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EXECUTIVE SUMMARY
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 to mandated drinking water supplies. 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 site specific 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.
Background
The Province of Ontario passed legislation under the Clean Water Act, 2006 to protect drinking water
through the development of watershed‐based Assessment Reports and Source Water Protection (SWP)
plans for watersheds in Ontario. These reports and plans are the first steps in a multi‐barrier approach
to ensuring safe drinking water and are based on a technical assessment of the many different sources
of drinking water and the potential threats to those drinking water sources.
Developing a SWP plan requires a quantitative understanding of the surface water and groundwater
flow processes that occur within a watershed. The primary means of developing this understanding is
through a detailed water budget assessment as part of the Assessment Report. The water budget
characterizes each component of the hydrologic system on a watershed basis and describes, in a
quantitative manner, the pathways that water takes through the watersheds. While a water budget
carried out for source water protection under the Clean Water Act, 2006 is meant to primarily address
drinking water sources, the knowledge gained and tools developed can be used to aid in other areas of
watershed management.
Objectives
This Tier 1/ Tier 2 Water Budget report builds on the information in Toronto and Region Conservation
Authority’s (TRCA) Interim Watershed Characterization Report (TRCA, 2007a) and Conceptual Water
Budget Understanding Report (TRCA, 2007b) and describes, in a quantitative manner, the movement of
water within the hydrologic cycle for all TRCA watersheds. The primary objective is to identify
subwatersheds with municipal drinking water supply wells that could be experiencing hydrologic stress.
In addition, this report contributes to the sustainable development and integrated watershed
management screening goals for the area. It will be complementary to TRCA’s Watershed Planning
processes for the Oak Ridges Moraine Conservation Plan, and will assist in refining priorities and
management actions for the ongoing implementation of the Watershed Plans.
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Jurisdiction
The TRCA jurisdictional area under the Clean Water Act, 2006 includes 3,467 square kilometres, of which
2,506 square kilometres are on land and the remaining 961 square kilometres are water‐based in Lake
Ontario. This area comprises nine major watersheds as well as some small areas that drain directly to
Lake Ontario, such as Frenchman’s Bay.
 Etobicoke Creek
 Mimico Creek
 Humber River

 Don River
 Highland Creek
 Rouge River

 Petticoat Creek
 Duffins Creek
 Carruthers Creek

Partners in Source Protection
TRCA has six participating or member municipalities including the City of Toronto, the Regional
Municipalities of Durham, Peel and York, the Township of Adjala‐Tosorontio, and the Town of Mono. In
addition, the following 12 local municipalities are located within TRCA’s jurisdiction:





Town of Caledon
City of Brampton
City of Mississauga
Township of King






Town of Aurora
City of Vaughan
Town of Richmond Hill
Town of Whitchurch‐Stouffville






City of Markham
Township of Uxbridge
City of Pickering
Town of Ajax

Methodology
The data and mapping in this report result from compilations of existing watershed information
available to TRCA as of February 2009. The assessment was conducted in accordance with the Director’s
Rules issued by the Ministry of the Environment (MOE) in November 2009. Guidance Module 7: Water
Budget and Water Quantity Risk Assessment issued by the MOE in March, 2007 were used as a source of
supplementary direction.
TRCA has placed particular emphasis on the detailed numerical assessment of groundwater recharge,
interaction between the groundwater and surface water systems and on groundwater movement across
watershed boundaries. The groundwater divide is beyond the surface water divide in some areas along
the Oak Ridges Moraine and the Niagara Escarpment. Therefore, cross‐watershed flows occur in the
northern parts of the Humber River, Rouge River, Duffins Creek and Carruthers Creek watersheds.
This report takes the water budget to a Tier 1/Tier 2 level by employing numerical models to provide a
thorough understanding of the physical processes that control the rate of movement of water through
the various parts of the hydrologic cycle within the TRCA watersheds. The continuous surface water
model was based on the Precipitation‐Runoff Modelling System (PRMS) developed by the United States
Geological Survey (USGS). It integrates information on land use, surficial geology, topography and
climate (i.e. rainfall, temperature, and solar radiation) to produce daily output of the water budget
components within each subwatershed. This surface water model was linked to a steady‐state
groundwater flow model (three dimensional MODular FLOW modelling system ‐ MODFLOW, also
developed by the USGS) to estimate aquifer water levels and groundwater discharge to streams. The
models were selected because of their previously successful use in both the TRCA and Central Lake
Ontario watersheds. With respect to the water demand, TRCA staff took the water use estimates from
the provincial Permit to Take Water database and refined them with water use survey data and current
pumping rates supplied by regional municipalities.
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The stress assessment calculations required by the 2009 Director’s Rules were designed to be completed
on subwatersheds approximately 20 to 100 km2 in size. Therefore, TRCA divided its jurisdiction into 52
stress assessment subwatersheds based on hydrologic boundaries taken from other studies. The
smallest subwatershed is 3 km2 in area (small subwatershed draining directly into Lake Ontario), while
the largest is 110 km2, and the average size is 48 km2. The sizes and boundaries of these subwatersheds
were accepted by an external peer review committee and the Ministry of Natural Resources prior to the
commencement of this study.
TRCA calculated water use for each subwatershed using data in TRCA’s Water Use Assessment database,
based on field verification of users from TRCA’s jurisdiction, supplemented with information from the
provincial PTTW database maintained by the MOE. Staff used consumptive factors suggested in
Guidance Module 7 to account for water returned to the hydrologic system from such processes as
aggregate washing, irrigation, etc. and calculated the percent water demand. Current conditions and a
25‐year future water demand scenario were considered for water use, and both surface water and
groundwater reserves were incorporated into the calculations.
Results and Next Steps
This study meets all of the Tier 1, and most of the Tier 2 study requirements. It includes an enhanced
understanding of water use based on TRCA’s water use field survey, and enhanced stress calculations
through the use of complex surface and groundwater flow models. The results of the water supply and
water use analyses were used to evaluate the cumulative stress within each subwatershed. The level of
potential stress by subwatershed was assigned the highest value from the monthly and average annual
values for both surface water and groundwater.
Tier 2 scenarios were not completed for current and future, 2‐year drought simulations, which require a
transient groundwater flow model. However, TRCA, the peer review team, and MNR have agreed that
this assessment meets the main requirements of a Tier 2 Assessment for Whitchurch‐Stouffville Area.
Although the drought simulations were not completed, the results of these scenarios would only
increase the calculated stress levels provided in this study. Therefore, local areas that are calculated to
have the potential for moderate or significant hydrologic stress and contain municipal drinking water
systems will be assessed further through Tier 3 analysis. Subwatersheds calculated to have a low
potential for stress in this Tier 1/ Tier 2 analysis, or that do not contain Type I, II or III water supply
systems as defined in the Clean Water Act, 2006 will not undergo any further assessment in the Water
Budget – Water Quantity Risk Assessment process for Source Water Protection.
Based on this Tier 2 analysis, the Whitchurch‐Stouffville area, which includes portions of two
subwatersheds (Little Rouge Creek and Stouffville/Ressor Creeks), as shown on Figure ES‐1, is
recommended for further assessment at the Tier 3 level. This area contains the wellheads for the
Whitchurch‐Stouffville municipal groundwater supply wells. Although the 2‐year drought simulation
was not completed for these subwatersheds, the calculated stress levels for these watersheds are above
thresholds for the current conditions. Therefore, with the agreement of the MNR, a Tier 3 or local area
stress assessment should be completed in this area. The Tier 3 analysis will be led by the Region of York
in partnership with TRCA and the Region of Durham. The project will examine cross‐watershed
groundwater flow and local recharge in more detail, as well as water use and ten‐year drought
scenarios.

trca_2010.doc

SPC Accepted Tier 1 Water Budget for TRSPA Watersheds and
Tier 2 for Whitchurch‐Stouffville Area

Page iv

Figure ES‐1: Recommended Area of Focus for Tier 3 Water Budget Assessment
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INTRODUCTION

1.1

Background and Legislation

The Province of Ontario passed legislation under the Clean Water Act, 2006 to protect the quality and
quantity of drinking water supplies through the development of watershed‐based Assessment Reports
and Source Water Protection (SWP) plans for watersheds in Ontario. These reports and plans are the
first steps in a multi‐barrier approach to ensuring safe drinking water and are based on a technical
assessment of the many different sources of drinking water and the potential threats to those
resources.
The key components of the Clean Water Act, 2006 include:






Formation of Source Protection Authorities;
Formation of Source Protection Planning Committees (SPCs);
Development of Terms of Reference for the Assessment Reports;
Development of Assessment Reports; and
Development of Source Protection Plans.

The Toronto and Region Source Protection Authority (TRSPA) met for the first time on September 7,
2007. It is the lead Source Protection Authority under the Clean Water Act for the CTC Watershed
Region, which comprises Credit Valley Source Protection Authority (CVSPA), the Toronto and Region
Source Protection Authority (TRSPA) and the Central Lake Ontario Source Protection Authority (CLOSPA).
In this role, the TRSPA will be responsible for forwarding the Assessment Reports to the Minister of the
Environment.
The CTC Source Protection Region Planning Committee met for the first time on December 10, 2007.
This 22 member body comprises a provincially appointed chairperson, representatives of municipalities
(including single‐tier municipalities plus the Regional Municipalities of York, Peel, Durham, Halton and
the City of Toronto), sectoral representatives (agriculture, industry), and citizens‐at‐large. The first major
task for the SPC was to draft a Terms of Reference, followed by the preparation of Assessment Reports
that document the existing environmental conditions for CVSPA, TRSPA, and CLOSPA. The required
contents of these Assessment Reports are outlined in the final version of the Director’s Rules, issued in
November, 2009 (MOE, 2009). These formal requirements are supplemented by a series of seven drafts
Guidance Modules issued by the Ontario Ministry of the Environment (MOE) in 2006 and 2007, as
discussed below.
Developing a SWP plan requires a quantitative understanding of the surface water and groundwater
flow processes that occur within a watershed. The primary means of developing the quantitative
understanding is through a detailed water budget assessment as part of the Assessment Report. These
water budgets characterize each component of the hydrologic system on a watershed basis and
describe, in a quantitative manner, the pathways that water takes through the watersheds. While water
budgets carried out for source water protection under the Clean Water Act, 2006 are meant to primarily
address municipal drinking water sources, the knowledge gained and tools developed can be used to aid
management in other areas of watershed. For the TRSPA, the focus is on the municipal well‐based
drinking water supplies, because Lake Ontario intakes are not included in the water quantity risk
assessment process.
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Assessment Reports

1.2.1 Guidance Modules
In October 2006, the MOE released six draft guidance documents that provide suggested methodologies
for the preparation of the Assessment Report modules. Note that Module 2 was originally the water
budget module in April, 2006, but was combined with Module 7, and therefore ceased to exist. These
modules include:







Module 1 – Watershed Characterization;
Module 3 – Groundwater Vulnerability Analysis;
Module 4 – Surface Water Vulnerability Analysis;
Module 5 – Issues Evaluation and Threats Inventory;
Module 6 – Water Quality Risk Assessment; and
Module 7 – Water Budget and Water Quantity Risk Assessment.

Guidance Module 7, subsequently updated in March, 2007, (MOE, 2007) outlines a staged study
approach starting with a watershed characterization report and a conceptual water budget report,
followed by more detailed assessments (i.e., Tier 1, 2 and 3), where required. The ultimate level or tier
of investigation required for a particular subwatershed depends on the relative amount of consumptive
water use as compared to the calculated volume of water supply. The overall objective of the entire
water quantity risk assessment process is to assess the sustainability of municipal drinking water
supplies.
1.2.2 Director’s Rules
The MOE initially issued Director’s Rules for preparation of Assessment Reports in November, 2008, and
provided updated versions in December, 2008 (MOE, 2008) and November, 2009 (MOE, 2009). These
rules are referred to by their number and subsection number throughout the remainder of this
document. The requirements specified in the Director’s Rules take precedence over methodologies
suggested in the Guidance Modules, but do not provide the same level of detail. For example, Guidance
Module 7 is approximately 300 pages in length, while the Director’s Rules regarding Tier 1 and Tier 2
Water Budgets comprise approximately 10 pages. The MOE released additional Technical Bulletins in
July, 2009 that contain pertinent information from the Modules that conforms to the Director’s Rules.

1.3

Objectives

This report builds on the conceptual water budget understanding and describes, in a quantitative
manner, the movement of water within the various elements (i.e. soils, aquifers, streams, lakes) that
constitute the hydrologic cycle within all of TRCA’s watersheds. The primary objective is to identify
subwatersheds that may be experiencing hydrologic stress, particularly those with municipal drinking
water supply wells.
This report contributes to the sustainable development and integrated watershed management goals
for the area. It will be complementary to TRCA’s Watershed Planning processes for the Oak Ridges
Moraine Conservation Plan, and will assist in refining priorities and management actions for the ongoing
implementation of the Watershed Plans.
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Jurisdiction

1.4.1 Watersheds
The TRCA jurisdictional area is 3,467 km2, of which 2,506 km2 are land‐based and the remaining 961
square kilometres are water‐based (the TRCA jurisdiction extends to the international boundary into
Lake Ontario). This area comprises nine major watersheds from west to east.
 Etobicoke Creek
 Mimico Creek
 Humber River

 Don River
 Highland Creek
 Rouge River

 Petticoat Creek
 Duffins Creek
 Carruthers Creek

In addition to the above watersheds, there are land‐based catchments that drain directly to Lake
Ontario, such as Frenchman’s Bay. The regional setting is shown on Figure 1‐1 and the watershed limits,
together with the key municipal boundaries, are shown on Figure 1‐2.
1.4.2 Land Use Policies
Provincial land use policies that influence watershed planning in the TRCA region include:
a) The Provincial Policy Statement (2005), which provides province‐wide direction to Ontario's land
use planning system for building strong communities, protecting public health and safety and
the wise use and management of resources;
b) The Growth Plan for the Greater Golden Horseshoe (2006), which provides strategies and policy
direction to south‐central Ontario municipalities for directing growth to built‐up areas to
achieve intensification targets and transit‐supportive densities as well as for the provision of
sustainable transportation and water and wastewater infrastructure systems to support the
major growth projected for the region;
c) The Greenbelt Plan (2005), which consolidates the Oak Ridges Moraine and the Niagara
Escarpment under a Greenbelt umbrella and includes new Protected Countryside lands to
protect an agricultural system, a natural system comprised of natural heritage and hydrologic
features and functions, and which is also intended to provide a firm boundary limit to the
urbanized and urbanizing lands in the Greater Golden Horseshoe;
d) The Oak Ridges Moraine Conservation Plan (2001), which limits urban development to existing
settlement areas and which protects key natural heritage and hydrological features and
functions and areas of significant landform through the strict control of permitted new land uses
in the Natural Core Area, Natural Linkage Area and Countryside Area land use designations;
e) The Niagara Escarpment Plan (2005), which provides for the maintenance of the Niagara
Escarpment and land in its vicinity substantially as a continuous natural environment and to
ensure only such development occurs as is compatible with that natural environment; and
f)

The Rouge Park Management Plan (1994) and the Rouge North Management Plan (2001), which,
as stated in the Greenbelt Plan, should be considered as the guiding land and resource use
planning documents for the area of the Rouge Park.
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Figure 1‐1: Toronto and Region Conservation Authority (TRCA) ‐ Regional Setting
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Figure 1‐2: TRCA Jurisdiction
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1.4.3 Municipal Partners
TRCA has six participating or member municipalities including the City of Toronto, the Regional
Municipalities of Durham, Peel and York, the Township of Adjala‐Tosorontio and the Town of Mono. In
addition, the following 12 local municipalities are located within TRCA’s jurisdiction:





Town of Caledon
City of Brampton
City of Mississauga
Township of King






Town of Aurora
City of Vaughan
Town of Richmond Hill
Town of Whitchurch‐Stouffville






City of Markham
Township of Uxbridge
City of Pickering
Town of Ajax

1.4.4 Federal and Provincial Partners
Various federal and provincial partners are actively involved in source water protection planning and/or
watershed planning within TRCA’s jurisdiction. These include:
 Department of Fisheries and Oceans (DFO)
 Ministry of the Environment (MOE)
 Ministry of Municipal Affairs and Housing
(MMAH)
 Ministry of Agriculture, Food, and Rural Affairs
(OMAFRA)

 Ministry of Natural Resources (MNR)
 Ontario Realty Corporation (ORC)
 Greater Toronto Airports Authority (GTAA)

1.4.5 Other Partners
The York‐Peel‐Durham‐Toronto Groundwater Management Study Team (YPDT) in partnership with the
Conservation Authorities Moraine Coalition (CAMC) has provided the fundamental foundation for
hydrogeological modelling and understanding across the TRCA’s jurisdiction.
1.4.6 Physical Setting
The TRCA jurisdiction includes six physiographic regions as defined by Chapman and Putnam (1984) and
mapped in TRCA’s Conceptual Water Budget Report (TRCA, 2007b);


The Guelph Drumlin Field along the western TRCA boundary;



Niagara Escarpment which cuts through the western portion of the Upper Main Humber close to
Airport Road;



Oak Ridges Moraine (ORM) in the north;



The South Slope through the core of TRCA’s jurisdiction;



The Peel Plain (also known as the Peel Ponds) in the middle reaches of the Humber River
Watershed and the headwaters of the Mimico Creek watershed; and



The Iroquois Lake Plain in the south along the Lake Ontario shoreline.

The Guelph Drumlin Field physiographic region lies immediately to the west of the Niagara Escarpment.
The area is characterized by hummocky terrain from the high concentration of drumlins, which are
rounded hills formed under the glacial ice. The soils are a mix of stony glacial tills and gravel terraces
from former spillways.
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The western edge of the Humber River watershed extends up to, and over, the Niagara Escarpment. This
escarpment forms a prominent limestone ridge some 100 m high along much of its length, although in
areas such as the TRCA jurisdiction, where the ORM buries the Escarpment face, no cliff edge is visible.
The Oak Ridges Moraine stands out as one of the most distinctive physiographic units of Southern
Ontario (Chapman and Putnam, 1984). The surface is hilly, with a knob and basin (hummocky) relief
that probably formed as the margin of the Lake Wisconsinan ice melted back from atop the Niagara
Escarpment (Barnett et al., 1998). It passes east‐west through the centre of York Region, roughly
midway between Lake Simcoe and Lake Ontario. The ridge formed by the ORM reaches a maximum
elevation of about 400 mASL and extends eastward from the Niagara Escarpment to the Trent River; a
distance of over 160 km.
Due to its predominantly sandy surface soils and hummocky topography, the moraine serves as the
primary recharge area to underlying aquifers. The moraine forms a surface water divide (though not
always coincident with the groundwater divide) between water flowing south to Lake Ontario and water
flowing north to Lake Simcoe and the Kawartha Lakes. While few streams are located on the moraine
itself, springs along the flanks of the moraine provide groundwater discharge to streams that drain the
till plains to the north and south. These springs are dependent upon recharge through the Oak Ridges
Moraine.
The area south of the Oak Ridges Moraine has been divided into three physiographic regions: the South
Slope, the Peel Plain, and the Iroquois Lake Plain (Chapman and Putnam, 1984). The South Slope is
smooth, faintly drumlinized clay till plain, containing the deeply incised stream valleys of the Humber,
Don and Rouge Rivers. Elevations range from about 280 mASL where the South Slope intersects the
ORM, to about 80 mASL near the Lake Ontario shoreline. The Peel Plain lies within the centre of the
South Slope area and is a faintly undulating to flat till plain with a lake clay veneer. The Peel Plain is also
deeply incised by the stream valleys. Finally, the Iroquois Lake Plain represents the near‐shore area of
glacial Lake Iroquois. The Halton and older tills have been cut down and smoothed by wave action.
Beach sand and lacustrine silts and clays have been deposited on the 5 km wide lake plain.

1.5

Previous Work and Context

The Toronto and Region Conservation Authority has completed a watershed characterization study
(TRCA, 2007a) and a conceptual water budget study (TRCA, 2007b) for the watersheds within its
jurisdiction. A summary of the water budget process is provided in Section 2. A summary of the
Conceptual Water Budget along with new and updated maps and information are provided in Appendix
A3.
Emphasis in this report has been placed on the detailed numerical assessment of groundwater recharge,
interaction between the groundwater and surface water systems as well as upon groundwater
movement across watershed boundaries. The groundwater divide is beyond the surface water divide in
some areas along the Oak Ridges Moraine and the Niagara Escarpment. Therefore, cross‐watershed
groundwater flow occurs in the northern parts of the Humber River, Rouge River, Duffins Creek and
Carruthers Creek watersheds. The CTC Source Protection Planning Committee will direct the update of
the mapping and technical information for inclusion in TRCA’s Assessment Report.
The data and mapping in this Tier 1/ Tier 2 report result from compilations of existing watershed
information available to TRCA as of June, 2010. The work relied upon the technical work and reporting
for watershed plans completed under the Oak Ridges Moraine Conservation Plan. This document will be
a “living document” that will evolve as our knowledge of the watershed evolves and will ultimately form
a major component of the Assessment Report for the TRCA watersheds.
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Scope of Work

1.6.1 Hydrologic Cycle
The hydrologic cycle, or the water budget, is the natural cycling of Earth's water between the
atmosphere, surface and subsurface through the processes of precipitation, evaporation plus
transpiration by plants (evapotranspiration), surface runoff, groundwater recharge, infiltration and
groundwater flow as shown on Figure 1‐3 below, and are described in more detail in Section 2.
Figure 1‐3: Water Budget Schematic

1.6.2 Available Data
The analysis for this report utilizes available data that have been collected within the TRCA watersheds
by TRCA and other government agencies such as the Ontario Ministry of the Environment (MOE) and
Environment Canada (EC). These data have been analyzed in earlier studies, such as the Rouge, Humber
and Don Watershed Plans (TRCA, 2007; TRCA, 2008; TRCA, 2009) and as part of the Watershed
Characterization and Conceptual Water Budget Studies (TRCA, 2007a; TRCA, 2007b). Gaps in the data
records are discussed in Section 5 of this report.
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1.6.3 Hydrologic/Hydrogeologic Models
As noted in Guidance Module 7, complex hydrologic models should be used at the Tier 1 level for
analyzing subwatershed stress, if they are already available, because they will yield the best estimates of
the water budget components. Use of such models is required at the Tier 2 level of analysis. TRCA used
existing numerical surface water (hydrologic; PRMS) and groundwater (hydrogeologic; MODFLOW)
models developed for watershed planning purposes to fulfil the Tier 1 and Tier 2 (Whitchurch and
Stouffville) analysis for this study.
The hydrologic model integrates information on land use, vegetation, surficial geology, topography, and
climate (i.e. rainfall, temperature, and solar radiation) to produce daily estimates of the water budget
components within each subwatershed, which, at a subwatershed scale, was deemed to be sufficient for
this Tier 1/ Tier 2 level of assessment.
Other significant processes such as interception by tree canopy, snow accumulation, sublimation,
snowmelt, and depression storage on impervious areas were also simulated in the hydrologic model.
Runoff from pervious and impervious areas was estimated separately because understanding these two
processes is critical to predicting how the water balance changes with increased urban development.
Details of the hydrologic modelling approach are provided in Section 3.4 and the results are provided in
Section 4.
As noted in the guidance documents, a Tier 1 Water Budget must consider the links between the surface
water and groundwater systems. To establish the linkages, the output of the hydrologic model was input
into a steady‐state numerical groundwater flow model, further described in Section 3.4.1. The
groundwater model provided estimated groundwater potentials, groundwater budget items (such as the
exchange of water between shallow and deeper aquifers) and baseflow to streams. Results from the
groundwater modelling, described in Section 4.2, suggest that groundwater enters the TRCA watersheds
from high recharge areas to the north and west. Groundwater pathway and flux analyses also indicated
that groundwater moves across subwatershed boundaries. Therefore, findings from the groundwater
modelling were used in an iterative manner to adjust calibration targets for the surface water hydrologic
model. Both models were calibrated to the available data, primarily observed groundwater potentials,
surface water flows and separated base flows (groundwater discharge component of streamflow).
1.6.4 Stress Assessment Subwatersheds
The stress assessment calculations required by the 2009 Director’s Rules were designed to be completed
on subwatersheds approximately 20 to 100 km2 in size, as documented in Guidance Module 7.
Therefore, TRCA divided its jurisdiction into 52 stress assessment subwatersheds based on hydrologic
boundaries from other studies, resulting in an average subwatershed area of 48 km2. The methodology
for this process is provided in Section 3.2.
1.6.5 Water Use
TRCA calculated water use by subwatershed using data from TRCA’s field verified Water Use Assessment
(WUA) database, supplemented with records from the provincial Permit to Take Water Database
managed by the MOE, as described in Section 3.6. Consumptive factors were used to account for water
returned to the hydrologic system from such processes as aggregate washing, irrigation, waste water
treatment plant discharges, etc.
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1.6.6 Stress Assessment Calculations
The results of the water supply and water use analyses were used to evaluate the cumulative stress
within each subwatershed, as described in detail in Sections 4.3 and 4.4. The percentage of the surface
water and groundwater supplies that are required by water users is referred to as the percent water
demand. Both current conditions and a 25‐year future water demand scenario were considered for
water use, and both surface water and groundwater reserves were incorporated into the calculations in
accordance with the Director’s Rules. The level of potential stress by subwatershed was assigned the
highest value from the monthly and average annual values for both surface water and groundwater.
1.6.7 Next Steps
Data gaps that should be filled before further water budget assessment work is completed are
documented in Section 5. Recommendations for a future Tier 3 assessment, as documented in Section
6, are based on local areas with municipal water wells that are identified as having a moderate or high
potential for stress.
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WATER BUDGETS

As mentioned in Section 1.6.1, water budgets describe the flow of water both above and below the
ground surface, and include human interactions, such as water use and wastewater treatment plant
discharges. They involve the allocation of precipitation and the summation of surface water and
groundwater budgets. The Director’s Rules and Guidance Module 7 identify the overall water budget
requirements, and the specific outputs of a Tier 1 Water Budget. This section provides an overview of
the overall water budget process for drinking water source water protection and the role of the Tier
1/Tier 2 assessment in that process. As mentioned in Section 1, this report builds upon TRCA’s
Conceptual Water Budget Understanding report with additional analysis, including modelling of surface
water and groundwater.
A synopsis of the conceptual report along with new and updated maps and the peer review record is
provided in Appendix A. For further explanation of water budget concepts and the mapping of input
data (i.e., soils, topography, land use, etc.) for the modelling exercise, please refer to TRCA’s Conceptual
Water Budget Understanding report (TRCA, 2007b).

2.1

Water Budget Parameters

The components of a steady‐statex water budget (assuming no change in water storage and no
anthropogenic inputs) are shown schematically on Figure 2‐1 and include:










Precipitation (QP);
Evapotranspiration (QE);
Runoff (QRO);
Recharge (QR);
Lateral groundwater inflow and outflow (QIN and QOUT));
Groundwater discharge to streams (QGD);
Surface water flow (QSW=QRO + QGD);
Surface water taking (QST); and
Groundwater taking (QGT).

Note that anthropogenic inputs include waste water treatment plants, of which there are only three in
TRCA’s jurisdiction. These are considered in the detailed methodology provided in Section 3.

2.2

Water Budget Equations

The general water budget equation for a watershed (Thornthwaite and Mather, 1957) can be presented
as:
QP = QE + QRO + QR
The above equation is simple to follow but does not provide details about the subsurface flows in and
out of subwatersheds and human interactions. Combining all of the components listed above in the
general form of the Thornthwaite and Mather equation results in the following:
QP + QSW(in) + QIN = QE + QSW(out) + QOUT + QST + QGT
(Note: QR is a subset of QP, and QSW includes QRO and QGD)
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Figure 2‐1: Water Budget Parameters

From: MOE, 2007

This report documents the estimated values of the water budget parameters on a subwatershed basis.
The calculations are done in two parts – surface water and groundwater, with consideration of both
current and future conditions.

2.3

Water Budget Screening Decisions

The Water Budget Assessment Process documented in the Director’s Rules and Guidance Module 7 is
provided on Figure 2‐2. In accordance with this process, TRCA has developed an integrated conceptual
understanding based on existing and relatively comprehensive knowledge of the TRCA watersheds
(TRCA, 2007b). The TRCA has characterized watersheds and has a sufficiently developed understanding
to begin numeric modelling of the watersheds. TRCA’s rationale to proceed with complex surface
water/groundwater modelling for this Tier 1/ Tier 2 Water Budget is documented in the following
sections.
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Figure 2‐2: Water Budget Process (from MOE Guidance Module 7)
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2.3.1 Municipal Source from Large Water Body
The first screening question after the Conceptual Water Budget is whether the municipal water supply is
from a large body of water. For the City of Toronto, and parts of Peel, York and Durham, the answer to
this question is "yes", in that all of these municipalities obtain some, or all of their municipal drinking
water from Lake Ontario. Therefore, neither Tier 1 nor Tier 2 water budget work is explicitly required for
those areas. However, for the northern part of TRCA's jurisdiction, including the communities of Caledon
East, Palgrave, Nobleton, Kleinburg, King City, Whitchurch‐Stouffville and Uxville, the current municipal
drinking water supplies are from groundwater sources. However, many of the flow gauges used for
surface water and groundwater model calibration are near Lake Ontario, and Lake Ontario is the only
easily defined southern boundary condition for the groundwater model. Therefore, TRCA believes that
modelling of the headwaters in isolation is not practical and that a jurisdiction‐wide modelling effort is
warranted for our watersheds.
2.3.2 Level of Modelling Effort Required
Existing complex numerical surface water (surface water hydrologic; PRMS) and groundwater
(hydrogeologic; MODFLOW) models developed for watershed planning were used because they were
available and satisfy the Tier 1 and Tier 2 assessment requirements.
2.3.3 Groundwater and Surface Model Requirement
Surface water hydrologic models, such as PRMS, can provide a good representation of the physical
processes in the shallow soil zones but only offer a simplified representation of the process of
groundwater flow. This limitation can be important in areas where the watersheds gain or lose water
across external boundaries or there are cross‐watershed flows within the study area. By not accounting
for these volumes, the calibration of the hydrologic models to the gauged flows will be incorrect.
Therefore, TRCA’s consultants coupled a groundwater model to the PRMS‐based hydrologic model to
provide a semi‐independent method of determining baseflow and the cross basin flow contributing to a
gauge. The net cross‐basin flows were then subtracted from the observed flows to estimate actual
recharge within the gauged watershed.
The surface water/groundwater model coupling also provided a semi‐independent check on the
simulated rates of recharge. For example, if the PRMS model computes recharge rates that are higher
than the groundwater system can “absorb”, the simulated groundwater levels will be much higher than
observed. Conversely, if the recharge rates are too low, the simulated groundwater levels and gradients
will be too low. Second, the groundwater model provides a semi‐independent method of determining
baseflow (groundwater discharge) and the cross basin flow contributing to a gauge. The net cross basin
flow can be subtracted from the observed flows to estimate actual recharge within the gauged
watershed.
The term semi‐independent is used to highlight the fact that the simulated water levels depend on the
groundwater system parameters determined in the model calibration process that in turn, depend on
the rates of recharge estimated. Similarly, the volume of simulated cross‐basin flow depends on the
rates of recharge in the area outside the gauged catchments. This interdependence necessitates an
iterative approach to simulating the water budget where the groundwater model input and the PRMS
model input are adjusted until both models produce acceptable calibration results. This type of coupling
is termed a “loose” coupling where models are run sequentially and feedback between models is done
manually.
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Therefore, TRCA has adopted an integrated approach that links a PRMS‐based continuous hydrologic
model for flow of water on the surface and unsaturated zone, with the three‐dimensional, MODFLOW‐
based groundwater flow model. The selected models and methodology are particularly suitable for the
TRCA watersheds and achieve a tailor‐made solution with the following advantages:
a) The PRMS and MODFLOW model codes were developed by and are supported by the United
States Geological Survey (USGS);
b) The PRMS and MODFLOW codes are open source, and have been subject to extensive peer
review;
c) The PRMS‐based model was used successfully in the development of the Humber River
Watershed Plan;
d) The MODFLOW‐based model has been developed through a co‐operative effort on the part of
the Regional Municipalities, the City of Toronto and TRCA. It has been the subject of extensive
calibration efforts based on comprehensive data collection work. As such, it represents the most
up‐to‐date model and understanding of the groundwater system in the GTA;
e) Both models are locally developed and supported;
f) The linking of these two model codes is consistent with approach used in the CLOCA watersheds
to the east and similar to the process in the Credit River watershed to the west;
g) Development efforts have been initiated to strengthen the linking mechanism to improve
accuracy, while also making application of the software more user‐friendly; and
h) Once the impending improvements to the PRMS‐MODFLOW linkage are complete, the surface
and groundwater flow models will be used by TRCA for future water balance analysis.
2.3.4 Water Quality Modelling
TRCA does not believe that water quality modelling of either groundwater or surface water is required
at this time for the purposes of source water protection in our jurisdiction. Water quality assessments
conducted by TRCA, and the Regions of Peel, York and Durham (TRCA, 2007a, Aqua Resources, 2007,
Genivar, 2007) have not identified any particular concerns of water quality for municipal wellfields in
TRCA’s jurisdiction. TRCA will provide water quality data into a regional study of Lake Ontario (Lake
Ontario Collaborative) being conducted by municipalities and conservation authorities on an as‐required
basis.

2.4

Future Considerations

An important consideration in water budget calculations is the increase in water use associated with
population growth. For those communities in the northern third of TRCA’s jurisdiction that depend on
groundwater for municipal water supplies, an increase in population may result in increased
groundwater takings, depending on the source of the additional water supply. In addition, there may be
increased demand for large recreational water uses, such as golf courses, many of which now utilize
groundwater or surface water sources for irrigation. Groundwater and surface water usage rates,
particularly in headwater areas, must be closely monitored to ensure the protection of water quantity
for aquatic communities and for humans dependent on wells or surface water for their water supply
needs.
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METHODOLOGY
Process Overview

A general outline of the Water Budget assessment process was presented in Section 2.3 and is described
in detail in the sections below.

3.2

Stress Assessment Subwatersheds

For the purposes of this report, TRCA’s watersheds were delineated into 52 individual Stress Assessment
Subwatersheds, as shown in Figure 3‐1. The smallest subwatershed was 3 km2 in area (small
subwatershed draining into Lake Ontario), while the largest was 110 km2, and the average size was 48
km2. These catchments were derived based on information in Guidance Module 7 that recommends
subwatershed areas between 20 and 100 km2.
The 52 subwatersheds considered in this study generally conform to TRCA watershed management
boundaries and are based on hydrological and hydraulic modelling that has been completed for all TRCA
watersheds over the last 5–10 years (TRCA, 2007b). The sizes and boundaries of these subwatersheds
were reviewed by an external peer review committee and the Ministry of Natural Resources prior to the
commencement of this Tier 1/ Tier 2 assessment.
Because the catchments were derived separately for each TRCA watershed, there were edge‐matching
issues at the watershed divides where overlaps and gaps had to be resolved. The chosen solution
involved regenerating the catchments using the ESRI ArcHydro data model and tools. GIS staff
processed the data based on the provincial 1:10,000 Digital Elevation model, with a drainage limit of 50
hectares. The resultant catchments were then grouped based on the previous HSPF model groupings,
clipped to the Toronto and Region Source Protection Area, and numbered.
Some watersheds within the TRCA jurisdiction were not sub‐divided into smaller Stress Assessment
Subwatersheds due to their small size. Those included the Carruthers Creek, Petticoat Creek, and
Frenchman’s Bay watersheds.

3.3

Data Sources

A partnership formed by the Regional Municipalities of Peel, York and Durham, the City of Toronto and
the nine Conservation Authorities located along the Oak Ridges Moraine (YPDT‐CAMC) initiated a
detailed analysis of the groundwater flow systems associated with the ORM in 2002. As part of this
study, all water‐related data, including streamflow, climate, borehole, and water well information and
pertinent mapping and reports, were collated into a water resources database (referred to as the YPDT‐
CAMC database). These data were used in the construction and calibration of a three‐dimensional
numerical groundwater flow model for the central part of the ORM (referred to as the Core Model)
(Kassenaar and Wexler, 2006).
TRCA has expanded and refined this groundwater model to prepare background technical reports (TRCA,
2006a,b) in support of Watershed Plans for the Rouge and Humber River watersheds. This expansion
included the addition of the PRMS‐based model to help quantify the spatial distribution of the principal
components of the water budget, including groundwater recharge.
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Figure 3‐1: Stress Assessment Subwatersheds
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TRCA is fortunate to have a long history of data collection and analysis. Over the years, a number of
federal, provincial and municipal agencies have collected and assessed data regarding water budgets.
This report was developed based on a number of data sources, from these partners.
a) Toronto and Region Conservation
 Regional Monitoring Program (includes PGMN (groundwater) and PWQMN (surface water)
components); and flow gauges.
 TRCA Databases and GIS:
o Envirobase access database;
o Field collection data (e.g., low streamflow surveys);
o TRCA internal GIS system;
b) Municipalities
 Water Use Inventories;
 City of Toronto Water Balance for water supply, wastewater disposal
 Municipal usage rates and water levels in and around municipal well fields;
c) Ontario Ministry of the Environment (MOE)
 Water Well Information System (WWIS);
 Permit to Take Water Database (PTTW);
 Provincial Groundwater Monitoring Network (PGMN);
d) Ontario Ministry of Natural Resources (MNR)
 Digital Elevation Model (DEM);
e) Ontario Geological Survey (OGS)
 Surficial geologic interpretation;
f) Geological Survey of Canada (GSC)
 Surface and subsurface geologic interpretation for southern Ontario;
g) Water Survey of Canada
• Stream Gauging Network;
h) Other Partners
• York‐Peel‐Durham‐Toronto Groundwater Management Study (YPDT).
Precipitation, surface water flow, surface water taking, and groundwater taking have been recorded for
many decades by interested stakeholders, including TRCA and its partners. However, limited historical
evaporation data are available, mostly outside of TRCA’s jurisdiction and no transpiration data are
available. This last parameter is challenging to measure because of the number of plant species
involved, each of which has unique transpiration rates, which vary depending on a number of factors
such as temperature, humidity, altitude, time of day and time of year. However, evaporation and
transpiration can be estimated using empirical formulae based on calibration in many watersheds (e.g.
Thornthwaite and Mather, 1957).
Limited data on groundwater recharge and discharge are available, and are generally inferred from
modelling, baseflow (groundwater discharge) separation of a streamflow hydrograph or low streamflow
surveys. Groundwater flow rates are in the order of metres per year, and are therefore not directly
observable. However, TRCA and its partners maintain groundwater monitoring systems to observe
changes in groundwater levels over time, and a groundwater flow model has been constructed to
simulate the flow of groundwater across the watersheds.
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Numerical Models

3.4.1 Modelling Approach
Data Review
The first task included a review of previous studies conducted in the TRCA area, including the Watershed
Characterization Report (TRCA, 2007a) and Conceptual Water Budget Report (TRCA, 2007b). Other
reports included those compiled and scanned to create a digital library as part of the YPDT‐CAMC Oak
Ridges Moraine Hydrogeology Program. Previous modelling results were reviewed, including watershed
modelling and analysis reports done for the Duffins Creek (TRCA, 2003), Humber River (TRCA, 2006b)
and Rouge River (TRCA, 2006a), and the Toronto Wet Weather Flow Master Plan (City of Toronto, 2003).
These reports estimated the baseline conditions and assessed the effects of proposed developments
under different land use and climate scenarios.
The availability of data for the study area was assessed including:








Climate (daily precipitation, temperature and solar radiation);
Stream flow (continuous daily flows and spot flows);
Surficial geology, soil maps, and topography;
Water wells and high quality boreholes;
Land use (present and future) and data on vegetative cover;
Groundwater level data (static water levels and continuous recording); and
Aquifer properties (from aquifer tests, specific capacity and lithologic characterization).

Selection of Models
As discussed in Section 1.6.3, both surface and groundwater models were used in this assessment. A
description of the tasks carried out to apply the PRMS‐based hydrologic model and the MODFLOW‐
based groundwater model is described briefly below. The focus of these sections is on describing the
input data used in the selection of calibration targets, and the steps taken to link the two models.
Further details on the modelling processes are provided in Appendix C.
Model Inputs
Values for the physical properties of the watershed were linked to maps of surficial geology for soil
based parameters such as hydraulic conductivity, porosity and field capacity. Values were also
connected to maps of current or future land use, for land‐use based parameters such as vegetative
cover and percent imperviousness. The land use data used to generate PRMS model inputs for the
calibration were derived from the Environmental Land Classification (ELC) map based on 2002
orthophotography, provided to Earthfx Inc. by TRCA. Earthfx Inc. is the consultant chosen by TRCA to
conduct both the water budget and groundwater flow modelling. Some properties, such as the Soil
Conservation Services Curve Number (CN) used in computing runoff were assigned based on a
combination of land use and soil type information.
Climate data were obtained from several stations that had at least 15 years of combined precipitation
and temperature measurements, as listed in Table 3‐1. Daily rainfall and temperature values were
interpolated to each model cell from the observation data using the standard inverse distance squared
interpolation method. Missing data at the stations were infilled, prior to the simulation, from data at
the nearby stations and were corrected by the ratios of monthly average values.
Table 3‐1: Precipitation and Temperature Stations
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Station Name

Station
ID

Elevation
(mASL)

Gormley Ardenlee
King Smoke Tree
Richmond Hill
Stouffville WWPCP
Toronto Ellesmere
Toronto Malvern
Toronto Metro Zoo
Toronto Buttonville Airport

6152953
6154142
6157012
6158084
6158520
6158738
6158741
615HMAK

198
352
240
267
164
160
143
198

Period of Record
1974 – 1994
1974 – 2003
1959 – 2003
1971 – 1993
1959 – 1994
1974 – 1993
1976 – 1993
1986 – 2003
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Average
Precipitation
(mm/yr)
851
849
884
851
794
898
839
852

3.4.2 Surface Water Model
The PRMS model uses an open‐source code to calculate all components of the hydrologic cycle on a
watershed or subwatershed scale. It evaluates the impacts of various combinations of precipitation,
climate and land use, on streamflow and groundwater recharge. The modular design provides a flexible
framework for model enhancement. The code is well documented in Leavesley et al., (1983) and has
been used in many applications across the U.S. and in Europe (Ely, 2006, and Yeung, 2005 provide
examples of recent applications).
To create the PRMS model, each watershed is divided into subunits, referred to as “hydrologic response
units” (HRUs) based upon basin characteristics such as slope, aspect, elevation, vegetation type, soil
type, land use, and precipitation distribution. Water and energy balances are computed daily for each
HRU. The sum of the responses of all HRUs, weighted on a unit‐area basis, produces the daily system
response and streamflow for a basin. A second level of partitioning is available for storm hydrographs.
While the storm mode includes more complex moisture routing processes, it must be run on a maximum
five‐minute time step basis. The daily mode was felt to be adequate for this level of assessment and
was more compatible with the types of climate data available.
Additional information for a rainfall‐runoff and water balance analysis is required for a detailed
application of the model, as discussed in Yeung (2005). Reference can also be made to Ely (2006) for
details of a sensitivity analysis of simulated recharge values for selected parameters using PRMS.
The 1991 version of the PRMS source code (http://water.usgs.gov‐/software/prms.html) was limited to
a maximum of 50 HRU. Because there is no real reason, except computer memory limitations, to
restrict the number of HRUs; TRCA’s consultant, EarthFx Inc., modified the PRMS code to allow each
HRU to represent a cell in a rectangular grid. The ability to compute the water balance on a cell‐by‐cell
basis made PRMS much more compatible with the existing MODFLOW model.
For this study, 100m square cells (1 ha) were found to adequately represent the distribution of land use,
topography and soil properties within the TRCA area. The grid contained 950 rows and 680 columns
(over 248,000 cells). Cells that covered areas outside of the watershed boundaries were designated as
inactive and were not included in the water budget computations.
A flow chart describing the operation of the PRMS code is provided in Appendix C, along with a
summary of the input and output parameters, program operation and calibration. A portion of the
User’s Guide is included in Appendix C2 that further details how the program operates. The reader is
referred to Leavesley et al., (1983) for a more complete description of the program code and the
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underlying theory. The model is “fully distributed”, meaning unique values for all parameters, from
precipitation to hydraulic conductivity, were used for each one hectare cell in the model.
3.4.3 Groundwater Model
The primary tool for assessing the current hydrogeologic regime of TRCA’s watersheds was the YPDT‐
CAMC model mentioned in Section 3.1. The flow model, which is documented in a report by Kassenaar
and Wexler (2006), was constructed using the U.S. Geological Survey MODFLOW code (McDonald and
Harbaugh, 1988). Model boundaries extend from the Etobicoke Creek watershed in the west to the
Carruthers Creek in the east, and from Lake Simcoe in the north to Lake Ontario in the south. Vertically,
the model is divided into eight layers representing the three main regional aquifers, three main regional
aquitards, as well as the upper weathered bedrock and surficial deposits (including glacial Lake Iroquois
beach sands, deeper lake deposits and weathered tills). The cells of the model are 100 m by 100 m (one
hectare) in plan view, which provides sufficient resolution to accurately represent groundwater
discharge to watercourses, and matches the PRMS grid size.
Model Calibration
Coupling of the groundwater and surface water models helps to overcome the limitations of both
models. Many techniques are available for coupling hydrologic and groundwater models and the degree
of interaction between the two models can vary from fully integrated codes to a loose coupling, where
one model provides input to the other with limited feedback. In linking the PRMS and MODFLOW
models, a loose coupling with an iterative approach was employed. PRMS was first calibrated to
observed total flows and baseflows and used to generate estimates of annual average recharge. The
groundwater model was then run and results were analyzed to estimate cross watershed flows. The
baseflow calibration targets, for the hydrologic model, were then adjusted to account for the cross‐
watershed flows and the process was repeated. The results of model calibration for both the PRMS and
MODFLOW models are provided in Appendix C.
Calibration Targets
Calibration of the PRMS model involved refining the initial estimates of watershed properties within
accepted ranges to match average daily stream flow and estimates of average baseflow determined
through application of baseflow separation techniques to the measured flow data. The selected
calibration period was 1989 to 1997. An 8‐year period was deemed sufficient to provide a meaningful
estimate of average annual recharge, as it covered a range of consecutive dry, wet and average years.
Calibration over a longer period (i.e., 30 year climate normal) would have required significantly more
modelling effort, but not increased the confidence in the results. Flow data were obtained from the
Environment Canada HYDAT gauges listed in Table 3‐2 and confirmed that the modelling period was
reasonable.
The climate and streamflow data were obtained for these periods from Environment Canada and
processed as part of building the YPDT‐CAMC database for the Oak Ridges Moraine area.
Baseflow separation was done to estimate the daily groundwater contribution to streams as observed at
the gauges. Daily estimates were summed over the period of record, to provide estimates of annual
groundwater discharge to streams at the gauged locations. It is important to note that baseflow is not
synonymous with summer low‐flows (usually measured in a period with no antecedent rainfall).
Summer low flows are composed mostly or completely of groundwater discharge, but it is incorrect to
assume that these low‐flows represent the annual average groundwater discharge. Groundwater
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discharge to streams varies on a daily basis, typically exhibiting very high rates of discharge during the
spring and a gradual recession through the summer followed by recovery during the fall.
Computer‐based methods have been developed, to separate baseflow from hydrographs of total
streamflow. These use a variety of techniques, some physically based and some more mathematical in
nature. One method, (Clarifica, 2002), has been applied to several of the TRCA watersheds and was
found to produce reasonable results, as shown on Figure 3‐2.
No changes were made to the groundwater model, other than changing the distribution of groundwater
recharge. The resulting calibration of the groundwater model to static water level data obtained from
the MOE Water Well information System (WWIS), as shown in Appendix C, was comparable to the
original calibration statistics for the YPDT model (Kassenaar and Wexler, 2006).
Table 3‐2: Environment Canada HYDAT Gauges
Gauge ID

Drainage
Area
(km2)

Period of
Record

Annual
Average
Flow (m3/s)

Black Creek near Weston

02HC027

58

1966‐2005

0.90

Don River at Todmorden

02HC024

316

1962‐2005

4.50

Don River at York Mills

02HC005

88

1945‐2005

1.00

Duffins Creek above Pickering

02HC019

94

1960‐2005

1.30

Duffins Creek at Ajax

02HC049

251

1989‐2005

2.84

East Humber River near Pine Grove

02HC009

197

1953‐2005

1.39

Etobicoke Creek below Queen Elizabeth
Highway

02HC030

204

1966‐2005

2.53

Highland Creek near West Hill

02HC013

88

1956‐2005

1.42

Humber River at Elder Mills

02HC025

303

1962‐2003

2.63

Humber River at Weston

02HC003

800

1945‐2005

6.87

Humber River near Palgrave

02HC047

167

1981‐2005

1.53

Little Rouge Creek near Locust Hill

02HC028

77

1963‐2005

0.96

Rouge River at Markham

02HC022

186

1961‐2005

1.54

Mimico Creek at Islington

02HC033

71

!965‐2005

0.88

West Humber River at Highway No. 7

02HC031

148

1965‐2005

1.25

Gauge Name

Note: Drainage areas as determined by Environment Canada
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Figure 3‐2: Baseflow Separation Techniques (Rouge River at Markham 02HC022)

While the calibration of the MODFLOW model resulted in very good agreement between modelled
results and measured data, it should be noted that a hydrogeologic model of this scale is most suitable
for depicting groundwater flow at the watershed and subwatershed scales. The model may not,
however, capture or accurately depict all the smaller‐scale groundwater systems, such as isolated
shallow aquifers. Further, the steady‐state nature of the model only allows long term predictions of
average conditions and does not reflect the natural seasonal variation of the groundwater regime or the
transitional effects of changes to land use.
Therefore, while the MODFLOW model is an excellent tool for characterizing the groundwater system on
a long‐term, watershed scale and for predicting the effects of future changes on this basis, there are
local and short‐term phenomena which could be ecologically significant and may not be captured by the
modelling, and therefore require empirical data and professional judgment to characterize. Future
improvements to the model, to simulate transient flow in the watershed, are planned as part of the Tier
3 water budget study for the Whitchurch‐Stouffville area.
3.4.4 Coupling of Surface Water and Groundwater Models
An iterative process was undertaken consisting of adjustments to the calibration of the PRMS model and
evaluation of the PRMS model output, based on the estimated groundwater discharge to streams and
cross‐basin flow resulting from MODFLOW simulations. Through this process, it was realized that local
groundwater flow patterns, the permeability of surficial soils (as estimated based on surficial geology
mapping) and the percent of impervious surfaces were the most significant determinants of local
recharge, and the PRMS model was adjusted to account for these factors. The outcome of this exercise
was a more accurate depiction of the connection between surface water and groundwater systems than
in conventional groundwater modelling, resulting in a strong MODFLOW model calibration. In addition,
the resulting calibrated PRMS model for the watershed provides a much more realistic representation of
the hydrologic water budget on a local scale than conventional water budget modelling, which does not
generally account for the influence of the groundwater regime on surface processes.
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Calibration started with a focus on the Humber River and Rouge River watersheds. Once a reasonable
calibration was obtained to observed flow at the surface water flow gauges, the PRMS model results
were verified by applying the same parameters to the rest of the study area. Multiple runs were made
with additional refinement of model parameters, to get the best overall calibration to all gauges and to
determine model sensitivity to parameter changes. For example, results showed that the PRMS model
is very sensitive to factors such as percent imperviousness and thickness of the recharge zone.

3.5

Water Supply and Reserve Estimation

3.5.1 Surface Water Supply and Reserve
Surface Water Supply is the term used in Technical Rule 1(3) to describe the monthly median flow of a
surface water body. This has been defined for each of the 52 stress assessment catchments based on
expected monthly flows, as determined through surface water modelling. While utilizing continuous
stream gauging data was explored, due to the combination of record length and specific location, only
11 of the 52 catchments could be assessed using gauge data. Model parameters (median daily
groundwater discharge and median daily runoff) were summed by catchment, and flows were then
routed through the watershed catchments to represent cumulative median monthly streamflow.
This method allowed for the surface water stress assessment to be based on modelled median monthly
flow (QP50) for supply estimates, and the modelled 10th percentile flow (QP90) for the reserve estimates as
per the recommendations in Guidance Module 7. The difference between the two is the resulting
‘available supply’, which can be compared to the monthly demand estimates.
3.5.2 Groundwater Supply and Reserve
Sustainable groundwater supplies are a function of recharge and groundwater flow, to and from
adjacent subwatersheds. Guidance Module 7 recommends that “the reliability of a groundwater taking
must be determined in the context of groundwater discharge and potential impacts on discharge.
‘Sustainable’ takings, therefore, can be defined as those where the resultant impacts are acceptable”.
The guidance also indicates that aquifer storage is not explicitly considered at this stage, although the
annual recharge is equally spread over the year, which effectively simulates storage over the low
recharge period in the summer months. For groundwater, the water supply has been identified as the
sum of the recharge (QR) and subsurface inflows (QIN) as per the recommendations in Guidance Module
7.
Groundwater Recharge Estimation
Guidance Module 7 offers several alternative methods for calculating groundwater recharge, including:






Baseflow separation of long‐term surface water flow gauge data
Calibrated continuous hydrologic model;
Calibrated thee‐dimensional groundwater flow model;
Calibrated soil moisture balance methods; or
Estimates based on technical staff experience.

TRCA used the calibrated PRMS hydrologic model to determine recharge estimates, as this method
provided fully distributed daily and monthly values based on high quality, long term input data.
Significant Groundwater Recharge Areas
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Recharge varies considerably across most watersheds because of local geologic conditions. Significant
Recharge Areas (SGRAs) are those areas that contribute proportionally more recharge, but only some
are hydrologically connected to drinking water systems. These areas are therefore a critical component
of the water budget analysis. The Director’s Rules (Rules 44 and 45) outline two potential approaches for
delineating SGRAs:
 Rule 44(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
 Rule 44(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 evapotranspiration for the whole
of the related groundwater recharge area from the annual precipitation for the whole of the
related groundwater recharge area.
In addition, Rule 45 states that:
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 a source of drinking water for a drinking water system.
TRCA has selected Rule 44(1) for delineating Significant Groundwater Recharge Area (SGRA) since this
method is consistent with the methodologies used by the adjacent conservation authorities, and with
assessments completed for watershed plans under the Oak Ridges Moraine Conservation Plan. The
averaging area used was the TRCA jurisdictional boundary, since this approach reflects the diversity of
recharge conditions across the major watersheds. To account for “significance” as per Rule 45, areas
serviced from Lake Ontario have been removed, or “clipped” to produce a map of SGRAs. This is a
conservative approach, since the mapping may still include recharge areas that are not hydrologically
connected to water systems as defined in Rule 1(1), but is a reasonable approach since we do not have
geo‐referenced data for such systems. If and when such information becomes available, the mapping
will be updated for inclusion in the Assessment Report.
Groundwater Flow to and from Other Subwatersheds
Groundwater flow from one subwatershed to another (i.e., QIN) can be estimated using the groundwater
flow model. The MODFLOW output was processed by EarthFx Inc. to quantify the QIN values by
subwatershed.
Groundwater Reserve
Groundwater reserve can be estimated through two different methods as indicated in Guidance Module
7; either as 10% of the annual groundwater discharge, determined through the use of a calibrated
groundwater flow model; or as 10% of the annual recharge, determined through a calibrated surface
water model. For this study, TRCA used the first method, which is consistent with the approach used in
neighbouring Source Protection Areas.

3.6

Water Use

The water demand component of the water budget refers to water taken for anthropogenic activities
(e.g. municipal drinking water takings, private water well takings, as well as other permitted takers). The
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water demand can be estimated from a number of information sources, including the MOE Permit to
Take Water (PTTW) permit database, population estimates and water well record classifications. The
demand estimates were tabulated for each watershed and then adjusted for ‘consumptive’ demand and
seasonal (monthly) usage rates.
Surface water and groundwater are utilized within the TRCA area for a number of purposes, including:







Municipal supply
Communal supply
Private domestic supply
Agricultural use
Heating/cooling
Recreational activities







Industrial use
Golf course irrigation
Groundwater pressure control
Aesthetics (ponds)
Ecologic Function

Most of the municipal drinking water supplies are drawn from Lake Ontario by the Region of Durham
and the City of Toronto and are not considered in this report. However, groundwater is also used for
drinking water supplies by the Regional Municipalities of York, Peel, Durham, and Toronto across the
northern portion of the TRCA area. In addition, golf courses and agricultural operations withdraw water
from surface water features and groundwater aquifers, primarily for crop and/or turf irrigation.
Groundwater takings for industrial uses are generally very limited. Groundwater level control comprises
mainly temporary permits associated with construction activities, except for permanent groundwater
level control for localized areas in Richmond Hill and Markham.
3.6.1 Water Use Data Sources
The most important source of water use information was the TRCA Water Use Assessment (WUA)
database, built upon the MOE PTTW database. The TRCA validated the MOE PTTW database between
2003 and 2005 in the field and has been updating this database over the past two years through
Environmental Bill of Rights (EBR) registry postings and MOE application notifications. Field surveys of
local water users collected estimates of actual usage rates, which are generally much less than the
maximum permitted rates. Verifying and estimating actual consumption is difficult, but recent
legislation (Ont. Reg. 384/04) requires that metered rates be recorded and reported, so over time, the
actual demand estimates will improve.
In 2002, an information request was made to the Ministry of Environment (MOE Central Region) in an
effort to determine the number of users and the associated water use. The PTTW guidelines require a
permit for any water use greater than 50,000 L/day, for purposes other than livestock watering,
domestic use or emergency fire control. The PTTW database, which dates back to 1961, includes only
those water users who received a permit.
The PTTW database, as provided, was found to have information gaps and was ultimately used only as a tool to
identify tributaries that were potentially under stress due to water use. For example, specific volumes were
often not provided and were therefore estimated based on similar permits, and some were omitted completely
from the analysis. Given the limitations of the PTTW database, the TRCA initiated the WUA project in 2003 to
assess water users in its jurisdiction.
The project was designed to address two main objectives:
 Develop a detailed database of all water users, including those that do not fall under the
PTTW guidelines; and
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 Ensure that all major water users and the cumulative effects of minor water users would
be available for water budget analysis and groundwater recharge/discharge studies, as
required.
Information was collected via landowner and business owner interviews, and the TRCA Water Use
Assessment Survey, which was distributed to all potential water users. This survey was part of an
information package that explained the TRCA objectives, and included a newsletter advising large‐scale
water users on conservation practices to reduce water consumption. TRCA staff has collected water use
data from more than 500 individual water users within York, Peel, Durham and Toronto. The identified
users included those regulated under the Permit to Take Water Program (municipal wells, golf courses,
etc), and those that are not subject to the regulation (livestock use, and rates less than 50,000 L/day).
Not all surveys were successful, however, and some known water takings had missing usage rates. To
populate these missing data, queries were developed in MS AccessTM to calculate the median value of all
known water takings with like ‘Specific Purposes’. These median values were then applied to users with
missing data.
To better estimate median values by specific purpose, water taking information from Lake Simcoe
Region Conservation Authority (LSRCA) was merged with TRCA water taking information for a larger
base dataset. LSRCA undertook a similar water use assessment to that of the TRCA. This method was
not able to populate all missing data; some purposes did not have comparable known data, and other
purposes (i.e. construction) were likely too varied to apply a median value. Where the median value
was not applied, the permitted maximum volume was used.
Additional water use assessment studies completed by the Regions of Peel, York and Durham were
amalgamated into the final dataset (Marshall, Macklin, Monaghan, 2006; Golder Associates, 2003;
Gartner Lee, 2003; Beatty and Associates, 2003). The Regions of Peel, York, and Durham subsequently
provided an update of monthly groundwater use for all of their active municipal wells. For this study,
only those wells with the wellheads located in TRCA’s watersheds were considered in the groundwater
demand calculations. Therefore, although a pumping rate for Palgrave well #3 is provided in Section
4.4.4, it was set to zero for the stress assessment screening calculations because it is outside TRCA’s
subwatersheds.
For stress assessment purposes, TRCA divided all water use into two source categories: surface and
ground. However, sources listed in the dataset were not limited to the two sources, and some
assumptions were required. The water use database contains four water source categories: surface,
ground, both and unknown. For the surface water stress assessment, all users in the surface category
were included, while the groundwater stress assessment included users in the ground, both and
unknown categories. TRCA lumped these additional categories together because the majority of users
surveyed through the TRCA WUA Study utilize groundwater sources.
PTTWs with a water source described as “Both” were associated with transferring or transporting water
from a well into a reservoir feature. This process only removes water from one source, a well, and the
surface water use relies on the already abstracted water. While assuming a 50/50 split between ground
and surface water sources is a possible approach, it was felt that assigning 100% of the rate to
groundwater was more representative.
However, where field validation confirmed that any of these were actually surface water permits, they
were recorded as such.
3.6.2 Unserviced Population Demand Estimation
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The number of persons consuming groundwater from private domestic supplies is referred to as the
“unserviced” population. As can be seen on Figure 3‐3, the unserviced areas are in the northern third of
TRCA’s jurisdiction. The population distribution varies greatly across TRCA’s jurisdiction, with most of
the population located in the urban centres with much lower densities in the outlying areas, particularly
in unserviced areas (Figure 3‐4). The process to estimate water demand by these users was as follows:
 The municipally serviced areas were estimated from data provided by TRCA’s regional
municipalities;
 The unserviced areas were calculated by subtracting the serviced area from the TRCA’s
jurisdictional area in ArcGIS;
 Population estimates by Small Geographical Units (SGUs) from the 2001 Canadian Census were
provided by TRCA’s regional municipalities; and
 The population statistics and unserviced areas were overlaid in GIS to produce an estimate of
unserviced population.
Non‐serviced domestic water use was calculated by combining the unserviced population estimates by
subwatershed with estimated per capita demand of 335 L/d/person from the Environment Canada
water use website (www.ec.gc.ca). This value is consistent with the value recommended in Guidance
Module 7.
3.6.3 Non‐Permitted Agricultural Demand Estimation
The TRCA Water Use Assessment project collected data from all medium to large sized agricultural
operations. Water demand for livestock consumption and irrigation was estimated through the user
surveys. Livestock operations represent a relatively small percentage of total water volume used,
despite a large number of these users (191 records). For this category, if the operator could not
estimate actual daily water usage, the number of animals was multiplied by an average unit water
demand rate, obtained from studies completed for Southern Ontario (Ivey, 1998).
3.6.4 Future Demand Estimation
The Director’s Rules require an assessment of future water use. Specifically,
Data related to the demand associated with the system within the subwatershed shall be
reflective of the future development in the subwatershed.
(Rule 32, Table 1, Scenario B)
For this scenario, TRCA consulted with the Regional Municipalities of Peel, York, and Durham regarding
anticipated future water use in 2031. Each municipality then provided estimated average annual
pumping rates based upon their previously prepared long term water supply strategies. For some wells,
the future demand was decreased (i.e., Stouffville) or set to zero (i.e., King City), since these wells are
planned to be supplemented or replaced by Lake Ontario‐based systems. For other wells (i.e., Caledon
East, Palgrave), the future demand was increased, as the planned population growth will be supported
by groundwater‐based systems.
3.6.5 Consumption Factor Correction
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To determine consumptive demand, the study team reviewed the permitted uses within the TRCA’s
WUA database and those prescribed in the Guidance Module. The consumption factor is defined as
follows:
Consumption factor = (Q pumped – Q Returned)/Q Pumped
Final consumptive usage rates for surface and groundwater were calculated based on the default factors
from Appendix D of Guidance Module 7, as shown in Table 3‐3. Some of the values were adjusted based
on knowledge of water use in our jurisdiction. For example, aquaculture, dewatering and remediation
permits for groundwater were assigned consumptive factors of 1 (100%), because it is known that these
water users remove groundwater and transfer it into either Lake Ontario through the sanitary sewer
system or into surface water. Corrections for the active usage months were obtained from Guidance
Module 7. There was a general agreement with TRCA surveyed durations and those provided in
Guidance Module 7.
3.6.6 Seasonal Water Use Correction
Many water permit holders do not require the use of water at a constant rate throughout the year, and
approximately 34% of the known uses in the study area are limited by time (excluding private domestic
supplies). However, 414 of the 628 known permits are estimated to occur over the entire year. The time
limited permits were allocated to months based on Table 15 from Appendix D of Guidance Module 7.

trca_2010.doc

SPC Accepted Tier 1 Water Budget for TRSPA Watersheds and
Tier 2 for Whitchurch‐Stouffville Area

Page 3‐15

Figure 3‐3: Municipally Serviced and Unserviced Areas
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Figure 3‐4: Population Distribution
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Table 3‐3: Consumptive Demand Factors
Water Use Category
Aesthetics
Aggregate Washing
Aquaculture
Construction
Cooling Water
Dams and Reservoirs
Field and Pasture Crops
Flood Control
Golf Course Irrigation
Groundwater Remediation
Heat Pumps
Livestock Watering
Lumped Domestic
Market Gardens / Flowers
Nursery
Other ‐ Agricultural
Other ‐ Commercial
Other ‐ Dewatering
Other ‐ Industrial
Other ‐ Miscellaneous
Other ‐ Water Supply
Schools
Snowmaking
Sod Farm
Unknown

Consumptive Demand Factor
Surface Water
0.25
n/a
0.1
n/a
0.25
0 (0.1 in Guidance)
0.8
0.1
0.7
n/a
0.1
0.3
n/a
0.9
0.9
0.8
1
n/a
n/a
1
n/a
n/a
n/a
0.9
1

Water Supply

n/a

Wildlife Conservation

0 (0.1 in Guidance)

Groundwater
0.25
0.25
1 (0.1 in Guidance)
0.25
0.25
n/a
0.8
n/a
0.7
1 (0.25 in Guidance)
0.1
0.3
0.2
0.9
0.9
0.8
1
1 (0.1 in Guidance)
0.25
1
0.2
0.25
0.5
0.9
1
1: municipal sewer/
0.2: individual septics
0.1

* n/a indicates no such users withdrawing from associated water source

3.6.7 Percent Water Demand Calculation
Surface Water
For surface water, the following equation (Rule 1(3)) was used to calculate water quantity stress. The
reader should note that for surface water, both Guidance Module 7 and the Technical Rules require that
percentage water demand be calculated on a monthly basis only:
% Water Demand (Surface
Water)

=

QDemand
QSupply‐ QReserve

x 100

The terms of the equation, as defined in Guidance Module 7 are provided in Table 3‐4.
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Term
Definition
QDemand

Surface Water
Consumptive Demand

QSupply

Surface Water Supply

QReserve

Surface Water Reserve
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Calculation

Surface water demand is calculated as the estimated rate of
locally consumptive takings from streams, ponds and lakes in a
subwatershed.
Monthly surface water supply is calculated from the monthly
median flow within a stream or into a lake or reservoir. Where
median flow conditions cannot be obtained, best available
monthly baseflow measurements or estimates should be used.
As a minimum, surface water reserve is estimated using the 10th
percentile monthly median flow.

For the TRCA watershed analysis, QDemand was calculated in the manner prescribed above (Section 3.6).
QSupply was calculated using the median monthly flows (QP50) as discussed in Section 3.5.1, while QReserve
was estimated using the QP90 monthly flows.
Groundwater
Rule 2(2) provides the following equation for calculating the percent water demand for groundwater:
% Water Demand
(Groundwater)

=

QDemand
QSupply‐ QReserve

x 100

Guidance Module 7 defines the terms of the equation as shown in Table 3‐5. For the TRCA watershed
analysis, QDemand was calculated as described in Section 3.6. However, municipal water use was
determined based on actual data obtained from the Regions and QSupply was calculated using the average
annual recharge rate from the PRMS model, divided by 12. As indicated in Section 3.5.2, QReserve was
estimated as 10 % of the annual discharge estimates determined through the steady‐state groundwater
flow model.
Table 3‐5: Groundwater Budget Terminology
Term
Definition
Calculation
QDemand

Groundwater
Consumptive Demand

QSupply

Net Groundwater Supply

QReserve

Groundwater Reserve

3.7

Groundwater demand is calculated as the estimated average annual and
monthly rate of groundwater takings in each subwatershed.
Groundwater supply is calculated as the estimated annual recharge rate
plus the estimated groundwater inflow into a subwatershed. For
monthly volumes these annual numbers are divided by 12 months.
Component of baseflow discharge: suggest 10% of the discharge
groundwater supply should be maintained as a reserve.

Stress Assessment Screening

The percent water demand criterion is used to determine the risk to a groundwater well(s) and/or
surface water intake(s) and is designed to identify those subwatersheds where the cumulative impact of
current and future water taking (both surface and groundwater) may result in a stress on the watershed.
Rule 32 prescribes the stress assessment criteria for surface water, while Rule 33 provides the criteria
for groundwater. The criteria are summarized in Table 3‐6.
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TRCA is not aware of any surface water intakes that have ever been above water surface (Rule 32(2b)),
or of groundwater systems where pump operations were affected by low water levels (Rule 33(2c)).
Table 3‐6: Tier 1 Stress Thresholds
Water Quantity Stress
Assignment
Significant
Moderate
Low

Surface Water
Maximum Monthly %
Water Demand
> 50%
20‐50%
<20%

Groundwater
Average Annual% Water
Monthly Maximum%
Demand
Water Demand
> 25%
> 50%
> 10%
> 25%
0 – 10%
0 – 25%

The groundwater stress thresholds for monthly maximum conditions are greater than average annual
thresholds because groundwater supplies can typically tolerate short‐term water demands that may not
be reliable over the entire year. The resultant groundwater stress level assignment is the maximum of
the current and future assessment values, for both annual and monthly conditions.
The groundwater stress thresholds are intended to be conservative, to ensure that areas potentially
under hydrologic stress will be identified for additional work. As an example, the combined thresholds
and water reserve values ensure that where the annual consumptive demand is more than 10% of the
annual recharge into a subwatershed, that subwatershed will be assigned ‘moderate’ level of hydrologic
stress.

3.8

Field Observations

In addition to the stress assessment calculation process, Guidance Module 7 supports the use of
groundwater monitoring data to identify subwatersheds that may be moderately or significantly
stressed, but are not calculated to be stressed using the percent water demand.
TRCA maintains a network of 22 monitoring wells which are part of the Provincial Groundwater
Monitoring Network (PGMN). The geographic coverage of TRCA’s groundwater monitoring program is
reasonable, but there is a general scarcity of deep wells, particularly on the Oak Ridges Moraine. TRCA
has secured data from four York Region monitoring wells and one well monitored by the Central Region
Office of the MOE. These wells are the best available data to assess ambient groundwater levels across
TRCA’s watersheds. The period of record for the PGMN network is relatively short (since 2001), but
some earlier data were made available to TRCA from the MOE and York Region. Well locations are
shown on Figure 3‐5 and details for each well are provided in Table 3‐7. As part of the data gathering
process, TRCA consulted with staff from the Regional Municipalities of Peel, York and Durham with
respect to known incidents of municipal water taking restrictions from low aquifer water levels.
Table 3‐7: Groundwater Monitoring Well Data
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Watershed

Subwatershed

Etobicoke

ET04
HU01
HU03
HU06
HU08

Humber
HU10
HU11

Don

HU12
DO04
RO02
RO03

Rouge

RO04
RO05
RO06
RO07
DU03

Duffins
DU04
DU06

Well Name
W021‐1
W366‐1
W325‐1
W367‐1
W075‐1
W061‐1
W060‐1
W327‐3
W327‐4
W329‐1
W330‐1
W328‐1
W017‐2
Stouffville 700
MW‐09
MW‐02
W382‐1
W059‐1
MW‐26
W006‐1
W326‐2
W326‐3
W045‐1
W012‐1
W011‐1
W010‐1
STO‐TW 18‐87

Data Source
PGMN
PGMN
PGMN
PGMN
PGMN
PGMN
PGMN
PGMN
PGMN
PGMN
PGMN
PGMN
PGMN
MOE
Municipal
Municipal
PGMN
PGMN
Municipal
PGMN
PGMN
PGMN
PGMN
PGMN
PGMN
PGMN
Municipal
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Aquifer
Oak Ridges
Oak Ridges
Scarborough
Oak Ridges
Thorncliffe
Scarborough
Thorncliffe
Thorncliffe
Scarborough
Oak Ridges
Thorncliffe
Bedrock
Scarborough
Oak Ridges
Thorncliffe
Scarborough
Oak Ridges
Oak Ridges
Thorncliffe
Oak Ridges
Shallow
Thorncliffe
Scarborough
Shallow
Thorncliffe
Scarborough
Thorncliffe

Period of Record
Jun 01 ‐ Sep 08
Sep 03 ‐ Aug 07
Sep 03 ‐ Aug 07
Sep 03 ‐ Aug 07
Oct 01 ‐ Aug 07
Jul 01 ‐ Aug 07
Jul 01 ‐ Aug 07
Jul 03 ‐ Mar 07
Jul 03 ‐ Aug 07
Sep 03 ‐ Jan 07
Feb 04 ‐ Aug 07
Jul 03 ‐ Jul 07
Aug 01 ‐ Jun 08
Jun 03‐ Jul 07
Jun 00‐ Aug 07
Jun 00‐ Aug 07
Feb 07 ‐ Jul 07
Jul 01 ‐ Jul 07
Mar 03‐ Aug 07
Jun 01 ‐ Aug 07
Jul 03 – Oct 08
Jul 03 – Jul 08
Jun 01‐ Aug 07
Jun 01‐ Aug 07
Jun 01‐ Aug 07
Jun 01‐ Aug 07
Jul 97‐ Mar 09
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Figure 3‐5: Groundwater Monitoring Data Points
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Quality Assurance/Quality Control

3.9.1 Document Preparation
The first step in quality assurance involves collecting reliable data. The TRCA uses qualified field staff
that has been trained to use the sophisticated field instruments now available, such as electro‐magnetic
flow meters. Our field staff followed federally and provincially accepted protocols, such as the Hinton
Low Flow measurement protocol (Hinton, 2005).
TRCA employs qualified professional engineers and scientists to review and analyse the field data. Staff
is supplemented by expert consultants and provincial agency experts (i.e., Ministry of Natural
Resources) for specialized functions such as remote sensing and modelling. In addition, federal (i.e.,
Geological Survey of Canada) and provincial (i.e., Ontario Geological Survey) experts have been
consulted in the preparation of geologic layers and mapping. The spatial data have been reviewed along
with the associated metadata by TRCA's GIS staff, to ensure that the information provided is
represented in an accurate fashion.
3.9.2 Model Validation
As noted in the Director’s Rules and Guidance Module 7, the potential stress calculations for each
subwatershed are based on estimated fluxes produced by numerical modelling. Estimates of “water
supply” developed for the potential stress analysis are subject to the inherent uncertainty in
representing natural systems. Estimates generated by complex models are also subject to the
uncertainties in model parameter values and limitations in the available data. Several general
approaches were taken in this study to limit uncertainties and to assure that the model results were
physically reasonable, prior to proceeding with the stress calculations:
a) All gauged TRCA watersheds were simulated simultaneously. Often, hydrologic models are
calibrated one watershed at a time, leading to a unique set of parameters for each watershed.
By modelling all watersheds at the same time, parameter values were selected that applied to
the whole watershed and were consistent with similar modelling in the CLOCA watersheds to
the east; and
b) Use of the "less is better" philosophy. Although adding parameters can produce a better fit to
the observed data, each parameter introduced into the model adds another level of uncertainty.
For example, hydrologic models, including PRMS, have seasonal adjustment factors and
watershed‐based adjustment factors to improve calibration. Although over‐parameterization of
a model can improve calibration statistics at a specific gauge, it can lead to issues at other
gauges and decrease the ability of the model to make future predictions.
c) The results of the MODFLOW groundwater model were used to adjust the hydrologic model
calibration target.
d) The PRMS surface water model outputs were used as input to the MODFLOW groundwater
model. Often, the rates of groundwater infiltration or rates of “losses to deep groundwater”
produced by the hydrologic models are not tested independently. Estimates produced by the
recharge model were used directly in the groundwater model to ensure they were reasonable.
Also, simulated heads were checked against the observed data, and simulated baseflows were
checked against separated baseflows. Although the tests are not definitive (since they depend,
in part, on the values assumed for aquifer and aquitard properties) the independent checking
does reduce the level of uncertainty in the estimated recharge values.
The surface water and groundwater models used for this study are processed‐based codes that attempt
to represent the physical systems as closely as possible. The area was
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divided into 100 m by 100 m cells to best represent the known variation in physical properties on the
surface and in the subsurface. The surface water model was run on a daily basis to best represent the
time‐dependent processes such as snow accumulation and melting, and soil moisture balance.
3.9.3 Internal Review
TRCA technical staff, as part of our regional monitoring program and watershed planning processes, has
reviewed the pertinent data sets used in the preparation of this report. In addition, supervisory staff has
reviewed this document to ensure data from other projects have been properly incorporated. Senior
staff then reviewed the report for logic and consistency.
3.9.4 External Review
The final step in TRCA's QA/QC process is external review by both external experts and our partners.
This draft report has been issued to an external peer review consultant team (S.S. Papadopolus and
Golder Associates) and municipal staff. A one‐day workshop was conducted in September 2008 to
facilitate receipt of review comments. TRCA then revised this report to incorporate changes suggested
by both the internal and external review teams.

3.10

Limitations of Study

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 site specific 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.
For the future growth scenarios, the analysis for this study only considers the possible stress assessment
that may be imposed by urban development taking place within the Study Area. Groundwater quantity
may be additionally impacted by future development to the north of TRCA’s watersheds. Whereas there
is a wealth of data for the South Slope as a whole, sufficient to draw broad regional conclusions
regarding the principal hydrogeologic function of the Study Area, the Tier 3 study will require additional
local area assessment, as discussed in Section 6.
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RESULTS
Overview

This assessment highlights those subwatersheds within the TRCA jurisdiction where the degree of stress
warrants refined water budget efforts for risk characterization. The stress assessment evaluates the
ratio of the consumptive demand for permitted and non‐permitted users to available water supplies
within each of the 52 subwatersheds.
Particular care was taken to integrate the analysis of both ground water and surface water components
in the TRCA study area, as suggested in Guidance Module 7. The linkage of the groundwater and surface
water models, and integrated model calibration ensure the best possible estimate of each water budget
component. However, as required, the percent water demand is evaluated independently for
groundwater and surface water supplies. The subwatershed stress level is determined based on the
level of stress evaluated for either the groundwater or surface water supplies, whichever is greater.
Groundwater sources are evaluated for both the average monthly and annual conditions, whereas
surface water sources are only evaluated on their average monthly conditions, as per the Director’s
Rules. As mentioned in Section 2.3.1, for surface water, an evaluation of the average annual water
supply would not be useful due to the seasonal changes in flow. Conversely, an evaluation of the
average annual supply for groundwater is useful for evaluating potential long‐term stress conditions.
Those subwatersheds which exhibit a low level of stress will require no further water quantity risk
assessment work under the source water protection program. Those areas exhibiting a moderate to
significant level of stress will be subject to further water budget evaluation under Tier 3, if the
subwatershed contains a municipal drinking water system. Subwatersheds that have a high or
moderate stress level but do not have municipal systems are highlighted for consideration under other
programs such as watershed planning. However, as noted in Section 1‐10, the stress calculations at the
Tier 1/ Tier 2 level are a screening tool only, and should not be considered as a definitive calculation of
actual stress.

4.2

Water Budget Elements

4.2.1 Precipitation (QP)
Figure 4‐1 presents a map of measured total annual precipitation (QP) in mm/yr based on values from
Environment Canada weather stations while the modelled net annual precipitation calculated from the
PRMS model is provided on Figure 4‐2. Net precipitation accounts for interception losses and therefore,
forested areas receive less net precipitation than the agricultural areas and much less than the urban
areas. However, other losses (i.e. to depression storage) offset the higher net precipitation in the urban
areas.
4.2.2 Evapotranspiration (QE)
Figure 4‐3 shows a map of annual average evapotranspiration (QE) in mm/yr simulated using PRMS. This
parameter includes losses from depression storage on impervious areas. This map reflects a
combination of factors such as land cover, soil type and climate. Lower rates occur on the Oak Ridges
Moraine because of the well‐drained soils and on urban areas because of the lack of vegetative cover.
Average evapotranspiration rates over the TRCA watersheds are about 550 mm/year, which is similar to
the results of other water budget studies (i.e., MOE, 2003, TRCA, 2003).
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Figure 4‐1: Measured Total Annual Precipitation (mm/yr)
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Figure 4‐2: Modelled Net Annual Precipitation (mm/yr)
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Figure 4‐3: Simulated Annual Evapotranspiration (mm/yr)
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4.2.3 Runoff (QRO)
Figure 4‐4 presents annual average runoff in mm/yr (QRO) for the TRCA watersheds, simulated using
PRMS. As expected, QRO is highest in the urbanized areas (150‐300 mm/yr), especially along roads and
in the areas designated as commercial and industrial, with low permeability soils. Runoff rates are low
over the ORM (< 50 mm/yr), while moderate to high rates of runoff occur on the South Slope (200‐250
mm/yr). The lower runoff values (50‐100 mm/yr) in Toronto, near Lake Ontario, are associated with the
pervious Iroquois sand deposits.
4.2.4 Recharge (QR)
Figure 4‐5 presents the annual average recharge (QR) in mm/year simulated using PRMS. As with QE, the
distribution of QR is a function of topography, soils, land‐use, land cover and climate. The values vary
over a wide range. Generally, in areas overlain by Halton and Newmarket tills, the values are in the
order of 100‐150 mm/year. The major recharge areas occur along the Oak Ridges Moraine where
recharge rates for surficial sand and gravel deposits can exceed 300 mm/yr. The hummocky terrain
present over much of the ORM prevents the formation of stream channels, and accordingly, any
precipitation that is not lost to evapotranspiration will infiltrate or form local runoff that collects
between hummocks, and subsequently infiltrates in these permeable deposits.
Much of the south flank of the ORM is covered with till or till with a lacustrine veneer of fine sand, silt and
clay. Recharge rates for these deposits are less than half of those on the ORM. Recharge through the
surficial till is enhanced where the topography is hummocky along the ORM, but is greatly reduced along the
ORM south flank (e.g., Richmond Hill and Stouffville) where the Oak Ridges Aquifer is confined by the
overlying till. In these areas vertical hydraulic gradients are upwards between the Oak Ridges Aquifer and the
water table, with minor local recharge occurring to sand bodies contained within the till.
The matrix material for the surficial Halton Till deposits also becomes more fine‐grained (silt and clay) to
the west (30‐60% clay size material near Bolton), which lowers the recharge rates compared to the
eastern part of the TRCA area, where the till matrix contains less clay sized material (<20%). Where the
Halton Till is not present to the south, the Newmarket Till also restricts infiltration and causes lower
recharge rates. Recharge rates through these till soils, in the areas that are not controlled by hummocky
terrain, are 30 to 100 mm/yr.
The southern part of the TRCA watersheds contains different Glacial Lake Iroquois deposits, exhibiting
varying recharge rates. The Lake Iroquois beach bluff deposits of sand and gravel will have the highest
unit recharge rates for this area, except where upward vertical gradients occur along the toe of the
topographic slope. Near shore recharge rates generally range between 150 to 200 mm/yr, but decrease
to 50 mm/yr where surficial clay deposits are thicker. The other Lake Iroquois sediments range
progressively from lacustrine sands, to silty fine sands, to silt, and clay with increasing distance from the
shoreline bluff.
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Figure 4‐4: Simulated Annual Runoff (mm/yr)
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Figure 4‐5: Simulated Annual Groundwater Recharge (mm/yr)
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4.2.5 Groundwater Discharge (QGD)
Figure 4‐6 shows the net discharge from groundwater (QGD) in litres per second per hectare over the
study area, using PRMS. The major zone of groundwater discharge to streams occurs along the southern
flank of the Oak Ridges Moraine, where the Oak Ridges Aquifer discharges to surface. Another major
zone of groundwater discharge to streams occurs south of the Lake Iroquois shoreline where there are
strong upward gradients from the Thorncliffe and Scarborough aquifers, and where the confining till
units are either thin or absent.
4.2.6 Anthropogenic Influences
Natural surface water features as well as man‐made structural interventions have been documented
within a portion of the study area, but a comprehensive inventory is not yet available. These smaller
features are generally referred to as “in‐stream barriers”, and are categorized as small dams, weirs,
natural barriers or as a type of river crossing (road, railway, etc.). In addition to these relatively minor
structures, TRCA operates five regulatory dams, which are used primarily for flood protection, but are
also utilized for recreational purposes. Under normal flow conditions, all dams operated by the TRCA are
flow‐though structures, where the outflow has been adjusted to match the inflow.
No analysis of these structures was conducted for this report, primarily because these regulatory
structures, and the reservoirs they create, are not used for potable water supplies or power generation,
and are of low priority for source water protection initiatives.
In addition to Lake Ontario based sewage treatment plants, two wastewater treatment plants exist
within the study area that discharge into local rivers (the main Humber River at Kleinburg, and the
Lower Don River in Toronto). A third is planned for implementation in Nobleton, but would not have
affected monitored streamflow since it was not on‐line during the period of this assessment (Figure
4‐7).
Urban imperviousness is also a significant factor in the water balance for the TRCA jurisdiction.
Rooftops, driveways, parking lots and roadways all contribute to a loss in recharge. This may be partially
offset by leaking water mains and sewer lines, particularly in the older parts of the Toronto area, where
some of the infrastructure dates to the mid 1800s.

4.3

Surface Water Stress Assessment

4.3.1 Surface Water Supply and Reserve
Individual monthly estimates and data sources of surface water supply and reserve, by subwatershed
and methods are included in Appendix B. The total supply values include some zero values, specifically
in the Lake Ontario subwatersheds, and in subwatershed RO01. Lake Ontario supply values refer only to
surface water features within the specific catchment, and do not include Lake Ontario itself. No Lake
Ontario (LO) subwatersheds have significant riverine systems. Subwatershed RO01 incorporates the
Rouge Marsh, where flow data were unavailable, and would likely be affected by backwater conditions
of Lake Ontario. Neither the Lake Ontario subwatersheds nor subwatershed RO01 are known to have
surface water users.
Overall, total supplies were highly varied across the study area, ranging from 0.0012 to 12.26 m3/s,
discharging more than 605 million m3/year into Lake Ontario. Monthly estimates of the surface water
reserves (QP90) are provided in Appendix B.
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Figure 4‐6: Modelled Groundwater Discharge (L/s/h)
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Figure 4‐7: Sewage Treatment Plant Outfalls
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4.3.2 Surface Water Use
The monthly estimates of surface water use are included in Appendix B (excluding Lake Ontario‐based
drinking water systems). There are currently no municipal supplies which are reliant on surface water
features (excluding Lake Ontario intakes), and therefore the usage represents private, commercial and
domestic use(s). The spatial distribution of the surface water demand is presented in Figure 4‐8 and a
map showing the golf courses (the highest consumptive users of surface water) in the TRCA jurisdiction,
as of 2009 is provided as Figure 4‐9. A pie chart of water use by category based on data current as of
2009 is shown on Figure 4‐10, which shows that permitted surface water is utilized for:









Golf Course Irrigation (53%);
Dewatering (30%);
Agriculture (6%);
Cooling Water (5%);
Aesthetics (3%);
Sod Farms Irrigation (1%); and
Aquaculture (<1%).

4.3.3 Surface Water Stress Assessment Calculations
Limitations
The water quantity stress analysis 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 to mandated drinking water supplies. 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 deterministic modelling based on the best
available data. However, priority should be given to site‐specific 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.
Current
A summary of the surface water stress assessment under existing conditions is displayed in Table 4‐1.
Note that these calculations are subject to the limitations described in Section 3.10. The results are
mapped on Figure 4‐11. Individual monthly estimates for all subwatersheds are included in Appendix B
and individual monthly estimates for demands are included in Appendix F.
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Table 4‐1: Tier 1 Modelled Surface Water Stress Assessment Screening Results (Existing Conditions)
Sub‐
watershed

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Max.
Monthly

Stress
Assignment

ET01

0%

0%

0%

0%

0%

5%

18%

29%

16%

0%

0%

0%

29%

Moderate

ET02

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

ET03

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

ET04

0%

0%

0%

0%

0%

30%

120%

333%

127%

0%

0%

0%

333%

Significant

MI01

0%

0%

0%

0%

0%

9%

33%

37%

31%

0%

0%

0%

37%

Moderate

MI02

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

MI03

0%

0%

0%

0%

0%

81%

257%

360%

294%

0%

0%

0%

360%

Significant

HU01

0%

0%

0%

0%

0%

1%

10%

21%

3%

0%

0%

0%

21%

Moderate

HU02

0%

0%

0%

0%

0%

46%

115%

207%

54%

0%

0%

0%

207%

Significant

HU03

0%

0%

0%

0%

0%

2%

8%

40%

19%

0%

0%

0%

40%

Moderate

HU04

0%

0%

0%

0%

0%

0%

23%

129%

0%

0%

0%

0%

129%

Significant

HU05

0%

0%

0%

0%

0%

3%

9%

22%

10%

0%

0%

0%

22%

Moderate

HU06

0%

0%

0%

0%

0%

5%

9%

16%

7%

0%

0%

0%

16%

Low

HU07

0%

0%

0%

0%

0%

0%

2%

4%

0%

0%

0%

0%

4%

Low

HU08

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

HU09

0%

0%

0%

0%

0%

0%

0%

1%

0%

0%

0%

0%

1%

Low

HU10

0%

0%

0%

0%

0%

3%

12%

23%

8%

0%

0%

0%

23%

HU11

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

HU12

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

DO01

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

DO02

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

DO03

0%

0%

0%

0%

0%

5%

9%

10%

6%

0%

0%

0%

10%

Low

DO04

0%

0%

0%

0%

0%

2%

4%

7%

2%

0%

0%

0%

7%

Low

DO05

2%

3%

1%

1%

2%

8%

22%

32%

15%

5%

1%

2%

32%

DO06

0%

0%

0%

0%

0%

6%

6%

8%

7%

0%

0%

0%

8%

Low

DO07

1%

1%

0%

0%

1%

1%

3%

4%

2%

1%

0%

0%

4%

Low

HI01

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

HI02

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

HI03

0%

0%

0%

0%

0%

10%

25%

44%

8%

0%

0%

0%

44%

HI04

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

RO01

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

RO02

0%

0%

0%

0%

0%

10%

44%

119%

24%

0%

0%

0%

119%

Significant

RO03

0%

0%

0%

0%

0%

6%

15%

21%

10%

0%

0%

0%

21%

Moderate

RO04

0%

0%

0%

0%

0%

0%

1%

2%

0%

0%

0%

0%

2%

Low

RO05

0%

0%

0%

0%

0%

5%

7%

9%

6%

0%

0%

0%

9%

Low

RO06

0%

1%

0%

0%

0%

1%

15%

38%

3%

1%

0%

0%

38%

Moderate

RO07

1%

1%

1%

0%

1%

10%

29%

55%

17%

1%

1%

1%

55%

Significant

Low

Moderate

Moderate

Moderate
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watershed

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep
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Oct

Nov

Dec

Max.
Monthly

Stress
Assignment

PE01

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

FR01

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

DU01

0%

0%

0%

0%

0%

1%

2%

3%

2%

0%

0%

0%

3%

Low

DU02

0%

0%

0%

0%

0%

3%

5%

7%

4%

0%

0%

0%

7%

Low

DU03

0%

0%

0%

0%

0%

3%

4%

7%

4%

0%

0%

0%

7%

Low

DU04

0%

0%

0%

0%

0%

4%

5%

9%

5%

0%

0%

0%

9%

Low

DU05

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

DU06

0%

0%

0%

0%

0%

30%

122%

243%

54%

0%

0%

0%

243%

Significant

CA01

0%

0%

0%

0%

0%

17%

71%

191%

33%

0%

0%

0%

191%

Significant

LO01

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

LO02

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

LO03

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

LO04

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

LO05

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

LO06

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Low

Eight subwatersheds were found to have abstractions calculated to be greater than 100% of available
supply; these were calculated as withdrawing anywhere from 119% up to 360% of available supply.
There are a number of contributing factors that can create a demand value higher than that of the
supply, including timing of water takings, operational details, and on‐site storage reservoirs. All of the
subwatersheds found to have >100% demand had one or more users with significant on‐site storage. It
is this stored water that is typically utilized during the extreme low flow months (August) rather than on
demand withdrawals from the stream, as the calculations would suggest. Additionally, average monthly
rates may overestimate actual usage during these low flow periods. In the future, data from the Ministry
of Environments Water Taking and Reporting System will allow further refinement of these monthly
average values.
While no individual catchments had zero or negative flow rates after accounting for the Qp90 reserve,
the modeled minimum monthly flow occurred in HI01 (Highland Creek) with an August flow rate of
0.0006 m3/s. This catchment was identified as experiencing Moderate stress through the surface water
stress assessment (see Table 4‐1). Nine subwatersheds were determined to be in the significant stress
category, and eleven with moderate stress. The remaining 32 subwatersheds were deemed to have low
stress from surface water uses. Of the subwatersheds found to be potentially under some level of stress,
one (DU06, located in the north‐west area of the Duffins watershed) contains five municipal supply wells
for Whitchurch‐Stouffville and Uxville. As expected, the higher stresses occur during the mid‐summer
months, when supply is typically at its annual low. All significantly stressed subwatersheds were found
to have the highest percentage of stress in August.
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Figure 4‐8: Locations of Permitted Surface Water Use (2002‐2005)
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Figure 4‐9: Known Golf Course Locations (as of 2009)
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Figure 4‐10: Total Surface Water Use by Category (2009)
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Future Use (2031)
Future usage rates were not calculated for surface water as there are no municipal supplies which are
included in the surface water assessment (Guidance Module 7 indicates that only municipal pumping
rates should be increased in the future projections). Therefore, TRCA has assumed the 2031 municipal
surface water demands will be equal to current municipal surface water demands.

4.4

Groundwater Stress Assessment

As presented in Section 3.5.2, the groundwater supply for a particular subwatershed is calculated as the
annual recharge (QR) plus the groundwater inflow into a subwatershed (QIN). Descriptions of the various
parameters used in groundwater supply assessment have been described in detail in Section 3.5.2. The
detailed spreadsheets in Appendix D2 provide the total catchment area of each subwatershed plus
average annual values for:
 Recharge (QR);
 Groundwater inflow (QIN)
 Groundwater reserve (QReserve)
 Groundwater demand (QGT);
 Per cent groundwater demand and stress assessment of the subwatershed in terms of low,
moderate and significant.
The supply and usage values are provided in cubic metres per second (m3/s), as suggested in Guidance
Module 7, although the recharge is also supplied in mm/yr, a commonly used unit for this parameter.
The monthly averages for each component are provided in a series of tables in Appendices D3 (Current)
and D4 (2031).
4.4.1 Groundwater Supply
The recharge (QR), groundwater flow (QIN) and annual average groundwater supply (QSupply) values by
subwatershed by month and annually are provided in Appendix D2, while the average monthly values
are provided in Appendices D3 (current) and D4 (2031). The recharge values average 0.21 m3/s (131
mm); with a range from 0.01 m3/s (89 mm/yr) at the mouth of the Rouge River (subwatershed RO01) to
0.91 m3/s (275 mm/yr) in the headwaters of the Humber River (subwatershed HU12). The groundwater
inflows average 0.06 m3/s; with a low of zero in several subwatersheds and a high of 0.51 m3/s in
Humber River catchment HU06.
The average groundwater supply is 0.25 m3/s, with a low of 0.06 m3/s in a small Lake Ontario catchment
and a high of 1.15 m3/s in the headwaters of the Humber River (subwatershed HU12). In general, the
headwater subwatersheds have the highest groundwater supplies because of the high recharge
resulting from the combination of hummocky terrain and coarse Oak Ridges Moraine sediments present
in these areas. Some of these subwatersheds also receive significant groundwater inflows from
watersheds outside TRCA’s expected jurisdiction. Such inflows occur where the groundwater divide is
beyond the surface water divide.

trca_2010.doc

SPC Accepted Tier 1 Water Budget for TRSPA Watersheds and
Tier 2 for Whitchurch‐Stouffville Area

Page 4‐18

Figure 4‐11: Tier 1 Modelled Surface Water Stress Assessment Screening Results (Existing Conditions)
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4.4.2 Significant Groundwater Recharge Areas
Legislative and Regulatory Requirements
The Clean Water Act, 2006 [section 15(2)(d)], requires that the assessment report identifies all the
significant groundwater recharge areas in the source protection area. Ontario Regulation 287/07 defines
significant recharge areas [section 1.(1)] as areas within which it is desirable to regulate or monitor
drinking water threats that may affect the recharge of an aquifer.
The “Technical Rules: Assessment Report, Clean Water Act, 2006, December 12, 2008” sets out the
detailed requirements to delineate these vulnerable areas [Rules 5, 44‐46].
How SGRAs are Delineated – General
Delineating SGRAs is part of the process of preparing the water budget for the source protection area.
Since water budgets are prepared using a tiered approach, the SGRA delineation is further refined at
each tier. For the part of the TRCA jurisdiction which is undergoing Tier 3 water budget analysis, the
SGRA delineation will be updated within each local study area, and this refined mapping, when
completed, will replace the current SGRA maps for each of these local study areas only.
Optional Approaches to Delineating SGRA
The Technical Rules provide the following options for the delineation of SGRAs:
“44. Subject to Rule 45, an area is a significant groundwater recharge area 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
(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 evapotranspiration 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.”
Considerations in Delineating SGRAs
In selecting the method to recommend, TRCA technical staff assessed the options available based on the
following considerations:
1. Identify the preferred method which is based on the best scientific information available to reduce
uncertainty.
(a) For TRCA, 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 run‐off. Estimating
evapotranspiration (AET) is difficult. As a result, the uncertainty of this method is considered
higher than the method under Rule 44 (1).
2. Select the area to calculate the recharge across as "the whole of the related groundwater recharge
area" considering the following:
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(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 (including
recognizing that there is one groundwater flow system from the crest of the Oak Ridges Moraine
to Lake Ontario), 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.
TRCA mapped the “high volume recharge” by averaging recharge by major watersheds (e.g., Etobicoke
and Mimico Creeks, Humber River) as shown on Figure 4‐12 and also by averaging the recharge for all
TRCA watersheds (Figure 4‐13). The challenge with mapping produced based on averaging by major
watersheds is that some watersheds have very low recharge (i.e., Etobicoke, Mimico, Highland,
Petticoat, Carruthers), and recharge is not even over the remainder. Thus this averaging method results
in very low thresholds that are not consistent with other watersheds.
Although some Conservation Authorities have chosen “significant” thresholds for each watershed, or
portions of watersheds, TRCA staff recommends the jurisdiction‐wide averaging approach shown on
Figure 4‐13. This value, which calculates as 150 mm/year provides consistency, such that an area of
equal recharge that spans multiple watersheds or subwatersheds will score the same in all
watersheds.Given the considerations above,
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. TRCA staff considered this requirement,
and only mapped significant recharge areas which are not up gradient of any known groundwater‐based
drinking water systems.
The final significant groundwater recharge areas (SGRA’s) with the Lake Ontario serviced areas
eliminated as per Rule 45, are shown as shaded areas on Figure 4‐14. As expected these SGRAs are
confined to the upper portions of the watersheds, coincident largely with the ORM.
4.4.3 Groundwater Reserve
The groundwater reserve (QReserve) estimates for each subwatershed are provided in Appendix D2 in
m3/s. The monthly reserve estimates are provided in Appendices D3 and D4. The average across TRCA’s
watersheds is 0.02 m3/s; with a low of zero in several subwatersheds and a high of 0.11 m3/s in the
headwaters of the Humber River (subwatershed HU12).
4.4.4 Groundwater Use
A complete listing of known groundwater users across the TRCA jurisdiction, as of 2009, is included in
Appendix D1 and a summary by subwatershed is provided in Table 4‐2. Groundwater is utilized within
the TRCA area for a number of uses including:










Remediation (groundwater pump and treat systems ‐ 22%)
Municipal drinking water (19%);
Groundwater level control (17%);
Golf course irrigation (10%);
Aquaculture (8%);
Private domestic supplies (8%);
Agricultural activities such as irrigation and livestock watering (6%);
Snowmaking (5%); and
Aggregate Washing (1%).

The data are presented in the pie chart in Figure 4‐15. A separate pie chart showing water use in the
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Tier 2 subwatersheds is presented on Figure 4‐16. Municipal use is summarized in Table 4‐3, while
private domestic use is provided in Table 4‐4 and consumptive use by category is detailed in Table 4‐5.
The locations of the municipal well fields and other known water taking wells contained in the TRCA
database are shown on Figure 4‐17. Note that the percentages are very different for the Whitchurch‐
Stouffville area, where municipal and aquaculture water use represent 83% of the annual water use.
Municipal Groundwater Use
As described in TRCA’s Conceptual Understanding Water Budget Report (TRCA, 2007b), municipal well
fields within the TRCA’s watersheds include (from west to east): Caledon East, Palgrave, Nobleton, King
City, Kleinburg, Whitchurch‐Stouffville and Uxville. The water wells shown in Table 4‐3 comprise the
groundwater supplies for these communities. The municipal groundwater use data are based on actual
usage rates provided by TRCA’s municipal partners. As explained in Section 3.6.1, the usage rate for
Palgrave well #3 was set to zero for the groundwater demand calculations, as this well is outside TRCA
boundaries. The pumping rate for Palgrave #4 was also set to zero, as it is not yet in service, and when it
is, it will act as an alternate to Palgrave #2.
4.4.5 Field Observations
Guidance Module 7 indicates that observed water level trends should be considered as an additional
screening tool, although Rule 33(c) limits the elevation of stress to low groundwater levels in the vicinity
of Type I, II, or III systems, as defined in Rule 1(1). The purpose of this task is to identify subwatersheds
that show field evidence of hydrologic stress, but are not identified as moderately or significantly
stressed using the supply/demand calculations.
As mentioned in Section 3.8, the TRCA maintains a network of monitoring wells that are part of the
Provincial Groundwater Monitoring Network (PGMN). Table 4‐6 lists the 27 monitoring wells along with
general water level trends and seasonal fluctuations during the period of measurement for each well.
Most of these wells do not indicate any significant long term trends, either up or down. However, rising
trends are apparent in eight wells in the Etobicoke Creek, Humber River and Rouge River watersheds.
Most of the rising trends are associated with the cessation of dewatering activities (i.e., former
aggregate pits in the Etobicoke Creek watershed, and dewatering for deep infrastructure installation in
the Rouge River watershed), but the cause of rising groundwater levels in some of the Humber River
watershed wells is unknown.
No declining trends were apparent in any subwatersheds with municipal pumping wells, and therefore,
no additional subwatersheds are recommended for Tier 3 analysis on the basis of water level trends.
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Figure 4‐12: High Volume Recharge by Major Watershed (mm/yr)
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Figure 4‐13: High Volume Recharge by TRCA Jurisdiction (mm/yr)
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Figure 4‐14: Significant Groundwater Recharge Areas (as defined under the Clean Water Act, 2006)
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Figure 4‐15: Total Groundwater Use by Category (2009)
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Figure 4‐16: Total Groundwater Use by Category: Whitchurch‐Stouffville Area (2009)
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Figure 4‐17: Locations of Groundwater Use (2009)
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Table 4‐2: Groundwater Supply and Demand by Subwatershed ‐ Baseline
Watershed

Etobicoke

Mimico

Humber

Don

Highland

Rouge

Petticoat
Frenchman's Bay

Duffins

Carruthers

Lake Ontario

Subwatershed

Subshed
Area (km2)

QR
(mm/yr)

QIN

QSupply

QReserve

QDemand

(m3/s)

(m3/s)

(m3/s)

(m3/s)

(m3/s)

ET01
ET02
ET03
ET04
MI01
MI02
MI03
HU01
HU02
HU03
HU04
HU05
HU06
HU07
HU08
HU09
HU10
HU11
HU12
DO01
DO02
DO03
DO04
DO05
DO06
DO07
HI01
HI02
HI03
HI04
RO01
RO02
RO03
RO04
RO05
RO06
RO07
PE01
FR01
DU01
DU02
DU03
DU04
DU05
DU06
CA01
LO01
LO02
LO03
LO04
LO05
LO06

34
25
50
103
42
14
23
89
61
98
107
92
72
94
31
65
48
47
108
38
34
54
64
58
63
42
9
11
50
36
4
114
64
45
40
31
41
24
25
24
53
44
63
60
40
39
24
40
24
16
5
3

0.078
0.067
0.181
0.338
0.104
0.038
0.060
0.261
0.198
0.294
0.281
0.250
0.249
0.637
0.203
0.405
0.260
0.351
0.942
0.137
0.112
0.182
0.249
0.209
0.328
0.164
0.028
0.032
0.182
0.127
0.010
0.443
0.222
0.145
0.205
0.117
0.205
0.082
0.090
0.087
0.190
0.150
0.362
0.370
0.192
0.131
0.064
0.159
0.062
0.052
0.017
0.012

72
84
114
104
79
87
82
93
103
95
83
85
109
214
207
197
172
235
275
113
104
107
123
113
163
124
98
93
116
112
89
122
110
103
162
121
159
108
114
112
113
108
183
194
154
106
84
126
82
101
108
117

0.072
0.041
0.073
0.091
0.031
0.022
0.026
0.272
0.133
0.144
0.117
0.280
0.513
0.254
0.212
0.141
0.349
0.176
0.207
0.121
0.139
0.387
0.295
0.270
0.255
0.232
0.049
0.121
0.072
0.140
0.041
0.397
0.319
0.236
0.226
0.283
0.338
0.097
0.036
0.037
0.284
0.317
0.355
0.268
0.160
0.109
0.009
0.030
0.082
0.075
0.011
0.009

0.151
0.108
0.254
0.429
0.136
0.060
0.087
0.533
0.331
0.438
0.398
0.529
0.761
0.891
0.415
0.546
0.610
0.527
1.149
0.258
0.250
0.569
0.544
0.479
0.583
0.395
0.076
0.153
0.254
0.267
0.051
0.840
0.541
0.381
0.431
0.400
0.543
0.180
0.126
0.123
0.474
0.467
0.717
0.638
0.353
0.240
0.073
0.189
0.143
0.127
0.027
0.021

0.012
0.007
0.018
0.028
0.011
0.003
0.005
0.037
0.017
0.028
0.024
0.037
0.046
0.018
0.009
0.025
0.042
0.024
0.107
0.017
0.002
0.028
0.039
0.013
0.031
0.012
0.000
0.010
0.008
0.010
0.003
0.040
0.030
0.016
0.023
0.012
0.019
0.006
0.004
0.005
0.026
0.031
0.044
0.022
0.010
0.016
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.001
0.003
0.000
0.000
0.000
0.029
0.001
0.002
0.002
0.028
0.009
0.025
0.006
0.010
0.002
0.004
0.003
0.001
0.000
0.003
0.004
0.032
0.080
0.001
0.000
0.000
0.000
0.000
0.000
0.111
0.001
0.001
0.007
0.005
0.010
0.000
0.000
0.000
0.020
0.005
0.018
0.022
0.045
0.004
0.046
0.022
0.024
0.000
0.000
0.000

QR
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Note: Subwatershed locations shown on Figure 3‐1.

trca_2010.doc

SPC Accepted Tier 1 Water Budget for TRSPA Watersheds and
Tier 2 for Whitchurch‐Stouffville Area

Page 4‐30

Table 4‐3: Estimated Baseline Municipal Groundwater Use
Average
Water Use
(m3/yr)

Consumptive
Water Use
(m3/yr)

Projected 2031
Consumptive
Water Use (m3/yr)

Region

Sub‐
watershed

Bolton Well #5

Peel

HU10

1,660

1,660

1,660

Caledon East #2

Peel

HU11

32,408

6,482

14,981

Caledon East #3

Peel

HU11

36,538

7,308

16,891

Caledon East #4

Peel

HU11

396,632

79,326

183,350

Palgrave #1

Peel

HU10

391

78

119

Palgrave #2

Peel

HU10

73,232

14,646

22,262

Palgrave #3

Peel

N/A

486,944

97,389

148,031

Palgrave #4

Peel

HU10

73,232

14,646

22,262

King City #3

York

HU07

152,935

152,935

0

King City #4

York

HU07

347,480

347,480

0

Kleinburg #2

York

HU06

29,565

29,565

0

Kleinburg #3/4

York

HU05

648,240

648,240

95,849

Nobleton #2

York

HU08

197,100

39,420

97,367

Nobleton #3

York

HU08

176,295

35,259

87,090

Stouffville #1

York

DU06

315,360

315,360

409,968

Stouffville #2

York

DU06

373,395

373,395

485,414

Stouffville #3

York

DU06

553,340

553,340

719,342

Stouffville #5

York

RO02

481,070

481,070

463,893

Stouffville #6

York

RO02

425,590

425,590

524,366

Uxville #1

Durham

DU06

12,097

2,419

7,258

Uxville #2

Durham

DU06

964

193

579

Well

Notes:
Subwatershed locations shown on Figure 3‐1.
Pumping rates were provided by the staff from the Regional Municipalities of Peel, York, and Durham. For the
stress assessment calculations, the Palgrave Well #3 use was set to zero, since this wellhead is not within the
TRCA jurisdiction.
Bolton Well #5 is not currently used as a drinking water supply well and is currently permitted as a dewatering
well, pumped only on occasion for groundwater level control.
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Table 4‐4: Estimated Domestic Groundwater Demand by Subwatershed (Baseline)
Watershed

Etobicoke

Mimico

Humber

Don

Highland

Rouge

Petticoat
Frenchman's
Bay

Duffins

Carruthers
Lake Ontario

Sub‐
watershed
ET01
ET02
ET03
ET04
MI01
MI02
MI03
HU01
HU02
HU03
HU04
HU05
HU06
HU07
HU08
HU09
HU10
HU11
HU12
DO01
DO02
DO03
DO04
DO05
DO06
DO07
HI01
HI02
HI03
HI04
RO01

Unserviced
Population
0
0
45
2,653
0
0
0
18
0
992
1,154
1,756
6,100
6,971
699
2,439
1,696
1,833
2,091
0
0
0
0
388
11
1,167
0
0
0
0
0

Daily Water
Use (L)

RO02

10,814

3,622,633

RO03
RO04
RO05
RO06
RO07
PE01

1,197
4
5,413
3,515
2,059
466

400,841
1,219
1,813,439
1,177,512
689,916
156,070

Annual Water
Use (L)
0
0
5,502,375
324,395,575
0
0
0
2,231,519
0
121,333,483
141,099,236
214,699,004
745,893,396
852,413,262
85,520,358
298,204,270
207,378,400
224,130,075
255,677,025
0
0
0
0
47,476,937
1,338,911
142,663,134
0
0
0
0
0
1,322,261,06
3
146,306,929
445,081
661,905,144
429,791,734
251,819,249
56,965,477

FR01

96

32,090

11,712,722

2,342,544

DU01
DU02
DU03
DU04
DU05
DU06
CA01

209
471
955
1,996
818
822
479

69,888
157,765
319,821
668,734
274,003
275,464
160,398

25,509,011
57,584,189
116,734,720
244,087,801
100,011,168
100,544,287
58,545,270

5,101,802
11,516,838
23,346,944
48,817,560
20,002,234
20,108,857
11,709,054

0
0
15,075
888,755
0
0
0
6,114
0
332,421
386,573
588,216
2,043,544
2,335,379
234,302
816,998
568,160
614,055
700,485
0
0
0
0
130,074
3,668
390,858
0
0
0
0
0

Consumptive
Use (L/yr)
0
0
1,100,475
64,879,115
0
0
0
446,304
0
24,266,697
28,219,847
42,939,801
149,178,679
170,482,652
17,104,072
59,640,854
41,475,680
44,826,015
51,135,405
0
0
0
0
9,495,387
267,782
28,532,627
0
0
0
0
0
264,452,213

Consumptive Use
(m3/yr)
0
0
1101
64,879
0
0
0
446
0
24,267
28,220
42,940
149,179
170,483
17,104
59,641
41,476
44,826
51,135
0
0
0
0
9,495
267,782
28,533
0
0
0
0
0
264,452

29,261,386
89,016
132,381,029
85,958,347
50,363,850
11,393,095

29,261
89
132,381
85,958
50,364
11,393
2,343
5,101
11,517
23,347
48,818
20,002
20,109
11,709

LO01, LO02, LO03, LO04, LO05, LO06 – no unserviced residents

Notes: Private use estimated 335 L/per capita/day; consumptive facto= 0.2; Subwatersheds shown on Figure 3‐1.
trca_2010.doc

SPC Accepted Tier 1 Water Budget for TRSPA Watersheds and
Tier 2 for Whitchurch‐Stouffville Area

Page 4‐32

Table 4‐5: Groundwater Consumptive Use by Category (Baseline)
Category

Number of Users

Aesthetics
Aggregate Washing
Aquaculture
Cemetery Irrigation
Communal
Construction
Cooling Water
Field and Pasture Crops
Golf Course Irrigation
Groundwater
Heat Pumps
Livestock Watering
Lumped Domestic
Market Gardens / Flowers
Nursery
Other ‐ Agricultural
Other ‐ Commercial
Other ‐ Dewatering
Other ‐ Industrial
Other ‐ Miscellaneous
Other ‐ Remediation
Other ‐ Water Supply
Schools
Snowmaking
Sod Farm
Tender Fruit
Unknown
Water Supply
Wildlife Conservation
Total

24
4
3
4
3
1
1
5
38
20
2
190
32
4
37
30
4
5
3
6
6
3
1
1
6
1
25
22
2
483

Total Consumptive Use
(m3/Yr)
83,699
234,320
1,613,718
4,101
27,957
‐
‐
77,248
1,967,656
2,594,933
3,581
120,407
1,451,276
14,493
457,536
276,825
207,562
3,290,794
34,197
217,895
1,510,947
96,347
1,118
1,020,067
14,376
200,233
1,862
3,526,753
‐
12,167,144,380

% of Water Use
0.4%
1%
8%
0.02%
0.1%
0%
0%
0.4%
10%
14%
0.0%
1%
8%
0.1%
2%
1%
1%
17%
0.2%
1%
8%
1%
0.01%
5%
0.1%
1%
0.0%
19%
0%
100%

Note:
Subwatershed locations shown on Figure 3‐1.
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Table 4‐6: Trends and Fluctuations in Groundwater Levels
Watershed

Etobicoke

Sub‐
watershed

ET04
HU01
HU03
HU06

Don

Comments

Rising

Rising trend 1 m/yr

Rising

Rising trend 1 m/yr

None
None
None

W060‐1

TAC

None

No significant change
No significant change
No significant change
No significant change

W061‐1

SAC

Rising

Slight (0.1 m/yr)

W327‐3

TAC

None

No significant change

W327‐4

SAC

Rising

Slight (0.2 m/yr)

HU11

W329‐1

ORAC

Rising

HU11

W330‐1

None

HU12

W328‐1

TAC
Weathered
Bedrock

Slight (0.3 m/yr)
No significant change

DO04

W017‐2

SAC

None

None

RO02

Stouffville
700

ORAC

None

No significant change

TAC

Rising

HU10

None

No significant change

MW‐02

SAC

Rising

Rising trend 1 m/yr since January 2001(aquifer
recovery after dewatering project)
Slight rising 0.5 m/yr since 2001

RO04

W382‐1

ORAC

None

No significant change

RO05

W059‐1

ORAC

Rising

RO06

MW‐26

SAC

None

Slight (0.1 m/yr)
No significant change

RO07

W006‐1

ORAC

None

No significant change

W326‐2

Shallow

None

No significant change

W326‐3

TAC

None

W045‐1

SAC

None

None
No significant change

W012‐1

Shallow

None

No significant change

W011‐1

TAC

None

No significant change

W010‐1

SAC

Declining

STO‐TW 18‐
87

TAC

Stable

DU03
DU04
Duffins

W366‐1

ORAC

Trend

SAC
ORAC
TAC

RO03
Rouge

W021‐1

Aquifer

W325‐1
W367‐1
W075‐1

HU08
Humber

Well Name

DU04

DU06

MW‐09

Slight (0.1 m/yr)
Stable, but fluctuating seasonally about 10 m
below static conditions before municipal
pumping began. Note that this observation
well is located within 100 m of the municipal
well, and is therefore may not be
representative of ambient aquifer conditions

Note:
Subwatershed locations shown on Figure 3‐1.
ORAC – Oak Ridges Aquifer Complex
SAC – Scarborough Aquifer Complex
TAC – Thorncliffe Aquifer Complex
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4.4.6 Groundwater Stress Assessment Calculations
The groundwater stress assessment results are summarized in Table 4‐7, and shown geographically on
Figure 4‐18. The detailed spreadsheets used in the calculations are provided in Appendix D and
Appendix F. Note that calculations are subject to the limitations described in Section 3.10 and that the
results in terms of low, moderate, and significant stress were the same under both current and future
conditions. Therefore, only one set of values are presented in the body of this report. The future
scenario results are provided in Appendices D2 and D4. The Whitchurch‐Stouffville area water supply is
located in two subwatersheds that are calculated to have moderate stress (Rouge 02 – Little Rouge
Creek and Duffins 06 – Stouffville/ Reesor Creeks). Therefore, this area is recommended for further
water budget assessment at the Tier 3 or local level. No further work is warranted under the Clean
Water Act, 2006 for the DO06, LO01, LO02, or LO03 subwatersheds because they do not contain a
groundwater‐based municipal drinking water supply.
Table 4‐7: Modelled Groundwater Stress Assessment Screening Results (Baseline and 2031)
Watershed
Don
Rouge
Duffins
Lake
Ontario

Sub‐
watershed
DO06
RO02
DU06
LO01
LO02
LO03

Annual
Moderate
Moderate
Moderate
Significant
Moderate
Moderate

Stress Level
Monthly
Low
Low
Low
Significant
Low
Low

Final
Moderate
Moderate
Moderate
Significant
Moderate
Moderate

Uncertainty
Low
Low
Low
Low
Low
Low

Municipal
Water Supply
No
Yes
Yes
No
No
No

Tier 3 Study
Required
No
Yes
Yes
No
No
No

Note:

Subwatershed locations shown on Figure 3‐1.
All other subwatershed stress calculation results are “low”.
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Figure 4‐18: Modelled Groundwater Stress Assessment Screening Results
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UNCERTAINTY AND DATA GAPS
Uncertainty

Both the Director’s Rules and Guidance Module 7 require a sensitivity assessment for each of the water
budget parameters, for both groundwater and surface water. For TRCA watersheds, these values are
summarized in Table 5‐1. Although there has been significant work done across TRCA watersheds, there
are several areas of uncertainty. TRCA staff has summarized the level of confidence for each of the
parameters in the overall stress assessment process, as documented in Table 5‐1, as well as in
Appendices B and D.

5.2

Knowledge Gaps

Uncertainty is inherent in the water quantity risk assessment process. The accuracy of estimates is
reliant on the:
 Quantity and quality of the input data (e.g. distribution of monitoring points, related to stream
flow, climate, groundwater well records); and
 Conceptual understanding of the watersheds; and
 Modelling calculation methodology.
Overall, the issues related to uncertainty, data and knowledge gaps are complex and must be considered
in a qualitative manner. The Director’s Rules and MOE SWP Guidance documents suggest that it would
be reasonable to expect a low level of uncertainty in areas where data density is high, where
hydrogeologic studies have been conducted and where numerical models have been developed. This
study generally satisfies all three of these criteria. It is recognized, however, that all hydrogeologic
analyses have some level of uncertainty because of data limitations and the associated need for
professional judgement and interpretation.
With respect to the surface water and groundwater modelling knowledge, development of the YPDT‐
CAMC Groundwater flow model entailed a comprehensive process, as follows:
 Collecting and filtering the large amount of water well, monitoring well, and other geologic data;
 Interpreting the geologic logs as best as possible and building a conceptual geologic model;
 Assigning initial estimates of aquifer properties and recharge rates and then refining the
estimates through model calibration; and
 Performing statistical and sensitivity analyses to demonstrate the validity of the model
calibration.
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Table 5‐1: Estimates of Confidence in Water Budget Parameters
Parameter

Confidence

Effect on Surface
Water Stress
Calculations

Effect on Groundwater Recommended
Stress Calculations
Tier 3 Refinement

Precipitation (QP)

High

High

Low

No

Evapotranspiration (QE)

Low

High

Moderate

Yes

Runoff (QRO)

High

High

Low

No

Moderate

Low

High

Yes

Low

None

High

Yes

Moderate

Low

None

No

Surface Water Use (QST)

High

High

None

No

Groundwater Use (QGT)

Moderate

None

High

Yes

Surface Water Supply
(QSW)

Moderate

High

Low

No

Groundwater Recharge
(QR)

Groundwater Flow In (QIN)

Anthropogenic Inputs
(ANTHIN)

Comment/
Action
Good climate station coverage, low variation across
TRCA jurisdiction (100 mm/yr)
Forms about 60% of the water budget, hard to
measure. Recommend additional modelling and
comparison to results elsewhere, particularly the
Credit to the west, Lake Simcoe to the north, and
CLOCA to the east
Well defined, several gauges available to verify
model calibration; low flow data available for those
subwatersheds without gauges
A key input parameter, but no direct observations
are available. Model output needs further cross‐
validation between surface water and groundwater
models.
Only source is from the groundwater flow model
output. Need to confer with adjacent Conservation
Authorities to ensure fluxes across the watershed
boundaries are in agreement and that land uses for
recharge mapping are appropriate
Acquire data from municipal partners to confirm
sewage treatment plant outfall locations and rates,
but not as part of SWP
Confirm sources for large permits to take water
(PTTW), but not as part of SWP
Monthly municipal groundwater takings not used in
the analysis (average annual values applied based on
Tier 1 methodology); flowing wells in subwatershed
RO02 are not quantified.
Only 10 of 52 subwatersheds have a gauged outlet;
but no municipal drinking surface water supplies,
and therefore not part of SWP
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The report by Kassenaar and Wexler (2006) documents the procedures and focuses a great deal of
attention on answering the questions related to assessing model uncertainty. As noted in Phase 1 of an
independent peer review of the model (Papadopulos and Associates, July 2006):
“It is clear from the modelling report and results that a very significant effort has been devoted
to interpreting the hydrogeology of a complex setting. In our opinion, this effort has been
conducted at a very high technical standard. The analyses are ambitious in scale, and in our
opinion the resolution of the analysis is unprecedented for models of this extent.”
As mentioned in Section 3.6.3, the calculation of future groundwater demand is uncertain because of a
lack of knowledge regarding the potential locations and water use of future high volume water users
(e.g., golf courses). Where possible, information regarding future golf course locations and other high
volume water users should be considered in the subsequent subwatershed‐scale water budget
assessments.
Another key knowledge gap concerns current and future land use mapping and
hydrologic/hydrogeologic information from neighbouring Conservation Authorities. Because
groundwater may cross watershed divides, it is important to consider trans‐boundary groundwater
fluxes as well as adjacent land uses that affect recharge rates for aquifers that flow into TRCA’s
watersheds.

5.3

Data Gaps

5.3.1 Surface Water
PRMS was used to estimate median monthly flow as well as the Qp90 reserve values. While the PRMS /
MODFLOW model has undergone considerable calibration and refinement, there are limitations in
geologic data and uncertainty associated with the water well data. The installation of continuous stream
gauges for the 52 subwatersheds which were defined would provide a better understanding of average
monthly streamflows and would benefit the supply estimates.
5.3.2 Water Demand
The water demand sources have a number of data gaps, and while some are specific to the datasets
TRCA used for the Tier 1 Stress Assessment; others are larger issues, likely affecting all source protection
regions. Specific issues in the water use data with regard to the source of water were found, where a
large number of abstractions are sourced from the “Both” category, and several other records did not
have a water source, as it was unknown at the time of surveying. Users falling into the ‘both’ category
were lumped together in the ‘ground’ category for the purposes of analysis, while this is commonly an
accurate assumption, it is likely not true for all users in this category. In addition to multi‐sourced
abstractions, the water source could not be confirmed for 128 individual users. These unknown users
will also be the target of future water user surveys for the Tier 3 assessment.
In the TRCA study area there are a large number of permits for “Aesthetics” purposes (i.e., landscaping
ponds). These represent unique cases, and it is difficult for TRCA to estimate usage rates and
consumptive demands for them. The TRCA method of infilling missing rates based on the median of
similar purpose users assumes some uniformity among water use in the same sector; this is not the case
with the many known aesthetic permits. Further studies, through water user surveys, or investigating
the reported use from the PTTW database, are required to better estimate aesthetic water demand. A
groundwater resource study by the MOE in the Rouge and Duffins Creek watersheds (MOE, 1977) found
that in areas where artesian conditions exist; there were 130 flowing wells, which ultimately were used
for aesthetic purposes. Typically these are not permitted under the PTTW program, so little
documentation exists. It was estimated that in 1974 these wells cumulatively discharged 1.4 million
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gallons [5 million litres] per day to surface water features (MOE, 1977). Flowing well locations should
also be investigated in the Tier 3 assessment as part of an effort to refine demand estimates for
aesthetic purposes.
5.3.3 Anthropogenic Influences
Anthropogenic influences on hydrological regimes are not fully understood or inventoried for the TRCA
study area, with specific regards to minor dams and in‐stream barriers, and sewage treatment facilities.
In‐stream barriers and minor dams will continue to be inventoried through separate TRCA initiatives.
Sewage treatment facilities will require further investigation in preparation for the Tier 3 analysis. Data
required for these facilities includes discharge rates and locations, and assimilative requirements of the
receiving waters. The effect of impervious surfaces is considered through the PRMS model, but uses
averages by land use type, not site‐specific data.
5.3.4 Modelling
With respect to the modelling process, there is still the recognition that there are limitations in geologic
data and uncertainty associated with the water well data. Data obtained from municipal monitoring
networks and other high‐quality sources have less uncertainty and have provided useful information
near the municipal well fields. However, the number of wells and spatial coverage of high‐quality data
are limited compared to the water well data.
5.3.5 Hydrogeologic Data
There is only limited information on the hydraulic properties of the confining units (Halton Till,
Newmarket Till, and Sunnybrook Drift) and insufficient information to systematically vary the properties
of the units during the calibration of a large‐scale, regional groundwater flow model. Scientific
techniques are available to determine these properties, involving aquitard instrumentation and large
scale pumping tests; however, they are cost intensive and are not commonly practiced for aquifer
characterization (Neumann and Witherspoon 1972).
5.3.6 Monitoring Data
It is recommended that TRCA continue to improve its groundwater and surface water monitoring
network over time and incorporate the available high quality data, especially within the higher stressed
watersheds, and thereby reduce the level of uncertainty associated with the numerical models. Most
significant of these, from a water budget perspective, is a more comprehensive understanding of the
QDemand components of the water budget, including assessing the permits and actual water use,
particularly by high volume users.
For example, annual averages have been used for the groundwater stress assessment, divided by 12 to
produce monthly averages, but it is known that proportionally more water is withdrawn in the summer
months. In addition, groundwater use is increasing, particularly in the high growth areas, and while
much of this supply will be lake based, refinement of the QDemand will be required as part of the Tier 3
analysis.
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RECOMMENDED TIER 3 ANALYSIS

The scope for the Tier 3 analysis will be determined based on consultations with the Ministry of Natural
Resources and the Regional Municipalities of York and Durham. This work will be done in partnership
with the South Georgian Bay Lake Simcoe Source Protection Authority and will be overseen by a Steering
Committee, chaired by the Region of York. The following text provides general recommendations for the
Tier 3 project team to consider.

6.1

Surface Water

Since no municipal drinking water supplies are drawn from the surface water system, other than Lake
Ontario, no Tier 3 Surface Water Budget analysis is required under the Clean Water Act, 2006.

6.2

Groundwater

This Tier 1/ Tier 2 Stress Assessment has identified two subwatersheds (R02, DU06 or Little Rouge River
and Stouffville/Reesor Creeks) that are calculated to be under moderate stress, and contain municipal
wellheads for both Uxville and Whitchurch‐Stouffville. A Tier 3 analysis is undertaken on a “local area”
determined on the area of influence of the municipal groundwater supplies. This area is not yet been
confirmed but the recommended “area of focus” for the Tier 3 work is shown in Figure 6‐1. The
following sections outline TRCA’s recommendations for this work.
6.2.1 Tier 3 Local Area Boundary Delineation
The stress assessment catchments used by TRCA for this Tier 1 /Tier 2 Assessment were derived from
previous hydrologic modelling studies and do not account for the specific locations of municipal
groundwater supply wells as they were regional in scope. Therefore, subwatersheds such as R002 and
DU06 extend significant distances from the municipal water supplies. The Tier 3 analysis will include the
identification of the local area boundaries.
6.2.2 PRMS Model Refinement
Recharge is a key component of the water budget, and although the recharge distribution map
produced from the PRMS model yields an acceptable overall calibration of the groundwater flow model,
the relative contributions of headwater tablelands on the Oak Ridges Moraine as compared to the south
slope may not be correct at the subwatershed scale. In addition, there is high uncertainty over the
calculated rates of evapotranspiration, which comprise about 60% of the overall water budget. TRCA has
undertaken measurements of evapotranspiration over the past year, and will integrate this new
information into the Tier 3 assessment. New sites to measure evapotranspiration have been set up in
the watersheds.
6.2.3 Verification of Groundwater Fluxes
The stressed subwatershed shares a border with an adjacent South Georgian Bay‐Lake Simcoe Source
Water Protection Region. TRCA proposes to meet with technical representatives from this area and
review trans‐boundary groundwater fluxes.
6.2.4 Transient Groundwater Flow Model
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Figure 6‐1: Recommended Area of Focus for Tier 3 Water Budget Analysis
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The Tier 3 water budget process requires analysis of drought scenarios using a transient groundwater
flow model. Therefore, the existing steady‐state model used in this Tier 1/Tier 2 analysis will have to be
upgraded to run in transient mode.
6.2.5 Refinement of Water Demand Estimates
The initial estimates of water demand and consumptive use factors for this Tier 1/ Tier 2 assessment are
based on average annual, industry‐wide assumptions and tables from the appendices in Guidance
Module 7 and have not accounted for seasonal water use, except for golf courses and ski resorts.
Recent legislation under the Water Resources Act (Regulation 903) requires that permit holders submit
metered rates for water takings. In addition, TRCA has acquired monthly pumping data by well from the
Regional Municipalities of Peel, York and Durham. Further research into consumptive use factors will
also enhance the reliability of overall water demand estimates. Although metered data for non‐
municipal wells and refined consumptive factors were not available for this Tier 1/ Tier 2 assessment,
they will be incorporated into the Tier 3 Assessment as they become available. However, it will only
provide a limited amount of improved data.
6.2.6 Additional Monitoring Data
As discussed in Sections 3 and 4, TRCA staff have reviewed data from 27 wells. Water level data from
municipal monitoring wells should be obtained and reviewed for the Tier 3 study area. With the data
sharing agreements now in place with our Regional Municipalities, these data will be easily obtained
from their existing early warning monitoring networks.

6.3

Reporting

All of the required data and analysis will be compiled into a Tier 3 report, covering the local area
activities approved by the MNR and MOE. The report will then be peer reviewed.
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