soils (i.e., Halton Till) in the Lower Watershed.  The modelled recharge values in this area cannot 
be tested against observed streamflow.   

• Other major data gaps at the time of model setup included accurate WPCP and other urban runoff 
volumes (i.e., dry weather storm sewer flows).  

• The compound influence of all possible errors in model setup and calibration render the model less 
valuable in terms of its reliability in simulating absolute values for streamflow at any time and at any 
location in the watershed.  Several significant error sources are not relevant in relative evaluations 
or comparisons and so the error is significantly smaller in these assessments.  The model’s 
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simulation confidence is sufficiently high in relative evaluations to make the model most useful in 
this form of assessment. 

 
The following comments relate to the instream hydrology and water balance values determined from the 
long term model run. 

• Water balance terms (i.e., Runoff, Recharge and E-T) are highly dependent on land use type, soil 
classification and slope in rural areas.   

• Soil type is the most significant factor in determining the overall water balance in a catchment.  
Surface runoff increases from about 7 % of the total balance in the AB soils to near 50 % of the 
water balance in CD soils.  Recharge decreases from almost 40 % of the water balance in the AB 
soils to less than 5 % in the CD soils. 

• Landscape slope is modelled to be a significant factor in determining recharge, especially for the 
highest slope classification, > 5%.  In the high slope areas near the Credit River and the 
Escarpment, recharge is assumed to be significantly reduced due to high runoff rates induced by 
slope.  

• Land use type is the least important factor in determining water balance in the rural areas.  
Agricultural activity causes seasonal effects on the local water balance, especially in tilled areas. 

• Organic soils are present in only small amounts in the watershed and therefore have only very 
localized effects.  Organic soils absorb water effectively and limit surface runoff. 

• More permeable soils predominate in subwatersheds upstream of the Norval gauge (except 
Subwatersheds 14 and 20).  The higher rates of recharge are reflected in the characteristically flat 
frequency distribution at this site.  Georgetown and Acton WPCP discharges also stabilize 
baseflow and thus flatten the flow frequency distribution observed at Norval. 

• Soil types are also important in determining the water balance in urban areas, especially where 
imperviousness is low (i.e., parks, low density residential, etc.).  Urban soils have similar influences 
upon the relative amounts of water recharging and running off urban lots. 

• Slopes are relatively unimportant in urban runoff water balance determination. 
• Land use is very important in determining the overall water balance in urban areas as 

imperviousness, connectivity and general lot configurations differ significantly.   
• Commercial and industrial areas contribute greatly to peak storm runoff and cause depletion of 

groundwater resources.  Recharge in some commercial and industrial areas constitutes only about 
2% of the water balance while runoff is almost one third. 

• Lower impact urban land uses (i.e., parks and low density residential) display water balances that 
approach those of rural areas. 

• Urbanization greatly increases the range of instream flow rates as reflected by the flow frequency 
distribution and flow rate peakiness in the urban tributaries downstream of Georgetown.  These 
influences also affect the main Credit River in the lower reaches.  

• The Credit River displays a trend of hydrologically degraded conditions towards the mouth through 
the urbanized portion of the system.  This is apparent in terms of relatively lower baseflow and 
greater peakiness in the urbanized subwatersheds.  Upstream sites display the stabilizing influence 
of WPCP discharges, especially in Subwatersheds 10, 11 and 19, as well as greater rates of 
groundwater recharge and storm runoff attenuation. 
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5.0 Groundwater Flow Model (FEFLOW) 

5.1 INTRODUCTION 
Groundwater is a much valued resource throughout the Credit River Watershed.  In addition to meeting 
the drinking water requirements of a number of municipalities and many rural residents, the watershed’s 
groundwater resources contribute to a rich ecosystem.  The watershed’s significant wetlands and world-
famous cold water fisheries rely on the sustainability of groundwater. 

The CVC began developing its three-dimensional groundwater flow model in 2000 as a tool for water 
resources conservation.  This tool has been enhanced under the CVC’s efforts to meet the water budget 
requirements of the Clean Water Act.  As noted earlier in this report, the CVC proceeded directly with a 
Tier Two water budget in consideration of its previous efforts as well as the importance of groundwater 
resources within the watershed.  The main objectives of the Tier Two water budget, in relation to the 
groundwater flow model are summarized as: 

• Water Budget Understanding.  The calibrated groundwater flow model is a tool for understanding 
and characterizing the flow of groundwater through the watershed.  Having this understanding is a 
key objective of the Tier Two water budget process.   

• Delineation of Significant Groundwater Recharge Areas.  The Tier Two water budget tools are 
needed to identify significant groundwater recharge areas within the watershed; and, 

• Tier Two Water Quantity Stress Assessment.  The Water Quantity Stress Assessment is carried 
out using the estimated consumptive water demands and the groundwater and surface water 
model results to estimate the potential for current and future hydrologic stress within the watershed.  
Any subwatersheds identified within the watershed having a moderate or significant hydrologic 
stress may be required to undergo a Tier Three Water Quantity Risk Assessment at a later date. 

Section 1 of this report (see Table 2) lists the MOE’s expected deliverables for the Tier Two Water 
Budget. 

As part of the Tier Two Water Budget Process, AquaResource (2006) prepared a report summarizing the 
development and calibration of the groundwater flow model.  This report was subsequently peer 
reviewed.  Based on the result of this report, the CVC proceeded to jointly refine the surface water and 
groundwater flow models and prepare this report to address the integrated water budget aspects relating 
to surface water and groundwater.  As compared to the AquaResource (2006) report, the current revision 
to the groundwater model includes some modifications to groundwater recharge rates and groundwater 
demand estimates.  While a revised calibration was not within the scope of this work, this chapter also 
references the Region of Halton’s groundwater monitoring data which was provided to CVC following the 
completion of the draft report.  This report addresses peer review comments made with respect to the 
AquaResource (2006) report and should be considered the key water budget model reference for the 
Credit River Watershed.  

This chapter documents the history, development, and calibration of the Credit River Watershed 
groundwater flow model.   

5.2 HISTORY OF GROUNDWATER FLOW MODELLING WITHIN THE CREDIT RIVER 
WATERSHED 

In November of 2000, the CVC initiated the development of a regional conceptual and a numerical 
groundwater model encompassing the entire Credit River Watershed.  A review and analysis of existing 
reports and data formed the basis of understanding of groundwater flow in the Credit River Watershed 
and are discussed in the Conceptual Model Report (WHI, 2002a).  The numerical groundwater flow model 
was developed to represent the regional components of the groundwater flow system developed in the 
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Conceptual Model Report (WHI, 2002a) and enable simulation of functions and linkages between the 
groundwater and surface water systems.  

To develop this detailed groundwater flow modelling tool, GIS mapping of the quaternary and bedrock 
geology, surface topography, hydrology, and hydrogeology was undertaken (WHI, 2002a).  The CVC 
selected FEFLOW (WASY, 2005), a numerical finite-element groundwater flow modelling code.  FEFLOW 
utilizes standard GIS, surface water and groundwater data formats for both input and output enabling 
efficient integration with other disciplines and tools used by the CVC.  The initial development and 
calibration of the numerical groundwater flow model (Phase 1; Table 38) are described in the Interim 
Modelling Report (WHI, 2002b). 

Table 38:  History of the CVC's Water Budget Initiatives 
Phase Time Frame Description Deliverables 

1 2000 to 2002 Development of Conceptual and Numerical Models, 
and Numerical Model Calibration WHI, 2002a, WHI, 2002b 

2 2002 to 2004 Model Implementation and Impact Analysis (Land Use 
Impact Simulations and Management Alternatives); WHI, 2004 

3 2002 to 2004 Transient Simulations and Drought Scenario WHI, 2004 
 2005 to 2006 Regional Model Update  AquaResource, 2006 

 

The groundwater flow model was further developed in Phase 2 of the Water Budget Project by applying it 
to predict impacts from alternative land development scenarios.  The model provided an understanding of 
potential changes in groundwater levels and discharge, due to changes in pumping and recharge 
associated with changing urban land uses.  The groundwater model was subsequently updated, refined 
and applied to the Silver Creek (CVC, 2002a) and East Credit (CVC, 2007b) Subwatershed Studies.  In 
Phase 3 the model was used to understand how extended periods of low rainfall may impact water levels 
and groundwater discharge in the watershed.  

The CVC developed surface water flow models, using GAWSER and more recently using HSP-F (CVC 
and EbnFlo, 2008) to complete their water budget assessment framework.  These complex models 
handle the hydrologic components such as precipitation, evapotranspiration, runoff, and groundwater 
recharge.  Phases 2 and 3 utilized a variety of recharge input scenarios developed using HSP-F and they 
were tested using FEFLOW.  

For Phase 2 and 3 of the Water Budget Project, modelling work involved updating the model to reflect a 
refined understanding of geology and hydrogeology, surface water model updates, and additional high 
quality monitoring data.  The groundwater model is a tool that can be updated as new information is 
collected regarding the geological setting or the groundwater flow system.  The current update, as 
discussed in this report, was completed to incorporate additional information that has become available 
since 2003, to refine the model discretization, and take advantage of advances in computer technology in 
recent years.  These updates will advance the model’s calibration and enable the model to be applied to 
water budget and impact assessments using new and updated information.  This process of continuous 
improvements is beneficial to further the understanding of the groundwater system, as the model 
essentially represents the current level of hydrogeological knowledge in the watershed. 

5.3 MODEL DEVELOPMENT 

5.3.1 Model Selection 
The CVC selected FEFLOW (WASY, 2005) as the basis for its watershed-wide groundwater flow model.  
FEFLOW is a commercially available software application developed by WASY (2005).  The code has 
been validated for many applications and benchmark problems (numerical and analytical solutions) 
(WASY, 2005).  While the model is proprietary, there are a number of groundwater modelling firms in 
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Ontario with FEFLOW modelling licenses and local experience in addition to more than 1000 users 
worldwide.  FEFLOW uses the finite-element method to obtain a solution to the groundwater flow 
boundary value problem. It achieves this by breaking the model domain into a three-dimensional mesh of 
finite-element cells.  Each element/ node is assigned appropriate hydraulic properties (hydraulic 
conductivity, porosity) and/or appropriate hydraulic boundary conditions. 

The selection of this code was based on the primary objectives for the model which included: 

1. An ability to simulate complex geology including lateral discontinuities and steep topography 
associated with the Niagara Escarpment for simulating groundwater flow.  FEFLOW uses 
element shapes that adapt to the variable geometry of the complex geology associated with the 
Niagara Escarpment.  The variability in the elements shapes generally allows the numerical 
model to be refined only in the areas where refinement is needed; 

2. Ability to simulate the location and function of surface water features (streams, wetlands, 
seepage) to provide an understanding of the regional groundwater discharge;  

3. Efficiently simulate regional steady-state and transient groundwater flow for efficient model 
calibration using large observation datasets;  

4. Ability to compute subwatershed scale water budgets and illustrate three-dimensional 
groundwater flow; and, 

5. Provide for efficient refinement of model mesh and parameters (e.g. recharge) for scenario 
analysis subwatershed refinements without significantly impacting model simulation times. 

MODFLOW (Harbaugh et al, 2000) is another widely used groundwater flow model that was also 
considered by the CVC.  Computationally it is very similar to the finite element technique employed by 
FEFLOW and it offers the benefit of being locally mass conservative.  However, FEFLOW’s strength in 
refining the finite element mesh in the vicinity of the Escarpment and near surface water features was 
seen as an advantage, and as a result it was selected by the CVC as the basis for the regional model.  It 
is understood that the selection of FEFLOW required additional care in evaluating the convergence of 
model simulations and an evaluation of local mass balance errors.  

FEFLOW provides a number of integrated post-processing tools to evaluate the ability of a model solution 
to reproduce observed field conditions (i.e. groundwater levels and baseflows); as well as to evaluate the 
water budget for the entire watershed or a subwatershed or subcatchment area. 

These post-processing tools include: 

• Particle Tracking: which computes the forward and reverse flowpaths of simulated water particles 
to aid in the understanding of groundwater flow direction, (e.g. capture zone analysis for pumping 
wells or delineated recharge areas for an aquifer). 

• Budget Analyzer: which computes the in and out flows for boundary conditions globally in defined 
areas, by linking to polygon files in standard GIS format (e.g. shp or dxf) such as polygons defining 
the area contributing flow to a gauging station; 

• Fluid Flux Analyzer: which computes the flux based on the derived velocity field across any defined 
fence, layer, or section; 

• 3D FEFLOW Explorer: which allows dynamic visualization of model layers, model input 
parameters, initial conditions, and model results in three-dimensions, using fence diagrams 
dynamic layer control, and isopach views. 

5.3.2 Model Domain 
The location and boundary of the model domain were updated for this study from the boundaries applied 
in previous CVC modelling studies (WHI, 2002a, 2002b; WHI, 2004) and are presented in Figure 5-1.  
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The model domain contains the entire Credit River Watershed, which encompasses portions of Dufferin 
and Wellington County, the Regional Municipality of Halton, and the Region of Peel. The model domain 
varies between 12 and 28 km in width (southwest to northeast) and approximately 65 km in length 
(southeast to northwest), which results in a model area of approximately 1400 km2. 

The model domain was designed to encompass the entire Credit River Watershed and to extend to the 
natural boundaries of the groundwater flow system as interpreted from the shallow and deep groundwater 
level contours (Figures 2-15 and 2-16).  Where natural physical flow boundaries could not be followed, 
the model domain followed lines of relatively constant equipotential head. These model boundaries were 
chosen to be beyond the watershed boundary to minimize their effect on model predictions within the 
watershed.  In some areas the proximity of the model boundary to the watershed boundary may influence 
simulation results within the watershed.  In these areas interpretation of local groundwater impacts, water 
budgets, and situations should be identified and handled appropriately.  

The finite element mesh was designed to have nodes coincident with streams contained in the updated 
CVC stream GIS layer. Improvements in computer speed and mesh creation programs enabled the 
development of a considerably refined mesh.  The new finite element mesh was created using 
GridBuilder™ software.  As shown in Figure 5-1, the mesh is refined in areas of the model where it was 
important to have an enhanced definition of the groundwater level surfaces.  A nodal spacing of 25 m was 
achieved along all streams classified as having a Strahler order of 2 and greater.  Nodal spacing is 25 m 
or less around pumping wells and the maximum nodal spacing is 200 m.  The mesh has 12 layers and 13 
slices with a total of 2,116,790 nodes and 3,886,656 elements. 

5.3.3 Model Layer Representation of Hydrostratigraphy 
The vertical and horizontal extent of hydrogeologic units in the subsurface and their connectivity was 
delineated by interpreting geology reported in boreholes and wells within the watershed.  The vertical 
delineation of hydrostratigraphic units is consistent with the discussion in Section 2.3.  The three-
dimensional conceptual representation of the hydrostratigraphy for the Credit River Watershed is 
illustrated in Figure 5-2. 

The thickness, distribution and relative hydraulic conductivity of each of the model hydrostratigraphic units 
was initially developed as part of the initial CVC Water Budget projects (WHI, 2002a, 2002b), whereby 
over 120 cross-sections were drawn and interpreted across the watershed to build the CVC numerical 
FEFLOW model. Regionally extensive tills plains were used as key marker beds in the development of 
the model layers as these units are regionally more laterally continuous than aquifer units in the 
watershed.  This initial interpretation has been refined and modified over the course of various projects 
since 2002 and updates are continually made to a master database of hydrostratigraphic ‘picks’ or 
interpretations.  The most recent updates to this database were made as part of the Region of Peel 
Wellhead Protection Area Study (AquaResource, 2007), where the geology in the vicinity of the Region’s 
wellfields was re-interpreted and refined. 

Table 39 summarizes the model layers and the hydrostratigraphic unit defined by that model layer.  The 
distribution and thickness of the hydrostratigraphic units in the FEFLOW model was found to be 
consistent with hydrostratigraphic interpretations completed in the adjacent Toronto and Region 
Conservation Authority (TRCA) Watershed (Kassenaar and Wexler, 2006).   

Table 39: Hydrostratigraphy and Model Layer Structure 
Model 
Layer General Lithology 

1 Upper surficial overburden (as defined by surficial geology mapping) 
2 Upper Till (Halton, Wentworth, Newmarket Till)  
3 Sand and gravel (Mackinaw Interstadial sediments) 
4 Lower Till (Port Stanley, Tavistock Till, Northern Till) 
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Model 
Layer General Lithology 

5 Lower Sediments: Sand/ gravel/ Silt (Thorncliffe and Sunnybrook or Scarborough equivalent 
sediments) 

6 Contact Zone/ Weathered Bedrock 
7 Guelph/ Amabel Formations (pinched out below Escarpment) 
8 Cabot Head Formation (pinched out below Escarpment) 
9 Manitoulin / Whirlpool Formations (pinched out below Escarpment) 
10 
11 Queenston Formation  

12 Georgian Bay Formation 
 

As outlined in Table 39, below (east of) the Escarpment, younger bedrock formations such as the Guelph 
and Amabel Formations do not exist, and therefore, these layers have been pinched out east of the 
Escarpment and a minimum layer thickness of 10 cm per layer was applied.  Hydraulic conductivities 
coincident with the Queenston Formation were applied to these layers.  This method of handling the 
pinched-out overburden and bedrock layers was found to be very stable.   

As noted above, the model layers were constructed using more than 120 interpreted cross-sections.  A 
surface with an elevation 3 m below the top of bedrock surface was created to represent the elevation of 
the base of the weathered bedrock (contact) zone.  The bottom elevation of the model was specified 50 m 
below the top of the Georgian Bay Formation throughout the watershed to simulate the groundwater flow 
into and out of the deeply incised bedrock channels in the southern portions of the watershed (east of the 
Escarpment).  At the base of the model, groundwater flow is interpreted to be nearly horizontal.   

The bedrock formations are represented in the model by six finite-element layers. While the number of 
layers used to delineate the Queenston Shale and Georgian Bay Formations could be decreased to 
increase model efficiency, they have been included to increase the vertical discretization and to aid in the 
simulation of flow from the bedrock into the bedrock valleys.  

The Guelph Formation and Amabel Formation bedrock units have been grouped together into one model 
layer, as the two dolostone units are considered to have very similar hydrogeologic properties, and in 
most places it is difficult to separate the two based on the geologic description in the water well record.  
Geological mapping of the bedrock surface conducted by the Ontario Geological Survey (Figure 2-5) has 
mapped the Guelph Formation in the far western reaches of the watershed in the Town of Erin and 
Township of East Garafraxa, and high quality boreholes are very rare in this area (see Figure 5-4).  In 
areas to the west, the Eramosa Member of the Amabel Formation has been mapped as a shale aquitard 
lying between the two dolostone units; however, the lack of high quality data in the area prevented 
subdivision of this unit into the separate formations.  Similarly, a lack of high quality characterization data 
also prevented further identification of a separate production zone within the Amabel Formation.   

The Lower Sediments were also grouped together into one model layer as there is insufficient deep 
borehole information available to adequately characterize the aquifer/ aquitard geometry of the individual 
Lower Sediment units or their respective hydraulic conductivities.  The deep infill of those buried bedrock 
valleys remains a data gap and a knowledge gap.   

The distribution and thickness of the overburden units was found to be consistent with hydrostratigraphic 
interpretations completed in the adjacent TRCA Watershed (Kassenaar and Wexler, 2006).   

5.3.4 Hydraulic Conductivity Distributions 
The spatial distribution of hydraulic conductivity information used to calibrate the numerical groundwater 
flow model was derived from quaternary geology mapping, bedrock geology mapping, and available 
information from consulting reports corresponding to lithologic descriptions noted in the water well 
records.  



CREDIT VALLEY CONSERVATION 
TIER TWO INTEGRATED WATER BUDGET REPORT   

 

July 2009    95

Numerous consulting reports were reviewed to refine the hydraulic conductivity estimates using results 
from hydraulic testing and any mapping that was completed as part of those studies. The majority of this 
data was available within various municipal wellfield areas (see Table 35).  As part of a recent Region of 
Peel study (AquaResource, 2007) the CVC FEFLOW model was updated locally around several of the 
Region of Peel wellfields for the purpose of updating the Region’s capture zones in Alton (Alton wells 3-
4), Inglewood (wells 1-2, and 3), Cheltenham (PW1/ PW2) and Caledon Village (wells 3 and 4).  
Refinements to the model included the interpretation of approximately 30 additional cross-sections, as 
well as refinements to hydraulic conductivities.  As part of this study, results from several pumping test 
reports, previous modelling studies and other related hydrogeological studies were reviewed.  Similarly, 
pumping test results from the Region of Halton were also reviewed as part of earlier CVC Water Budget 
studies to ensure the model transmissivity estimates were consistent with field based estimates, 
especially within the Acton-Georgetown buried bedrock valley system.  The most relevant reports and 
references used to assign hydraulic conductivities in the FEFLOW model are listed in Table 40.   

Table 40: Summary of Horizontal Hydraulic Conductivity Estimates (m/s) 

Horizontal Hydraulic Conductivity (m/s) 

Model 
Layer Material CVC 

Model 

Kassenaar 
and 

Wexler 
(2006)  

Dames 
& 

Moore 
(1995) 

Dames 
& 

Moore 
(1997)  

AMEC 
(2000) 

Singer 
et al. 

(1994) 

1 Upper coarse-grained sediment/ alluvium/ 
glaciofluvial outwash 

5e-4 to  
5e-6 2.5e-5  6.9e-4 

to 1e-4 
1e-4 to 
2e-5  

2, 4 Upper Silt to Clayey Silt Till (Halton Till (2), 
Tavistock Till (4) 

5e-6 to 
1e-8 5e-6 to 5e-7   1e-6 to  

1e-7  

3 Sand and gravel aquifer (ORM/ Mackinaw) 1e-3 to 
5e-6 1e-4 to 2e-5 1e-3 to 

7e-4 
4e-4 to 
1.4e-4 

9e-4 to  
3e-6  

2, 4 Sandy Silt to Sand Till (Wentworth (2), Northern 
Till (4), Newmarket Till (2), Port Stanley Till (4) 

5e-6 to 
5e-9 5e-8  2.8e-5 1e-6  

5 Lower aquifer (Thorncliffe or Equivalent) 8e-4 to 
1e-6 4e-4 to 5e-5     

5 Basal Aquitard (Sunnybrook or Equivalent) 5e-7 to 
1e-9 5e-7 to 5e-8     

6, 7 Guelph/ Amabel Formation Dolostone 5e-5 to 
1e-7  5e-5 to 

1.4e-5 
6.9e-4 
to 7e-6  9e-6 

8 Cabot Head Formation Shale 1e-7 to 
1e-9     3e-7 

9, 10 Manitoulin / Whirlpool Formations. 1e-5 to 
1e-7     5e-6 

11, 12, 
13 Queenston /  Georgian Bay Formation Shale 1e-6 to 

1e-9  1.7e-5 
to 1e-5 

1.4e-5 
to 5e-7   

 

Vertical hydraulic conductivity was estimated to be one tenth of horizontal hydraulic conductivity, to 
account for horizontal bedding present in most units.  Floodplain deposits, glaciolacustrine deposits, and 
stratified tills are all interpreted to have horizontal stratification that is interpreted to be best estimated by 
a 10:1 horizontal to vertical anisotropy.  This estimate of anisotropy was found to represent observed 
static water levels in most units, except the highly stratified ice-contact stratified drift deposits associated 
with the Orangeville Moraine, and the Halton and Newmarket Tills, which in the watershed contain 
numerous interbeds of sand.  In these units the vertical hydraulic conductivity of the stratified drift was 
calibrated in the groundwater model to be one fiftieth of the horizontal value.  Some have suggested 
vertical fractures and weathering of the upper portion of the Halton and Newmarket Tills increase the 
vertical hydraulic conductivity (Gerber et al., 2001; Kassenaar and Wexler, 2006).  These vertical 
fractures may impact the upper 1 to 3 m of till, while the underlying till and sand interbeds support the 
conceptualization that the horizontal to vertical hydraulic conductivity is higher and on the order of 10:1. 
Local estimates of anisotropy could be refined using detailed local geological and multi-level monitoring 
data where available.  
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Polygons defining surficial geological units (Figure 2-8) that were large enough to be mapped at the 
subwatershed scale were assigned hydraulic conductivity values in model Layer 1 based on their material 
type. This is the most appropriate distribution to use as the surficial mapping provides field-mapped 
determination of the sediments in the near surface below the uppermost topsoil layer.   

For model Layers 2, 3, 4 and 5, the surficial geology polygons are less applicable given the expected 
vertical variation in the subsurface.  Therefore, the surficial geology maps were used in conjunction with 
borehole information and cross-sectional information, as well as conceptual understanding of the 
continuity of various subsurface layers, to develop spatially distributed zones of hydraulic conductivity. As 
model layers are continuous throughout the model domain, where the layer is thought to pinch-out it is 
assigned a minimum layer thickness of 10 cm. At these pinch-out locations hydraulic conductivity is 
assigned based on the layer above it. 

Within the buried valleys Layer 5, representing the combined thickness of the Lower Sediments, was 
assigned a conductivity representing the conductivity of local valley fill sediments (8E-6 to 8E-4 m/s). The 
nature of these sediments varies greatly from location to location.  The valley fill includes units of till, silt, 
sand, and gravel.  In the Georgetown area the valley fill is predominantly sands and gravels while the 
buried valley east of Inglewood is predominantly silt.  In general, a detailed characterization of the 
distribution of bedrock valley sediments has not been completed, and this would help to better delineate 
zones of similar hydraulic conductivity. 

The upper contact of Layer 6 represents the maximum depth of the bedrock as shown in Figure 2-7 and 
interpreted based on the YPDT conceptual model.  For calibration, the deeper representation of bedrock 
topography as interpreted by Kassenaar and Wexler (2006; Figure 2-7) was used to represent the top of 
bedrock.  The hydraulic conductivity of Layer 6 was specified as weathered bedrock outside the buried 
valleys using the values of 5E-5 m/s for weathered Guelph/ Amabel or Manitoulin/ Whirlpool Formations 
and 1E-5 m/s for weathered Cabot, Queenston or Georgian Bay Formations.  Within the buried valleys 
Layer 6 was assigned a conductivity representing the conductivity of valley fill sediments (8x10-6 to 8x10-4 
m/s) based on the fact that valley fill includes units of till, silt, sand and gravel at different locations.  The 
remaining bedrock layers are assigned values calibrated in previous modelling studies and shown in 
Table 40. 

5.3.5 Boundary Conditions 
Boundary conditions represented in the groundwater flow model include vertical recharge through the 
upper layer of the model, rivers, wetlands and lakes lying at ground surface, and groundwater extraction 
wells that are screened over specific model layers (hydrostratigraphic units).  Boundary conditions were 
also applied in areas to the outermost elements of the model where groundwater was interpreted to flow 
into or out of the model domain. 

Figure 5-1 shows the location of boundary conditions implemented in the model as described below. 

5.3.5.1 Recharge 

Recharge is applied as an areal flux on each element on the top of model Layer 1. Average recharge 
rates estimated by the HSP-F model for the 1961-2004 simulation were applied across the watershed for 
each hydrologic response unit (HRU).  Estimated average annual recharge rates for each HRU are listed 
in Appendix D.  This Appendix lists recharge rates for HRUs assigned to the three different climate zones 
represented in the HSP-F model as discussed in Section 4 of this report. 

The recharge map presented on Figure 5-3 was interpolated to the model mesh within the watershed to 
apply recharge based on slope, soil (surficial geology), and land use.  Outside the watershed, values 
were applied based on slope and soil type (surficial geology).  The HSP-F values were not modified 
during the model calibration process. 
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5.3.5.2 Lakes 

Significant lakes (i.e., Island Lake and lakes associated with aggregate extraction) connected to surface 
water drainage systems were represented as Type III (head-dependent flux) boundaries.  Small lakes and 
ponds that were interpreted to have no regional hydrologic significance and that were not connected to 
streams or rivers were excluded from the model.  Lake Ontario was represented using Type I (specified 
head) boundaries set equal to 75 m AMSL. 

5.3.5.3 Wetlands 

Larger wetland complexes (i.e. Caledon Lake) were included as Type III (Variable Head) boundaries.  
Localized small wetlands were not included in the model as they are not interpreted to have an impact on 
the regional water budget or water levels.  The conductance value of the wetlands was used to limit the 
connection with the groundwater system within the physical limits of the system. A FEFLOW ‘Transfer 
Coefficient’ equal to 8.6x10-6 s-1 was applied over elements contained within larger wetlands.  Assuming a 
wetland bed thickness equal to 0.5 m, this transfer coefficient translates to a hydraulic conductivity equal 
to 4.3x10-6 m/s, which is similar to a silt or silty sand.  The actual applicability of these parameters is very 
uncertain, and they likely vary across the watershed in different types of wetlands.  The reference 
elevation applied for the wetland was assumed to be equal to the elevation represented in the 5 m DEM. 

The boundary conditions applied and presented in this report do not allow water to be recharged from 
wetlands into the groundwater system.  At the regional scale, this approach is justified as many wetlands 
cannot be assumed to store sufficient water year-round to act as a source of groundwater recharge.   

5.3.5.4 Streams 

All streams classified with a Strahler stream order of 2 or higher were represented within the model as 
Type III (Variable Head) boundaries (see Figure 5-1).  Most first order streams were not included in the 
model as they generally are dry, and in the absence of local information they cannot be assumed to be 
able to supply water to the underlying groundwater flow system.  First order streams lying along the face 
of the Escarpment were represented as they were interpreted to be groundwater fed and representative 
of the water table condition at those locations.  The importance of these streams on a regional basis is 
poorly understood and there is very little detailed stream information in these headwaters streams, even 
in subwatersheds that have been examined in detail by the CVC.  The influence of these streams on the 
overall regional water budget is perceived to be minimal and cannot be reliably tested without additional 
detailed information on the first order streams in the watershed.  The simulated spatial distribution of 
discharge to streams may be slightly different such that groundwater that otherwise should discharge to 
the first order streams is routed to the downgradient higher order streams.  Most of the first order streams 
in the watershed are small, and it is interpreted that this routing to the higher order streams will not impact 
the groundwater flow into or out of the subwatersheds or impact the water demand calculations outlined 
in Section 7. 

The stream stage was assigned in the model every 50 m and interpolated along the stream elements 
using stream stage values estimated from the 5 m DEM.  Hydraulic parameters controlling 
groundwater/surface water interactions at streams in FEFLOW are assigned using a similar concept to 
other groundwater flow modelling codes such as MODFLOW.  For the CVC FEFLOW model the following 
general assumptions were made to assign the boundary condition: 

• Stream Width = 5 m 
• Thickness of Streambed = 0.10 m 
• Hydraulic Conductivity of Streambed = 5.0 x 10-4 m/s. 
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When assigning the stream boundary condition, FEFLOW uses an input variable referred to as the 
‘Transfer Function’ which represents hydraulic conductivity divided by streambed thickness.  The 
boundary condition is applied over the vertical face of finite elements in the top model layer.  The area of 
the face of these elements is considered to represent the surface of the boundary condition across which 
groundwater will flow in or out. 

Based on the above general estimates of stream hydraulic parameters and a 0.10 m model layer 
thickness at stream boundary conditions, a transfer function equal to 0.1 s-1 was calculated and applied to 
the model.   

While the uncertainty associated with the input parameters applied to the stream boundary conditions is 
high, the model has been found to be insensitive to changes in these parameters at the scale of 
evaluation for the calibration.  However, additional work is warranted to evaluate the sensitivity of the 
model to this parameter.  Furthermore, the benefit of varying the conductance across the model to 
account for actual variations in stream conditions should be evaluated.  However, experience gained 
when calibrating the model at regional conditions suggests that the sensitivity of this parameter is not high 
and varying it within a reasonable range will not have a significant impact on simulation results.   

The stream boundary conditions are constrained within the model so that groundwater cannot flow from 
the streams into the underlying groundwater flow system if the groundwater level is lower than that of an 
adjacent stream.  At the regional scale applied, this approach is justified as many lower order streams are 
intermittent or ephemeral and cannot be assumed to contain water year-round, or act as an infinite source 
of groundwater recharge to the underlying aquifers.  While the potential for recharge from higher order 
streams to the groundwater system was not characterized within this regional study, it is understood that 
it may be significant within some areas of the watershed, or on a local scale.   

A seepage face was added to the model area near Acton to improve the simulation of shallow 
groundwater heads.  Other areas of the model did not require seepage faces along the face of the 
Escarpment, as the high density of streams near the Escarpment face adequately simulated the observed 
groundwater heads and stream discharge.   

5.3.5.5 Model Perimeter 

Constant head boundaries were applied to the model as shown in Figure 5-1.  Type I Constant Head 
boundaries were applied at locations where groundwater may be entering or leaving the model domain, 
and flow was not limited across these boundaries.  The head along each of these boundaries is specified 
on each layer based on observed water levels in the area and the shallow and deep groundwater level 
maps (Figure 2-14 and Figure 2-15).  The implications of using head-dependent sources and sinks along 
portions of the perimeter have not been examined. 

The water budget analysis, discussed later in this report, estimates the flow rates of water across the 
watershed boundaries into the model area from outside of the watershed; however, the analysis does not 
evaluate water flow into and out of the entire model area. 

5.3.5.6 Pumping Wells 

Actively pumping municipal groundwater wells and non-municipal water taking permits were specified in 
the model as Type IV boundary conditions, as a line element over the open or screened interval of the 
well.  The pumping rates applied are summarized in Section 3 (Table 12 and Table 15).  FEFLOW 
distributes the pumping rate through the depth of a well based on the conductivity of layers over which the 
groundwater is extracted. The locations of the municipal pumping wells and non-municipal permits 
simulated in the model are shown on Figure 3-1.   
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5.4 MODEL CALIBRATION 
Model calibration is the process of determining the optimum combination of model input parameters that 
leads to an acceptable representation of observed water levels and groundwater discharge rates.  The 
model’s ability to represent observed conditions is assessed both qualitatively, to assess trends in water 
levels and distribution of groundwater discharge, and quantitatively, to achieve acceptable statistical 
measures of calibration.  As outlined below, the model was calibrated to static water levels from various 
data sources as well as to baseflow data.  The model was calibrated to all available data sources, and a 
model validation step was not completed. 

Table 41 summarizes the specific data sources used to evaluate model calibration.  These data sources 
include static water levels reported as well as continuous water levels reported for Orangeville / Mono, the 
Region of Peel, and PGMN monitoring wells.  The Orangeville / Mono, Peel, and PGMN monitoring data 
are considered to be the most accurate water level calibration targets. The locations of all water level 
targets are shown in Figure 5-4.  Appendix D outlines the high quality wells used in the assessment and 
their location coordinate information. 

Table 41: Summary of Calibration Targets 
Target 
Type Dataset Name Number 

of Points Description 

Water 
Levels 

YPDT Database 10,075 Static water levels reported in the YPDT/CAMC database.   

Water 
Levels 

High Quality Wells  248* Average water levels reported in Orangeville, Peel, Halton, and 
PGMN monitoring wells (listed in Appendix D).  Pumping levels in the 
municipal supply wells are not included.  Halton Region monitoring 
data was not made available in time for this study.   

Baseflow HYDAT / Water Survey 
Canada Stream Gauge 

9 Minimum and maximum estimates of average annual baseflow at 
HYDAT Gauges using BFLOW as summarized in Section 2.0. 

Baseflow  CVC Spotflow 
Measurements 

23 Minimum and maximum spotflow measurements made by the CVC 
from 2000 to 2005.  Distribution of spot baseflow measurements is 
skewed towards the summer months, and average annual baseflow 
is expected to be in the upper range of the spot baseflow 
measurements. 

* High quality data from the Region of Halton was provided following the calibration process; therefore, 
this data was not considered part of the calibration dataset. 

Groundwater discharge calibration targets were determined from two sets of streamflow observations: 
continuous streamflow records at HYDAT/WSC gauges and spot baseflow observations recorded by the 
CVC as part of their Integrated Watershed Monitoring Program.  Without having regulated instream 
reservoirs, baseflow estimates can be assumed to be representative of groundwater discharge 
contributions after accounting for any inputs from wastewater treatment plants.  As discussed in Section 
2, an estimated baseflow range was calculated at each WSC gauge using a baseflow separation 
technique.  These estimates are considered to be more representative of average annual groundwater 
discharge rates than the spot baseflow measurements.  The CVC’s spot baseflow measurements are 
recorded predominantly during the summer months, and as a result, would be lower than the expected 
average annual rates.  The locations of WSC gauges and spot baseflow locations are shown on Figure 2-
17.   

The calibration targets were used in model calibration with these specific considerations: 

• Baseflow estimates at WSC gauges were assumed to accurately reflect groundwater discharge, 
and they were treated as key calibration targets.  Spot baseflow estimates were assumed to be 
less accurate, but it was desired to have simulated groundwater discharge fall within the minimum 
and maximum range of observed values. 



CREDIT VALLEY CONSERVATION 
TIER TWO INTEGRATED WATER BUDGET REPORT   

 

July 2009    100

• Agreement between modelled and observed water levels was desired to ensure that groundwater 
flow directions were generally consistent with those reflected by observed data. 

• Traditional statistical measures of calibration are minimized including mean error of residuals, 
mean absolute error of residuals, and normalized root mean square.  

• The differences between simulated and observed water levels at monitoring wells were plotted as 
‘spatial residuals’ across the watershed.  A key calibration goal was to minimize spatial trends in 
these residuals to validate the conceptual model.  

The following sections present the simulation results of the calibrated model and provide details on the 
quantitative and qualitative measures of calibration.  

5.4.1 Water Level Calibration 
Figures 5-5 and 5-6 show the agreement between calibrated and observed water levels for all water level 
targets and high quality water level targets, respectively.  The results suggest that on average, the model 
represents observed water level conditions within standardized and accepted statistical measures of 
calibration.  These standard statistical measures of calibration are summarized below: 

• Mean Error.  The Mean Error (ME) is determined by calculating the mean of all calibration 
residuals.  A calibration residual is calculated as the difference between each simulated and 
observed water level.  The Mean Error should be as close to ‘0’ as possible. 

• Mean Absolute Error.  The Mean Absolute Error (MAE) is calculated by taking the mean of the 
absolute value of all calibration residuals. The MAE should be as close to ‘0’ as possible. This 
statistic provides an indication of general trends of all water levels being high or low. This may be 
diagnostic of large scale trends such as globally high or low recharge. 

• Root Mean Squared Error.  The Root Mean Squared (RMS) also referred to as the ‘Standard Error’ 
is calculated by taking the square root of the sum of the squares of the residuals divided by the 
number of points.  A basic calibration goal is to minimize the RMS error to the lowest practical 
number.  Uncertainties associated with water level targets, scale of a model, and the 
implementation of the geological conceptual model will constrain the lowest level of error 
achievable.   

• Normalized Root Mean Squared Error.  The Normalized Root Mean Squared (NRMS) error is 
calculated by dividing the RMS by the difference between the maximum and minimum observed 
water levels.   

The calibration statistics for each dataset are summarized in Table 42.  The first three rows of this table 
compare the statistics for three subsets of the static water levels reported in the water well record 
databases.  These three subsets are differentiated by the reliability code assigned to each water well 
record.  Reliability codes less than 5 suggest that the location of the well in the water well record 
database is assumed to have accuracy better than 100 m.  Reliability codes equal to 9 have unknown 
accuracy.   

Table 42: Summary of Calibration Statistics (Water Levels) 

Dataset 
Number 
of Points 

Min Water 
Level (m 
AMSL) 

Max Water 
Level (m 
AMSL) 

Root Mean 
Squared 

Error 

Normalized 
Root  Mean 

Squared Error 

Mean 
Error (m)

All Wells 10,075 74 506  8.9 m 2.1 % -0.58 
Wells - location 
reliability code <9 

8,964 74 506 8.9 m 2.1 % -0.62  

Wells- location 
reliability code <5 

5,748 76 500 9.1 m 2.1 % -1.0 

High Quality Wells 248 220 478 10.6 m 4.1 % -4.7 
High Quality Wells 
(without 
Georgetown) 

196 226 478 5.2 m 2.1 % -1.0 



CREDIT VALLEY CONSERVATION 
TIER TWO INTEGRATED WATER BUDGET REPORT   

 

July 2009    101

When considering the entire water level target dataset, the results show that the calibration statistics 
appear to be consistent regardless of the location quality code criteria.  When considering the YPDT 
dataset, the RMS error is approximately 9 m and the normalized RMS error is approximately 2.1%.  
These calibration statistics are considered acceptable given the variability and uncertainty of the 
observed static water levels associated with water well record static water levels and the regional 
hydrogeological characterization.  In general, it appears that the model tends to under-predict 
groundwater levels, with the mean error being negative. 

In addition to the MOE static water levels, Table 42 also summarizes the calibration statistics for the high 
quality wells monitoring wells, which include water level observation well data provided to the CVC by the 
Town of Orangeville, Region of Peel, and Region of Halton.  The calibrated versus observed heads chart 
for these high quality wells are shown on Figure 5-6.  As shown on this figure, the simulated heads are 
generally consistent with observed values except for those in Georgetown (Region of Halton).  The CVC 
did not receive the observation data from the Region of Halton until after the draft version of this report 
was complete, and as a result, the model was not calibrated with this information.  While the model 
appears to represent water levels in the Acton area quite well, it significantly underestimates water levels 
in Georgetown.  The higher errors in the Georgetown area appear to be due to the characterization of the 
Credit River bedrock valley, but they have not been investigated in any greater level of detail. 

The Root Mean Squared Error for all high quality wells is 10.6 m but is 5.2 m when the Georgetown wells 
are not considered.  The RMS Error of 5.2 m is lower than that when considering the entire water well 
record dataset.  Better calibration statistics for high quality wells was expected since the high quality wells 
are constructed as proper monitoring wells and are monitored by a field technician.  Additionally, more 
effort has been placed in calibrating the model near the wellfields in Region of Peel and Town of 
Orangeville. 

Figure 5-7 shows the distribution of residuals across the watershed.  The residuals are calculated as the 
model predicted water level minus the observed water level.  It is desirable to minimize the occurrence of 
spatial trends in residuals, and this has generally been achieved in the CVC regional model.  However, 
trends remain and additional characterization and calibration efforts may be warranted. Much of these 
trends may be attributed to the regional nature of the model conceptualization and calibration.   

The most significant trends in the residuals are related to the representation of the buried bedrock valley 
system.  Along these valleys the simulated water levels are low compared to the observed values. These 
trends are most obvious along the Credit River in Subwatersheds 12 and 20. The trend is also observed 
in Subwatershed 15 along the buried bedrock valley beneath the West Credit River, in Subwatershed 13 
along the east-west trending valley and along the valley extending from Georgetown (Subwatershed 11) 
east beneath the Main Credit River downstream of Huttonville in Subwatershed 9.  

As mentioned previously, there is insufficient high quality data available to map or delineate the individual 
units (e.g. Scarborough Formation) that infill these valleys at depth throughout the model domain.  As 
such, the lower units (“Lower Sediments”) were grouped together and one bulk hydraulic conductivity was 
applied to represent these lower three units.  During model calibration the hydraulic conductivity of this 
unit, and the other units that make up the valley infill sediments, were adjusted to achieve the best 
representation of the observed water levels in the vicinity.  However, the water levels above the buried 
bedrock valley are low, and this may be attributed to overestimation of the width and depth of the buried 
valley or overestimation of the transmissivity of the basal units.  The widths and depths of the valleys 
were prescribed using control points and the assumption of continuity (Kassenaar and Wexler, 2006).   

Along the watershed divide with TRCA in the northeast corner of Subwatershed 13, the trend of high 
simulated water levels also reflects uncertainty in the nature of the buried bedrock valley. 
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Some additional observed trends include: 

• High simulated water levels, (compared to observed) in the western portions of Subwatersheds 15 
and 17, and east of Island Lake along watershed divide (Subwatershed 19); 

• Low simulated water levels in Subwatershed 19 and area north of Island Lake; 
• Mixed trends of high and low water levels along the Paris Moraine in the upper portions of 

Subwatersheds 10,11 and 12; and, 
• Low simulated water levels in the Georgetown area. 

5.4.2 Baseflow Calibration 
The ability of the CVC regional groundwater model to accurately simulate groundwater discharge is of 
critical importance given CVC’s mandate to understand and manage coldwater fisheries.  As discussed 
previously, two datasets representing baseflow calibration targets were derived including: estimated 
baseflow at WSC/HYDAT gauges and CVC’s spot baseflow measurements taken throughout the 
watershed. 

Table 43 summarizes the minimum and maximum estimated average annual baseflow rates and the 
calibrated groundwater discharge rates for the 1991-2000 period at the WSC/HYDAT gauges.  As 
indicated by this table and shown on Figure 5-8, the calibrated groundwater discharge rates agree with 
the estimated baseflow rates.  The groundwater discharge predicted by the FEFLOW model was 
supplemented with flows from the sewage treatment plants in the watershed, and these corrected values 
are presented on Table 39.  The treatment plant flows were taken into account; however, flows from 
reservoirs or surface water takings were not accounted for in Table 39 as those flows were considered to 
be relatively minor compared to the overall river and stream flows listed on Table 39.   

The model predictions are within or very close to the minimum and maximum estimated range from each 
of the gauges, with the highest relative error being observed for Melville/Orangeville (too high),  Shaw’s 
Creek (too low), and Erindale (too low).  Estimated discharge on the Upper Credit at Melville may be 
higher than the range of baseflow estimates due to uncertainties associated with the HSP-F predicted 
recharge, or uncertainties associated with the groundwater fluxes into or out of the watershed boundaries.  
The baseflow in Shaw’s Creek may be underestimated due to the impacts of large wetlands and Caledon 
Lake located within the subwatershed.  The wetland features may attenuate the surface water flow and 
contribute to the baseflow.  Simulated baseflow at the Erindale Gauge may be reasonable; however, the 
gauge is no longer in service, and the estimated baseflow targets may not be representative of current 
conditions.   

Table 43: Summary of Baseflow Calibration at WSC Gauges (1991-2000) 
  Flow Estimated (m3/s) 

WSC Stn 
ID 

Description Minimum 
Baseflow 

Recession 

Maximum 
Baseflow 

Recession 

Average 
Baseflow 

Recession 

FEFLOW GW 
Discharge (Corrected 

for STP flow) 
02HB024 Black Creek 0.14 0.18 0.16 0.19 
02HB020 West Credit / Erin 0.30 0.36 0.33 0.34 
02HB013 Melville 0.33 0.41 0.37 0.47 
02HB019 Shaw's Creek 0.49 0.61 0.55 0.44 
02HB008 Silver Creek / Norval 0.69 0.91 0.80 0.88 
02HB001 Cataract 1.24 1.48 1.36 1.29 
02HB018 Boston Mills 2.97 3.56 3.26 2.94 
02HB025 Credit R / Norval 4.16 5.16 4.66 4.35 
02HB002 Erindale 5.08 6.71 5.90 4.93 
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Figure 5-9 shows the calibrated groundwater discharge rate in relation to the range of spot baseflow 
measurements in 23 monitoring locations taken from 2000-2005.  In general, the calibrated groundwater 
discharge rates are consistent with the range of observed values.  As the spot baseflow measurements 
are typically collected during the summer months, they may underestimate the average annual baseflow 
at the monitoring stations.  Therefore, the simulated groundwater discharge rates should fall within the 
upper range (or above) the observed spot baseflow values.  Comparison of spot baseflow values with 
HYDAT data would help further refine the understanding of the baseflow contributions where the data 
affords such an assessment. 

5.4.3 Calibrated Model Results 
A calibrated groundwater flow model can be used to examine groundwater flow directions, groundwater 
discharge to streams, wetlands or lakes, or can be used to quantify the flow within a watershed from one 
area to another.   

This section provides a brief overview of some of the key results associated with the calibrated model.   

5.4.3.1 Water Table Contours 

Figure 5-10a illustrates the modelled water table contours. The largest gradients (tightly spaced contours) 
are observed on the slopes of the Escarpment and at regional discharge locations such as the West 
Credit River and Main Credit River. The lowest gradients (wide spaced contours) are observed in higher 
permeability areas such as outwash deposits above the Escarpment and along the Caledon East 
Meltwater Channel. 

Figure 5-10b shows the modelled water table contours alongside calibration residuals, which graphically 
illustrate the difference between model simulated and observed water levels at each of the model 
calibration targets.  In general, the modelled water table contours compare well with the observed water 
level contours (Figure 2-15), with groundwater flow divides corresponding with the subwatershed 
boundaries.  As the model was designed at the watershed scale, local scale variations in geologic or 
hydrogeologic conditions may not be captured, and the model predicted water levels may differ locally 
from the observed conditions producing larger residuals.   

The following outlines the area of the model where groundwater divides are predicted by the model to 
differ significantly from the surface water divides.  In some instances, the differences match the 
conceptual understanding of groundwater flow in a given area, and in other areas, the uncertainty 
associated with the model makes it difficult to know if the model is accurate in its representation of the 
location of the groundwater divide.   

• Northern Boundary (Subwatershed 19).  Previous modelling studies and examination of hydraulic 
heads in the northern portion of the watershed near Island Lake were consistent with the model in 
the simulation of the water table divide south of Island Lake. Although water levels in this area are 
low, detailed examination of high quality wells associated with the Island Lake municipal system, 
and sand and gravel pits near Island Lake confirm that the prevailing shallow groundwater flow in 
this area is to the north (as predicted by the FEFLOW model).   

• Northwestern Boundary (Western reaches of Subwatershed 19).  The groundwater divide between 
the Credit and Grand River Watersheds appears to lie west of the surface water divide.  The 
FEFLOW model predicts groundwater to flow into the Credit River Watershed along the surface 
water divide (between Subwatershed 19 and GRCA Watershed), and detailed examination of Town 
of Orangeville monitoring wells also supports this. Previous groundwater modelling undertaken in 
the Town of Orangeville was also consistent with these results.  

• Northeastern Boundary (eastern reaches of Subwatershed 19). The model groundwater divide is 
located east of Subwatershed 19 and the model is currently predicting groundwater flow into the 
watershed along this eastern boundary. There are areas in the regional model where the 
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characterization to local or smaller scale conditions is poor and this portion of the model is one 
example. The recharge estimates in this portion of the model are coarse as they are outside the 
limits of the HSP-F model and the representation of the surficial geology is also more generalized 
than other areas of the watershed.   

• Southern Boundary (south of Subwatershed 10).  The model-predicted water table divide lies along 
the model boundary, south of the watershed divide, and predicts groundwater flow into the 
watershed. The model boundary (no flow) is close to this divide and as such the location of the 
divide may be sensitive to the applied boundary condition.   

• Southwestern Boundary (south of Subwatershed 11). The water table divide is predicted to lie 
outside of the watershed, with groundwater predicted to flow into the watershed. 

• Northeastern Boundary (Subwatershed 16).  The water table divide is predicted to lie inside the 
watershed and groundwater flow is out of the watershed. As noted above, the characterization of 
this area lying outside the watershed is not as detailed as other areas and is based on more 
generalized recharge and geologic conceptualizations than other portions of the watershed.  

• Northeastern Boundary (Subwatershed 13).  The water table divide appears to be roughly 
coincident with the watershed boundary with the TRCA. During model calibration, recharge, depth 
of the buried valley, and hydraulic conductivity of valley fill were adjusted and the area north of the 
Caledon East Meltwater Channel remained coincident with the watershed boundary. However, in 
the area along the Caledon East Meltwater Channel the water table divide was shown to be 
sensitive to all of these parameters. Increasing and decreasing recharge caused the divide to shift 
up to 500 m.  The water levels in this area are consistent with those predicted by the YPDT-CAMC 
groundwater flow model (Kassenaar and Wexler, 2006).   

 

Note that only some of the locations of the groundwater divides discussed above were validated with field 
observations.  In some cases, the model predicted divides may be a reflection of the perimeter boundary 
conditions applied or limitations of the conceptual model in areas outside the Credit River Watershed.  
Until all of the flows into/ out of the watershed have been validated with high quality monitoring data, the 
flows should be considered with an appropriate level of uncertainty. 

5.4.3.2 Bedrock Water Level Contours 

Figure 5-11a illustrates the modelled bedrock potentiometric surface contours. Figure 5-11b illustrates the 
same contours alongside the calibration residuals, which illustrate the difference between simulated and 
observed water levels at the various calibration targets in the watershed.   

These contours are similar to the overburden water levels but have a more subdued expression and 
closely follow trends in bedrock topography (Figure 2-6). The contours represent the key features of the 
observed bedrock water levels (Figure 2-16) and show convergence of flow on buried valleys and 
regional groundwater discharge features (i.e. Credit River). The contours show high gradients along the 
Escarpment and the influence of streams and wetland in areas where bedrock is near surface or the 
streams are in good connection with the deep system (e.g. wetlands along Caledon East Meltwater 
Channel). 

5.4.3.3 Vertical Potentiometric Surface Difference 

Figure 5-12 illustrates the difference between the model-predicted water table and shallow bedrock 
potentiometric surface (Figure 5-10 and Figure 5-11).  The blue areas illustrate portions of the watershed 
where the water table elevation is at least 10 cm higher than the bedrock potentiometric surface.  In these 
areas, groundwater flow is directed downwards from overburden to the bedrock.  The green areas 
illustrate portions of the watershed where the water table elevation is at least 10 cm lower than the 
bedrock potentiometric surface and groundwater flow is directed upwards from the bedrock into the 
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overburden.  The white areas represent areas where the difference between the water table and bedrock 
potentiometric surface is less than 10 cm in either vertical direction.  Only those areas that have a 
significant vertical difference in groundwater elevation are illustrated, to emphasize the vertical gradients 
within the watershed. 

As illustrated on Figure 5-12, the most significant upwards flow occurs along the Credit River.  In the 
headwaters of the watershed, groundwater discharge (upward flow) is predicted along the Mill and 
Monora Creeks along the flanks of the Orangeville Moraine.  The model also predicts significant 
groundwater discharge into the Nottawasaga River valley and also along the flanks of the Niagara 
Escarpment.  Within the Upper Watershed, there appears to be significant regions of groundwater 
discharge in the vicinity of the Caledon Lake Wetland as well as in the vicinity of the Credit River in Alton. 

Near the Forks of the Credit, there is an area of strong groundwater discharge.  This corresponds to an 
area where the water table intersects with the Escarpment face and groundwater discharges into the 
many tributaries and seeps that drain into the Credit River.   

There are also several regions in the Lower Watershed that exhibit strong upwards gradients.  These 
upwards gradients, however, are not necessarily associated with high volumes of groundwater discharge 
due to lower permeability bedrock and overburden which limits the potential for groundwater flow. 

Blue areas illustrated on Figure 5-12 represent those areas having the largest difference between water 
table and bedrock potentiometric surface.  The direction of groundwater flow in these areas is downward, 
and in these areas there is a higher rate of recharge of bedrock aquifers.   

5.4.3.4 Groundwater Discharge 

The map of vertical potentiometric surface difference discussed in the previous section does not 
necessarily correspond with areas of high groundwater discharge which plays a very important function in 
sustaining coldwater fisheries within the Credit River Watershed.  Figure 5-13 shows the calibrated 
model’s predicted groundwater discharge rate, calculated in units of litres per second per kilometre of 
stream (L/s/km).  This map was created by calculating the total groundwater discharge to finite element 
nodes along streams, and summing that total groundwater discharge along stream reaches that generally 
ranged from 2 km to 5 km long.  This length of stream reach was chosen to represent subwatershed-
scale conditions while recognizing that the precision of smaller reaches may not be consistent with the 
reliability of the regional model.   

The figure classifies stream reaches using an arbitrary set of categories chosen to have a relatively even 
distribution of classifications across the watershed.  For the purposes of this discussion, ‘very high’ 
groundwater discharge refers to stream reaches having a simulated groundwater discharge rate greater 
than 10 L/s/km.  ‘High’ groundwater discharge refers to reaches having simulated groundwater discharge 
between 5 L/s/km and 10 L/s/km. 

This figure also illustrates those river reaches identified by the CVC as sustaining a coldwater fishery 
community (CVC and MNR, 2002).  This figure highlights a very strong correlation between the ‘very high’ 
and ‘high’ classifications of groundwater discharge and coldwater fisheries, particularly along the Credit 
and West Credit Rivers above the Escarpment.   

The main branch of the Credit River extending from Orangeville to the West Credit River is shown on 
Figure 5-13 to be a long reach of very high groundwater discharge.  This area is known to be among 
southern Ontario’s most productive trout fisheries.  The West Credit River is also known for its coldwater 
fisheries and this portion was also predicted to include long reaches of ‘very high’ simulated groundwater 
discharge.  ‘High’ groundwater discharge rates are also predicted downstream of the confluence of the 
main branch of the Credit and the West Credit Rivers.   
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Other areas within the watershed are also shown to have high groundwater discharge rates (i.e., 5 L/s/km 
to 10 L/s/km) and in most cases these reaches also correspond to the CVC’s mapped coldwater fisheries.  
Silver Creek and Black Creek are shown to represent a long reach of high groundwater discharge, with 
the upstream reaches of Black Creek having very high discharge.  These results are consistent with the 
mapped thermal regimes and coldwater fisheries mapping throughout these areas.  There are also areas 
mapped as having moderate (1- 5 L/s/km) to low (<1 L/s/km) groundwater discharge, and these areas are 
also capable of supporting coldwater fisheries especially where they lie downstream of areas of high 
groundwater discharge. 

5.5 SIGNIFICANT GROUNDWATER RECHARGE AREAS (SGRAS) 

5.5.1 Rationale for Delineating SGRAs 
As part of Ontario's Source Protection Program, Significant Groundwater Recharge Areas (SGRAs) must 
be delineated across watershed regions and these areas should be considered vulnerable from a water 
quality and quantity perspective.  According to the Technical Rules (MOE, 2008), SGRAs should be 
delineated and mapped to identify and subsequently protect all drinking water sources across the broader 
landscape, without specific focus on municipal supplies.   

The Technical Experts Committee put forth a series of recommendations to protect drinking water at the 
source.  One of the recommendations (no. 66) was to map SGRAs across the broader landscape, and 
that these areas should be considered vulnerable from both a water quality and quantity perspective.  The 
Committee noted that land use changes, such as urbanization within the SGRAs, can restrict the quantity 
of water migrating downward to subsurface aquifers, and from a quality perspective, SGRAs can be 
vulnerable to long term contaminant loadings (such as sodium from road salt application).  Groundwater 
recharge is an integral part of understanding the flow system within a watershed, and therefore it is 
important to consider significant recharge areas.   

Recharge is the process whereby water moves from the ground surface through the unsaturated zone, to 
the underlying water table.  As there is no standard scientific method for delineating recharge areas, 
mapping the spatial distribution of recharge areas across a watershed is difficult for a number of reasons 
(adapted from Holysh, 2007):   

• Recharge occurs to some degree almost everywhere which makes it difficult to establish cutoffs 
that determine what is 'significant' and what is insignificant.   

• There are seldom natural breaks between areas of high recharge and areas of low recharge.  
• It is also difficult to represent the transient nature of recharge in a meaningful way on a map, as 

land use changes such as urbanization or agricultural field tile drainage have the potential to 
greatly impact the recharge rate across a given area.  

• It is difficult to accurately measure recharge rates, and there is no standard methodology at the 
moment that outlines how to deal with significant recharge areas. 

 

5.5.2 Methodology Used to Delineate SGRAs 
The Ministry of the Environment’s Consultation Draft of the Clean Water Act’s Technical Rules (MOE, 
2008) provides the following instructions for the delineation of SGRAs; 

Part V.2 - Delineation of significant groundwater recharge areas 

44. Subject to rule 45, an area is a significant groundwater recharge areas if: 

(1) The area annually recharges water to the underlying aquifer at a rate that is greater 
than the rate of recharge across the whole of the related groundwater recharge area by a 
factor of 1.15 or more; or 
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(2) The area annually recharges a volume of water to the underlying aquifer that is 55% 
or more of the volume determined by subtracting the annual evaporation for the whole of 
the related groundwater recharge area from the annual precipitation for the whole of the 
related groundwater recharge area. 

45.  Despite rule 44, an area shall not be delineated as a significant groundwater recharge area 
unless the area has a hydrological connection to a surface water body or aquifer that is the 
source of a drinking water for a drinking water system. 

46.  The areas described in rule 44 shall be delineated using the models developed for the 
purposes of Part III of these rules and with consideration of the topography, surficial geology, and 
how land cover affects groundwater and surface water. 

Selection of the most suitable delineation method involved the following considerations: 

1. Identification of the optional method which is based on the best scientific information available to 
reduce uncertainty.   

a. For the CVSPA, sufficient information was available to use either method under Rule 44; 

b. However the method under Rule 44(2) requires calculating the surplus of total observed 
precipitation minus the total evapotranspiration (AET).  To do this requires estimating 
interception and depression storage losses.  Values of 0.55 times the surplus represent a 
simplified estimate of the average split between infiltration and runoff.  Estimating 
evapotranspiration (AET) is difficult.  As a result, the uncertainty of this method is considered 
higher than the method under Rule 44 (1). 

2. Selection of the area to calculate the recharge across as "the whole of the related groundwater 
recharge area" considering the following: 

 
a. Evaluating the results of different approaches to identify the one that best matches other 

technical information - geology/ hydrology/physiography i.e. knowledge of surficial and 
quaternary geology, the function of the regional and local groundwater systems, the location 
of all drinking water wells (includes private systems), fit with statistical distribution of the data; 
and 

b. Identifying “the whole of the related groundwater recharge area” option that reduces artificial 
discontinuities in mapping across boundaries within the whole of the source protection region.  

 
Based on the considerations, Rule 44(1) was selected to compute the recharge threshold criteria to 
delineate significant groundwater recharge areas 

In selecting different areas to be the “the whole of the related groundwater recharge area”, three alternate 
methods were tested using the approach contained in Rule 44(1): 

• Scenario 1 - computation based on “three zones”- physiographic regional recharge rates (see 
Figure 5-14); 

• Scenario 2 - computation based on the subwatershed-level recharge rates for each of the 22 
subwatersheds (see Figure 5-15); and 

• Scenario 3 - computation based on watershed-wide recharge rates (see Figure 5-16). 

In summary the outcome of each scenario was: 

• Scenario 1 –Threshold Criteria  of annual average infiltration ranging from  170 to 300 millimetres 
per year;  

• Scenario 2 –Threshold Criteria of annual average infiltration ranging from 36 to 397 millimetres per 
year;  and  
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• Scenario 3 –Threshold Criteria of annual average infiltration of 230 millimetres per year.   
 
A review of the scenarios showed that the subwatershed approach was the least applicable as it yielded 
inconsistencies across subwatershed boundaries, due to the average recharge rate being different for 
neighbouring subwatersheds.  Having discontinuities in SGRA boundaries would be difficult to justify on a 
scientific basis. Likewise, the three zones approach also yielded inconsistencies along the upper/middle 
zone boundaries.  

5.5.3 Significant Recharge Area Delineation Results 
Based on the analyses, the watershed-level scenario (Scenario 3) has been determined to provide the 
most defensible method for Significant Groundwater Recharge Areas (SGRA) delineation.   

In order to comply with Rule 45, areas where there are no groundwater supplies (e.g. municipally 
serviced by Lake Ontario-based supplies) were “clipped” to remove them, but only in areas where it has 
been ascertained that they were not up gradient of known groundwater-based drinking water systems.  

Figure 5-17 is the resulting map showing the SGRAs as determined in accordance with the Clean Water 
Act, 2006 requirements. In these areas the annual average recharge is above 230 millimetres per year. 

5.6 LIMITATIONS AND UNCERTAINTIES 
The calibrated groundwater model meets the requirements of the Tier Two Water Budget Framework 
(MOE, 2007) by simulating both groundwater potentiometric levels and groundwater discharge rates that 
are generally consistent with those observed within the watershed.  The model was developed and 
calibrated to be representative of watershed-scale conditions and there may be situations where the 
model predictions are not representative of local scale conditions.  These situations may be due to the 
either the model characterization or the level of calibration at those locations. 

Some of the limitations and uncertainties of the model are summarized below: 

• Groundwater Recharge Rate Distribution.  The model is shown to adequately represent observed 
groundwater discharge as estimated from stream gauges at the outlet of many of the 
subwatersheds.  As a result, the total groundwater recharge within each subwatershed is well 
represented by the model.  Inside of each subwatershed, however, the range of groundwater 
discharge rates depends on the type of HRU, and it is not recommended that groundwater 
recharge rates estimated for a particular HRU be treated as an exact estimate; 

• Lower Watershed.  Estimating hydrologic water budget parameters with a high level of certainty for 
the lower watershed, particularly in the Halton Till, is difficult in the absence good monitoring data.  
The estimated groundwater recharge rates are very sensitive to the estimated runoff and 
evapotranspiration rates which represent the largest components of the water budget.  The 
estimated groundwater recharge rates in some of the lower watershed HRUs is low (e.g., 25 mm) 
in some areas and this is subject to the methods in which the hydrologic model represents 
interflow, seasonality, and evapotranspiration; 

• Infrastructure.  Tile drains, storm water sewers, sanitary sewers and water distribution 
infrastructure are not represented in the model, and therefore, their effects on the water budget are 
not currently being examined in the models; 

• Buried Bedrock Valleys.  There are uncertainties with respect to the extent and infill of some key 
bedrock valleys (e.g., Georgetown area).  This has a local effect on model calibration and 
potentially on local predictions of groundwater flow direction and magnitude; 

• Calibration Residuals and Cross-Boundary Flow.  The calibrated groundwater flow model exhibits 
trends of high calibration residuals along some of the model boundaries and this may result in an 
over-estimate of cross-boundary flows in some conditions; and, 

• Boundary Conditions.  The model’s boundary conditions are close to the subwatershed boundaries 
in some areas and this may have a minor local impact on model predictions. 
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6.0 Integrated Water Budget Results 

6.1 INTRODUCTION 
One of the key outcomes of the Clean Water Act’s water budget process is an improved estimation of the 
rates at which water flows through the various components of the hydrologic cycle in a watershed.  
Chapters 4 and 5 of this report summarize the results of the HSP-F and FEFLOW modelling efforts for 
surface water and groundwater, respectively, and each of these models sheds some light on the 
groundwater and surface water portions of the hydrologic cycle.   

While separate models were developed to simulate the surface water and groundwater components of 
the system, the modelling efforts were linked in a few ways.  Consistent with the Source Protection 
watershed approach, the models were each developed and calibrated with a focus on simulating 
streamflow in the watershed.  While the HSP-F model simulated hourly continuous streamflow, and the 
FEFLOW model simulates average annual groundwater discharge and baseflow conditions, each of the 
models addresses important aspects of the same surface water flow system.  As such, the two models 
can be calibrated to the same streamflow data.  The second common aspect shared by the two models is 
groundwater recharge, which is a parameter that is simulated by the HSP-F model as a model output and 
used as a model input parameter in the FEFLOW groundwater model.   

Given the important link between the HSP-F and FEFLOW models, the results of the two models can be 
combined to produce a better understanding of the hydrologic and hydrogeologic flow systems.  This 
understanding is an important objective of the Source Protection framework. 

The MOE-mandated deliverables relating to the integrated water budgets focus primarily on presenting a 
refined understanding of the water budget parameters across the watershed. 

The following sections quantify and present the water budget components at a variety of spatial scales.  
The components presented have been calculated assuming no net change in stored water over the time 
period 1961 to 2004 and are based on the limitations and assumptions of the long-term climate dataset 
discussed in Section 4 of this report.   

6.2 RURAL AND URBAN LAND ELEMENTS 
Following the calibration / validation process a long-term climate dataset was developed across the 
watershed as discussed in Section 4 of this report. This climate dataset includes the following stations: 

• Zone 1 - Orangeville.  Rural parts of Subwatersheds 13 and 15 to 20;  
• Zone 2 - Lester B. Pearson Airport.  Climate data and recharge rates from this station were applied 

in HSP-F for all of Subwatersheds 1 to 9, 12, and 14 and urban areas in all other subwatersheds; 
and, 

• Zone 3 - Guelph Turf Grass Institute.  Rural areas in Subwatersheds 10 and 11. 
A long-term climate dataset (1960-2006) was compiled, with the purpose of having a longer-term average 
estimate of groundwater recharge rates as the basis for input into the groundwater flow model.  Appendix 
C summarizes the water budget parameters estimated for each of the HRUs in each of the climate zones 
delineated across the watershed.  As an example, Table 44 summarizes water budget results for 
intensive agriculture land use across the watershed.  Within this land use, recharge rates are shown to 
vary based on soil type, slope category, and climate zone. 
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Table 44: Example Water Budget Results, Intensive Agriculture Land use 
Climate Zone Element Soil Slope 

Category 
Precip 

(mm/year) 
Recharge 
(mm/year) 

ET 
(mm/year) 

Runoff 
(mm/year) 

1 PLS_211 A 1 897 390 398 110 
1 PLS_212 A 2 897 382 402 113 
1 PLS_213 A 3 897 371 408 119 
1 PLS_221 B 1 897 349 422 126 
1 PLS_222 B 2 897 319 431 147 
1 PLS_223 B 3 897 302 435 160 
1 PLS_231 C 1 897 22 452 423 
1 PLS_232 C 2 897 16 441 440 
1 PLS_233 C 3 897 14 439 445 
1 PLS_241 O 1 897 402 389 107 
1 PLS_242 O 2 897 389 398 111 
1 PLS_243 O 3 897 355 416 127 
2 PLS_211 A 1 779 305 376 98 
2 PLS_212 A 2 779 299 381 99 
2 PLS_213 A 3 779 290 387 102 
2 PLS_221 B 1 779 274 403 102 
2 PLS_222 B 2 779 252 414 113 
2 PLS_223 B 3 779 240 418 121 
2 PLS_231 C 1 779 23 430 326 
2 PLS_232 C 2 779 16 420 343 
2 PLS_233 C 3 779 15 417 347 
2 PLS_241 O 1 779 314 365 99 
2 PLS_242 O 2 779 304 376 99 
2 PLS_243 O 3 779 278 396 105 
3 PLS_211 A 1 932 341 553 74 
3 PLS_212 A 2 932 336 556 77 
3 PLS_213 A 3 932 328 561 81 
3 PLS_221 B 1 932 313 571 87 
3 PLS_222 B 2 932 291 578 102 
3 PLS_223 B 3 932 279 580 112 
3 PLS_231 C 1 932 25 488 421 
3 PLS_232 C 2 932 18 478 437 
3 PLS_233 C 3 932 16 475 443 
3 PLS_241 O 1 932 349 545 72 
3 PLS_242 O 2 932 340 553 75 
3 PLS_243 O 3 932 317 567 87 

 
As shown in Table 44, water budget variables vary significantly depending on climate zone, soil type, and 
slope.  While recharge varies from 15 mm/year to over 340 mm/year when considering all HRUs, most of 
this variability is due to soil type.  For a specific soil type (i.e. Soil B), recharge varies from 302 to 349 
mm/year within climate zone 1 due to changes in the slope category.  

Additional discussion of the variability in surface water budget parameters is provided in Section 4 of this 
report. 
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6.3 WATERSHED-WIDE SUMMARY 
As indicated above, a key objective of the Tier Two water budget numerical modelling is to develop a 
quantified understanding of the hydrological and hydrogeological fluxes through the watershed.  As part 
of the water budget process, estimates of these fluxes are useful to better understand the important 
processes contributing to the valued ecological and social aspects of the watershed.  The next step of the 
Tier Two process is the Tier Two Water Quantity Stress Assessment (Section 7).  This assessment 
utilizes the hydrological and hydrogeological fluxes estimated by the water budget tools, in addition to the 
estimated consumptive water demands, to estimate the potential for hydrological stress within the 
watershed. 

Table 45 provides a summary of the water budget components addressed in this section. 

Table 45: Summary of Water Budget Components 
Parameter Source Description 

Precipitation 
LBPIA, Orangeville, 
Guelph Turf Grass  
Climate Station 

Precipitation data includes rainfall and snowfall data collected in locations 
across the watershed and is used as input into the HSP-F model. 

Evapo-
transpiration HSP-F HSP-F estimates actual evapotranspiration using potential 

evapotranspiration rates and a continuous soil-water balance. 

Runoff HSP-F HSP-F estimates runoff (including interflow) for each urban and rural land 
element.   

Recharge HSP-F 

HSP-F estimates the amount of groundwater recharge for each urban and 
rural land element by calculating the amount of infiltration and net 
evapotranspiration.  As discussed in the previous sections, recharge to 
groundwater from surface water bodies was not considered in this 
assessment.  While it may have local significance, the watershed-based 
calibration approach does not support a confident assessment and 
estimation of recharge to groundwater from surface water bodies. 

Surface Water 
Discharge FEFLOW 

The FEFLOW model is able to quantify the amount of surface water that 
discharges from the groundwater flow system into the surface water features 
simulated in the model, which may include wetlands, streams, and lakes.   

Wells FEFLOW The FEFLOW model is also able to simulate the extraction of groundwater 
from municipal and non-municipal pumping wells. 

Inter-
Catchment 

Flow 
FEFLOW 

The FEFLOW model can quantify the flow of groundwater between 
subwatersheds within the Credit River Watershed.  Positive values indicate 
where the subwatershed is experiencing a net increase of groundwater flow 
from adjacent subwatersheds.  Negative values indicate where the 
subwatershed is experiencing a net loss of groundwater flow to adjacent 
subwatersheds. 

Inter-
Watershed 

Groundwater 
Flow 

FEFLOW 

The FEFLOW model can also be used to examine the groundwater flow 
through the perimeter boundaries of the groundwater flow model.  This flow 
represents groundwater flow out of, or into, the Credit River Watershed.  
Negative flows indicate water is leaving the Credit River Watershed while 
positive flows indicate water entering the watershed. 

 

Table 46 summarizes the estimated water budget fluxes for surface water and groundwater for each 
subwatershed.  The table summarizes precipitation, runoff, evapotranspiration, and groundwater recharge 
for each subwatershed and watershed zone as related to the HSP-F model.  And for groundwater, the 
table summarizes recharge, discharge to surface water features, large permitted water takings, inter-
catchment flow, and inter-watershed flow. It is noted that the permitted water takings differ slightly from 
those reported in Section 3.  The Table 46 rates reflect the information contained in the groundwater flow 
model, have been rounded to the nearest 100 m3/day, and do not reflect some updates that were made to 
the water demand estimates in Section 3 due to the availability of new information.  Furthermore, the 
groundwater flow model does not include the domestic well supplies.   
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Table 46 contains a large volume of information that can be used to better understand the hydrology and 
hydrogeology of the Credit River Watershed. At the watershed scale, the estimated average watershed 
recharge rate is 203 mm/year and the average watershed runoff rate is 213 mm/year.  The average 
estimated evapotranspiration rate is 432 mm/year.  This type of watershed-level summary, however, is of 
limited value in the Credit River Watershed when considering the highly variable nature of the ground 
surface topography, hydrology, and hydrogeology within the watershed.  

Figure 6-1 illustrates the average annual runoff, recharge, and evapotranspiration rates for each 
subwatershed.  As expected, this figure shows higher runoff rates in the Lower Watershed region where 
finer grained soils and high urbanization dominate the landscape, and higher recharge rates in the upper 
subwatersheds where coarse-grained soils dominate.  Urbanization impacts, such as increased runoff 
and reduced evapotranspiration, are noted in the Lower Watershed, and this trend is most significant in 
Subwatershed 1 (Loyalist Creek) where the estimated evapotranspiration rate is 318 mm/year and the 
average annual runoff and recharge are 415 mm/year and 45 mm/year, respectively.   

The water budget calculated for the groundwater system within the Credit River Watershed assumes a 
steady state, long term condition, and any changes that occurred in storage from 1961-2004 (assessment 
time period) are perceived to be negligible.  Therefore, the water budget assumed that the water inputs 
were equal to the water outputs.  The Water Budget and Flux tools within FEFLOW were used to quantify 
the volumes or fluxes of water across lines (rivers/ aquifer boundaries/ political boundaries), polygons 
(model layers), and boundary conditions (flow in or out of the model). 

The groundwater flow model provides a significant amount of insight into the flow and flow rates of water 
through the watershed.  As discussed previously in this report, groundwater divides tend to generally 
follow the watershed’s surface water divides; however, this is not the case along the outer boundaries of 
the watershed or on the interior subwatershed boundaries.  Figure 6-2 illustrates each of the groundwater 
budget parameters listed in Table 46 for each of the subwatersheds in the Credit River Watershed.  It 
also illustrates boundary and inter-catchment flows as labelled vectors across internal and external 
boundaries.  These vectors indicate the direction and magnitude of groundwater that flows from 
subwatershed to subwatershed or into or out of the Credit River Watershed.  It is noted that the accuracy 
of some of these inter-catchment and inter-watershed flow calculations may be subject to model 
characterization and calibration uncertainties and limitations.  
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Table 46: Integrated Water Budget Summary 
  Surface Water Flow Model (HSP-F) Model Coupling Groundwater Flow Model (FEFLOW) (m3/d) 

Precipitation Runoff Evapotranspiration Recharge Surface Water 

Subwatershed Name 

Area 
(km2) 

 m3/d 
mm 
/year m3/d 

mm 
/year m3/d 

mm 
/year m3/d 

mm 
/year 

Streams/
Wetlands Lakes 

Permit-
ted 

Wells 

Inter- 
Catch-
ment 
Flow 

Inter-
Water-
shed 
Flow 

1. Loyalist Creek 9.8 21,000 778 11,200 415 8,600 318 1,200 45 -800 0 0 -400 -450 
2. Carolyn Creek 5.6 11,900 778 5,900 385 5,500 363 500 30 -100 0 0 -400 0 
3. Sawmill Creek 16.5 35,100 778 16,700 370 16,100 358 2,300 50 -1,500 0 0 -800 -100 
4. Mullett Creek 32.9 70,200 778 35,800 397 29,700 329 4,700 52 -3,700 0 0 -1,000 0 
5. Fletcher's Creek 42.5 90,600 778 40,300 346 45,300 389 5,000 43 -4,300 0 0 -700 -350 
6. Levi Creek 24.7 52,700 778 19,800 293 27,200 401 5,700 84 -2,050 0 0 -3,650 800 
7. Huttonville Creek 15.1 32,200 778 12,600 305 17,400 421 2,200 52 -1,400 0 0 -800 300 
8a. Springbrook Tributary 4.8 10,200 778 3,900 295 5,500 421 800 62 -550 0 0 -250 0 
8b Churchville Tributary 8.4 18,000 778 7,800 339 9,200 396 1,000 43 -400 0 0 -600 0 
9. Norval to Port Credit 72.8 155,200 778 60,900 305 71,100 356 23,300 117 -33,400 -950 0 11,050 0 
21. Lake Erie Tributaries 33.0 70,400 778 12,600 140 40,700 450 17,050 188 -7,300 -7,850 0 -1,900 -1,050 
22. Lake Erie Tributaries 44.2 94,300 778 33,700 278 48,700 402 11,900 98 -2,400 -8,100 0 -1,400 -1,650 
Lower Watershed 310.5 661,800 778 261,200 307 325,000 382 75,650 89 -57,900 -16,900 0 -850 -2,500 
10. Black Creek 79.3 199,800 920 26,600 122 122,900 566 50,300 232 -36,500 0 -8,800 -5,000 3,450 
11. Silver Creek 48.8 121,400 909 21,700 162 72,900 546 26,800 201 -25,750 0 -6,500 5,450 -200 
12. Credit R.- Cheltenham 
to Glen Williams 62.1 132,400 779 28,800 170 69,900 411 33,700 198 -35,300 0 0 1,600 850 
13. East Credit R. 50.6 124,300 897 29,100 210 60,100 434 35,100 253 -38,550 0 -500 3,950 750 
14. Credit R. - Glen 
Williams to Norval 23.1 49,300 778 21,000 331 25,000 394 3,400 53 -3,200 0 0 -200 -50 
20. Credit R. - Forks of 
the Credit to Cheltenham 46.0 112,800 894 34,200 271 56,000 444 22,600 179 -36,600 0 -550 14,550 2,100 
Middle Watershed 309.9 740,000 863 161,400 190 406,800 444 171,900 179 -175,900 0 -16,350 20,350 6,900 
15. West Credit River 105.6 258,700 894 40,200 139 126,300 437 92,100 319 -86,400 0 -6,350 650 1,950 
16. Caledon Creek 52.0 127,700 897 19,400 136 64,300 451 44,000 309 -22,100 2,100 -3,700 -20,300 -3,000 
17. Shaw's Creek 72.0 176,800 896 31,400 159 86,900 440 58,500 297 -49,350 150 -3,500 -5,800 4,050 
18. Credit River - Melville 
to Forks of the 39.2 96,100 895 13,500 125 45,800 426 36,800 343 -49,050 0 -1,350 13,600 0 
19. Orangeville 59.8 143,600 876 27,400 167 68,500 418 47,700 291 -29,200 500 -7,000 -12,000 -14,350 
Upper Watershed 328.6 802,900 892 131,900 147 391,800 435 279,100 310 -236,100 2,750 -21,900 -23,850 -11,350 

Entire Watershed 948.9 2,204,700 848 554,500 213 1,123,600 432 526,650 203 -469,900 -14,150 -38,250 -4,350 -6,950 
Notes: a) Convention: Positive recharges groundwater; Negative discharge from groundwater. b) Pumping Rates (Wells) include permitted municipal and non-municipal wells from Section 3.0 of this report 
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Table 47 provides a comparison of the estimated runoff and recharge versus mean annual flow within the 
drainage areas for the seven (7) WSC streamflow gauges in the watershed.  In a closed hydrogeological 
system where groundwater does not flow across watershed boundaries, the mean annual flow should be 
equal to the sum of recharge and runoff within that watershed.  Table 47 lists the surplus values 
(difference between the sum of recharge and runoff and the mean annual flow) for the seven stream 
gauges.  This surplus is the estimated volume of recharge and runoff within the drainage area that is not 
returned as streamflow within that area.  Table 47 does not account for groundwater consumptive 
demands and wastewater treatment plant contributions, as it is assumed for this analysis that 
groundwater is returned as flow to the wastewater treatment plants within the same drainage area. 

Table 47: Comparison of Measured Flow Versus Available Water 
Zone Gauge Description Area 

(km2) 
Mean 
Flow 
(m3/s) 

Flow 
Depth 

(mm/yr) 

Recharge 
+ Runoff 
(mm/yr) 

Surplus 
(mm/yr) 

02HB013 Melville 62 0.54 274 458 184 
02HB019 Shaw's Creek 60 0.78 413 456 42 

Upper 

02HB001 Cataract 205 1.83 282 451 170 
02HB008 Silver Creek / Norval 127 1.28 318 358 41 
02HB018 Boston Mills 402 4.50 353 483 130 

Middle 

02HB025 Credit R. / Norval 615 6.61 339 398 59 
Lower 02HB002 Erindale 795 9.59 380 416 35 

 

The importance of inter-catchment flow within the watershed is demonstrated in Table 47.  The Cataract 
gauge (02HB001) has a contributing area that loosely corresponds to the Upper Watershed region.  Table 
47 estimates the surplus in this portion of the watershed to be 170 mm/year.  Almost 40% of the total 
amount of recharge and runoff within this Upper Watershed region is not observed as streamflow at the 
gauge.  A portion of the water leaves the Credit River Watershed through the boundary with the 
Nottawasaga River Watershed to the north; however, most of the remaining water enters the deeper 
groundwater system and is discharged in the Middle Watershed region. 

Within the Middle Watershed, there is also a large surplus calculated using the streamflows at the Boston 
Mills gauge.  A large portion of this surplus is returned to the Credit River and its tributaries, downgradient 
in the system, as reflected by the surplus reported in the Norval at the Credit River gauge (59 mm/year).   

Further downgradient in the watershed, the surplus is reduced to 35 mm/yr at the Erindale gauge.  The 
Erindale gauge is no longer operating, and there are some concerns relating to the accuracy of the 
reported results.  The results suggest, however, that most of the recharge and runoff within the watershed 
is observed as streamflow at the mouth of the watershed.  The remaining water may be exiting the 
watershed at the watershed boundaries and also flowing directly into Lake Ontario as streamflow or 
groundwater discharge to the Lake.  

The following sections summarize key observations about the water budget in the Upper, Middle, and 
Lower Watershed. 

6.3.1 Upper Watershed 
The water budget of the Upper Watershed is characterized as having low runoff rates, high groundwater 
recharge rates, and strong groundwater discharge to streams and wetlands.  There are several key areas 
around the perimeter of the Upper Watershed where groundwater flow into and out of the watershed is 
significant. These inter-watershed flows are related to large physiographic features such as the 
Orangeville Moraine, the Nottawasaga River Valley, and the Niagara Escarpment.  There is significant 
groundwater flow entering the Credit River Watershed from the Grand River Watershed along the western 
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reaches of Subwatersheds 17 and 19, beneath the Orangeville Moraine.  Estimated groundwater flow 
rates into these subwatersheds from across the Orangeville Moraine are 4,050 and 3,700 m3/day, 
respectively.   

More than 18,000 m3/day of groundwater flows northward out of Subwatershed 19 into the Nottawasaga 
River Watershed.  This is a significant quantity of groundwater and amounts to almost 40% of the 
groundwater recharge within Subwatershed 19.  Similarly, approximately 3,000 m3/day of groundwater 
flows east out of Subwatershed 16 over the Niagara Escarpment.  While the accuracy of the model’s 
calibration to water levels along the boundaries is not exact as demonstrated by the calibration residuals 
along the boundaries, the model’s prediction of groundwater flux along the model boundaries of 
Subwatershed 19 are consistent with those made in previous modelling efforts.     

Subwatershed 18 contains the main branch of the Credit River, and as such there is a large amount of 
groundwater flowing into Subwatershed 18 from the adjacent subwatersheds.  The total amount of lateral 
groundwater flow into Subwatershed 18 from the adjacent subwatersheds (Subwatersheds 15, 16, and 
17) is greater than 20,000 m3/day.  Much of this water discharges into the Upper Credit River, and flows 
into Subwatershed 20 where it discharges into the Credit River in the Middle Watershed zone. 

6.3.2 Middle Watershed 
The water budget of the Middle Watershed is characterized as having lower recharge rates than the 
Upper Watershed due to the steeper slopes and finer grained soils.  Although groundwater recharge is 
lower, there is a very large component of groundwater discharge moving into a comparably smaller area 
of the watershed.   

As outlined on Table 46, there is a net loss of water (23,850 m3/day) from the Upper Watershed.  This 
compares similarly to a net gain of water (20,350 m3/day) in the Middle Watershed.  This water enters the 
Middle Watershed from several pathways, including Subwatershed 18 as described in the previous 
section.  In addition, a large amount of water is estimated to flow within the Middle Watershed and moves 
from Subwatershed 16 into Subwatershed 13.  

Groundwater is estimated to flow into the Middle Watershed zone from outside the Credit River 
Watershed along several subwatershed boundaries.  Over 3,000 m3/day of groundwater is estimated to 
flow into Subwatershed 10, and an additional 3,000 m3/day is estimated to flow into Subwatersheds 12, 
13, and 20 along the eastern boundary of the Watershed (at the boundary between the CVC and TRCA 
jurisdictions).  As noted previously, the accuracy of these inter-catchment flows is subject to the 
limitations of the model calibration in these areas. 

Subwatershed 20, encompassing the main branch of the Credit River from the Forks of the Credit to 
Cheltenham, receives a net inflow of groundwater from adjacent subwatersheds equal to14,550 m3/day.  
Nearly all of this groundwater is simulated as groundwater discharge into the Credit throughout this 
subwatershed. 

6.3.3 Lower Watershed 
The water budget estimates for Subwatersheds 10 and 11 are somewhat inconsistent when compared to 
adjacent subwatersheds.  The long-term HSP-F simulations completed for these watersheds were based 
on the Guelph Turf Grass Institute climate dataset. While the annual precipitation for this area is not 
considerably higher than the precipitation observed in Orangeville, estimated evapotranspiration rates are 
significantly higher than adjacent subwatersheds.  More attention to these subwatersheds is 
recommended for future investigations to better understand the hydrologic differences. 

The groundwater flow regime with the Lower Watershed is very different from the Middle and Upper 
Watershed regions primarily due to the low permeability of overburden and bedrock and the higher levels 
of urbanization in Brampton and Mississauga.  Groundwater recharge rates in the Lower Watershed 
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region are much lower compared to the Upper and Middle Watershed regions due to the low permeability 
of the Halton Till. 

In general, the volume of water flowing across subwatershed boundaries is lower than in the Upper 
Watershed, due to the slower rate of groundwater flow through the finer grained overburden (Halton Till) 
and bedrock (Queenston Formation shale) as compared to the coarser grained deposits of the Upper 
Watershed.  Groundwater discharge into the Credit River in Subwatershed 9 is relatively large (33,400 
m3/day) and is an important factor in maintaining baseflow of the river at this location.   

The estimated recharge rates for the Lower Watershed, especially within the Halton Till, are subject to a 
higher degree of uncertainty than other areas of the watershed.  Historically, the groundwater recharge 
rates estimated by HSP-F were considered to be too high, and it was difficult to achieve a reasonable 
model calibration with appropriate hydraulic conductivity values for the Halton Till.  Additionally, the 
limited reliable streamflow monitoring data in the Lower Watershed with which to estimate baseflow and 
groundwater discharge rates also has hindered the HSP-F calibration in this portion of the watershed. 

The hydrogeological flow system associated with the Halton Till is interpreted to be controlled by 
fracturing and weathering in the shallow zones, while a more competent till is found at depth.  Interflow in 
this shallow zone is interpreted to be significant from a groundwater flow perspective; however, fracture 
flow is not well represented by a steady-state groundwater flow model or the HSP-F model.  There are 
significant seasonal hydraulic variations within the till and decoupled continuous surface water and 
steady-state groundwater flow models may be limited in their ability to represent the complex 
groundwater / surface water interactions in this environment.   

Within this round of water budget model calibration, groundwater recharge rates as predicted by the HSP-
F model were reduced from previous estimates.  These rates resulted in a better representation of 
groundwater levels with appropriate hydraulic conductivities for the Halton Till.  While there is still greater 
uncertainty associated with these recharge rates than recharge rates in other areas of the watershed, the 
recharge in the Lower Watershed region is considered to be of lesser importance than the Upper or 
Middle Watershed regions.  The Upper Watershed has a greater dependence on groundwater for water 
supply, and there are large ecologically sensitive areas in the Upper and Middle Watershed regions that 
are dependent on groundwater flow to sustain critical habitat.  
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7.0 Tier Two Water Quantity Stress Assessment  

Under Ontario’s Clean Water Act (MOE, 2006a), Source Protection Regions are required to carry out a 
Water Quantity Risk Assessment to evaluate the sustainability of surface water intakes or wellheads.  The 
objective of the Water Quantity Risk Assessment is to identify municipal drinking water sources that may 
not be able to meet current or future water quantity demands.  The Risk Assessment is a tiered approach 
designed to minimize detailed study of municipal supplies that are not determined to be under hydrologic 
stress, and to focus studies in areas that are determined to be stressed.  These tiered studies and their 
objectives were summarized in Section 1.2.1, and this document summarizes the results of a Tier Two 
Subwatershed Stress Assessment.  Municipalities having water sources within subwatersheds estimated 
to have a moderate or significant level of hydrologic stress may be required to undertake a Tier Three 
Water Quantity Risk Assessment.  A Tier Three Risk Assessment involves a more rigorous study of the 
groundwater and surface water sources to estimate the likelihood that the municipality will be able to 
meet their future water demands. 

The elements of the Tier Two Water Quantity Stress Assessment, as presented in this section, are as 
follows: 

• Potential Groundwater Stress.  The potential groundwater stress is determined by estimating the 
percent water demand as a function of the estimated consumptive water demand under current 
and future conditions as well as the water supply and water reserve for groundwater.  The potential 
groundwater stress classification is determined following the Province’s thresholds published in the 
Technical Rules (MOE, 2008). 

• Potential Surface Water Stress.  The potential surface water stress is determined by estimating the 
percent water demand as a function of the estimated current consumptive water demand as well as 
the water supply and water reserve for surface water.  The potential surface water stress 
classification is determined following the Province’s thresholds published in the Technical Rules 
(MOE, 2008).  The future surface water stress was not evaluated as part of this study as there are 
no inland surface water municipal intakes within the Credit River Watershed. 

• Drought Scenario – Groundwater.  The purpose of the drought scenario is to estimate the potential 
impacts of drought on the municipal drinking water wells.  This assessment is completed by 
removing recharge from the groundwater model for a two year simulation period and examining the 
resulting drawdown at the municipal wells under these conditions.  The drought scenario only 
includes currently pumping municipal wells, and does not include planned systems as these were 
not made available in time for this study. 

7.1 STRESS ASSESSMENT METHODOLOGY 
The detailed approach for conducting a Tier Two Subwatershed Stress Assessment was outlined initially 
in the Province’s Guidance Module 7; MOE, 2007, and subsequently in the Technical Rules (MOE, 2008).  
The prescribed approach for estimating subwatershed stress is based on estimations for water supply, 
water reserve, and water demand within each subwatershed.  While estimated values for water supply 
and water reserve are calculated using the water budget model results, the water demand is estimated 
using municipal data and the MOE’s Permit to Take Water database to access the relevant demand 
information, and to obtain best estimates of consumptive usage. The data was also subject to review, 
verification, and where possible, field-truthing.  

Given the reporting timelines, a cut-off date of December 2006 was applied to data harvesting, and as 
such, the stress assessments do not reflect post-2006 permitting information. This is, with the exception 
of Subwatershed 16 (Caledon Creek), which was further evaluated to December 2008, on a directive 
issued by the CTC Source Protection Committee (see Preface). 
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7.1.1 Percent Water Demand Calculations 
A subwatershed’s potential for stress is estimated by comparing the amount of water consumed with the 
amount of available water.  The Percent Water Demand is calculated using the following formula (MOE, 
2008) : 

          QDEMAND 
Percent Water Demand = 

QSUPPLY  - QRESERVE 
x 100% 

 

where QDEMAND is equal to the consumptive demand calculated as the estimated rate of locally 
consumptive takings.  (Note: demands are grouped into surface and groundwater takings).  QSUPPLY is the 
water supply term, calculated for surface water as the monthly median flow for the area to be assessed 
and for groundwater supplies as the estimated annual recharge rate plus the estimated groundwater 
inflow into a subwatershed.  QRESERVE is the water reserve, defined as the specified amount of water that 
does not contribute to the available water supply.  For surface water supplies, reserve is estimated using 
the 90th percentile monthly median flow, at a minimum (i.e. the flow that is equalled or exceeded 90% of 
the time).  Groundwater reserve is calculated as 10% of the total estimated groundwater discharge within 
a subwatershed. 

For surface water systems, the above equation is carried out using monthly estimates.  The maximum 
Percent Water Demand for all months is then used to categorize the Surface Water Quantity Potential for 
Stress into one of three levels; High, Moderate or Low (see Table 48). 

Table 48: Surface Water Potential Stress Thresholds 
Surface Water Potential Stress Level Assignment Maximum Monthly % Water Demand 

Significant > 50% 
Moderate 20% - 50% 

Low <20 % 
 
For groundwater systems, the stress assessment calculation is carried out for the average annual 
demand conditions and for the monthly maximum demand conditions.  The stress level for groundwater 
systems is categorized again into three levels (high, moderate or low) according to the thresholds listed 
on Table 49. 

Table 49:  Groundwater Potential Stress Thresholds 
Groundwater Potential Stress Level Assignment Average Annual Monthly Maximum 

Significant > 25% > 50% 
Moderate > 10% > 25% 
Low 0 – 10% 0 – 25% 

 
Subwatersheds are classified as having a ’significant’ or ’moderate’ potential for hydrologic stress so the 
subwatersheds with a higher probability of experiencing water quantity related environmental impacts can 
be studied in greater detail (Tier Three) than those with a lower probability of impact.  The Tier Three 
studies are more detailed to improve the local understanding of the potential impacts on municipal 
drinking water sources from various drinking water threats.  Subwatersheds identified as having a ’low’ 
potential for stress are not likely to be affected by water takings under the current water taking regimes, 
and therefore a more detailed level of study is unnecessary unless increased or additional water takings 
move the subwatershed into a higher stress class (e.g. ’moderate’ or ’significant’ potential for hydrologic 
stress). 
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Subwatersheds identified as having a ‘significant’ potential for stress are not necessarily 
experiencing hydrologic or ecologic stress.  This classification merely indicates the Percent Water 
Demand is greater than a given threshold and that additional information is required to 
understand the cumulative impacts of water withdrawals. 

The potential stress classifications should only be used to recommend areas that require 
additional study and should not be used to predetermine the outcome of any future Class 
Environmental Assessments. 

 

The use of hydrologic thresholds as tools to estimate potential hydrological impacts for increased water 
use or land use changes is consistent with many of the subwatershed-scale and watershed-scale studies 
completed by the CVC.  The CVC recently developed and applied a wide variety of thresholds relating to 
both water quality and water quantity as part of the Credit River Water Management Strategy Update 
(CVC et al., 2007a), and these thresholds are currently being applied to other subwatershed studies in 
the watershed.   

7.2 SURFACE WATER STRESS ASSESSMENT  

7.2.1 Consumptive Water Use 
Section 3 summarized the methodology used to estimate the consumptive surface water demand for 
each subwatershed in the Credit River Watershed.  Monthly consumptive demand estimates (with respect 
to the unit) are listed on Table 50 for each subwatershed, and for illustrative purposes the September unit 
consumptive water demand is presented on Figure 7-2.   

7.2.2 Water Supply Terms 
As part of the surface water Tier Two Assessment, the terms QSUPPLY  (median flow) and QRESERVE  (90th 
percentile flow) were calculated using the HSP-F simulated flows at the outfall of each subwatershed.  
Appendix E shows the supply and reserve terms, as well as their ‘Difference’ (QSUPPLY- QRESERVE’).  The 
water supply term or ’Difference’ is provided in Table 51, and illustrated in Figure 7-1. 

7.2.3 Percent Water Demand and Potential Water Quantity Stress 
The calculated monthly Percent Water Demand estimates (surface water) are presented on Table 52.  
These values were calculated using the water supply terms located in Table 51 and the consumptive 
demand estimates found in Table 50. 

The monthly maximum Percent Water Demand is used to determine the potential stress classification, as 
per the thresholds presented in Table 48.  The surface water potential stress classification for each of the 
21 subwatersheds within the Credit River Watershed is outlined in Table 53, and is graphically illustrated 
in Figure 7-3. 
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Table 50: Surface Water Unit Consumptive Demands (m3/d) 

Subwatershed Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1 Loyalist Creek       -         -         -         -         -           -            -           -           -         -         -         -   
2 Carolyn Creek       -         -         -         -         -           -            -           -           -         -         -         -   
3 Sawmill Creek       -         -         -         -         -           -            -           -           -         -         -         -   
4 Mullett Creek       -         -         -         -         -           -            -           -           -         -         -         -   
5 Fletcher's Creek       -         -         -    1,532  1,532    1,532     1,532    1,532    1,532  1,532       -         -   
6 Levi Creek       -         -       367     367     367       948        948       948       948     367     367       -   
7 Huttonville Creek       -         -         -         -         -           -            -           -           -         -         -         -   
8a Springbrook Tributary       -         -         -         -         -           -            -           -           -         -         -         -   
8b Churchville Tributary       -         -         -         -         -           -            -           -           -         -         -         -   
9 Norval to Port Credit       -         -    1,254  3,610  3,887  11,901   11,901  11,901  11,901  3,610       -         -   
10 Black Creek       -         -         -       575     575       575        575       575       575       -         -         -   
11 Silver Creek       -         -         -         -         -           -            -           -           -         -         -         -   

12 
Credit River - Cheltenham 
to Glen Williams       -         -         -    1,832  1,832    1,832     1,832    1,832    1,832  1,832  1,832       -   

13 East Credit River     454      454     454     454     454       454        454       454       454     454     454     454 

14 
Credit River - Glen Williams 
to Norval       -         -         -         -       394       394        394       394       394     394       -         -   

15 West Credit River       -         -         -         -         -           -            -           -           -         -         -         -   
16 Caledon Creek       -         -         -         -         -           -            -           -           -         -         -         -   
17 Shaw's Creek       -         -         -         -         -           -            -           -           -         -         -         -   

18 
Credit River - Melville to 
Forks of the Credit  1,363   1,363       -         -         -      6,546     6,546    6,546    6,546       -         -    1,363 

19 Orangeville       -         -         -         -         -         416        416       416       416       -         -         -   

20 
Credit River - Forks of the 
Credit to Cheltenham       -         -         -         -         -           -            -           -           -         -         -         -   
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Table 51: Surface Water Supply Minus Reserve (m3/d) 

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

1 Loyalist Creek 4,520 4,350 5,080 5,490 2,940 1,830 1,620 1,620 1,650 1,810 3,820 3,260 

2 Carolyn Creek 2,480 2,420 2,810 2,960 1,580 940 890 940 858 960 1,950 1,720 

3 Sawmill Creek 7,520 7,290 8,140 9,080 4,870 2,800 2,820 2,990 2,800 3,060 6,070 5,210 

4 Mullett Creek 14,090 14,400 17,200 17,800 8,900 6,000 5,550 5,270 4,990 5,670 12,840 10,900 

5 Fletcher's Creek 19,700 17,200 18,700 22,200 12,300 6,800 7,000 7,430 6,490 6,180 11,730 11,600 

6 Levi Creek 19,700 17,200 18,700 22,200 12,300 6,800 7,000 7,430 6,490 6,180 11,730 11,600 

7 Huttonville Creek 5,910 4,990 5,350 6,800 4,310 1,560 2,060 2,000 1,620 1,310 2,320 3,000 

8a Springbrook Tributary 2,290 1,960 1,980 2,700 1,860 690 860 891 721 544 981 1,170 

8b Churchville Tributary 3,790 3,590 4,200 4,520 2,450 1,360 1,320 1,400 1,280 1,140 2,460 2,280 

9 Norval to Port Credit 455,000 423,000 371,000 540,000 356,000 187,000 193,000 235,000 195,000 130,000 233,000 214,000 

10 Black Creek 23,000 24,900 20,200 32,700 22,800 11,500 12,100 14,200 11,000 7,700 13,000 11,600 

11 Silver Creek 43,400 45,800 43,400 65,500 42,600 30,700 23,100 18,700 15,800 15,100 28,700 22,500 

12 
Credit River - 
Cheltenham to Glen 
Williams 

254,000 249,000 201,000 339,000 285,000 117,000 134,000 163,000 124,000 97,000 148,000 124,000 

13 East Credit River 32,500 30,000 26,100 41,000 35,500 18,400 17,300 21,600 16,300 13,500 20,900 17,300 

14 Credit River - Glen 
Williams to Norval 305,000 322,000 249,000 415,000 329,000 139,000 162,000 183,000 139,000 107,000 154,000 154,000 

15 West Credit River 59,800 60,000 50,300 89,300 81,200 44,900 40,300 53,200 38,700 31,600 47,300 39,800 

16 Caledon Creek 16,000 17,700 14,000 24,500 22,100 10,200 9,600 14,420 10,820 7,910 11,910 9,900 

17 Shaw's Creek 28,100 27,400 22,100 39,000 39,000 21,900 19,000 25,500 18,000 15,200 21,300 21,300 

18 Credit River - Melville to 
Forks of the Credit 78,500 89,600 70,000 123,700 91,000 40,100 42,300 55,400 40,300 30,700 41,600 35,200 

19 Orangeville 21,200 20,100 23,200 24,700 17,000 11,200 9,500 8,300 7,600 8,800 11,300 8,900 

20 
Credit River - Forks of 
the Credit to 
Cheltenham 

216,000 214,000 174,000 295,000 249,000 99,000 116,000 143,000 107,000 85,000 123,000 103,000 
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Table 52: Percent Water Demand Estimate (Surface Water)  
Subwatershed Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Max % 

Demand 
1 Loyalist Creek - - - - - - - - - - - -
2 Carolyn Creek - - - - - - - - - - - -
3 Sawmill Creek - - - - - - - - - - - -
4 Mullett Creek - - - - - - - - - - - -
5 Fletcher's Creek - - - 7% 12% 23% 22% 21% 24% 25% - - 25%
6 Levi Creek - - 2% 2% 3% 14% 14% 13% 15% 6% 3% - 15%
7 Huttonville Creek - - - - - - - - - - - -
8 Springbrook Tributary - - - - - - - - - - - -
8b Churchville Tributary - - - - - - - - - - - -
9 Norval to Port Credit - - 0% 1% 1% 6% 6% 5% 6% 3% - - 6%
10 Black Creek - - - 2% 3% 5% 5% 4% 5% - - - 5%
11 Silver Creek - - - - - - - - - - - -
12 Credit River - Cheltenham to Glen 

Williams 
- - - 1% 1% 2% 1% 1% 1% 2% 1% - 2%

13 East Credit River 1% 2% 2% 1% 1% 2% 3% 2% 3% 3% 2% 3% 3%
14 Credit River - Glen Williams to 

Norval 
- - - - 0% 0% 0% 0% 0% 0% - -

15 West Credit River - - - - - - - - - - - -
16 Caledon Creek - - - - - - - - - - - -
17 Shaw's Creek - - - - - - - - - - - -
18 Credit River - Melville to Forks of 

the Credit 
2% 2% - - - 16% 15% 12% 16% - - 4% 16%

19 Orangeville - - - - - 4% 4% 5% 5% - - - 5%
20 Credit River - Forks of the Credit to 

Cheltenham 
- - - - - - - - - - - -

Notes 

 Potential Hydrologic Stress greater than the Moderate Threshold (20%) 
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Table 53: Subwatershed Surface Water Potential Stress Classification 

ID Subwatershed 
Maximum 
Monthly % 

Water 
Demand 

Maximum 
Monthly Water 

Demand 
(m3/d) 

Supply Minus 
Reserve for 
Max. Month 

(m3/d) 

Potential 
Stress 

Classification  
SW Municipal 
Water Supply 

1 Loyalist Creek  ND   Low None 
2 Carolyn Creek  ND   Low None 
3 Sawmill Creek  ND   Low None 
4 Mullett Creek  ND   Low None 
5 Fletcher's Creek  25% (Oct) 1,532 6,180 Low/Moderate None 
6 Levi Creek  15% (Sept) 948 6,490 Low None 
7 Huttonville Creek  ND   Low None 
8a Springbrook Tributary  ND   Low None 
8b Churchville Tributary  ND   Low None 
9 Norval to Port Credit  6% (Sept) 11,901 195,000 Low None 
10 Black Creek  5% (Sept) 575 11,000 Low None 
11 Silver Creek  ND   Low None 

12 
Credit River - 
Cheltenham to Glen 
Williams  

2% (Oct) 1,832 124,000 Low None 

13 East Credit River  3% (Sept) 454 16,300 Low None 

14 Credit River - Glen 
Williams to Norval  ND   Low None 

15 West Credit River  ND   Low None 
16 Caledon Creek  ND   Low None 
17 Shaw's Creek  ND   Low None 

18 Credit River - Melville to 
Forks of the Credit  16% (Sept) 6,546 40,300 Low None 

19 Orangeville  5% (Sept) 416 7,600 Low None 

20 
Credit River - Forks of 
the Credit to 
Cheltenham  

ND   Low None 

21 Lake Ontario Tributaries ND   Low None 
22 Lake Ontario Tributaries ND   Low None 
Notes: ND – No Consumptive Surface Water Demand Estimated for Subwatershed 

7.2.4 Discussion  
Subwatershed 5 (Fletcher’s Creek) is the only subwatershed that is assigned a moderate or higher 
potential hydrologic stress (surface water) level.  Permitted surface water use within this subwatershed is 
limited to a golf course permit (ID 5132-6BPQRC) issued for irrigation.  This permit references an 
instream pond.  The permit holder for this permit responded to the MOE/CVC survey with a pumping rate 
equal to 2,188 m3/day within the permitting period.  After accounting for a default consumptive use 
coefficient of 0.7 and the flow terms in Table 51, the maximum Percentage Water Demand is calculated 
to be 25% during October.  This value is considered to be conservative (i.e. high) as the irrigation 
pumping rate and consumptive use factor estimated for October are the same as those values estimated 
in the summer months.   

7.3 GROUNDWATER STRESS ASSESSMENT 
The groundwater stress assessment compared the estimated current and future water demand against 
the estimated groundwater supply.  Groundwater supply is defined as the amount of recharge within a 
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subwatershed in addition to the rate of groundwater flowing in to each subwatershed expressed as a flow 
rate of cubic meters per day (m3/day).  As described in the Technical Rules (MOE, 2008), the stress 
assessment included only the groundwater that flows into a subwatershed as part of the supply term.   

The groundwater flow vectors across subwatershed boundaries shown on Figure 6-2 were used to 
estimate the groundwater flow into each subwatershed.  For each subwatershed, the groundwater flow 
into the subwatershed was calculated as the sum of these positive flows from each subwatershed.  Flows 
out of the watershed were not considered. 

7.3.1 Current Water Demand 
Table 54 summarizes the hydrogeological parameters used in the groundwater stress assessment for 
current conditions for each subwatershed. 

Groundwater supply was calculated using estimated groundwater recharge (Table 46) and groundwater 
flow in calculated as the sum of all positive flows into each subwatershed (Figure 6-2).  Groundwater 
reserve was calculated as 10% of the total groundwater discharge to streams and wetlands in each 
subwatershed.  Percent average annual water demand was then calculated using the average annual 
current water demand shown in Table 18 of this report.  Similarly percent peak monthly water demand 
was calculated using the maximum monthly water demand on Table 18. 

Table 54 lists the groundwater stress classification for each of the subwatersheds based on the current 
and future consumptive water demands and the thresholds (Table 49).  Under average annual conditions, 
Subwatersheds 10, 11, and 19 are classified as having a moderate potential for stress.  As indicated on 
Table 55, each of these subwatersheds contains municipal groundwater supplies.  None of the 
subwatersheds are classified as being under stress as a result of high seasonal use and associated 
maximum monthly values. 

7.3.2 Future Water Demand 
Section 3.4.2 of this report provides an estimate of future consumptive groundwater demands.  Table 56 
summarizes the hydrogeological parameters used in the groundwater stress assessment relating to these 
future groundwater demands.  The estimated parameters relating to water supply and reserve were not 
modified from those used for current demands. 

As shown in Table 56, there are no new subwatersheds identified as having a moderate or significant 
potential for stress based on future water demands.  
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Table 54: Groundwater Stress Calculation (Current Water Demand) 

Supply Calculation (m3/d) Groundwater Reserve Calculation 
(m3/d) Average Annual Conditions Peak Monthly Conditions 

Name Area  
(km2) Average 

Annual 
Recharge 

GW 
Inflow 

Total  
Supply 

Average 
Annual  

Discharge 
 GW 

Reserve 
Supply - 
Reserve 

Average 
Water 

Demand 
(m3/d) 

% Water 
Demand Stress 

Water 
Demand 

(m3/d) 
% Water 
Demand Stress 

1.Loyalist Creek 9.8 1,200 350 1,550 -800 80 1,470 1 0% Low 1 0% Low 
2.Carolyn Creek 5.6 500 200 700 -100 10 690 0 0% Low 0 0% Low 
3.Sawmill Creek 16.5 2,300 200 2,500 -1,500 150 2,350 2 0% Low 2 0% Low 
4.Mullett Creek 32.9 4,700 900 5,600 -3,700 370 5,230 14 0% Low 14 0% Low 
5.Fletcher's Creek 42.5 5,000 500 5,500 -4,300 430 5,070 351 7% Low 590 12% Low 
6.Levi Creek 24.7 5,700 2,950 8,650 -2,050 205 8,445 209 2% Low 402 5% Low 
7.Huttonville Creek 15.1 2,200 300 2,500 -1,400 140 2,360 102 4% Low 138 6% Low 
8a.Springbrook 
Tributary 4.8 800 250 1,050 -550 55 995 18 2% Low 18 2% Low 

8b.Churchville Tributary 8.4 1,000 0 1,000 -400 40 960 7 1% Low 7 1% Low 
9.Norval to Port Credit 72.8 23,300 11,700 35,000 -33,400 3,340 31,660 101 0% Low 101 0% Low 
21.Lake Ontario 
Tributaries 33.0 17,050 0 17,050 -7,300 730 16,320 0 0% Low 0 0% Low 

22.Lake Ontario 
Tributaries 44.2 11,900 450 12,350 -2,400 240 12,110 0 0% Low 0 0% Low 

Lower Watershed 310.5 75,650 17,800 93,450 -57,900 5,790 87,660 805 1%  1,272   
10.Black Creek 79.3 50,300 3,450 53,750 -36,500 3,650 50,100 9,057 18% Moderate 9,384 19% Low 
11.Silver Creek 48.8 26,800 8,550 35,350 -25,750 2,575 32,775 6,655 20% Moderate 6,655 20% Low 
12.Credit River - 
Cheltenham to Glen 
Williams 

62.1 33,700 4,000 37,700 -35,300 3,530 34,170 124 0% Low 124 0% Low 

13.East Credit River 50.6 35,100 4,350 39,450 -38,550 3,855 35,595 602 2% Low 1,324 4% Low 
14.Credit River - Glen 
Williams to Norval 23.1 3,400 200 3,600 -3,200 320 3,280 55 2% Low 55 2% Low 

20.Credit River - Forks 
of the Credit to 
Cheltenham 

46.0 22,600 14,550 37,150 -36,600 3,660 33,490 672 2% Low 567 2% Low 

Middle Watershed 310 171,900 35,100 207,000 -175,900 17,590 189,410 17,165 9%  18,108   
15.West Credit River 105.6 92,100 9,000 101,100 -86,400 8,640 92,460 6,603 7% Low 7,944 9% Low 
16.Caledon Creek 52.0 44,000 100 44,100 -22,100 2,210 41,890 2,928 7% Low 5,558 13% Low 
17.Shaw's Creek 72.0 58,500 4,050 62,550 -49,350 4,935 57,615 3,588 6% Low 4,869 8% Low 
18.Credit River - Melville 
to Forks of the Credit 39.2 36,800 22,350 59,150 -49,050 4,905 54,245 1,411 3% Low 2,236 4% Low 

19.Orangeville 59.8 47,700 6,350 54,050 -29,200 2,920 51,130 7,115 14% Moderate 7,115 14% Low 
Upper Watershed 328.6 279,100 41,850 320,950 -236,100 23,610 297,340 21,645 7%  27,722 9%  
Total 949 526,650 94,750 621,400 -469,900 46,990 574,410 39,615 7%  47,755 8%  
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Table 55: Potential Groundwater Quantity Related Stress 
Subwatershed Area 

(km2) 
Potential Stress 

Classification (Based on 
% Water Demand) 

Groundwater 
Municipal Water 

Supplies 
1 Loyalist Creek  9.8 Low None 
2 Carolyn Creek  5.6 Low None 
3 Sawmill Creek  16.5 Low None 
4 Mullett Creek  32.9 Low None 
5 Fletcher's Creek  42.5 Low None 
6 Levi Creek  24.7 Low None 
7 Huttonville Creek  15.1 Low None 
8a Springbrook Tributary  4.8 Low None 
8b Churchville Tributary  8.4 Low None 
9 Norval to Port Credit  72.8 Low None 
21 Lake Ontario Shoreline 33.0 Low None 
22 Lake Ontario Shoreline 44.2 Low None 
 Lower Watershed 310.5   
10 Black Creek  79.3 Moderate Region of Halton 
11 Silver Creek  48.8 Moderate Region of Halton 
12 Credit River - Cheltenham to Glen Williams  62.1 Low None 
13 East Credit River  50.6 Low None 
14 Credit River - Glen Williams to Norval  23.1 Low None 

20 Credit River - Forks of the Credit to 
Cheltenham  46.0 Low Region of Peel 

 Middle Watershed 309.9   
15 West Credit River  105.6 Low Erin, Hillsburgh 
16 Caledon Creek  52.0 Low Region of Peel 

17 Shaw's Creek  72.0 Low Orangeville, 
Region of Peel 

18 Credit River - Melville to Forks of the Credit  39.2 Low Region of Peel 
19 Orangeville  59.8 Moderate Orangeville 
 Upper Watershed 328.6   
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Table 56: Groundwater Stress Calculation (Future Water Demand) 

Supply Calculation (m3/d) Groundwater Reserve Calculation 
(m3/d) Average Annual Conditions Peak Monthly Conditions 

Name Area  
(km2) Average 

Annual 
Recharge 

GW 
Inflow 

Total  
Supply 

Average 
Annual  

Discharge 
 GW 

Reserve 
Supply - 
Reserve 

Average 
Water 

Demand 
(m3/d) 

% Water 
Demand Stress 

Water 
Demand 

(m3/d) 
% Water 
Demand Stress 

1.Loyalist Creek 9.8 1,200 350 1,550 -800 80 1,470 1 0% Low 1 0% Low 
2.Carolyn Creek 5.6 500 200 700 -100 10 690 0 0% Low 0 0% Low 
3.Sawmill Creek 16.5 2,300 200 2,500 -1,500 150 2,350 2 0% Low 2 0% Low 
4.Mullett Creek 32.9 4,700 900 5,600 -3,700 370 5,230 14 0% Low 14 0% Low 
5.Fletcher's Creek 42.5 5,000 500 5,500 -4,300 430 5,070 351 7% Low 590 12% Low 
6.Levi Creek 24.7 5,700 2,950 8,650 -2,050 205 8,445 209 2% Low 402 5% Low 
7.Huttonville Creek 15.1 2,200 300 2,500 -1,400 140 2,360 102 4% Low 138 6% Low 
8a.Springbrook 
Tributary 4.8 800 250 1,050 -550 55 995 18 2% Low 18 2% Low 

8b.Churchville Tributary 8.4 1,000 0 1,000 -400 40 960 7 1% Low 7 1% Low 
9.Norval to Port Credit 72.8 23,300 11,700 35,000 -33,400 3,340 31,660 101 0% Low 101 0% Low 
21.Lake Ontario 
Tributaries 33.0 17,050 0 17,050 -7,300 730 16,320 0 0% Low 0 0% Low 

22.Lake Ontario 
Tributaries 44.2 11,900 450 12,350 -2,400 240 12,110 0 0% Low 0 0% Low 

Lower Watershed 310.5 75,650 17,800 93,450 -57,900 5,790 87,660 805 1%  1,272 1%  
10.Black Creek 79.3 50,300 3,450 53,750 -36,500 3,650 50,100 11,803 24% Moderate 12,130 24% Low 
11.Silver Creek 48.8 26,800 8,550 35,350 -25,750 2,575 32,775 9,152 28% Sig. 9,152 28% Moderate 
12.Credit River - 
Cheltenham to Glen 
Williams 

62.1 33,700 4,000 37,700 -35,300 3,530 34,170 309 1% Low 309 1% Low 

13.East Credit River 50.6 35,100 4,350 39,450 -38,550 3,855 35,595 616 2% Low 1,338 4% Low 
14.Credit River - Glen 
Williams to Norval 23.1 3,400 200 3,600 -3,200 320 3,280 75 2% Low 75 2% Low 

20.Credit River - Forks 
of the Credit to 
Cheltenham 

46.0 22,600 14,550 37,150 -36,600 3,660 33,490 672 2% Low 672 2% Low 

Middle Watershed 310 171,900 35,100 207,000 -175,900 17,590 189,410 22,627 12%  23,676 12%  
15.West Credit River 105.6 92,100 9,000 101,100 -86,400 8,640 92,460 7,450 8% Low 8,791 10% Low 
16.Caledon Creek 52.0 44,000 100 44,100 -22,100 2,210 41,890 3,468 8% Low 7,231 17% Low 
17.Shaw's Creek 72.0 58,500 4,050 62,550 -49,350 4,935 57,615 4,796 8% Low 6,077 11% Low 
18.Credit River - Melville 
to Forks of the Credit 39.2 36,800 22,350 59,150 -49,050 4,905 54,245 1,388 3% Low 2,213 4% Low 

19.Orangeville 59.8 47,700 6,350 54,050 -29,200 2,920 51,130 9,585 19% Moderate 9,585 19% Low 
Upper Watershed 328.6 279,100 41,850 320,950 -236,100 23,610 297,340 26,686 9%  33,896 11%  
Total 949 526,650 94,750 621,400 -469,900 46,990 574,410 50,119 9%  58,845 10%  
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7.3.3 Discussion of Results 
As discussed in Section 5 of this report, the calibrated groundwater flow model is representative of the 
observed water levels and estimated groundwater discharge rates within the watershed.  The calibrated 
model and estimated groundwater consumptive demands, as presented, are suitable for assigning the 
stress calculation of each subwatershed. The uncertainties in the simulated hydrogeologic water budget 
parameters, including groundwater recharge and cross-boundary flux, do not appear to have a major 
influence on the groundwater classifications assigned to each subwatershed. 

The subwatersheds having major municipal groundwater demands have been classified as having a 
moderate hydrological stress.   The following sections outline those subwatersheds classified as having a 
moderate or significant potential for hydrologic stress in response to groundwater takings and also the 
potential impact of uncertainty on these stress assessment results.    

7.3.3.1 Subwatersheds 10 and 11 – Black Creek and Silver Creek 

The Black Creek and Silver Creek subwatersheds are classified as having a moderate potential for 
hydrologic stress resulting from estimates of consumptive groundwater takings.  Most of the water takings 
in these two subwatersheds are municipal water takings, and as a result the estimated groundwater 
demand is relatively certain.  In addition, the estimated Percent Water Demand for these subwatersheds 
is approximately 20%, which is well above the threshold of 10%.  As a result, the subwatersheds were 
assigned a moderate level of stress with a high degree of certainty.  A Tier Three Water Quantity Risk 
Assessment was recommended for the Region of Halton’s municipal groundwater supplies within those 
subwatersheds, and this study has been initiated as a Pilot Project by the Province. 

As discussed in the previous chapter, there are uncertainties with respect to the overall water budget 
parameters in Subwatersheds 10 and 11 potentially due to the climate dataset used for these 
subwatersheds.   Given the relatively high Percent Water Demand within these subwatersheds, the stress 
classifications assigned to these subwatersheds are very unlikely to change within the bounds of 
uncertainty of the water budget parameters. 

The stress assessment results are consistent with observations and experiences relating to 
hydrogeological stress within these subwatersheds, particularly in the Georgetown area.  Municipal 
groundwater supplies in the Georgetown area have had historical impacts on surface water features in 
the Georgetown area, and the Region of Halton has expressed difficulty with finding the groundwater 
supplies to meet its growing population. 

7.3.3.2 Subwatershed 19 – Orangeville 

Subwatershed 19 was classified as having a moderate potential for hydrologic stress (Percent Water 
Demand is equal to 14%) and municipal water demands are the only identified permitted water users 
within the subwatershed.  As the certainty of the estimated municipal water demand is relatively high, the 
certainty of the Percent Water Demand and stress category for the subwatershed is also high.  A Tier 
Three Water Quantity Risk Assessment is currently being carried out as an MNR-sponsored pilot project 
for the Town of Orangeville (AquaResource et al., 2008). 

The stress assessment results are consistent with observations and experiences relating to 
hydrogeological stress within Subwatershed 19.  Municipal groundwater takings in the Orangeville area 
have had some historical impacts on local surface water features.  
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7.3.3.3 Implications of Uncertainty 

As discussed above, the classifications relating to moderate and significant potential for stress have a 
relatively high degree of certainty in consideration of the high water demands and historical observations 
of hydrologic stress. 

Several of the other watersheds in the Upper Watershed including Subwatershed 15, 16, and 17 have 
Percent Water Demands close to the 10% threshold under current or future conditions.  As there are no 
significant observations of water quantity stress within those subwatersheds, the estimated percent water 
demand values appear to be consistent with having a low potential for hydrologic stress.  The CVC 
should continue to monitor those subwatersheds in the future to identify occurrences of hydrologic stress 
that may be related to groundwater use. 

7.4 DROUGHT CONDITIONS 
The Technical Rules (MOE, 2008) requires that a scenario be evaluated to estimate the hydrologic stress 
that may be expected to occur during an extended period of drought.   

For groundwater supplies, the rules specify that the effects of decreased recharge during a drought 
period should be estimated using a transient application of the groundwater flow model.  The drought 
scenario should be evaluated in two parts (Part A and Part B Drought Scenarios) to estimate if the effects 
of drawdown during the drought period results in the inability to pump sufficient quantities of water to 
meet demand.  

The Part A Drought Scenario represents a situation where groundwater recharge is eliminated for a 
recommended time period of two years.  Initial conditions for the transient groundwater flow model should 
be equal to the current steady-state calibrated conditions.  A two-year model simulation should be 
conducted to simulate average pumping rates under the conditions of zero recharge.  At the end of the 
two-year drought scenario period, drawdown at municipal wells is compared to the elevation of the well 
screens to determine if the municipality’s water supply sources would be affected by this drought 
scenario.  The guidance module then specifies that if the Part A Scenario predicts that if any municipal 
wells may be impacted under the drawdown predicted by that drought scenario, the Part B Scenario 
should then be completed.   

The Part B drought scenario also involves transient groundwater flow modelling, this time using estimated 
monthly recharge rates over a prolonged drought period (the 1961-1970 period is suggested for initial 
consideration).  Similar to Part A, the maximum drawdown observed during the modelled drought 
scenario would be compared to the elevation of the well screens at the municipality’s supply wells to 
evaluate potential impacts on source supplies during the drought period. 

This Tier Two study considered the impact at municipal wells for only the Part A Scenario. 

7.4.1 Methodology 
The drought scenario evaluated during this stage of the Credit River Water Budget effort was restricted to 
the Part A process described above for a two-year period with no recharge simulated.  As instructed 
above, this scenario was completed using the calibrated FEFLOW model.  The initial conditions (e.g., 
starting heads) were set equal to the calibrated groundwater heads, and the groundwater recharge was 
set equal to zero.  Groundwater storage parameters were applied to the model as follows: specific yield 
values applied were equal to 0.2 and specific storage equal to 2.0 x 10-4 /s.  

The drought scenario only includes currently pumping municipal wells, and does not include planned 
systems as these were not made available in time for this study. 
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7.4.2 Results 
Figure 7-5 and Figure 7-6 illustrate the predicted decrease in groundwater heads for the water table and 
upper bedrock surface (contact zone), respectively.  As illustrated on these figures, the most significant 
drawdown, resulting from the 2-year simulated drought, is observed in groundwater recharge areas.  
Drawdown decreases closer to wetlands and streams.  The contact zone drawdown contours are 
smoother than those predicted for the water table, and this is a result of the larger sensitivity to surface 
water in the shallow water table zone.  Table 57 contains the model predicted drawdown at each 
municipal well within the watershed at the water table and the upper bedrock contact zone.   

Table 57: Preliminary Drought Scenario – Model Predicted Municipal Well Impacts 
Drawdown (m) 

Well Name Easting Northing Aquifer1 
Water Table Contact Zone 

Caledon Village Well 3/3A 581788 4855688 OB 1.4 1.4 
Caledon Village Well 4 576670 4856617 OB 2.2 0.8 
Cheltenham Well 1 587284 4844416 OB 0.2 0.2 
Cheltenham Well 2 587284 4844416 OB 0.2 0.2 
Inglewood Well 2 586043 4850102 OB 0.4 0.3 
Inglewood Well 3 585994 4851504 OB 0.2 0.2 
Erin Well 7 573556 4847599 BR 1.6 1.6 
Erin Well 8 573466 4846759 BR 0.8 0.8 
Hillsburgh Well H2 568676 4849209 OB 0.9 0.9 
Hillsburgh Well H3 568233 4849607 OB 2.1 2.0 
Halton Cedarvale Well 1A 587035 4833232 OB 0.6 0.6 
Halton Cedarvale Well 3 587196 4832986 OB 0.5 0.5 
Halton Cedarvale Well 4 587293 4833040 OB 0.5 0.5 
Halton Cedarvale Well 4A 587293 4833040 OB 0.5 0.5 
Halton Princess Ann Well 5 586186 4833157 OB 0.0 2.1 
Halton Princess Ann Well 6 586186 4833157 OB 0.0 2.1 
Halton Lindsay Court Well 584902 4833304 OB 2.4 2.2 
Halton 4th Line Well A 577038 4835290 BR 2.4 2.1 
Halton Davidson Well 1 577011 4833241 BR 1.7 1.7 
Halton Davidson Well 2 577011 4833241 BR 1.7 1.7 
Halton Prospect Park Well 576804 4830877 OB 0.3 0.3 
Mono Cardinal Woods Well 1 571266 4866092 BR 1.0 1.0 
Mono Cardinal Woods Well 3 571646 4866369 BR 2.6 1.5 
Mono Coles Well 1 576251 4864785 OB 2.3 2.3 
Mono Island Lake Well 2-TW1 574610 4865780 OB 0.1 0.2 
Observation Well 2A 570126 4862459 BR 1.0 1.1 
Orangeville Wells 5-5A 569536 4862719 OB 3.6 3.5 
Orangeville Well 6 571383 4860475 BR 1.5 1.4 
Orangeville Well 7 – Passmore 570508 4863057 BR 1.3 1.3 
Orangeville Well 8A/B/C 570816 4864119 BR 1.8 1.8 
Orangeville Well 9A-9B 569718 4861869 BR 3.4 2.6 
Orangeville Well 10 575103 4862304 OB 0.2 0.2 
Orangeville Well 11 571726 4861089 BR 3.6 2.2 

1 OB refers to wells completed in overburden aquifers; BR refers to wells completed in bedrock aquifers 
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Drawdown in the contact zone for almost all of the municipal wells was predicted to be less than 
approximately 2.5 metres under the Part A drought scenario.  Information available at the time this report 
was prepared suggests that the available drawdown at all municipal wells within the watershed is greater 
than this amount, and as a result, it appears that the municipal wells will be able to meet their water 
supply requirements in extreme drought conditions.  It is noted that the Credit River Watershed 
groundwater model has not been calibrated to transient groundwater conditions, or to local wellfield 
conditions in all wells, and as a result, the results of the drought scenario should only be considered as 
rough estimates of the potential impacts under low recharge conditions. 

While the drought scenario assessment only assessed drawdown at the municipal wells in the watershed, 
it is recognized that there would be significant ecological impacts resulting from decreased groundwater 
discharge to streams and wetlands under this scenario.  These types of impacts, however, were not 
evaluated as part of the Tier Two Stress Assessment. 

 



CREDIT VALLEY CONSERVATION 
TIER TWO INTEGRATED WATER BUDGET REPORT  

July 2009 132 

 

8.0 Conclusions and Recommendations 

This report documents a refinement of the CVC’s water budget modelling framework carried out to 
support the implementation of Ontario’s Clean Water Act (2005).  A key focus of this legislation is the 
production of locally-developed, science-based Source Water Assessment Reports and Source 
Protection Plans.  A significant component of this science-based approach is the development of a 
watershed-based water budget, which documents the understanding and accounting of the movement of 
surface water and groundwater resources, as well as the demands placed on those water resources over 
time.  The water budget also provides the framework from which to evaluate the sustainability of drinking 
water supplies.  While this water budget assessment document focuses on drinking water source 
protection requirements, the CVC’s ongoing commitment to continuous improvement means they will 
undoubtedly apply the refined water budget tools in all of their future water resource protection efforts.   

The findings of this study reflect the best scientific effort available at the time of completion. They 
describe prevailing conditions within the watershed and present stress assessments, premised upon a 
varied range of input data spanning a defined snapshot of time. However, the following must be 
appreciated: 

• The accuracy of results is subject to uncertainty, inherent within the PTTW database, the 
provincial rules (evolving nature, and ambiguity), and with modelling assumptions, and the 
models themselves. 

• Variation in meteorological conditions, land use activities, and in water taking permitting should 
be carefully monitored, as this can alter the dynamics of the watershed, the nature and 
distribution of the observed stresses. This in turn, can impact the accuracy of results and 
inferences emerging from this work.  

• Modelling was undertaken at the level of the subwatershed, so it is also essential to appreciate 
that the stress assessments, as presented, do not pertain to smaller or site-specific scales. 
Where additional information has been deemed necessary for a more complete evaluation, 
recommendation has been made for further study at a reduced scale.  

• Similar limitations extend to the use of SGRAs. These were delineated using regional estimates 
of recharge and steady-state capture areas.  For use at a site-specific scale, they should be 
likewise refined to take into account a more detailed hydrogeological characterization. 

 
As such, it is advised that due consideration be exercised when applying the findings of this study to 
planning and policy - driven scenarios and decisions.  The work presented in this report is better suited 
for relative comparison rather than absolute comparison.  The modelling reflects a regional understanding 
of the trends in water use and water availability across the watershed, and will become even more 
valuable in the future as additional monitoring data becomes available and these tools can be modified to 
account for changes in land use, water use, and climate.   

The databases developed during the course of this work, should be maintained and kept current by 
periodic updating. This will allow for future refinement of CVC’s groundwater flow model and for checks 
and updates in the stress evaluations presented.  
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8.1 SUMMARY OF KEY FINDINGS AND OBSERVATIONS 

8.1.1 Water Demand 
With the current lack of universality in the reporting of water extractions from permitted takers, and a 
reliance on the permitted volume, water demand estimates are subject to several levels of uncertainty.  
While municipal water demands are metered and reported, and therefore have a correspondingly low 
level of uncertainty, other demands are subject to additional uncertainties that arise from estimating water 
takings and seasonal and consumptive use factors. 

The following summarizes the key findings associated with the estimation of water demand within the 
watershed. 

• The Province’s Permit to Take Water (PTTW) database, in isolation, is not suitable for reliably 
estimating water demands for a Tier Two Water Budget Study.  The database is not considered to 
contain the most up to date information as it may not contain changes to permits made in recent 
years. Furthermore, permitted water use rates must be adjusted to account for seasonal variability, 
consumption, and redundancy.  A survey of permit holders is needed to reduce the uncertainty 
associated with the water use estimates in the large permitted water takers.  By way of example, a 
permit holder was contacted by telephone and it was determined that two of his permitted wells did 
not contain pumps, and that his takings were much lower than reported in his permit.  As a result of 
this phone interview, the subwatershed originally classed as having a moderate potential for 
hydrologic stress, was reclassified as having a low potential and additional detailed water budget 
studies were no longer necessary. 

• Municipalities within the watershed rely heavily on groundwater for their water supplies, and 
represent approximately 66% of permitted groundwater water use within the watershed.  As noted 
above, estimates of municipal water use have a high level of certainty, as pumping rates are 
metered and reported by municipalities. 

• Water use relating to aggregate operations (i.e. aggregate washing, dewatering) is the second 
highest water use within the watershed and accounts for approximately 25% of permitted 
groundwater use within the watershed.  Estimates of water use are uncertain, but are based on 
conservative consumptive use factors and therefore likely overestimate the true consumptive water 
use.   

• The total permitted groundwater demand within the Credit River Watershed is estimated to be 
approximately 300,000 m3/day, or 60% of the estimated groundwater recharge across the 
watershed.  After adjusting for seasonal and consumptive use factors, the average annual 
consumptive groundwater demand across the watershed was estimated to be approximately 
40,000 m3/day, or 8% of the estimated groundwater recharge across the watershed.  

• Current municipal water demand is approximately 27,000 m3/day within the watershed.  Permitted 
non-municipal consumptive water demand is approximately 11,100 m3/day.  The permitted 
groundwater users are distributed throughout the Upper and Middle Watershed zones, with very 
little permitted groundwater water use in the Lower Watershed.  Future municipal water demand 
was estimated to be approximately 30,000 m3/day based on the 25-year planning horizon.  This 
estimate is based on population growth data in the Region of Peel and Town of Erin and an 
estimated 35% increased water demand for other municipalities. These future estimates are not 
based on a formal planning approach and are only intended to be used to evaluate the sensitivity of 
the potential hydrological stress to a scenario of future water use.  

• Non-municipal serviced domestic groundwater demand was estimated to be 1,550 m3/day, which 
represents approximately 4% of the total consumptive water use within the watershed.  This value 
is based on an estimate of the number of rural residents within the watershed that are municipally 
serviced.  Each resident is assumed to use 335 L/day.  A consumptive use factor equal to 0.2 
accounts for most of the rural water use being returned to groundwater through septic system tile 
beds.  
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• Surface water use within the watershed is primarily related to the irrigation of golf courses, 
nurseries, and agricultural operations.  While surface water use does not have an impact on 
municipal water demand within the Credit River Watershed, it may have an impact on the 
ecological needs of the watershed.  While impacts to ecological functions are not addressed in this 
report, they should be examined by the CVC as part of their subwatershed-scale studies.  
Individual surface water permits should be reviewed and assessed to gain a clear understanding of 
the nature of the water source (i.e. instream or dug pond), frequency of water taking, and estimated 
consumptive water use. 

8.1.2 Surface Water Flow Model (HSP-F) 
The following summary comments are made with respect to the HSP-F model setup and 
calibration/validation: 

• HSP-F has been shown to provide a reasonably accurate and comprehensive simulation of the 
Credit River Watershed.  Simulated streamflow follows observed trends reflecting seasonal 
patterns, baseflow, storm event responses and total flow volume. 

• The model simulations illustrate the effect that climate variables have on the local and regional 
hydrology within the watershed. 

• The Credit River Watershed has three distinct regions (i.e., Upper, Middle, Lower) displaying 
unique climate, physical characteristics and land uses.  The watershed model reflects these 
characteristics where information permits. 

• Subsurface movement of deep groundwater in the Upper Watershed redistributes subwatershed 
flows in a southerly direction towards the Middle Watershed.  Modelling this redistribution within 
HSP-F was critical to achieving a reasonable water balance in the Upper Watershed.  This process 
is not interpreted to be as important in the lower portions of the watershed as urban infrastructure 
accelerates drainage to the Credit River. 

• In general, the simulated water balance provides a reasonable estimate of average conditions 
across each subwatershed, as both the HSP-F and FEFLOW models were calibrated to 
subwatershed-scale data where possible.  However, the individual water balance parameters 
associated with each unique soil type, land use and slope combination have a higher level of 
uncertainty as there is insufficient runoff data from unique zones to calibrate to this level.  

• Urbanization greatly influences hydrology in affected areas, particularly the Lower Watershed.  The 
upper 75% of the watershed displays characteristics of a rural stream in terms of streamflow.  The 
model reflects urban impacts through detailed runoff routing. 

• Accurate streamflow calibration is limited by a lack of representative monitoring for rainfall and 
streamflow in many regions of the watershed, especially in urban subwatersheds and near the 
mouth of the Credit River. 

• A significant source of uncertainty within the model relates to the water balance for low permeability 
soils (i.e. Halton Till) in the Lower Watershed.  The modelled recharge values in this area cannot 
be tested against observed streamflow.   

• Other data gaps at the time of model setup included accurate WPCP and other urban runoff 
volumes (i.e., dry weather storm sewer flows).  

• The compound influence of all possible errors in model setup and calibration render the model less 
valuable in terms of its reliability in simulating absolute values for streamflow at any time and at any 
location in the watershed.  Several significant error sources are not relevant in relative evaluations 
or comparisons and so the error is significantly smaller in these assessments.  The model’s 
simulation confidence is sufficiently high in relative evaluations to make the model most useful in 
this form of assessment. 

The following comments relate to the instream hydrology and water balance values determined from the 
long term model run: 

• Water balance terms (i.e., runoff, recharge, and evapotranspiration) are highly dependent upon 
land use type, soil classification and slope in rural areas.   
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• Soil type was found to be the most significant factor in determining the overall water balance in a 
catchment.  Surface runoff increases from about 7% of the total balance in the AB soils (coarse-
grained sand and gravel rich soils) to near 50% of the water balance in CD soils (finer-grained silts 
and clay-rich soils).  Recharge decreases from almost 40% of the water balance in the AB soils to 
less than 5% in the CD soils. 

• Landscape slope was modelled to be a significant factor in determining recharge, especially for the 
highest slope classification, greater than 5%.  In the high slope areas near the Credit River and the 
Escarpment, recharge is assumed to be significantly reduced due to high runoff rates.  

• Land use type is the least important factor in determining water balance in the rural areas.  
Agricultural activity causes seasonal effects on the local water balance, especially in tilled areas. 

• Organic soils are present in small amounts in the watershed and therefore have only very localized 
effects.  Organic soils absorb water effectively and limit surface runoff. 

• More permeable soils predominate in subwatersheds upstream of the Norval gauge (except 
Subwatersheds 14 and 20).  The higher rates of recharge are reflected in the characteristically flat 
frequency distribution at this site.  Georgetown and Acton WPCP discharges also stabilize 
baseflow and thus flatten the flow frequency distribution observed at the Norval gauge. 

• Soil types are also important in determining the water balance in urban areas, especially where 
imperviousness is low (i.e., parks, low density residential, etc.).  Urban soils have similar influences 
upon the relative amounts of water recharging and running off urban lots. 

• Slopes are relatively unimportant in urban runoff water balance determination. 
• Land use is very important in determining the overall water balance in urban areas as 

imperviousness, connectivity, and general lot configurations differ significantly.   
• Commercial and industrial areas contribute greatly to peak storm runoff and cause depletion of 

groundwater resources.  Recharge in some commercial and industrial areas constitutes only about 
2% of the water balance while runoff reaches almost one third. 

• Lower impact urban land uses (i.e., parks and low density residential) display water balances that 
approach those of rural areas. 

• Urbanization greatly increases the range of instream flow rates as reflected by the flow frequency 
distribution and flow rate peakiness in the urban tributaries downstream of Georgetown.  These 
influences also affect the main Credit River in the lower reaches. 

• The Credit River displays a trend of hydrologically degraded conditions towards the mouth through 
the urbanized portion of the system.  This is apparent in terms of relatively lower baseflow and 
greater peakiness in the urbanized subwatersheds.  Upstream sites display the stabilizing influence 
of WPCP discharges, especially in Subwatersheds 10, 11 and 19, as well as greater rates of 
groundwater recharge and storm runoff attenuation. 

8.1.3 Groundwater Flow Model (FEFLOW) 
This section summarizes some of the key findings associated with the development and application of the 
FEFLOW groundwater flow model.  The following general summary comments are made with respect to 
model setup and calibration: 

• The FEFLOW model has been shown to provide a reasonably accurate and comprehensive 
simulation of groundwater flow within the Credit River Watershed.  Simulated groundwater levels 
are generally consistent with observed values.  In particular, the simulated water levels appear to 
be consistent with those reported at municipal pumping wells.  Simulated groundwater discharge 
rates are also consistent with those estimated using baseflow recession techniques and spotflow 
measurements.  

• As noted above, the three distinct regions in the watershed (i.e., Upper, Middle, Lower) have 
unique climate, physical characteristics and land uses.  The hydrogeological interpretation and 
calibrated model are consistent with this regional characterization.  The hydrogeology of the Upper 
Watershed is conceptualized and simulated as having relatively high recharge rates, a distribution 
of overburden and bedrock aquifers, and significant groundwater discharge to wetlands and 
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coldwater streams.  The Middle Watershed region is conceptualized and simulated to consist of 
outcropping Niagara Escarpment bedrock layers, abundant groundwater discharge to seeps, 
streams, and buried bedrock valleys transmitting large volumes of groundwater.  The Lower 
Watershed is conceptualized and simulated to consist of low permeability Halton Till and 
Queenston Formation shale bedrock, relatively low groundwater recharge, and few high-yield 
production aquifers outside the buried bedrock valley aquifer complexes.  

• Uncertainties in the conceptual model and calibration reduce the reliability of the model when 
simulating groundwater levels and discharge at a local scale in the watershed.  The model 
simulations are considered accurate at a regional or subwatershed scale, and the confidence in the 
model predictions increases as the scale of assessment increases.   

• Development of the geological conceptual model supporting the groundwater flow model was 
largely completed at a regional scale with some localized refinements to the hydrostratigraphy as 
part of subwatershed scale studies, and the recent Region of Peel WHPA work (AquaResource, 
2007). 

• Hydraulic conductivities assigned to the model hydrostratigraphic units were estimated using 
limited hydraulic testing data.  The values are not well constrained by field data; however, they are 
within the range of values cited in these tests and in literature.  While this is a standard modelling 
approach, local scale hydrogeologic conditions are not anticipated to be well represented by the 
regional-scale model.  

• The bedrock topography represented in the model is based on a regional analysis of bedrock 
topography and buried bedrock valleys as part of the regional-scale YPDT-CAMC Groundwater 
Management Study (Kassenaar and Wexler, 2006).  The bedrock topography and particularly the 
width, depth, and continuity of the buried valleys are key uncertainties in the current CVC FEFLOW 
model.  Calibration has shown the limitations of the current representation of these features.  
Additional data collection should focus on refining the representation of the buried valleys including 
the nature of the valley fill sediment and its hydraulic conductivity.  

• There are spatial trends indicating areas within the model where simulated water levels are higher 
or lower than observed values.  These areas may represent the need for additional local 
hydrogeological characterization or model calibration.   

• Boundary conditions applied on the model border are specified as having no interaction with the 
area outside the model (no-flow) or specify the water level at the model boundary and will bias the 
flux into or out of the model.  The current representation in the model of these functions is based on 
observed water levels within and beyond the model domain and considered representative of 
regional conditions.  

• The watershed boundary, as defined by surface water flow, does not always reflect groundwater 
flow divides.  Areas within the watershed where large volumes of groundwater flow into or out of 
the watershed include: Subwatershed 19, where groundwater flows into the subwatershed from the 
west and a significant amount of groundwater flows out of the watershed to the north into the 
Nottawasaga River Watershed; Subwatershed 16 where groundwater flows out of the watershed to 
the east; Subwatershed 17 where groundwater flows into the watershed from the west; and 
Subwatershed 10 where groundwater flows into the watershed from the west.   

The following general summary comments are made with respect to the water budget results estimated 
using the groundwater flow model: 

• The average annual groundwater recharge rates estimated using the calibrated HSP-F model were 
suitable for use in the calibration of the FEFLOW model and resulted in acceptable estimates of 
groundwater discharge.  The results suggest that while the overall groundwater recharge rates are 
appropriate and validated when compared to measured streamflow, the estimated groundwater 
recharge at the scale of a specific type of HRU is more uncertain.   

• The simulations completed in this study were carried out using average annual recharge estimates, 
and the steady-state results will not represent seasonal and annual hydrogeologic variability.  In 
reality, water level and groundwater discharge fluctuations are expected to be most significant in 
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shallow groundwater systems, while deeper bedrock systems would exhibit more constant 
behaviour. 

• Discharge to streams is greatest in the Upper and Middle Watershed regions.  The model’s 
predicted areas of high groundwater discharge are consistent with the CVC’s mapping of coldwater 
fisheries. 

• Subsurface movement of deep groundwater water is an important consideration in understanding 
groundwater flow within the Upper and Middle Watershed regions.  Subwatersheds 18 and 20, 
located along the Credit River, receive the highest amounts of regional groundwater discharge.  
The amount of groundwater flowing into those subwatersheds from other subwatersheds is 
approximately one third of the recharge rate for Subwatershed 18 and two-thirds of the recharge 
rate for Subwatershed 20.  Similarly, a large proportion of water recharging groundwater in some 
tributary watersheds does not leave as groundwater discharge in those subwatersheds.  As an 
example, approximately 50% of the groundwater recharging into Subwatershed 16 (Caledon 
Creek) discharges within that subwatershed, with much of the remaining groundwater discharging 
into Subwatershed 18 along the Credit River. 

8.1.4 Significant Groundwater Recharge Areas (SGRAs) 
This study identified Significant Groundwater Recharge Areas for the watershed.  The significant 
groundwater recharge areas were created using the methodology recommended by the Province and 
they identify the areas that contribute the largest amount of groundwater recharge within the watershed.   

It is noted that while some areas have been identified as being a significant groundwater recharge area, 
all groundwater recharge areas regardless of their rate have the potential to reach an aquifer and 
therefore any reduction in recharge has the potential to impact water supplies. 

8.1.5 Tier Two Water Quantity Stress Assessment 
The Tier Two Subwatershed Stress Assessment conducted in this study identified Subwatersheds 10, 11, 
and 19 as having the potential for moderate hydrologic stress under current water demand conditions.  
Future water demands were not considered, as the Region of Halton and Town of Orangeville are both 
working on estimating future water demands as part of their Long Term Master Servicing Studies.  Within 
Subwatersheds 10, 11 and 19, Acton and Georgetown, within the Regional Municipality of Halton, and the 
Town of Orangeville will need to complete a Tier Three Water Quantity Stress Assessment to meet their 
requirements of the Clean Water Act.  Water demands for these subwatersheds are primarily municipal 
wells, and as a result, the Percent Water Demand calculations and stress assignment for these 
subwatersheds are relatively certain given the published thresholds.   

The estimated future water demands were used to estimate the future groundwater stress in each of the 
subwatersheds.  The future estimated water demands do not cause the stress classification from any of 
the subwatersheds to move from a low to a moderate stress classification, and as a result, these future 
water demand estimates do not require any additional Tier Three Water Quantity Risk Assessments to be 
completed in the watershed.   

A drought scenario was simulated in this assessment by eliminating recharge to the groundwater system 
over a two-year period.  In this scenario, several of the municipal wells in Orangeville and one of the 
municipal wells in Halton were found to be sensitive to these recharge reductions and may experience an 
estimated drawdown as large as 2.5 metres during an extreme drought.  The available drawdown within 
all wells is greater than 2.5 metres, and as such, it is interpreted that most municipal wells would be able 
to maintain their planned pumping rates during this period.   

While the drought scenario only considered drawdown at municipal wells, impacts on groundwater 
discharge to streams and wetlands under this scenario would be significant.  These impacts, however, 
were not evaluated as they were outside the scope of this study. 
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8.2 RECOMMENDATIONS 
This section summarizes the recommendations arising from this study with the highest priority identified 
first, followed by specific recommendations relating to specific topics in this report.  The key 
recommendations are repeated in subsequent sections. 

8.2.1 Key Recommendations 
This report suggests the following key recommendations for the CVC to consider as part of its future 
Water Budget initiatives.   
 

• Groundwater Monitoring.  The CVC should maintain and regularly update a database of municipal 
groundwater monitoring data for the watershed.  This integrated database could be used to support 
the CVC’s watershed monitoring report and would facilitate future updates to the groundwater flow 
model.  Additional monitoring data from other large water users and permit holders could also be 
included within an integrated groundwater monitoring database.  This centralized database may 
also be of value to the partner municipalities for their municipal water supply studies. 

• Conceptual Geologic Model.  A detailed characterization and interpretation of bedrock valleys and 
bedrock valley deposits is needed to reduce uncertainties within the groundwater flow model 
across the watershed.  Calibration of the FEFLOW groundwater flow model should be revisited 
following the refinement to the geologic model.  This improvement in understanding will benefit 
those municipalities that currently rely on the buried bedrock valley systems for their water supplies 
and those which may target these areas for their future water supply needs. 

• Cross-Boundary Fluxes.  The model simulated groundwater flux between the CVC FEFLOW model 
and the numerical groundwater models developed for in adjacent conservation authorities were not 
compared in this study.  As such, there is a level of uncertainty associated with the groundwater 
fluxes and water budget in areas located near groundwater flow boundaries.  Therefore, it is 
recommended that if additional municipal water supplies are proposed to be located near 
groundwater flow boundaries (e.g. Caledon East), additional geologic or hydrogeologic 
characterization be undertaken to refine the understanding of the water budget in these areas.  

• HSP-F Model.  Additional attention needs to focus on the hydrological conditions in Subwatersheds 
10 and 11.  Hydrologic processes including evapotranspiration and runoff are not entirely 
consistent with adjacent land areas.  These modifications will help refine the water budget in these 
areas which may aid the local municipalities in their future water supply studies. 

• Significant Recharge Areas.  This study identified Significant Groundwater Recharge Areas using 
regional estimates of recharge and steady-state capture areas.  If required for property-specific 
planning purposes under the Clean Water Act, the delineation of significant recharge areas should 
be refined at the wellfield scale to take into account a more refined and detailed hydrogeological 
characterization. 

 

8.2.2 Water Demand Estimates 
This study was successful in refining the consumptive water demand estimates within the watershed.  
However, these water demand estimates are only valid for a ‘snapshot’ in time and the CVC is 
encouraged to include the estimation of water demand within its regular water management activities.   

Specific recommendations relating to the management of water demands within the watershed are as 
follows: 

• Future Water Demands.  The CVC is encouraged to work with its partner municipalities and 
Provincial Ministries to refine long-term (i.e. 25-year) population growth estimates.  These 
estimates can be used to estimate future water demands within the watershed and evaluate the 
Tier Two Subwatershed Stress under future water demands.   
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• Permits to Take Water.  The CVC should enhance its PTTW monitoring process.  This process 
should include an on-going evaluation of consumptive use for each surface and groundwater 
permit.  The CVC may want to consider interviewing permit holders as part of their subwatershed-
scale studies.  Provincial support should be sought to enable this to happen, and the data should 
be shared with the partner municipalities who would also benefit from an improved understanding 
of water demands especially within municipal wellfield capture zones.   

• Aggregate Industry Water Use.  The current process followed for estimating water use by the 
aggregate industry includes the use of conservative consumptive use factors and pumping 
estimates.  This approach may result in an over-estimate of consumptive water demand.  While this 
conservative approach did not result in the classification of subwatersheds with a moderate or high 
potential for hydrologic stress, it is recognized that this industry represents the second highest 
water use within the watershed.  As such, the CVC is encouraged to utilize on-going monitoring 
reports and communication with the industry to make refined annual estimates of water use.  These 
refined estimates would provide more accurate water demand estimates for future subwatershed or 
water budgets studies for the CVC and its partner municipalities whose municipal supplies may be 
in close proximity to aggregate operations.  

8.2.3 Surface Water Model (HSP-F) 
HSP-F is a deterministic model requiring considerable site specific information for model setup and 
calibration/validation.  The full spectrum of information is never fully satisfied as many of the parameter 
values are difficult and costly to obtain.  This is especially true in recent years as many environmental 
monitoring programs in Ontario have been cut back for cost savings.  The required model input parameter 
values and other inputs that are lacking can usually be provided with values from literature, experiences 
elsewhere, or using various estimation methods.  However, model accuracy and confidence suffer when 
significant amounts of estimation are required to set up the model. 

Several types of model setup and calibration information should be upgraded and augmented.  The 
following time series type information is required to improve the model’s calibration in outlying 
subwatersheds, urban catchments, and the southern portion of the watershed in general.  These 
improvements would be beneficial to municipalities as they will improve the confidence in the recharge 
estimates provided by the HSP-F model.  Improving the recharge estimates has implications for the 
municipal water supply studies in communities below the Escarpment that are dependent on groundwater 
resources for their potable water supplies.  

• Additional attention needs to be focused on the hydrological conditions in Subwatersheds 10 and 
11.  Hydrologic processes including evapotranspiration and runoff are not entirely consistent with 
adjacent land areas.  Additional streamflow data and climate data may be required to better 
address the hydrology in these areas. 

• Streamflow monitoring should be intensified across the watershed, especially in the Lower 
Watershed, near the mouth of the watershed and in urban subwatersheds1.  Monitoring stations 
should be selected to represent widely varying areas with respect to drainage basin size, land use, 
soil types and surficial geology.  The CVC is encouraged to add stream gauges at the outlet of 
each subwatershed to improve the understanding of the water budget at the subwatershed level 
and to better identify where, and how much, groundwater moves into and out of the watershed and 
between the subwatersheds.  Stream gauges could be preferentially placed where cross boundary 
flows are interpreted. 

• Winter streamflow monitoring should be continued wherever possible to ensure that complete and 
continuous accounting of the annual water balance is achieved. 

• Meteorological monitoring should be implemented at locations across the watershed, recognizing 
the climatic and storm response variability at this scale.  While information collected on a daily time 
step basis may be suitable at secondary locations, the primary network sites should collect short 
time step (i.e., minutes to one hour) data. 

                                                      
1 CVC has monitored streamflow near the mouth of the Credit River since 2002. 
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• Studies should be conducted to determine the nature of summer storm cells in terms of their 
tracking across the watershed in order to develop realistic and spatially representative precipitation 
inputs for model calibration.   

• The CVC should create and maintain a database that contains the sewage treatment plant flows to 
aid in understanding and characterizing the surface water flow in the Credit River and relevant 
tributaries. 

The following information is required to upgrade the model’s site-specific accuracy:  

• With regard to areas of recent change in stream hydraulic conditions and areas wherein detailed 
information is lacking, stream reach characterization should be upgraded in HSP-F.  Physical 
surveys should be undertaken to characterize stream cross sections, slopes, and storage volume 
in reaches without this level of detail.  Time of travel measurements should be undertaken at a 
range of streamflow rates in all critical reaches of the watershed. 

• The Island Lake Rule Curve should be incorporated into the model and the storage volume-depth 
relationship for the lake should be confirmed.  Detailed outfall configuration data for other large 
lakes in the watershed should be used to upgrade the model when available. 

• Information regarding the configuration of urban infrastructure should be assembled.  This should 
include typical roof and footer drain connectivity in residential areas and identification of areas with 
roadside ditches.  

• Individual stormwater management facilities within the watershed should be added wherever 
possible so that the model is accurate in terms of flow retention, storage, and time of travel. 

• Studies should be conducted to determine dry weather storm sewer flows originating in urbanized 
areas in order to estimate the relative contribution of storm sewer infiltration and cross connections 
to the Credit River flow.  

The following recommendations relate to the usefulness of the model and simulation results as well as 
recommendations for future upgrades and applications: 

• The Credit River Watershed surface water model should be regarded as a reliable tool for 
estimating the effects of change or as an indicator of sensitivity to change within the reaches and 
catchments of the watershed.  As various model inputs have been estimated, the accuracy is 
insufficient to rely upon the absolute values simulated in this study.  As an example, simulated 
peak annual flow in a stream in response to a rain event may not be considered to be very reliable; 
however, the estimated change in peak flow as a result of a land use change may be considered a 
more appropriate use of the model as a tool.  

• Model application should rely upon relative comparison as the primary form of evaluation.  In this 
way several model setup errors are irrelevant or minor and modelling results can be regarded with 
confidence. 

• Modelling at smaller scales (i.e., subwatershed and catchment) should remain consistent with the 
general approach adopted in this study so that models and model upgrades can be integrated with 
the watershed scale model and so that these efforts can share information.  This approach will 
ensure cost efficiency as well as the development of reliable input datasets for modelling. 

• The model should be upgraded as additional watershed information is collected, as information 
gaps are filled, and as additional calibration sites are added.   

• Water balance information should continue to be shared and discussed with the groundwater 
modelling team.  The groundwater model can provide the basis for refinements to the subsurface 
compartments in HSP-F, particularly with respect to large subsurface movements of groundwater 
(i.e., buried bedrock valleys, etc.), exchanges with adjacent watersheds, groundwater taking, and 
areas of irregular or atypical surficial geology.   

• Future model scenarios should investigate land use schemes that reflect recent policy including the 
Province’s Greenbelt and Places to Grow Acts. 

• Climate change runs should be included in future applications of the model.  These assessments 
should adopt the most recent advances in estimating future climates.  Of particular importance are 



CREDIT VALLEY CONSERVATION 
TIER TWO INTEGRATED WATER BUDGET REPORT  

July 2009 141 

 

advances in estimating the changes in storm event frequency, intensity, and duration, as well as 
drought. 

8.2.4 Conceptual and Numerical Groundwater Flow Model 
The FEFLOW groundwater flow model is a numerical model representing the current geological 
conceptual model shown to simulate water levels and groundwater discharge generally consistent with 
field observations.  While the current model reflects the CVC’s commitment to ongoing improvement, 
there remain opportunities for improvement, and the CVC is encouraged to continue its efforts and 
investment into the model.  In addition, municipalities within the watershed may also use the tools 
developed by the CVC to help answer questions relating to water supply or groundwater/ surface water 
interactions, and as such they will also benefit from the ongoing improvement of the groundwater flow 
model.  

The following recommendations are made for the CVC with respect to the refinement of the conceptual 
groundwater model: 

• Groundwater Monitoring.  The CVC should maintain a regularly updated database of municipal 
groundwater monitoring data for the watershed.  This integrated database could be used to support 
the CVC’s watershed monitoring report and would facilitate future updates to the groundwater flow 
model.  Additional monitoring data from other large water users and permit holders could also be 
included within an integrated groundwater monitoring database.   

• Conceptual Geologic Model.  A detailed characterization and interpretation of bedrock valleys and 
bedrock valley deposits is recommended to reduce uncertainties with the groundwater flow model 
across the watershed.   

The following recommendations are made for the CVC with respect to the refinement of the numerical 
groundwater model: 

• Bedrock Valleys. If the CVC proceeds to refine the characterization and interpretation of bedrock 
valleys as discussed above, it should consider refining the calibration of the FEFLOW groundwater 
flow model accordingly. 

• Transient Simulations.  While the current model has been calibrated to steady-state (i.e. average) 
recharge rates, the HSP-F model provides a long-term prediction of transient recharge rates.  Data 
from these long term predictions would be invaluable as input into a long-term transient 
groundwater flow model.  Evaluating long-term transient flow would be valuable to better 
understand the temporal variability of hydrogeological parameters (i.e. water levels, discharge).   

• Georgetown / Acton.  The conceptual model should be refined in the Acton/Georgetown area 
followed by an update to the groundwater model calibration.  The reliability of the model in the 
Georgetown / Acton area is low as the geological characterization in the area has not been 
updated since the model was developed, and until recently the CVC has not had access to the high 
quality monitoring data.  

• Sensitivity Analysis.  A comprehensive sensitivity analysis should be carried out to better 
understand the impact of parameter uncertainty on model simulations.  Parameters that should be 
considered as part of this analysis include hydraulic conductivity of key stratigraphic units, 
vertical/hydraulic conductivity ratio, streambed conductance, and recharge.  This analysis may 
result in alternative combinations of parameter values that each result in an acceptably calibrated 
model.  

 

8.2.5 Clean Water Act Requirements 
This report represents a first step in meeting many requirements of the Water Budget Framework for the 
Clean Water Act.  The following recommendations are made with respect to specific tasks required under 
the Act. 
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• Tier Three Water Quantity Risk Assessments.  A Tier Three Water Quantity Risk Assessment is 
currently underway within the Town of Orangeville and the Region of Halton.  It is recommended 
that the CVC regional groundwater model be updated and refined to be consistent with any new 
modelling that is conducted under the Halton and Orangeville Tier Three groundwater and surface 
water modelling efforts, especially in areas where additional field data are collected.  The CVC and 
its partner municipalities are encouraged to work together during this update to ensure there is a 
consistent conceptual model for the municipalities and the conservation authority.  

• Significant Groundwater Recharge Areas.  This study identified Significant Groundwater Recharge 
Areas using groundwater recharge rates estimated as part of the Tier Two Water Budget task.  If 
required for property-specific planning purposes under the Clean Water Act, the delineation of 
Significant Groundwater Recharge Areas should be refined at the wellfield scale to take into 
account more detailed hydrogeological characterization. 
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