SOURCE WATER PROTECTION

….

Draft Accepted
Conceptual Understanding
Water Budget Report

Version 1.0
March 2007

SOURCE WATER PROTECTION..…

Draft Accepted
Conceptual Understanding Water Budget Report

Prepared By

March 2007

Recommended Reference – Puopolo, J. and Usher, S., 2007. Conceptual
Understanding of the Watersheds, Toronto and Region Conservation Authority.

This report was compiled by Gartner Lee Limited based on the findings of studies conducted on behalf of
Toronto Region Conservation Authority.

Draft Accepted Conceptual Understanding
Water Budget Report

EXECUTIVE SUMMARY
Introduction
Under the recently passed provincial Clean
Water Act, 2006, Conservation Authorities
in Ontario have the responsibility for
assessing watershed conditions. A key
component of watershed assessment is the
preparation of a water budget to quantify
and describe the amounts and movement of
water through the various reservoirs in the
watershed (lakes, streams, aquifers). The
information provided by the water budget
serves as support for the completion of a
water quantity risk assessment and source
protection plans.
The goal of this report is to provide the first step in developing a water budget and gaining an in-depth
understanding of the characteristics of the watersheds within the jurisdictional area of the Toronto and
Region Conservation Authority (TRCA). The initial step involves the development of a conceptual
understanding of the dynamics, connections, and relationships between major elements of the hydrologic
cycle on a watershed basis.

Watersheds
The TRCA area of jurisdiction includes 3,467 square kilometres, of which 2,506 square kilometres are on
land and the remaining 961 square kilometres being water-based along the Lake Ontario shoreline. This
area is comprised of nine watersheds, which encompass the following:
•
•
•
•
•

Etobicoke Creek
Mimico Creek
Humber River
Don River
Highland Creek

•
•
•
•

Rouge River
Petticoat Creek
Duffins Creek
Carruthers Creek

All TRCA watersheds have been affected by urbanization, which has had a significant impact on the natural
hydrologic cycle. Cleared and paved lands within TRCA watersheds have resulted in a loss of infiltration,
which in turn generate increased flows that have caused significant erosion and loss of aquatic habitat in
many areas. Highly urban watersheds such as the Highland and Mimico Creek have been further impacted
by past engineering practices that sought to convey the increased runoff as quickly as possible to streams
via storm sewers and concrete channels. Seasonal variations in stream flow caused by vegetative cover and
infiltration are no longer as prominent as in the past, and the more urbanized watersheds exhibit a much
more rapid hydrologic response, which poses a greater flood hazard.
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Within the regional context, the physical and surficial geology of the TRCA region has significant effects
on the baseflow distributions. Two major features that exert the greatest influence on the spatial
distribution of baseflows are the Oak Ridges Moraine (ORM), and the Iroquois Shoreline.
Seasonal plots of the ten year average of mean monthly baseflow show little change to baseflow during
low flow periods of the year. The average discharge during July / August has not significantly changed
over the period of record since 1960. Unlike the low flow months however baseflow levels during the
months of May and April show a large variance over the same period.
In 1996, the population within the TRCA jurisdiction was approximately 3,200,000. By 2006, it had
grown to 4,269,000, which represents an average annual growth of 3.3%.
Studies undertaken on behalf of the Province indicate major population growth and urbanization in this
area until the year 2031. Increases in population and employment growth are projected to be in the
range of 45% over the 20-year period from 2001 to 2031.
Water is utilized within the TRCA area for a number of uses including:
•
•
•
•
•
•
•

Municipal supply.
Communal supply.
Privatedomestic supply.
Agricultural use.
Industrial use.
Golf course irrigation.
Water pressure control.

Although most of the water volume is
drawn from Lake Ontario for municipal
water supplies, groundwater is also used
extensively, particularly across the
northern portion of the TRCA area. In Note: Conceptual groundwater flow model of the south slope of the Oak Ridges
addition, golf courses and agricultural
Moraine, adapted from Gerber and Howard 2002
operations withdraw water from surface
water bodies, primarily for crop and/or turf irrigation. Industrial water use is very limited, except in
unserviced areas. Groundwater pressure control is mainly temporary withdrawals predominately
associated with construction activity (except for permanent groundwater control in a residential area in
Richmond Hill).
Physiography and Geology
The major physiographic regions within the TRCA area include the following features:
•
•
•
•
•

The Oak Ridges Moraine (ORM) in the northern portion;
The South Slope through the core of the TRCA area;
The Peel Plain (also referred to as the Peel Ponds) in the western portion;
The Lake Iroquois Plain in the south along Lake Ontario; and
The Niagara Escarpment along the western TRCA boundary.
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The geology of the TRCA jurisdiction is consistent in an east to west direction, and accordingly the
characteristics of each watershed, at a conceptual level is similar and is illustrated in the figure above.
The reinterpretation and refinement of the stratigraphic model resulted in the delineation of the following
seven key hydrostratigraphic units for the TRCA area, from the bottom up:
•
•
•
•
•
•
•

Upper Bedrock Aquitard.
Scarborough Aquifer.
Sunnybrook Aquitard.
Thorncliffe Aquifer.
Newmarket Aquitard.
Oak Ridges Moraine Aquifer.
Halton Aquitard.

The major recharge area occurs along the Oak Ridges Moraine (ORM) 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. The results of the groundwater flow model for the TRCA area
indicate the following:
•
•
•

Groundwater flow patterns are strongly influenced by streams.
Model results were extremely sensitive to the permeability of the Newmarket Till,
which controlled aquifer heads both above and below the till layer.
Tunnel channels facilitate the exchange of water between the Lower Sediments and
the ORM.

Groundwater/ Surface Modelling
There are a number of modelling projects that have been completed within the TRCA area that involve
the estimation of the water budget components. These include:
•
•
•
•

HSP-F - based Surface Water Models (Hydrological Simulation Program – Fortran);
WABAS - based Surface Water Models (Water Balance Analysis System; Clarifica
Inc.);
PRMS-based Surface Water Models (Precipitation – Runoff – Modelling System;
United States Geological Survey); and
MODFLOW-based Groundwater Models (MODular FLOW system; United States
Geological Survey)

Initial Estimate of Water Budget Components
Each watershed in the TRCA jurisdiction has been assessed and an initial water budget has been
determined. About 830 mm/yr of precipitation (rain and snow) falls upon the TRCA area on average.
While evapotranspiration rates range between 30 and 67% of the precipitation, the average is about 50%
for the TRCA area, resulting in an evapotranspiration value of about 415 mm/yr. This may intuitively
appear low, however the urbanized nature of the watersheds (impervious areas ranging from 11 to 68%
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of the watershed) increases runoff and correspondingly reduces evapotranspiration. The remaining 50%
surplus is partitioned into 30% to runoff (250 mm/yr) and 20% to groundwater recharge (165 mm/yr).
Applying these numbers to the full study area of 2,371 km2 yields insights into the following water
volumes on an average annual basis.
•
•
•
•

Over 2 billion cubic metres of precipitation occur each year.
Some 1 billion cubic metres returns to the atmosphere through evapotranspiration.
Of the remaining surplus, 0.6 billion cubic metres become surface runoff and enter the
watercourses or Lake Ontario.
About 0.4 billion cubic metres enter the groundwater system through infiltration.

The modelling of the groundwater system indicates that 90% (360 million m3/yr) of all groundwater
recharge returns to the watercourses as baseflow prior to reaching Lake Ontario. This discharge returns
along the following pathways:

•
•
•
•
•

In the river systems headwaters along the toe of the Oak Ridges Moraine.
In the headwater creeks where they intersect the ORM deposits beneath the Halton Till.
As localized seepage where these creeks intersect buried layers of sand in the
Newmarket Till.
As groundwater discharge where the creeks and rivers intersect the buried tunnel
channel sediments.
As groundwater discharge in the rivers where they intersect the Thorncliffe Aquifer
or Scarborough Aquifer, closer to Lake Ontario.
From localized headwater streams emanating from the toe of the Iroquois Shoreline
bluff, as well as in ditches cut below the water table in the nearshore areas
downgradient from this bluff.

Based on the results of the various modelling studies, the primary components of the water budget have
been established for each watershed, as summarized below
Ta ble 14 - TRCA W a tershe ds - Summa ry of Ca lculate d Va lue s for the W ate r Budget Components
(Ave ra ge Annua l Basis)
W ate rshed Na me

W a tershe d
Area
(sq. km.)

Etobicoke Creek

211.6

Mimico Creek
Humber River

Tota l
Imperviousne ss
Precipita tion
(%)
(m m)

Surfa ce Runoff
(m m)

(%)

227

28.6%

Groundw a te r
Infiltra tion
(mm )
(%)
152

19.1%

Eva potra nspira tion
(m m)

(%)

415

52.3%

47.4

793

77.1

67.6

780

274

35.1%

112

14.4%

394

50.5%

910.8

21.7

827

130

15.7%

147

17.8%

550

66.5%

Don River

358.1

50.5

821

320

38.9%

203

24.7%

299

36.4%

Highland Creek

101.6

53.5

827

383

46.3%

207

25.0%

237

28.7%

Rouge River

332.9

22.3

854

114

13.4%

213

25.0%

526

61.6%

25.9

1.3

808

272

33.7%

117

14.5%

419

51.8%

Petticoat Creek
Duffins Creek
Carruther's Creek

258.1

2.3

808

206

25.5%

152

18.8%

450

55.7%

38.1

20.1

880

N/A

N/A

N/A

N/A

N/A

N/A
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TRCA recognizes that there are a number of areas where improvements and refinements are required for
the existing groundwater and surface water models. The understanding of water flow pathways will be
improved by using consistent modelling approaches for each watershed in the TRCA area. In addition,
use of a consistent set of meteorological data as input for the numeric models will improve the
understanding of the hydrology of the area.
Based on a review of current practices and ongoing experience gained with applicable models, the TRCA,
through its consultants, has linked a PRMS-based continuous surface water model to a three-dimensional
steady-state 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:
The PRMS and MODFLOW model codes were developed by the United States Geological
Survey, remain open-source, and have been subject to extensive peer review;
The MODFLOW model was developed through a co-operative effort on the part of the
Regional Municipalities of Peel, York and Durham, the City of Toronto and the nine
conservation authorities that comprise the Conservation Authorities Moraine
Coalition. 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 TRCA jurisdiction;
Both models were locally developed and supported and have been used in previous
watershed plan assessments; and
The linking of the two models is consistent with the existing work completed in CLOCA
watersheds to the east.
Integrated Source Water Protection
Source water protection plans must be developed in the context of watershed management plans to take
advantage of knowledge offered by related disciplines and to ensure compatibility between the
management strategies being recommended by both plans. Co-ordination between the two planning
processes is also necessary in order to establish seamless, efficient implementation mechanisms that
facilitate adherence to the plans by all implementers. By taking advantage of the overall watershed
planning context and the established network of stakeholders engaged in management of the local
watersheds, more effective and supported source water protection plans can be achieved.
TRCA in partnership with watershed municipalities recognizes both the need for, and the opportunity to
build source water protection plans on the foundations of existing watershed plans. As such, source
water protection will form an integral component of all future watershed planning activities.
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1.

Introduction

1.1

Overview

The overall intent of source water protection planning is to establish measures to protect both the quality
and quantity of sources of drinking water within a watershed. This is considered the first step in a multibarrier approach to ensuring safe drinking water. Subsequent barriers include treatment, distribution,
monitoring, and responses to emergencies.
In recognition of the importance of drinking water to the health of Ontarians, the Ontario Legislature
passed the Clean Water Act in December 2006, for source water protection in Ontario. The key
components of this legislation include:





1.2

Formation of Source Water Protection Authorities;
Formation of Source Water Protection Planning Committees (SPCs);
Development of Assessment Reports; and
Development of Source Water Protection Plans.

Objective

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. The objective of this Conceptual Water Budget report is to
provide the first step in developing a water budget and gaining an in-depth understanding of the
characteristics of the watersheds within the jurisdictional area of the Toronto and Region Conservation
Authority. The initial step involves the development of a conceptual understanding of the dynamics,
connections, and relationships between major elements of the hydrologic cycle on a watershed basis.

1.3

Jurisdiction

The TRCA jurisdictional area 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
watersheds, which starting from the west encompass the following:
• Etobicoke Creek
• Mimico Creek
• Humber River

• Don River
• Highland Creek
• Rouge River

• Petticoat Creek
• Duffins Creek
• Carruthers Creek

The TRCA jurisdiction area also extends into Lake Ontario to a point defined by the Territorial Divisions Act,
R.S.O.S.O. 1980. The watershed limits, together with the key municipal boundaries, are shown in Figure 1.
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The area also includes unique natural landforms such as the Oak Ridges Moraine and the Niagara
Escarpment, and extends within the boundaries of six participating or member municipalities noted
below.
• City of Toronto
• Regional Municipality of Durham
• Town of Mono
• Regional Municipality of Peel
• Township of Adjala-Tosorontio
• Regional Municipality of York
The TRCA jurisdictional area wholly encompasses the City of Toronto, significant parts of the three
Regional municipalities noted above, and includes all or part of the following local municipalities:
•
•
•
•

City of Brampton
City of Mississauga
Town of Caledon
City of Vaughan

•
•
•
•

Township of King
Town of Richmond Hill
City of Markham
Township of Uxbridge

• City of Pickering
• Town of Ajax
• Town of Whitchurch-Stouffville
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2.

Methodology

2.1

Overview

For the purposes of Source Water Protection planning, the Toronto and Region Conservation Authority
(TRCA) is in a partnership with Credit Valley Conservation (CVC) and the Central Lake Ontario
Conservation Authority (CLOCA), known as the CTC Watershed Region. The TRCA is the lead
conservation authority for the partnership.
In April 2006, the Ontario Ministry of the Environment (MOE) released eight draft guidance documents
for the modules (www.ene.gov.on.ca/envision/water/cwa-guidance.htm) that together will form the basis
of standardized assessment reports. These modules include:









Module 1 – Watershed Characterization;
Module 2 – Water Budgets;
Module 3 – Municipal Long Term Water Supply Strategy;
Module 4 – Groundwater Vulnerability Analysis;
Module 5 – Surface Water Vulnerability Analysis;
Module 6 – Threats Inventory and Issues Evaluation;
Module 7 – Water Quality Risk Assessment; and
Module 8 – Water Quantity Risk Assessment.

This interim document includes the conceptual water budget recommended in Technical Experts
Committee report (MOE, 2004b) and follows the Module 2 Guidance Document (MOE, 2006). It is the
first draft in a series of documents that, together, will comprise the Assessment Report for TRCA’s
watersheds. Although revised guidance modules were issued in October 2006, this report was prepared
originally in the summer of 2006 based on the then current April 2006 Guidance Module #2. The Source
Protection Planning Committee, once formed, will direct the update of the mapping and technical
information to address the final guidance for the Final Conceptual Water Budget report.
The data and mapping in this report are the result of compilations of existing watershed information
available to TRCA as of June 2006. The work was heavily dependent on the technical work and reporting
for watershed plans completed under the Oak Ridges Moraine Conservation Plan. TRCA minimized
duplication of efforts by seconding key technical staff on a short-term basis from the watershed planning
tasks to the source water protection effort. Key areas of overlap with respect to the conceptual water
budget include:





Physiography;
Topography;
Land Use;
Water Use;
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 Hydrology; and
 Hydrogeology.
The main goal of TRCA's source water protection staff was to take the outputs of watershed plans in these
key areas and make the data and mapping as consistent as possible across the entire TRCA jurisdiction.
This was a significant challenge because most data collection, mapping, and analysis had been conducted
on a watershed basis, and significant edge mapping issues were identified. The maps and analysis
included in this report represent TRCA's best efforts to date on maintaining consistent, geo-referenced
data across both political and watershed boundaries.
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. The
TRCA has already completed water budgets as part of watershed plans and has been involved in the
development of a regional groundwater model that includes the TRCA area. Data, relevant information
and maps from these reports have been used to develop the conceptual understanding presented herein. A
summary of the background technical reports relative to water budget analysis is provided in Table 1.
Of particular importance have been the maps from the analyses undertaken as part of the groundwater
modelling, which included the development of two three-dimensional steady-state groundwater models
(Kassenaar and Wexler, 2006). The first covers an area encompassing all of the watersheds originating
on the Oak Ridges Moraine and is called the Regional Model. The second model, referred to as the Core
Model, encompasses an area within the Regional Model in more detail. This area included most of the
TRCA watersheds, all of York Region, and parts of Durham and Peel Regions. The portion of the Core
Model maps covering the TRCA area has been extracted and used to develop the conceptual
understanding. Theses maps include precipitation, hydrostratigraphy, and groundwater flow maps (based
on the calibrated model).
Watershed planning studies have been completed to various degrees in individual watersheds (Table 1).
These studies have engaged the participation of the broad community of stakeholders and established
watershed advisory groups (e.g., Don Regeneration Council, Humber Alliance) that are in place to
facilitate ongoing communication links with their broader constituencies on watershed protection matters.
The TRCA proposes to continue to use these established watershed delineations and build upon the
previous work and existing communication structures.
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Table 1

Summary of Water Budget Studies within the TRCA Area
Study

Date Completed

Overall – All Watersheds
Preliminary Watershed Characterization Report
Jul-2006
Guidelines for Urban Development Water Budget
Assessments, Supporting Technical Appendix, Summary of
Dec-2004
Groundwater Recharge Estimates. DRAFT – v1 –
Groundwater Modelling of the Oak Ridges Moraine Area.
Feb-2006
CAMC/YPDT Technical Report Number 01-06
Etobicoke Creek/Mimico Creek
Recharge estimate from HSP-F
Apr-2002
HSP-F for TWWFMMP
Jul-2003
Groundwater Recharge from HSP-F
Sep-2004
Humber River
Recharge estimate from HSP-F
Aug-2002
WABAS for Upper Humber
Mar-2003
WABAS vs. HSP-F recharge
Mar-2003
HSP-F for TWWFMMP
Jul-2003
HSP-F for 905 area Humber
Nov-2003
HSP-F for Humber Watershed Plan
Dec-2006
PRMS for Humber Watershed Plan
Oct-2006
Don River
HSP-F PERLND recharge output
May-2002
HSP-F for TWWFMMP
Jul-2003
Don Watershed URF mapping
May-2005
Highland Creek
Recharge estimate from HSP-F
Nov-2002
HSP-F for TWWFMMP
Jun-2003
Rouge River
Recharge estimate from HSP-F
Nov-2002
HSP-F for TWWFMMP
Jun-2003
HSP-F Model Update Part 1
Apr-2004
HSP-F Model Update Part 2
Oct-2005
WABAS/MODFLOW Model for Rouge
Feb-2006
PRMS Model update
Oct-2006
Petticoat Creek
WABAS for entire watershed
Mar-2003
Duffins Creek
WABAS for entire watershed
May/Dec-2002
Hydrogeology of Duffins Watershed
Mar-2003
WABAS for entire watershed
Sep-2005

Author
Toronto and Region Conservation
Gerber Geosciences Inc.
Kassenaar, J.D.C. and
E.J. Wexler
EBNFLO Environmental
Totten Sims Hubicki
EBNFLO Environmental
XCG Consultants
Clarifica
Gerber Geosciences
XCG Consultants
XCG Consultants
HCCL
Earthfx Inc.
Marshall Macklin Monaghan
Marshall Macklin Monaghan
Marshall Macklin Monaghan
Aquafor Beech
Aquafor Beech
Aquafor Beech
Aquafor Beech
Aquafor Beech
EBNFLO Environmental
Earthfx Inc.
Earthfx Inc.
Clarifica
Clarifica
Gerber Geosciences
Clarifica
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2.2

Data Sources

The 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 these data sources, including:
 Toronto and Region Conservation;
• Regional Monitoring Program (includes PGMN and PWQMN components);
• TRCA Databases and GIS:
o Envirobase access database;
o Field collection data (i.e., low flow surveys);
o TRCA internal GIS system;
 Municipalities
• Water Use Inventories;
 Ontario Ministry of the Environment (MOE);
• Water Well Information System (WWIS);
• Permit to Take Water Database (PTTW);
• Provincial Groundwater Monitoring Network (PGMN);
 Ontario Ministry of Natural Resources (MNR);
• Digital Elevation Model;
 Ontario Geological Survey (OGS);
• Surficial geologic interpretation;
 Geological Survey of Canada (GSC);
• Surface and subsurface geologic interpretation for southern Ontario;
 Water Survey of Canada;
• Stream Gauging Network;
 Other
• Conservation Authorities Moraine Coalition (CAMC); and
• York-Peel-Durham-Toronto Groundwater Management Study YPDT).

2.3

Quality Assurance/Quality Control

2.3.1 Document Preparation
The first step in quality assurance involves collecting reliable data. The TRCA uses qualified field staff
who have been trained in the use of the sophisticated field instruments now available such as electromagnetic flow meters. Our field staff follow provincially accepted protocols such as the Hinton Low
Flow measurement protocol and Ontario Stream Assessment Protocol.
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We employ qualified professional planners, engineers, and scientists to review and analyse the field data.
These staff are 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 accurately on the individual maps.

2.3.2 Internal Review
TRCA technical staff, as part of our regional monitoring program and watershed planning processes, have
reviewed the pertinent data sets used in the preparation of this report. In addition, supervisory staff have
reviewed this document to ensure data from other projects have been properly incorporated. Senior staff
have then reviewed the report for logic and consistency.

2.3.3 External Review
The final step in TRCA's QA/QC process is external review by both external experts and our partners.
The draft version of this report was issued to an external peer review consultant team (S.S. Papadopolus
and Golder Associates). Once their feedback was obtained, the revised draft was circulated to municipal
staff for review, and a one-day workshop was conducted in December, 2006 to facilitate receipt of review
comments. This report includes revisions to the draft report suggested by both the internal and external
review teams.
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3.

Land Use and Natural Heritage

3.1

Population

In 1996, the population within the TRCA jurisdiction was approximately 3,200,000. By 2006, it had
grown to 4,269,000, which represents an average annual growth of 3.3%. Studies undertaken on behalf of
the Province to support the draft Growth Plan project shows that major population growth and
urbanization will continue in this area until 2031. Increases in population and employment growth are
projected to be in the range of 45% over the 20 year period from 2001 to 2031. Table 2 shows the
forecast growth in upper/single tier municipalities within the TRCA region.
Table 2

Population Projections

Population

Employment

Municipality
Toronto
Peel
York
Durham
Total

2001

2031 Forecast

2001

2031 Forecast

2,590,000
1,030,000
760,000
530,000

3,000,000
1,640,000
1,530,000
990,000

1,440,000
530,000
390,000
190,000

1,620,000
880,000
780,000
360,000

4,912,000

7,160,000

2,550,000

3,640,000

Note: Adapted from: The Growth Outlook for the Greater Golden Horseshoe; Hemson Consulting Ltd., January 2005.

3.2

Urban Landscape

The statistics on land use, drainage area, number of sewer outfalls and riparian cover for seven of the
watersheds in the Toronto region are presented in Table 3. In descending order of urbanization, the most
to the least urbanized watersheds in the TRCA area are: Highland Creek; Mimico Creek; Don River;
Etobicoke Creek; Humber River; Rouge River; and Duffins Creek.
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Table 3

Watershed

Land Use and Number of Sewer Outfalls
Land Use (%)

Size
km

2

Agric.

Sewer Outfalls

Open

Indus./

Resi-

Space

Comm

dential

Riparian

Institu

Storm

CSO

Total

Veg. (%)

Etobicoke

211

21

22

24

22

7

57

0

57

17

Mimico

77

0

23

35

33

9

194

0

194

23

Humber

907

46

30

6

17

1

619

5

624

43

Don

360

2

33

19

43

3

872

30

902

35

Highland

102

0

19

23

54

4

473

0

473

32

Rouge

334

67

15

5

12

1

13

0

13

49

Duffins

294

55

36

2

6

1

n/a

0

n/a

51

Note:

Data not available for the Carruthers and Petticoat Creek watersheds.

Source: TRCA State of the Watershed Reports; (WRT, 2002).

Data were not available for the Carruthers and Petticoat Creek watersheds. A map showing land use in
the TRCA watershed is shown in Figure 2.
In general, urban land use in the watersheds extends north from Lake Ontario to a migrating urban fringe,
beyond which the landscape is predominantly rural, interspersed with small towns and cities. Not
surprisingly, the most urbanized watersheds have the largest density of storm sewer outfalls. As
stormwater flows across hard surfaces it picks up oil, grease, animal waste, pesticides and other toxic
pollutants that are transported through storm sewers to local rivers and the waterfront.
Combined sewers, which convey sanitary sewage and stormwater in the same pipe, are limited to the older
areas of Toronto and are located within the lower reaches of the Humber and Don River watersheds.
Combined sewer low flows are treated in water pollution control plants. During wet weather, when the
volume of flow in the combined sewer pipe exceeds its capacity, excess flow is diverted (combined sewer
overflow) to the nearest watercourse. Since these discharges include sanitary sewage from residential and
industrial areas, the concentration of contaminants such as bacteria, metals, nutrients and unconventional
pollutants (e.g., industrial organics) are often higher than observed in untreated stormwater runoff (Maunder et
al., 1995).
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Land Use
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3.3

Natural Heritage

The natural heritage cover within the nine watersheds is depicted in Figure 3. In 1999, the quantity of
natural cover (forest and wetland) in the TRCA jurisdiction occupied approximately 41,500 ha, or 17% of
the Toronto region1, as shown in Table 4. Cultural meadows accounted for an additional 16,000 ha, or
6% of the jurisdiction. Natural habitats continue to be removed by development from the TRCA area
landscape.
Table 4.

Existing (1999) Natural Cover
Natural Cover
(forest, wetland, and coastal)

Area
Zone
Hectares

% of Region

Hectares

116,625

47

7,934

7

Urbanizing

33,545

13

5,926

18

Rural

53,568

21

9,743

18

Moraine/Escarpment

45,474

18

17,898

39

249,212

100

41,502

82

Urban

Total (Region)

% of Zone

Under current conditions, none of the nine watersheds within the Toronto/Region meets the Environment
Canada recommendations for 30% forested natural cover. However, cover within the Duffins Creek
watershed approaches this value with 28% natural cover, and the Humber River watershed follows next
with 22% cover. These two watersheds, having a greater proportion of their area within the Oak Ridges
Moraine/Niagara Escarpment zone, are the least urbanized on a percent basis.
In contrast, within the highly urbanized Etobicoke Creek and Mimico Creek watersheds, only 6% and 3%
of the natural cover has been retained respectively. The natural cover within the Don River and Highland
Creek watersheds is limited to 9% and 6% respectively. These watersheds have poor functioning patch
conditions on average, and only support few species of concern. Accordingly, existing habitat patches
will continue to decline in quality if actions are not taken to manage the negative effects of the urban
matrix.

1.

Does not include all of TRCA jurisdictional area, and is used as an example only.
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Figure 3

Natural Heritage Cover
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4.

Water Balance Components

4.1

Conceptual Understanding

Generally, the basic concepts of the hydrologic cycle, or the water budget are familiar and understood by
watershed stakeholders2. The most commonly understood components are precipitation, evaporation, and
streamflow within a given watershed. In scientific circles these have been further subdivided to account
for plant transpiration, groundwater recharge and groundwater flow. The measurement of precipitation
and streamflow is comparatively straightforward, and data for these two parameters has been recorded for
many decades by interested
stakeholders.
The difference between total
precipitation and streamflow
volumes for any given
watershed is considerable.
The difference between these
two components represents
the net loss to the system due
to the combined effect of
evaporation and transpiration,
which is referred to as
evapotranspiration. This value is not directly measurable but can be calculated using empirical formulae
based on calibration in many watersheds (Thornthwaite and Mather, 1957). The difference between the
total precipitation and the evapotranspiration is generally referred to as surplus. The surplus may be
partitioned between that which infiltrates into the ground (groundwater recharge), and that which enters
local streams as surface runoff. Since the groundwater recharge usually re-enters the watercourses as
groundwater discharge, this partitioning can be achieved by baseflow separation techniques (Veissman,
1989, etc.) The process is cyclic, with the evapotranspiration losses in a particular watershed entering the
atmosphere, and subsequently forming the precipitation in another watershed.
The draft Ministry of the Environment guidance document on water budgets for Source Water Protection
(MOE, 2006) correctly identifies the components of a water budget that are considered in this study, and
is quoted here.

2.

Attached graphic courtesy of Conservation Ontario
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A water budget for a given area consists of inputs, outputs and changes in storage. The
inputs are precipitation, groundwater or surface water inflows, and anthropogenic inputs
such as waste effluent. The inputs must equal the outputs, which are evapotranspiration,
water supply removals or abstractions, surface or groundwater outflows, as well as any
changes in storage within the area of interest. This can be expressed as follows.
Reference can be made to Dunne and Leopold, 1978; Singer, 1981 and Walton, 1970 for
further description.
Inputs = Outputs + Change in Storage, or
P + SWin + GWin + ANTHin = ET + SWout + GWout + ANTHout + ∆S
Where:

P
SWin
GWin
ANTHin
ET
SWout
GWout
ANTHout
∆S

=
=
=
=
=
=
=
=
=

precipitation
surface water flow in
groundwater flow in
anthropogenic or human inputs such as waste discharges
evaporation and transpiration
surface water flow out
groundwater flow out
anthropogenic or human removals or abstractions
change in storage (surface water, soil moisture, groundwater).
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5.

Climate

5.1

Meteorological Zones

The climate of Ontario is primarily influenced by maritime polar and modified continental air masses from
the north and west, and by maritime tropical air from the south. The province is relatively shielded from
Atlantic air masses (and storms) by the Appalachian mountain system. For about 30% of the time during
winter, continental arctic air from the north brings very cold and dry weather. During summer, the maritime
tropical air from the south brings hot and humid conditions for about 14% of the time (Phillips, 1990).
Southern Ontario has a humid continental climate with warm summers, mild winters, and a long growing
season of 180 to 220 days. Local changes in the climate of Southern Ontario are influenced by geographic
factors such as latitude, relief, altitude, proximity to the Great Lakes, and position relative to prevailing winds.
Within the TRCA area, these geographic factors produce two main zones of relatively contiguous and
uniform climate known as the Lake Ontario Shore and the South Slope (Refer to Figure 4). The
northwestern edges of the watershed lie within two other zones: the Simcoe and Kawartha Lakes; and the
Huron Slope, but these two zones represent less than 10 % of the total area. The Lake Ontario shore zone
closely follows the north shore of Lake Ontario in a relatively narrow band and is under the moderating
influence of the Lake. The South Slope is topographically higher and further from the Lake, and hence
the influence of the Lake is diminished. The two zones are largely distinguished by differing temperature
patterns. The two minor western zones differ only in that there is higher precipitation caused by the
windward presence of large water bodies (Lake Huron and Georgian Bay).
A map of the TRCA area showing the locations of climate stations and average annual precipitation on a
watershed basis is shown in Figure 5. The average annual precipitation varies between 793 to
878 mm/year and generally increases from west to east. The average watershed values were determined
through the hydrologic modelling efforts described in Section 8.5.
Mean daily temperatures for the year are useful for broad, regional comparisons. The mean annual
temperature for the portion of the Lake Ontario Shore zone within the TRCA is approximately 8 °C.
Given its distance from the Lake, the South Slope zone has a cooler mean daily temperature of about 7 °C
(Sanderson, 2004). The differences between the two regions are subtle but distinct, and are summarized
in Table 5.
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Figure 4

Meteorological Zones in the TRCA Area
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Figure 5

Climate Stations and Average Annual Precipition
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Table 5

Lake Ontario Shore and South Slopes Climatic Zones
Item

Lake Ontario Shore

South Slopes

Altitude (m asl)

91.5

213.4

Mean Annual Temperature (°C)

8.0*

7.2

Daily Range of Temperature January (C°)

8.9

8.3

Daily Range of Temperature June (C)°

11.1

12.8

Extreme Low Temperature (°C)

-34.4

-39.4

Extreme High Temperature (°C)

40.0

40.6

Mean Annual Precipitation (mm)

825

850

Mean Annual Snowfall (mm)

1651

1778

Mean Annual Actual Evapotranspiration (mm)

533

559

Mean Annual Moisture Deficiency (mm)

76

51

Mean Annual Water Surplus (mm)

330

301

Note: *Values from Sanderson, Marie, 2004. Weather and Climate in Southern Ontario.
Geography Publications No. 58, University of Waterloo

5.2

Department of

Precipitation

The spatial distribution of average annual precipitation for the TRCA area is shown in Figure 6. This
map was extracted from the precipitation data that was compiled for the Core Model, which was
developed as part of the groundwater modelling of the Oak Ridges Moraine Area. The figure was
constructed based on the 1980 to 2002 average precipitation values from 129 Environment Canada
stations that cover the TRCA watersheds, all of York Region, and parts of Durham and Peel Regions.
The annual average precipitation values were plotted and interpolated using a kriging technique.
Lower values were observed in the City of Toronto and southern York Region. These lower values are
caused by the uplands to the west capturing winter precipitation coming from Lake Huron to the west
(Ontario Climate Centre, personal communication, 2006). The higher values to the east reflect the
combined influence of both Lake Simcoe and Lake Ontario as sources of moisture.
As shown in Figure 7, a Theissen Polygon approach was adopted to assess the precipitation characteristics
within the TRCA area. The Theissen polygons are representative areas that define the assumed region of
influence around each climate station.
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Figure 6

Distribution of Average Annual Precipitation
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Figure 7

Representative Climate Station Areas (Theissen Polygons)
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5.3

Evapotranspiration

Through the application of the Thornthwaite water balance method (Thornthwaite, 1948), the average
annual potential evapotranspiration (PET) was estimated to range between 575 to 603 mm/a, with a
value of 580 mm/a being representative of the major portion of the TRCA area. The average water
surplus (i.e., precipitation minus PET) ranges generally from 193 mm/a in the Toronto area to 290
mm/a in the East Gwillimbury. Part of the water surplus will be converted to surface runoff into area
watercourses, and the balance will infiltrate through the soil profile and eventually recharge the upper
portion of the groundwater system.
The spatial distribution of the PET throughout the TRCA area, as illustrated in Figure 8, was derived
from several water balances using different methods and different sets of data. As a result, abrupt
variations in the PET have resulted along municipal boundaries such as Steeles Avenue. These
inconsistencies are recognized by the TRCA and will be corrected as part of the proposed water
budget numerical modelling that will be undertaken as part of the next step in TRCA’s Source Water
Protection Planning process.

5.4

Climate Trends

Climate varies on both a short-term (seasonally) and long-term basis, which makes the selected time
period for data analysis very important for calculating the water budget. The average annual
precipitation for a 160-year period from a climate station in the City of Toronto is shown in Figure 9.
During this period the annual precipitation varied from approximately 600 mm to 1200 mm per year,
with an average value of 800 mm. A decade of below average precipitation, by some 100 mm,
occurred in the 1930s and above average values, in the order of 80 mm, took place during the 1970s
and 1980s.
For water budget modelling, existing and future climatic conditions should be simulated using
appropriate datasets. For both existing and future conditions, average and drought conditions will be
simulated for the water quantity risk assessment.
The results from two General Circulation Models that are used to predict climate changes indicate two
very different scenarios for southern Ontario (Piggott et al., 2003). Although both models predict
increases in temperature, one indicates a 19 percent decrease in recharge, flow, and discharge,
whereas the other predicts a 3 percent increase. However, the warmer temperatures predicted by both
models will lead to reduced snow accumulation, resulting in increased monthly base flows during the
winter, and decreased flows during the spring. Although the hot dry conditions as a norm remain a
possibility under climate change, hot and slightly wetter conditions are also a possibility.
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Figure 8

Average Annual Evapotranspiration Distribution Within the TRCA Area
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Annual Total Precipitation (mm)
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6.

Physiography and Geology

6.1

Topography

The land surface of the TRCA area rises about 400 m from Lake Ontario to the south, to the Oak Ridges
Moraine (ORM) and Niagara Escarpment to the north and northwest respectively (Refer to Figure 10).
The lowest elevation of 75 mASL (metres above sea level) along Lake Ontario rises to a maximum of
about 475 mASL on the crest of the Niagara Escarpment in the northwest. In the northeast portion of the
area, the crest of the ORM reaches an elevation of 405 mASL.
The slope for most of the area is from north to south, with the area near the western boundary along the
Niagara Escarpment sloping to the east.
The ORM is hilly, with a knob and basin (hummocky) relief. As discussed in Section 6.2.1, recharge is
high on the ORM due to highly permeable soils combined with the hummocky relief. Recharge through
the fine-grained sediments that cover the ORM in places is also significantly higher than for the same
sediments on the till plains due to the hummocky topography in these areas that tends to retain surface
runoff. The ORM includes the areas of hummocky Halton Till that occur along its southern border. The
distribution of the hummocky topography is presented in Figure 11. The lands to the south of the ORM
have more uniform slopes towards Lake Ontario, although local areas can be steep due to river valleys
and drumlins. The following section describes the physiographic regions within the TRCA area.

6.2

Physiography

The major physiographic regions within the TRCA area, as defined by Chapman and Putnam (1984), are
shown in Figure 12, and include the following features:






The Oak Ridges Moraine (ORM) in the northern portion;
The South Slope through the core of the TRCA area;
The Peel Plain (also referred to as the Peel Ponds) in the western portion;
The Lake Iroquois Plain in the south along Lake Ontario; and
The Niagara Escarpment along the western TRCA boundary.
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Figure 10

Topography
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Figure 11

Hummocky Topography Associated with the Oak Ridges Moraine
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Figure 12

Physiography
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6.2.1 The Oak Ridges Moraine
The Oak Ridges Moraine (ORM) rises 250 m above the till plain to the south and is the predominant
physiographic and hydrogeologic feature in the area. The ORM is a ridge of sand and gravel deposits that
was formed during the retreat of the Wisconsinan glaciers 13,000 years ago. The west to east elongate
structure of the ORM widens in the north-south direction at two locations within the TRCA area. The
widest parts of each of the wedges are located, from west to east, in the vicinity of Albion Hills, and in
Uxbridge. The ORM crosses the entire TRCA area and extends over a distance of 160 km from the
Niagara Escarpment in the west, to the Trent River in the east.
The topography of the ORM is described as being hummocky, consisting of knobs and basins. The
majority of the hills are composed of sand and/or gravel, with the remaining hills consisting of till
overlying sand and/or gravel. The sandy surface soils and the hummocky topography serve to make the
ORM a major recharge area.
The moraine forms a surface water and 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 lower slopes of the moraine provide groundwater discharge to streams
that flow to the till plains north and south of the moraine.
Within the Oak Ridges Moraine Physiographic Region, Chapman and Putnam identify Outwash Channel
deposits. Most of Peel’s municipal wells are located within these features, including four wells in the
TRCA jurisdiction (i.e. Caledon East 2 and 3, Palgrave #2 and #4). These glacial meltwater drainage
channels are entrenched features as opposed to moraines that stand up above the surrounding terrain
(Chapman and Putnam, 1984).

6.2.2 South Slope, Peel Plain, and Lake Iroquois Plain
As noted in Figure 12, the area south of the Oak Ridges Moraine has been divided into three
physiographic regions. The South Slope is smooth, faintly drumlinized clay till plain containing the
deeply incised stream valleys of the Credit, Humber, Don, and Rouge Rivers. The topographic relief
ranges from about 280 mASL where the South Slope intersects the ORM, to about 80 mASL near the
Lake Ontario shoreline.
The Peel Plain is a faintly undulating to flat till plain with a veneer of lacustrine clay. It occurs as a band
through the centre of the TRCA area and is surrounded to its north and south by the South
Slope physiographic region. Like the South Slope, the Peel Plain is deeply incised by the stream valleys,
and while it forms a major feature, other areas with localized sand/silt and clay deposits occur on the
South Slope, particularly in the Markham and Ajax areas.
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The Lake Iroquois Plain is a lowland bordering Lake Ontario that consists of beach sands, and lacustrine
silts and clays deposited by ancient Lake Iroquois. The shoreline of Lake Iroquois is an easily identifiable
feature in the City of Toronto, seen as a terrace, which at Casa Loma is about 23 m high in elevation. It is
characterized by permeable sand deposits along the terrace, grading to silt and clay with distance towards
Lake Ontario. These surficial sediments overly the base till soils, which outcrop as drumlins and were
likely islands in the prehistoric Lake Iroquois.

6.2.3 Niagara Escarpment
The Niagara Escarpment consists of vertical cliffs of dolomite and limestone of the Lockport-Amabel
Formations and is located in the northwest corner of the TRCA area. Unlike many other cliff formations,
the Escarpment is not a geological fault but is a cuesta. It was formed when ancient oceans eroded away
the underlying soft shale of the Queenston Formation more quickly than the hard caprock of dolomite and
limestone. The escarpment has been dissected by a number of deep valleys, including the one that carries
the headwaters of the Humber River. In 1990, UNESCO (the United Nations Educational, Scientific and
Cultural Organization) designated the Niagara Escarpment as a Biosphere Reserve.

6.3

Bedrock Geology

Understanding the overall geologic timeline provides important insight into the geology of the TRCA
area. The sequence (simplified) of events that occurred in the past is summarized in Table 6.
Table 6
Name

Simplified Geologic Timeline

Time

Dominant Process

Description

Palaeozoic Bedrock

550 to 350 million years ago Deposition

Palaeozoic bedrock layers deposited on
Canadian Shield

The “Big Gap” (Eyles, 2002)

350 million years ago to
135,000 thousand years ago

Erosion

Extensive erosion of the bedrock
surface (bedrock unconformity)

Pleistocene Overburden

135,000 to 12,000 years ago

Glacial Processes
(deposition)

Complex deposition and reworking of
overburden materials during glacial
advances and recessions

Figure 13 indicates that the bedrock for most of the TRCA area consists of the shales of the Georgian Bay
and Queenston Formations, both of which are of the Ordovician age, which occurred 443 to 490 million
years ago.
Along the western boundary are the sandstones and dolostones associated with the Silurian (417 to
443 million years ago), Clinton and Cataract Groups, and the Lockport-Amabel Formations. Bedrock
outcrops are exposed along the Niagara Escarpment and at the bottom of deep river valleys near the
mouths of rivers such as the Humber, the Rouge and Duffins Creek.
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The structure of deeper Precambrian and Palaeozoic strata has a broad control on groundwater resources
and flow patterns in the area. A major northeast trending structure in Shield rocks may control the
position of lakes on the edge of the Precambrian/Palaeozoic contact and possibly the orientation of the
bedrock valleys that occur in the northern ORM area (Scheidegger, 1980). The Shield rocks are identified
as CMBBZ, i.e., Central Metasedimentary Belt Boundary Zone in Figure 14 (Easton, 1992).
A complementary set of northwest and northeast trending fracture patterns (Sanford et al., 1985) and
preglacial drainage networks (Spencer, 1881), which have preferentially eroded softer shale, may also
control the position of the Palaeozoic bedrock valleys. These lakes and structures may have also been
enhanced by glaciofluvial erosion (Gilbert and Shaw, 1994). Hence, the underlying structure and bedrock
morphology are the likely controls on the regional hydrogeology of the ORM. Finally, small-scale
structure, such as weathering and near surface fractures and jointing in bedrock, serves to attract
groundwater flow.

6.4

The Big Gap – Erosion of the Bedrock

Investigations using location-corrected water wells, borehole data, and seismic reflection profiles have
been used by recent investigators to map the bedrock topography in the TRCA area. The top of the
bedrock is an erosional surface consisting of a complex system of bedrock valleys formed by midcontinent river systems prior to the Pleistocene glaciation (Figure 15). These systems were dominated by
the Laurentian bedrock valley, which was once a regional drainage system from Georgian Bay to Lake
Ontario. The Laurentian bedrock valley system, which parallels the Niagara Escarpment to meet Lake
Ontario under the City of Toronto, is buried by up to 200 m of sediments. One of its main valley extends
to Lake Ontario under the Don River, while a second branch extends to the Lake under the Humber River.
The effect of the Laurentian valley system is most pronounced on the deeper flow system, but the
underdrain effect also influences groundwater flow patterns in the middle and upper flow systems. To
date, only one name has been assigned to this ancient river system. As our knowledge improves, this may
change. The buried bedrock valleys can potentially form productive aquifers.
Eyles (2002) suggests that as much as 7 km of bedrock material was eroded from the basin over a period
of 150 million years. Recognizing and understanding this extensive history of erosion at the bedrock
surface unconformity is important for gaining further insights into the deeper groundwater flow system.
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Figure 13

North-South Cross-Section Showing Overburden Stratigraphy
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Figure 14

Bedrock Geology
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From: Eyles, 2002

Figure 15

West-East Cross-Section Showing Bedrock Layers
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6.5

Overburden Geology

The overburden sediments in the TRCA area have been deposited by glacial movement over the last
135,000 years, during the last two Pleistocene glacial periods (Wisconsinan and Illinoisan) and the
Sangamon interglacial period. As shown in Figure 16, the thickness of the overburden sediments
ranges from zero (bedrock outcrop) to 270 m at locations where the Laurentian bedrock valley system
and the ORM coincide (Gerber, 2004). A profile of the overburden deposits of the TRCA area is
shown in Figure 17 and the surficial geology map is shown in Figure 18. The following sections
describe the nature of the overburden soils in accordance with the profile presented in Figure 17. A
typical cross-section is presented on Figure 19. The thicknesses of the stratigraphic units were
estimated by the YPDT-CAMC study team using the GSC golden spikes, geophysical data (downhole
and seismic), combined with water well records (Kassenaar and Wexler, 2006).

6.5.1 Surficial Soils
A surficial soils map of the TRCA area is provided as Figure 20. As can be noted the soils are
dominated by clay, clay loam, and loam derived from the Halton and Newmarket Tills and the Peel
Plain clay deposits. Sandy loam soils are present in the following areas:
 Upper reaches of the Humber River watershed north of Caledon East;
 Headwaters of the Humber, Don, and Rouge river watersheds between Maple,
King City and Richmond Hill;
 Headwaters of Duffins Creek in Uxbridge; and
 Middle reaches of Duffins Creek north of Ajax.

6.5.2 Surficial Glaciolacustrine Deposits
The uppermost regionally significant surficial geologic unit consists of a sequence of thin
glaciolacustrine deposits that form a veneer over the underlying Halton and Newmarket Till. These
deposits vary from nearshore sands and gravel beach deposits of the Lake Iroquois shoreline, to the
fine sands, silts and clays of glaciolacustrine pondings that occur north of the Lake Iroquois shoreline.
The deposits generally form a thin veneer over the underlying sediments, although locally they can be
several metres thick. These units represent local ponding of water, or higher water levels in Lake
Ontario, following the retreat of the glaciers approximately 12,500 years ago. For example, Glacial
Lake Iroquois (ancestral Lake Ontario) water levels were at least 40 to 60 m higher than present due to
ice blockage and damming of water along the St. Lawrence River (Anderson and Lewis, 1985; Eyles,
1997). It is noted that the shoreline elevations are slowly changing as a result of postglacial glacioisostatic rebound (Eyles, 1997).
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Figure 16

Bedrock Topography
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Figure 17

Sediment Thickness
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Figure 18

General Stratigraphy of TRCA’s Jurisdiction
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Figure 19

Surficial Geology

Page 39

Draft Accepted Conceptual Understanding
Water Budget Report

Figure 20

Distribution of Soil Types
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6.5.3 Halton Till
The latest glacial ice advance over the southern part of the TRCA area occurred from the Lake Ontario
Basin about 13,000 years ago, and resulted in the deposition of the Halton Till from the Lake Ontario Ice.
Based on the analyses conducted as part of the YPDT-CAMC project, and recent mapping by the
Geologic Survey of Canada (GSC), it has been concluded that the Halton Till forms the surficial till unit
that extends southward to the Lake Iroquois shoreline throughout most of the TRCA watersheds.
The Halton till is texturally variable, but is generally a sandy silt to clayey silt till interbedded with silt,
clay, sand and gravel (Russell et al., 2002). In some areas, it is very clay-rich where the Halton Ice has
overridden glaciolacustrine deposits. The Halton Till is typically 3 to 6 m thick, but locally it can exceed
15 to 30 m in thickness, such as in the Mount Wolfe and King Township areas within the Humber River
watershed (Russell et al., 2002; White 1975). On the southern flanks of the ORM, the Halton Till has
overridden the granular ORM deposits, extending as far north as Oak Ridges in Richmond Hill and to the
Vandorf Sideroad near Stouffville.

6.5.4 Oak Ridges Moraine (ORM) Deposits
The ORM is an extensive, stratified, sediment complex measuring 160 km in length and 5 to 20 km in
width, and arranged as four sediment wedges, each widening in the westward direction. The wedges sit
distal to large channels extending from Albion Hills, Uxbridge, Pontypool and Rice Lake (Sharpe et al.,
1994; Barnett et al., 1998). Most of the TRCA area lies within the Albion Hills and Uxbridge Sediment
Wedge, which contain a number of delta fan features, two associated sand plains (Goodwood and
Ballantrae), as well as moraine features. The ORM may be more extensive (approximately 5 km) and
may reach a thickness of 150 m in the subsurface, particularly beneath younger till sediments that flank
the moraine. The lower contact of the ORM sits on a regional unconformity upon the Newmarket Till
and lower sediments. ORM sediments occur primarily within fan-shaped bodies on the scale of 10 to 100
m thick, 100 to 5,000 m long and 10 to 1,000 m wide. These sediments are arranged from coarse to fine
in a downflow direction and vertically upsection.
Core logging shows that moraine sediments may consist of two to three fining-upward sequences
(Gilbert, 1997; Russell et al., 1997). Rhythmically interbedded fine sands and silts are the dominant
sediments within the ORM, but coarse, diffusely bedded sands and heterogeneous gravels are prominent
locally, at the apex of fans and at depth in channels. Clay laminae are also present locally. ORM
sediments have predominant northeast-southwest to east-west paleoflow indicators. The deposits are
interpreted as glaciofluvial, transitional to glaciolacustrine subaqueous fan, and delta sediments. They are
believe to have been deposited in a glacial lake ponded between two glacial ice lobes (Simcoe and
Ontario Lobes) and the Niagara Escarpment to the west approximately 12,000 to 13,000 years ago, during
the Mackinaw Interstade (Eyles, 2002).
The formation of the Oak Ridges Moraine between two ice lobes is shown graphically in Figure 21
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Formation of the Oak Ridges Moraine

From: Eyles, 2002 (Notes: Oak Ridges Moraine sediments in brown; Northern Till = Newmarket Till)

Figure 21
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The formation progressed through four major stages as follows:
 High energy subglacial channels deposit coarse gravels in east-west trending eskers.
 The deposition forming high energy subglacial fans.
 Glacial fan and delta formations emerged with the deposition of fine sands as the ice
receded.
 Lower energy environment with ice marginal deposits, including glaciolacustrine
stratified sediments and debris flow deposits. This complex sedimentary sequence
consists primarily of granular deposits (Barnett et al., 1998).

6.5.5 Mackinaw Interstadial Deposits
Localised ice contact and glacio-fluvial granular deposits are found underlying the south slope, at the same
stratigraphic horizon as the ORM. Where these granular deposits are found, they represent the upper
aquifer, and influence the local groundwater flow. Although these sediments are not hydraulically
connected to the Oak Ridges Moraine sediments, they are still referred to as an "Oak Ridges Equivalent",
since they occupy the same stratigraphic position.

6.5.6 Thorncliffe Formation
The Thorncliffe Formation deposits represent glaciofluvial deposition of sand, and silty sand within lows
on the underlying deposits. Further to the south, the formation comprises predominantly glaciolacustrine
deposition of silt, sand, and pebbly silt and clay deposited by glacial meltwaters entering a deep, icedammed ancestral Lake Ontario. The basal part of this unit is often marked by silt-clay rhythmites. This
unit was deposited approximately 45,000 years ago (30,000 to 50,000 years ago; Barnett, 1992). The
pebbly silt and clayey silt units are known as the Seminary and Meadowcliffe Diamict units where they
occur along the Scarborough Bluffs, and are believed to have limited extent north of the bluffs (Barnett,
1992; Eyles and Eyles, 1983; Karrow, 1967).
Geotechnical investigations for trunk sewer projects, particularly along 16th Avenue near Markham, are
encountering considerable variation in grain size and thickness of sands within the Thorncliffe Formation.
This is interpreted to represent coarser material being deposited by fluvial or subaqueous processes in a
north to south linear or fan-like fashion from a more northerly source (Sharpe et al., 2002b), perhaps similar
to that proposed for parts of the underlying Scarborough Formation (Kelley and Martini, 1986). The finegrained sand and silty sand deposits represent deposition in a more distal or lateral position from the
sediment source. The Thorncliffe Formation is characterized by significant facies changes over short
distances, generally on the kilometre scale (Interim Waste Authority Limited, 1994a-e). The hydraulic
conductivity of this aquifer changes abruptly both laterally and vertically. Therefore it is an aquifer in some
places, and an aquitard in others. This is accommodated in the groundwater model by varying the “k” value
based on the geologic information in the borehole database. As the number of high quality boreholes/slug
tests/pup tests in the database improves, the “k” value assignments will also be enhanced.
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The deposits of the Thorncliffe Formation are thickest beneath the ORM and beneath elevated till uplands
that occur within the Highland Creek watershed and the central Duffins Creek watershed. Note that these
deposits are absent where tunnel channel activity (described below) has been interpreted to erode down
through the Thorncliffe Formation. The tunnel channel infill deposits vary from gravel to clay, and have
lateral hydraulic connection with the Thorncliffe Formation deposits. The top of the Thorncliffe
Formation dips gently towards the south. This general drop in elevation of the unconsolidated sediment
stratigraphy from north to south, and towards the Laurentian Bedrock Channel, is typical for the TRCA
area and basically reflects a general draping of the unconsolidated sediments upon the bedrock surface.

6.5.7 Newmarket Till
The Newmarket Till has been interpreted as being up to 60 m thick in localized areas, but is generally
approximately 20 to 30 m thick. The till has been eroded in parts of the northern TRCA area
corresponding to the locations of the interpreted tunnel channels where meltwater flow has eroded down
through the Newmarket Till into underlying sediments. The top of the Newmarket Till is generally less
than 300 mASL beneath the ORM and dips southward towards Lake Ontario.
The Newmarket Till can be traced as a stratigraphic marker across the entire TRCA area that separates the
upper aquifer systems associated with the ORM from the lower aquifer systems that occur within deposits
of the Thorncliffe and the Scarborough Formation. The Newmarket Till contains breaches where it has
been eroded by meltwater activity (Tunnel Channels).
The structure of the Newmarket Till is an important consideration for understanding its variation in
permeability. The Newmarket Till is a massive, stony (3 to 10%) and consistently dense silty sand
diamicton up to 60 m in thickness and has been traced lithologically beneath the moraine (e.g., Gwyn,
1976; Barnett et al., 1991; Sharpe et al., 2002a). It contains thin, 2 to 5 cm thick, interbeds of sand and
silt, and boulder pavements, together with fractures and joints. It also contains small injections, dykes,
breccia and rafts from lower sandy beds. Discontinuous sand beds up to 1 to 2 m may also be present. In
rare instances, it contains thin rhythmites or isolated clay laminae. This unit is always considered to be an
aquitard. If small-scale 'k' values are used in the calculations, insufficient leakage is produced through the
aquitard, and the groundwater model does not calibrate well.

6.5.8 Regional Unconformity (Tunnel Channels)
An interpreted network of south-southwest oriented channels (Kassenaar and Wexler, 2006) has been cut
into or through the Newmarket Till. These channels have been located, extended and refined from
information provided in Russell et al. (2003) and from the elevation of ground surface topography north
of the ORM. The surface expression of the channels disappears beneath the ORM, but re-emerges in the
watershed regions north of TRCA (NVCA, LSRCA). Mapping and drilling (Barnett, 1993), and seismic
reflection profiling (Pugin et al., 1996) show that the tunnel channels continue beneath the ORM. The
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tunnel channels may be confined within the Newmarket Till, or may have eroded through the till into the
lower sediments.
At surface the channels are 1 to 4 km wide and tens of metres deep. In the subsurface, their geometry is 1
to 2 km wide and tens of metres deep (Pugin et al., 1999). The channels mainly contain sandy sediments;
however, some channels contain thick (10 to 15 m) cross-bedded gravels (Shaw and Gorrell, 1991; Pugin
et al., 1999; Russell et al., 2002). The channel network is attributed to subglacial floods (e.g., Barnett,
1990; Shaw and Gilbert, 1990; and Russell et al., 2002) and the fill is attributed to waning flow (e.g.,
Shaw and Gorrell, 1991). These channels may be hydrogeologically significant as high yield aquifers
(Sharpe et al., 1996) or, depending on channel infill, will affect the amount of leakage between upper
aquifers associated with the ORM and deeper aquifers situated within the Thorncliffe Formation and the
Scarborough Formation.
Three major tunnel channel systems are interpreted to generally trend in a north-south to northwest southeast direction, and extending from north of the ORM into the TRCA area. The most easterly
channel, herein termed the Ballantrae Channel, is interpreted to trend through the Mount Albert and
Ballantrae areas and appears to end beneath the moraine within the headwaters of the Rouge River
watershed. It is postulated that this termination beneath or south of the ORM may be attributed to a
dissipation of energy as the meltwater flow meets with a pre-existing deposit surface (top of Newmarket
Till) that dips southward towards Lake Ontario and perhaps also within an area of deep ponded water.
Some hydraulic truthing of the channel tunnels by means of hydraulic testing and mapping of responses
to long-term pumping have been conducted (IWA, 1994a-e), but additional efforts in this regard would be
very beneficial. The York Durham Trunk Sewer System (YDSS) project has facilitated a long-term
analysis of one part of the groundwater model in the area north of the Town of Markham.

6.5.9 Sunnybrook Drift
The Sunnybrook Drift unit was deposited in close proximity to an ice sheet as it finally reached the
TRCA area about 45,000 years ago. The Sunnybrook Drift is interpreted to be a clast-poor mud (silt and
clay) deposited on the floor of a glacially dammed lake approximately 100 m deeper than the modern
Lake Ontario (Eyles, 2002). Boulders and pebbles are rare and are interpreted to result from melting
icebergs. An alternate explanation is that this unit consists of multiple diamicton (till-like) beds resulting
from the interfingering of ice marginal flow tills, and subglacial deformation and lodgement till (Barnett,
1992). Another interpretation is that this unit is a deformation till resulting from glacial overriding of lake
clays (Hicock and Dreimanis, 1989) and has been identified near Woodbridge as a pebble-free mud
(White, 1975). The Sunnybrook Drift is thicker where it fills valleys on the tops of the underlying units.
The Sunnybrook Drift is generally less than 10 to 20 m thick but becomes thicker over low points in the
underlying layers. It has also been partially removed by erosional channel activity, particularly along the
western part of the TRCA area.
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6.5.10 Scarborough Formation
The Scarborough Formation marks the beginning of the Wisconsinan glaciation, which started
approximately 70 to 80 thousand years ago. The Scarborough Formation deposits are interpreted as being
a fluvial-deltaic system fed by large braided melt-water rivers draining from an ice sheet depositing
prograding organic-rich (peat) sands over silts and clays (Karrow, 1967; Eyles, 1997). The lower prodelta
silts and clays are up to 60 m thick at the Scarborough Bluffs along Lake Ontario and are believed to be in
transitional contact with the muds of the underlying Don Formation (Eyles, 1997). The upper sands are
channelized in some locations, possibly as a result of fluvial erosion due to fluctuating lake levels.
The delta is considered to extend over an area of 200 km2 and was deposited by a large river flowing from
Georgian Bay along the Laurentian River channel to ancestral Lake Ontario. Lake levels must have been
at least 45 to 60 m higher than present day, perhaps indicative of some form of ice damming of Lake
Ontario to the east (Gerber, 2004; draft).
The Scarborough Formation deposits are believed to extend from the Lake Ontario shore northward
towards Lake Simcoe (Fligg and Rodrigues, 1983; Eyles et al., 1985; Pugin et al., 1996; Sharpe et al.,
1996). Although this formation is present throughout much of the TRCA area, it is only found in
appreciable thickness in the bedrock valleys.

6.5.11 Don Formation
Like the York Till, the Don Formation is only rarely preserved within southern Ontario. Known locations
where it has been observed in outcrop include: near Woodbridge (Karrow et al., 2001), and in the Don
Valley Brickyards (Eyles and Clark, 1988). At these locations, the unit is described as having alternating
beds of fossiliferous sand and mud deposited in near shore areas of an ancestral Lake Ontario. The sands
represent wave-agitated near-shore conditions, with the muds representing calmer near-shore conditions
(Eyles, 2002).
Similar to the York Till, given the discontinuous nature of this deposit and the paucity of deep borehole
data, this unit has not been mapped. It is also expected that the sand and mud of this deposit would be
extremely difficult to distinguish from the overlying Scarborough Formation with the existing borehole
data (primarily water well records3).The Don Formation was deposited between approximately 125,000 to
80,000 years ago during a warm interglacial period known as the Sangamon Interglacial (Eyles, 2002).

3.

Water well records are not made by geologists, but rather represent textural descriptions based on highly disturbed
samples collected from borehole drilling fluid returns.
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6.5.12 York Till
The York Till is the oldest known glacial sediment in southern Ontario and was deposited during the
Illinoian Glaciation approximately 135,000 years ago (Eyles, 2002; Barnett, 1992). The Till occurs only
sporadically within the TRCA area, and is believed to be preserved in the low-lying areas of the bedrock
surface. The till appears dark grey with a sandy silt matrix and includes clasts of the underlying shale.
The York Till has been described in outcrops near Woodbridge (Karrow et al., 2001) and in the Don
Valley Brickyards (Eyles and Clark, 1988). The till is also interpreted to occur immediately above
bedrock in a borehole drilled by Gartner Lee Limited in Uxbridge (Gartner Lee Limited, 2003). Given
the discontinuous nature of this deposit and the paucity of deep borehole data within the TRCA area, a
map of the York Till has not been constructed.
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7.

Groundwater

7.1

Hydrostratigraphy

Groundwater flow through the TRCA area has been extensively studied by a number of groups, and the
geology has been the focus of studies by the Geological Survey of Canada (GSC). From these studies,
the GSC provided two key elements for understanding groundwater flow:
 A conceptual model of the processes that shaped the overburden geology of the region; and
 A five-layer digital stratigraphic model.
The GSC stratigraphic model consists of the following five layers:





Halton Till;
Oak Ridges Moraine Deposits;
Newmarket Till;
Undifferentiated Lower Sediments (including York, Scarborough, Sunnybrook and Thorncliffe
units); and
 Bedrock.

The two elements were used as a foundation for the construction of a groundwater flow model for the
TRCA area by the YPDT-CAMC4 groundwater management study. In addition, the YPDT-CAMC group
developed a database of borehole and water well related information, along with climate (Environment
Canada) and streamflow (Water Survey of Canada and TRCA) data.
The hydrostratigraphy used in the groundwater flow model was based on a re-interpretation of the
borehole log data published by the Conservation Authorities Moraine Coalition using the GSC conceptual
insights and layers as a guide to the interpretation process (Kassenaar and Wexler, 2006). The main focus
of the re-interpretation and refinement was to identify aquifer/aquitard boundaries. The GSC layers are
based primarily on stratigraphy and not necessarily on aquifer/aquitard boundaries. Other goals of the
reinterpretation and refinement include delineating the sub-glacial tunnel channels, mapping
interconnected bedrock valley systems, and subdividing the deeper system (Lower Sediments) into the
Thorncliffe, Sunnybrook and Scarborough units based on hydrogeologic function.
The reinterpretation and refinement of the GSC stratigraphic model resulted in the delineation of the
following seven hydrostratigraphic units for the TRCA area:
 Halton Aquitard;
 Oak Ridges Aquifer;
 Newmarket Aquitard;
4.

YPDT – CAMC: York Peel Durham Toronto-Conservation Authority Moraine Coalition
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Thorncliffe Aquifer;
Sunnybrook Aquitard;
Scarborough Aquifer; and
Upper Bedrock Aquitard.

A discussion on the permeability of each of these units is provided below in Section 7.2, and a description
of the physical and hydrogeologic characteristics of each unit follows in Sections 7.3 to Section 0. It
should be noted that each of these units is not homogeneous. Each unit exhibits extensive variation both
laterally and vertically. However, for the purposes of constructing a numerical hydrogeologic model, it
was necessary to divide the stratigraphy into a limited number of layers. To represent the variations in
each aquifer layer, the thickness and hydraulic conductivity were varied to match the observed geologic
materials in the golden spike boreholes, geotechnical boreholes, and water well records. Tunnel channel
zones were also defined in terms of their location, depth, orientation, and infill material to adequately
represent the cross-connection of aquifer systems.

7.2

Properties of Hydrostratigraphic Units

Information on the hydraulic properties of the aquitards (Halton, Newmarket, and Sunnybrook) is limited.
There is enough information, however, to suggest that the Halton Till is sometimes an aquitard and
sometimes an aquifer. The Newmarket Till is always considered an aquitard, unless it has been replaced
by a tunnel channel and similarly the Sunnybrook Till is also functions as an aquitard. As with any
geologic model, further refinements are expected over time, particularly where aquitards are thin. Based
on available field data and the results of previous modelling studies, the hydraulic conductivities shown in
Table 7 were assigned to the aquitards based on the groundwater flow model (Kassenaar and Wexler,
2006).
Table 7

Aquitards –Calibrated Horizontal & Vertical Hydraulic Conductivity Values
Primary

Horizontal Hydraulic

Vertical Hydraulic

Layer

Conductivity (m/s)

Conductivity (m/s)

Halton Till

2

5.0 x 10-7

1.5 x 10-7

Weathered Halton Till

1

5.0 x 10-6

5.0 x 10-6

Newmarket Till

4

5.0 x 10-8

1.0 x 10-8

Newmarket Till under Moraine

4

5.0 x 10-8

1.25 x 10-9

Weathered Newmarket

3

5.0 x 10-6

5.0 x 10-6

Tunnel Channel Silts

4

5.0 x 10-7

1.0 x 10-7

Sunnybrook Drift

6

5.0 x 10-8

5.0 x 10-9

Layer

Estimates of hydraulic conductivity for the aquifers can draw on a much more extensive database than
currently exists for the aquitards. The different estimation methods for hydraulic conductivity of aquifers
include:
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 Estimated properties from slug and pumping test information;
 Specific capacity estimates included in the MOE database; and
 Lithologic descriptions available in the borehole database.
As part of the next step for updating the database, which is scheduled to take place in 2007, the locations
where the above methods have been applied will be mapped. It is noted that the groundwater levels and
pumping data were added to the database in 2006.
The values estimated from in-situ methods provide local information only, and other methods are required
to provide the regional distribution of the hydraulic conductivity. Maps of estimated specific capacity
provided a general understanding of the relative permeability of the aquifer materials at the locations of
the well screens. These results were not used as absolute values of hydraulic conductivity because of bias
towards well construction within the more permeable parts of the aquifer, and short-term effects on the
well response. Other factors affecting the estimates include the influence of partial penetration of well
screens, well loss and hydrogeologic boundaries (Walton, 1970). The calibrated horizontal hydraulic
conductivities for the aquifers are summarized in Table 8.
Table 8

Aquifers – Calibrated Horizontal Hydraulic Conductivity Values
Aquifer

Layer

Hydraulic Conductivity (m/s)

ORM Deposits

1

5.0 x 10-5 to 1.0 x 10-3

Upper Part of Lower Sediments

3

2.5 x 10-5

Lower Part of Lower Sediments

4

5.0 x 10-5

Weathered Bedrock

5

6.7 x 10-6 (assuming a 15 m thickness)

Note: Thorncliffe Aquifer = Upper Part of Lower Sediments
Scarborough Aquifer = Lower Part of Lower Sediments

7.3

Halton Aquitard

The Halton Aquitard occurs largely at the ground surface on the south side of the ORM. It is thickest in
King Township and is most continuous to the north, but is absent in some of the major branches of the
rivers where it has been removed by erosion activity. Where this till cover is absent, the lower units are
frequently covered with a veneer of glaciolacustrine material or more recent fluvial deposits associated
with modern river valleys. The Halton deposits are generally less than 25 m thick, as shown in Figure 22
and serve as an aquitard wherever present in significant thickness, limiting recharge rates to 60 to 100
mm/yr. Where the terrain is hummocky, the capture and retention time of surface water will increase the
recharge values by up to 300 mm/yr (Kassenaar and Wexler, 2006).
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Figure 22

Extent and Thickness of the Halton Aquitard
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7.4

Oak Ridges Aquifer

The extent and thickness of the Oak Ridges Aquifer is shown in Figure 23. Sand bodies situated beneath
the surficial tills, along the flanks of the ORM deposited during the Mackinaw Interstadial, are also
included in this aquifer complex. The degree of hydraulic connection with the moraine sediments
generally decreases away from the ORM. The Oak Ridges Aquifer sediments are up to 100 m thick along
the core of the moraine, but in areas remote from the ORM, the sands of the Mackinaw Interstadial are
locally discontinuous and generally less than 10 m thick. As can be observed from Figure 24,
groundwater flow in the ORM Aquifer is generally in a southerly direction; however many of the
headwaters of the streams systems receive baseflow from these deposits.

7.5

Tunnel Channels

A series of channels exist, most noticeable to the north of the Oak Ridges Moraine, where the Newmarket
Till aquitard has been partially or completely eroded. Digital elevation models and cross sections of the
area illustrate these channels in both plan view and section, and the interpretation is consistent with
available borehole data. The presence of these channels were theorized by the GSC and fit with their
geologic interpretation of the Golden Spikes boreholes. Based on the above, some ground truthing of the
interpretation has been achieved.
The sediments that infill these channels are quite variable, ranging from sand and gravel to silt and clay.
The nature of the infill sediment is important, particularly where the Newmarket Till has been completely
eroded, because the hydraulic conductivity of this sediment will control the degree of vertical hydraulic
connection between the adjacent aquifer units (Figure 25). These channels form the aquifers that supply
the Palgrave and Caledon East wellfields in the Region of Peel.

7.6

Newmarket Aquitard

The highest points of this aquitard occur beneath the Oak Ridges Moraine where the till appears to drape
an elevational high on the upper surface of the Thorncliffe Formation aquifer. This aquitard is generally
less than 60 m thick with the thickest locations occurring near Stouffville as shown in Figure 26. The
Newmarket Till occurs at depths of up to 100 m below ground surface along the core of the moraine.
Hydrogeologic investigations conducted by the Interim Waste Authority (IWA, 1994a-e) and continued
by Gerber (1999; Gerber and Howard, 1996; 2000; Gerber et al., 2001) suggest that the Newmarket Till
can be considered to be a dual porosity medium with a bulk hydraulic conductivity (K) controlled by nonmatrix structures or pathways (Gerber et al., 2001). Horizontal pathways include sand and gravel
interbeds, and boulder pavements marking erosional surfaces identified in the Newmarket Till in outcrop
and shallow seismic reflection profiles (Boyce et al., 1995; Boyce et al., 1997).
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Figure 23

Extent and Thickness of the Oak Ridges (Upper) Aquifer (and Equivalent)
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Figure 24

Groundwater Levels in the Oak Ridges (Upper) Aquifer (and Equivalent)
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From: Kassenaar and Wexler, 2006

Figure 25

Hydrogeologic Function of the Tunnel Channels in the Newmarket Aquitard
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Figure 26

Extent and Thickness of the Newmarket Aquitard

Page 56

Draft Accepted Conceptual Understanding
Water Budget Report

Draft Accepted Conceptual Understanding
Water Budget Report

Vertical pathways include fractures, sand dykes and steeply-dipping shear surfaces. The
groundwater modelling for the TRCA area adopted bulk hydraulic conductivity values (K) of 0.1 to
1.0 x 10-8 m/s to calibrate the model. Alternatively, isotopic data (2H, 18O and 3H) and regional
water balance/groundwater flow modelling (Gerber, 1999) suggest vertical bulk K values in the
order of 5 x 10-9 to 10-10 m/s. Matrix K estimates from triaxial permeability and slug testing, in
contrast, yield much lower estimates of K ranging from 10-11 to 10-10 m/s. Vertical leakage through
the Newmarket Till to the underlying Thorncliffe Formation is estimated at 30 - 40 mm/yr on a
regional basis. The amount of vertical leakage will obviously differ where the till has been
removed by meltwater erosion (tunnel channels) and will depend on the nature of channel infill
sediments.

7.7

Thorncliffe Aquifer

The highest point of this aquifer occurs along and to the north of the ORM, a reflection of the
ground surface elevation. This unit is reaches its maximum thickness (up to 50 m) beneath the Oak
Ridges Moraine, while the top is up to 150 m deep beneath the moraine. The extent and thickness
of this aquifer is shown in Figure 27. Of note, the Humber and Don River Valleys appear to
intersect the Thorncliffe Formation.
Groundwater levels in the Thorncliffe Aquifer are provided in Figure 28, which indicates the
potentiometric groundwater elevation in metres relative to sea level. The component of horizontal
groundwater flow is perpendicular to the colour boundaries shown on the figure. Groundwater
flow is generally south towards Lake Ontario, with local deviation towards the Humber and Don
Rivers.

7.8

Sunnybrook Aquitard

The Sunnybrook Aquitard separates the aquifer hosted by the sands of the Thorncliffe Aquifer
from those of the underlying Scarborough aquifer. This aquitard is not present under the western
part of the study area and is generally thickest where it drapes into depressions on the surface of the
underlying Scarborough Formation, such as at the Scarborough Bluffs. A map showing the extent
and thickness of the Sunnybrook Aquitard is shown in Figure 29

7.9

Scarborough Aquifer

The upper surface of the Scarborough aquifer exhibits a degree of draping into the lower bedrock
valley systems Figure 30. To the northeast, the unit is pinched by the higher bedrock, and for
digital layer continuity reasons, it was extended into this area to represent lower aquifer materials
that may or may not actually be Scarborough Formation, but share similar hydraulic characteristics.
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Figure 27

Extent and Thickness of the Thorncliffe (Middle) Aquifer
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Figure 28

Groundwater Levels in the Thorncliffe (Middle) Aquifer
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Figure 29

Extent and Thickness of the Sunnybrook Aquitard
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Figure 30

Extent and Thickness of the Scarborough (Lower) Aquifer
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Figure 31

Groundwater Levels in the Scarborough (Lower) Aquifer
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The Scarborough aquifer thickness reflects the bedrock valley system, and its distribution of thick material,
even if not highly permeable, is very significant as the overall transmissivity (product of aquifer thickness
times the hydraulic conductivity of the formation) of the Scarborough aquifer is high within the valley systems.
The thickness of material, even if not highly permeable, would still transmit considerable volumes of
groundwater.
Groundwater flow in the Scarborough Aquifer is shown in Figure 31, which shows the potentiometric
surface in terms of metres above sea level. The potentiometric surfaces were abstracted from the
calibrated steady-state groundwater model. The component of horizontal groundwater flow is
perpendicular to the colour boundaries shown on the figure. Groundwater flow is generally south towards
Lake Ontario, with local deviation towards the Humber and Don Rivers.

7.10

Upper Bedrock Aquitard

The availability and quantity of groundwater depends on the secondary permeability of the bedrock,
caused by interstitial openings such as fractures, solution channels and bedding planes. Wells are usually
completed in the upper few metres of the weathered and fractured bedrock, where they are capable of
producing domestic water supplies (Funk, 1977). Vertical leakage from the overlying overburden can
contribute significantly to bedrock groundwater supplies.
In general, the shales and limestones of the lower, unweatherd bedrock are capable of producing only
small quantities of poor quality water. Hydraulic conductivity of the bedrock matrix can be extremely
low ranging from 5 x 10-14 to 7 x 10-9 m/s, with most hydraulic conductivities being in the range of 10-13
to 10-12 (Intera Technologies, 1987b). Certainly, where there are unopened bedding planes, joints and
fractures, higher hydraulic conductivity is encountered.
Water from the upper bedrock contains sodium bicarbonate, which is consistent with the saline seas that
were present during its formation. Water quality is usually poor with elevated concentrations of total
dissolved solids and natural gas. It can also be salty and/or sulphurous (Sibul et al., 1977; Wang, 1986b).

7.11

Groundwater Recharge

A number of different investigations have estimated the volume and direction of groundwater recharge
and discharge to satisfy an array of objectives within the TRCA jurisdiction. These investigations have
identified varying estimates for recharge and discharge for the same watershed, as shown in Figure 32.
An examination of this chart reveals that the estimates vary depending on the method adopted for the
analyses. In part, this is due to the use of different methods that model and focus on different natural
processes (i.e., surface water flow, groundwater flow, recharge/discharge characteristics). In addition, the
investigations utilized data from different time periods, which also influenced the results.
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Figure 32

Summary of Estimated Groundwater Infiltration and Discharge Values
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Figure 33

Average Annual Groundwater Infiltration Distribution (CAMC-YPDT)
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Figure 34

Average Annual Groundwater Infiltration Distribution (HSPF/WABAS Model)
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Currently, the only investigation that has estimated recharge for all of the TRCA area is the numerical
groundwater flow modelling being conducted by the CAMC-YPDT team (Kassenaar and Wexler, 2006).
In this investigation, groundwater recharge was initially estimated considering land use, climate and soil
properties (but not topography) and published values from previous modelling studies. These estimates
were adjusted during model calibration, and the derived spatial distribution of recharge is provided in
Figure 33. The spatial distribution of the recharge determined by HSP-F and WABAS modelling is
presented in Figure 34 for comparative purposes.
The major recharge area occurs 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 Complex (ORMAC) is
confined by the overlying till. In these areas vertical hydraulic gradients are downwards between the ORMAC
and the water table, with minor 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, which lowers the recharge rates compared to the eastern part of the TRCA area where the till
matrix material contains less clay. 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 area contains different Glacial Lake Iroquois deposits exhibiting varying
recharge rates. The deposits range progressively from lacustrine sands, to silty fine sands, to silt, and clay
as one moves further south from the old shoreline bluff. The Lake Iroquois beach bluff deposits of sand
and gravel will have the highest unit recharge rates for this area except for where upward vertical
gradients occur along the toe of the topographic slope. Nearshore recharge rates generally range between
150 to 200 mm/yr, but decrease to 50 mm/yr where surficial clay deposits are thicker.

7.12

Groundwater Flow

Overall, the ORM topography dominates the regional water level patterns and results show that the
central moraine flow divide penetrates through all the aquifer layers (although data are sparse for the
Scarborough Formation in the ORM area). The mounds are less pronounced in the deeper units due to
head loss through the confining units.
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Groundwater flow potential in the ORM aquifer are strongly influenced by the presence of streams and
watershed divides. The watershed boundaries and influence of streams are also broadly visible in the
lower aquifer systems; for example, the influence of the Humber River is particularly pronounced.
Some correlation between the channels and the regions of lower water level gradient is apparent. High
downward head differences exist away from the tunnel channel area, and smaller downward gradients or
upward gradients exist within these zones. The channel zones allow more exchange of groundwater
between aquifers than in areas where the Newmarket Till is present, due to the occurrences of silt
sequences that limit the rate of flow.
The bedrock valley system does not exhibit a large influence on the water level patterns, although there is
some effect seen in the deep Scarborough Aquifer. This influence may not be readily discernable given
the limited number of wells in the valleys and the complexity of the flow system. However, a
groundwater divide does exist within the Scarborough Formation, but it varies from the surface water
divide, and is typically located more northerly.
Results from the groundwater flow model (Kassenaar And Wexler, 2006) for the TRCA area indicate the
following:
 groundwater flow patterns are strongly influenced by streams;
 model results were extremely sensitive to the permeability of the Newmarket Till which
controlled aquifer heads both above and below the till layer; and
 tunnel channels facilitate the exchange of water between the Lower Sediments and the
ORM.

7.13

Groundwater Monitoring

The Provincial Groundwater Monitoring Network (PGMN) currently consists of 22 monitoring wells for
water level and quality measurements in the nine TRCA watersheds. The locations of the monitoring
wells are shown in Figure 35. In addition to these locations, the Regional Municipalities of Peel, York,
and Durham also operate their own monitoring networks to verify aquifer water levels near municipal
wellfields. These data, although not available for this conceptual analysis, will be utilized as part of
TRCA's Tier 1 Water Budget analysis.
Although there is not a scientific formula to determine the optimal number of wells, given that eight
hydrogeologic layers have been developed in the groundwater model, the existing network is clearly
insufficient. The installation of one well per layer per watershed would require over 70 wells, resulting in a
tripling of the current size of the network. The determination of the appropriate number of wells required
and their locations would require a comprehensive analysis of the existing data and a review of existing
wells. These investigations form a component of the TRCA work plan for Source Water Protection.
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Figure 35

Monitoring Well Locations
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8.

Surface Water

8.1

Introduction

As previously noted, TRCA has jurisdiction over nine watersheds namely the Etobicoke Creek, Mimico
Creek, Humber River, Don River, Highland Creek, Rouge River, Petticoat Creek, Duffins Creek and
Carruthers Creek. There are many complex hydrologic factors involved in determining the amount of
flow present in each of the watersheds including: soil types (with varying abilities to both hold and
transfer water), topography, land use and climate.
Although surface water quantity varies through the year, there is a general tendency for annual peak flows
to occur in the spring, coinciding with spring melts, and the lowest flows in the summer, when
precipitation is at a minimum. Flooding is a natural, common occurrence in all the TRCA watersheds,
and the presence of wide floodplain areas extending beyond the banks of watercourses is common.
Native aquatic species have evolved to take advantage of natural fluctuations in surface water flow,
adapting to historic variations in rainfall/runoff characteristics. Fish spawning, rearing and migration
occur in the spring or fall, coinciding with higher baseflows and runoff volumes. Wetlands and small
streams help reduce the frequency of threatening events by stabilizing water levels, absorbing flow when
it is abundant and replenishing water during periods of drought.
All TRCA watersheds have been affected by urbanization, which has had significant impact on the natural
hydrologic cycle. Cleared and paved lands within TRCA watersheds have resulted in a loss of
infiltration, which in turn generate increased flows that have caused significant erosion and loss of aquatic
habitat in many areas. Highly urban watersheds such as the Highland and Mimico Creek have been
further impacted by past engineering practices that sought to convey the increased runoff as quickly as
possible to streams via storm sewers and concrete channels. This practice has resulted in many wetlands
and small streams being enclosed or buried. Urbanization has also resulted in floodplain encroachments,
which have reduced the natural storage capacity. Seasonal variations in stream flow caused by vegetative
cover and infiltration are no longer as prominent as they were in the past, and the more urbanized
watersheds exhibit a much more rapid hydrologic response, which poses a greater flood hazard.
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8.2

Surface Water Flow Measurement

A common approach for the measurement of flow volume within a river or stream is accomplished by
establishing a relationship between the river level (stage) and the corresponding flow rate at specific locations
within the watershed. Stream gauges are then installed at these locations to allow for the measurement of flow
volume at any given time. At gauge sites, where continuous flow measurements are made, the total annual
runoff can be computed and used to provide important insight into trends over time that may warn of future
threats to the watershed both for hydrologic issues such as flooding and erosion, but also to the aquatic species
that depend upon the watercourse. Monthly and daily measurements are also needed to identify more detailed
variations in flow for further analysis. Baseflow can be defined from measured gauge data to obtain
information regarding interactions between the surface and groundwater systems.
TRCA currently operates 30 stream gauges and 33 precipitation gauges across the watershed as depicted
in Figure 36. These gauges compliment those of the Water Survey of Canada. All sites are equipped
with data loggers, some of which can be accessed remotely.
TRCA applies Water Survey of Canada standards (Terzi, R.A, 1981) and the GSC sampling protocol
(Hinton, M.J, 2005) for measuring baseflow. Given the geology and climate in the TRCA jurisdiction, a
72 hour period was established as the minimum time required following any precipitation event to ensure
that the surface runoff has passed through the system before taking baseflow measurements.
Since 2000, the Low Flow Program, which is an in-house initiative, has collected baseflow data at more
than 1,400 individual locations. Over the last three years the TRCA baseflow monitoring methodology
has been refined to accommodate greater accuracy and ground coverage in the data collection process.
Watersheds are sub-divided into drainage basins and then broken down into reaches within that basin.
This division ensures that an entire basin can be sampled within a single dry period, and any precipitation
events will not skew the collected data.
Prior to any field reconnaissance, sampling sites are chosen starting from the headwaters down to the
mouth from topographic maps. Exact transects are then chosen in the field to find the best-suited segment
for baseflow measurements. The sampling locations are chosen at major and minor road crossings for
two main reasons: easy access for field staff, and road crossings provide the opportunity to form a
stage/discharge relationship.
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Figure 36

Streamflow Gauge Locations
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At all TRCA sampling sites the following standard parameters are measured or obtained:













8.3

Baseflow discharge;
Date and time of sampling;
Water Temperature;
Air Temperature;
Weather conditions;
Stage/Discharge measurements;
Culvert/Bridge heights;
Water depths;
Site photographs;
Low Flow channel cross-sections;
Width and Depth; and,
Notations of other influences on the system.

Surface Flow System Description

TRCA has prepared floodplain mapping throughout all watersheds within their area of jurisdiction.
Generally, the mapping has been established for all watercourses with tributary areas exceeding 125 ha.
Currently, TRCA is in the process of completing an update of their floodplain mapping, and have
developed Generic Regulations for the headwater areas with drainage areas of less than 125 ha.
The preparation of the floodplain mapping has been supported by extensive and state-of-the-art
hydrologic analyses. Numerical surface water models have been compiled for each of the watersheds,
which are updated on an ongoing basis to reflect changing conditions within the watersheds. A detailed
discussion of the modelling efforts is provided in Section 8.5.
The hydrologic modelling has established the anticipated flows at strategic locations within each
watershed. The calculated peak flow values for a range of return periods are presented in Table 9 and the
associated locations are identified in Figure 37. The spatial distribution of the surface water runoff that is
generated across the nine watersheds on an average annual basis is shown in Figure 38. Details regarding
the modelling techniques are provided in Section 8.5.
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Table 9

Summary of Calculated Flows at Key Locations within the Watersheds

Watershed

Humber
River

Highland
Creek

Don
River

Etobicoke
Creek

Mimico
Creek

Duffins
Creek

Carruthers
Flows

Rouge
River

Petticoat
Creek

Location

2 Year

5 Year

50.1
50.2
49.2
27.5
27.4
11.2
15.1
10.11
5.2
600.2
601.1
501.2
605.1
606.1
100.2
200.1
300.1
400.1
48.1
43.2
16.1
41.1
34.1
28.1
15.7
7.1
A
F
I
M
N
R
S
T
W
Y
1
2
3
4
5
6
7
8
9
2.1
6.2
10.1
12.1
14.1
17.1
26.5
27
301
302
303
955
904
902
884
860
844
826
816
928
942
105
117
128
147

174.6
199.1
118.5
55.3
49.1
25.4
7.3
3.9
1.9
130.8
9.6
15.7
98.5
62.8
34.40
34.00
53.60
45.40
160.31
48.06
53.63
79.62
44.04
44.26
20.64
19.97
7.50
21.90
18.40
29.60
69.00
89.70
20.90
94.90
124.70
130.30

262
299.1
190.1
88.8
83.6
42.9
12.1
7.4
3.3
180.2
13.6
22.3
145.4
90.6
50.40
50.50
79.10
66.20
235.45
72.46
79.95
122.30
75.32
58.11
32.12
28.05
12.90
39.40
29.50
47.00
105.70
135.80
30.50
143.60
188.70
196.60
39.00
33.00
23.00
19.00
11.00
6.00
4.00
9.00
4.00
7.40
11.70
17.70
39.9
16.6
15.8
68.7
28.8
7.90
8.63
17.34
24.63
64.49
23.76
12.90
24.07
15.78
21.74
9.59
51.75
26.66
4.47
1.96
14.79
15.85

4.8
7
10.9
24.8
10.5
9.4
42.1
17
5.01
5.49
10.94
15.93
39.39
17.87
7.73
14.74
9.13
16.87
5.86
30.39
17.38
2.71
1.16
8.83
9.50

Calculated Flow (m3/s)
10 Year 25 Year 50 Year
326.7
373.7
244
115.7
110.3
56
16
10.3
4.3
222.7
16.5
26.9
180
108.3
62.10
62.30
97.90
81.40
291.21
89.63
101.42
155.55
98.34
76.71
39.27
34.71
18.40
56.80
40.80
68.30
142.50
181.90
42.90
192.90
253.00
262.90
53.00
46.00
32.00
27.00
15.00
9.00
6.00
12.00
5.00
9.30
15.00
22.60
50.50
20.80
20.40
86.90
36.60
9.91
10.98
22.03
31.56
83.52
27.77
16.99
31.03
20.49
25.05
12.46
68.32
34.76
5.84
2.58
19.45
20.76

415.5
472.7
318.5
157.5
145
73.9
21.5
14.1
5.8
286.4
21.2
34
223.3
131.3
76.00
78.70
120.60
102.40
368.72
111.65
131.09
204.22
136.15
100.35
51.90
46.66
23.00
71.40
50.40
85.90
176.20
221.40
52.00
234.70
306.30
318.10
75.00
64.00
45.00
38.00
21.00
13.00
8.00
18.00
8.00
12.00
19.70
29.40
65.5
26.8
26.8
111.8
46.1
12.63
14.15
28.13
41.15
109.10
32.87
22.72
40.49
27.16
29.36
16.38
90.12
46.31
7.71
3.44
25.84
27.58

483.9
547.5
377.8
189.4
173.1
88.3
25.9
17.3
7
333.7
24.3
39.4
260.3
151.8
87.50
92.10
140.30
118.60
426.51
144.44
155.09
241.22
162.41
115.85
61.13
56.42
27.40
85.60
59.50
102.90
209.30
260.80
60.70
276.30
358.20
372.00
93.00
80.00
57.00
48.00
27.00
17.00
11.00
23.00
10.00
13.90
23.30
34.70
76.90
31.40
31.80
131.50
53.30
14.80
16.64
32.85
49.28
129.63
36.70
27.21
47.79
32.33
32.57
19.51
107.99
55.94
9.21
4.13
30.99
33.08

100 Year

Regional Storm

553.4
635.4
440.3
223.9
201.9
102.7
30.5
21.2
8.3
383.3
27.5
44.7
296.9
171.9
100.70
106.30
159.10
135.80
492.50
165.18
178.06
283.32
193.71
128.66
71.76
67.80
32.40
101.50
69.70
121.70
246.20
304.00
69.40
321.50
414.60
430.40
113.00
98.00
69.00
58.00
32.00
21.00
13.00
28.00
12.00
16.20
27.30
40.30
88.60
35.80
37.10
152.20
61.00
17.23
19.23
37.97
57.74
151.11
40.56
31.98
55.29
37.74
35.77
22.92
126.50
66.40
10.82
4.85
36.49
38.89

1412.2
1521.3
1222.5
761.8
717.6
536.6
191.5
48.1
44.1
936.8
39.3
64
447.9
462.50
165.10
256.80
248.00
180.50
1655.66
292.60
656.39
822.60
380.16
352.84
136.87
371.42
101.40
280.40
192.30
274.70
394.50
437.50
236.70
448.80
575.30
584.80
378.00
331.00
292.00
247.00
157.00
90.00
50.00
92.00
40.00
83.10
140.80
186.20
359.50
129.50
165.00
538.60
133.70
75.20
79.25
158.02
259.47
517.42
117.87
104.45
165.18
141.77
103.04
103.53
461.97
328.89
43.63
19.19
157.33
173.50
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Figure 37

Location of Calculated Peak Flows
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Figure 38

Average Annual Surface Runoff Distribution
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8.3.1 Etobicoke/Mimico Creek
The Etobicoke Creek watershed is the most westerly located watercourse within the TRCA. Etobicoke is
a long and narrow watercourse until it divides into two principle tributaries west and east, approximately
13.5 km upstream of the Lake. Etobicoke Creek drains an area of 211 km2, with an approximate stream
density of 1,138 metres of stream per square kilometre (m/km2). The east tributary, known as Spring
Creek, has its source near the Heart Lake complex of wetlands near Mayfield Road and Heart Lake Road.
Headwaters of the western tributary occur on the south slope of the Oak Ridges Moraine, where a dense,
fan-shaped basin with small streams forms north of Mayfield Road. As a fourth order stream at its outlet,
Etobicoke Creek has a large proportion of first and second order streams, totalling 69% of total stream
length. The lower portion of the west tributary travels over a length of some 37 km to its outlet at Lake
Ontario. Both the east and west tributaries are relatively steep, with the steepest sections at the bottom of
the watershed between Dundas Street and Lake Ontario.
Based on its low Baseflow Index (BFI: Smakhtin, 2001) of 0.34, the Etobicoke watershed is considered a
runoff driven system, with a flashy hydrologic response. Total annual discharge is about 71 million
m3/year, with a mean annual flow of 2.3 m3/s. The drainage pattern of the creeks and their tributaries is
dendritic, or tree-shaped in the upper reaches, north of Mayfield Rd., and is typical of areas where the
bedrock is of uniform hardness. In the headwater areas, there are several stretches with well-defined
valley walls and flood plains. The steepest areas along Etobicoke Creek are found in the lower part of the
watershed, south of Highway 401 where valley walls are 9 to 12 m high and the underlying shale bedrock
is exposed. Average basin slope for the Etobicoke Creek watershed is approximately 3%.
The Etobicoke watershed is completely urbanized along both tributaries up to Mayfield Road, while the
remainder of the headwaters in the upper west tributary are in a mostly rural state. A smaller tributary
(Little Etobicoke Creek) enters the watercourse near Dundas Street and is completely urbanized. Today,
the Etobicoke Creek is one of the most highly developed, and degraded, watersheds in the Toronto area.
Urban development over the past 25 years has increased the total yearly volume of flow by 19%. Much of
this increase is due to development which occurred prior to stormwater management practices. Also, the
development in historic downtown Brampton was undertaken prior to the Provincial Flood Plain Policy
being established.
The Mimico Creek is also a long and narrow system, abutting the eastern edge of the Etobicoke Creek
divide. This watershed has one of the smaller drainage areas within the TRCA at approximately 77 km2,
with one main channel and two small tributaries. Stream density for the Mimico Creek is the lowest in
comparison to the other TRCA watersheds at 748 m/km2. Mimico Creek has the smallest proportion of
first and second order streams amongst the other fourth order watersheds within TRCA, at 54.3% of total
stream length. Headwaters are located in Brampton south of Bovaird Drive and the valley system is very
shallow upstream of Derry Road, where its two main branches join. The southern part of Mimico Creek,
however, flows through a well-formed valley across the Iroquois Sand Plain where the gradient begins to
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steepen. It intersects the ancient shoreline of Lake Iroquois near the junction of Dundas Street and
Islington Avenue in Etobicoke.
Similar to the Etobicoke, Mimico Creek is a runoff driven system with a Baseflow Index (BFI: Smakhtin,
2001) of 0.29. The watershed consists of steep gradients and a flashy hydrologic response, with an
average basin slope of approximately 3%. The hydrology of this watercourse reflects a very low summer
baseflow with the bulk of the annual flow taking place during the spring months. Total annual discharge
for the Mimico watershed is approximately 25 million m3/year, and the mean annual flow is about 0.80
m3/s.
Presently, the Mimico Creek is completely urbanized, so like the Etobicoke, it is one of the most
developed, and degraded, watersheds in the Greater Toronto area. Urban development in the past 25 years
has increased the total annual volume of flow of Mimico Creek by 22%. Much of the increase is from a
combination of pre-stormwater management practices, as well as development in the lower section of the
watershed that occurred prior to the establishment of the Provincial Flood Plain Policy.

8.3.2 Humber River
The Humber River is the largest of the TRCA watersheds, draining an area of 910 km2, with more than
1,100 km of watercourse length. The Humber basin stretches into eight different municipalities within the
TRCA including, Brampton, Caledon, Mono, Adjala-Tosorontio, King, Richmond Hill, Vaughan and
Toronto. The size of the watershed at its widest (west-east) and longest (north-south) points are
approximately 50 and 57 kilometres respectively. Most of its headwaters originate on the Oak Ridges
Moraine, if not on its west and south slopes. The complexity and grandeur of this watershed is evident by
its high stream density of approximately 1,248 m/km2, and mean annual flow of about 6.8 m3/s. The total
annual discharge for the Humber River is the highest among TRCA watersheds at more than 215 million
m3/year.
There is more than 512 km of first order streams within the Humber watershed, comprising 45% of the
total stream length. Overall stream order is the highest in the Humber as compared with the other TRCA
watersheds, where the outflow is a sixth order stream. Second and third order streams total approximately
420 km, or 37% of the total stream length.
Humber River consists of three major tributaries East, West and Main, each possessing a different
hydrologic response.
The West branch of the river is dendritic in nature and has an area of approximately 200 km2. Its
headwaters lie within the Peel Clay Plain south of the Oak Ridges moraine in Brampton. Its confluence
with the main Humber is near Albion Road, north of Hwy. 401 in the former City of North York.

Page 78

Draft Accepted Conceptual Understanding
Water Budget Report

The Main branch drains an area of approximately 190 km2 from its headwaters in the Oak Ridges
Moraine and Niagara escarpment in the Town of Mono, to its confluence with the East branch, in the
Town of Woodbridge. The main branch then continues south through the City of Toronto to Lake
Ontario. Black Creek is a major tributary of the Main Humber which has been engineered in the past over
much of its length to convey flood flows.
The headwaters of the East branch begin at Lake St. George, just east of Lake Wilcox, in the Town of
Richmond Hill. From these headwaters to the confluence with the Main branch in Woodbridge, this major
tributary drains an area of approximately 300 km2. Upper portions of the East Humber branch are
dominated by the Kettle Lakes of St. George and Wilcox in Richmond Hill. There are also many wetland
areas with fairly flat slopes and wide valley features before becoming more entrenched and steeper in the
Town of King. It then flows through much defined valley systems to its confluence with the main branch
of the Humber. Overall, average basin slope for the entire Humber River watershed is just below 6%.

8.3.3 Don River
The Don River watershed is over 80% urbanized and is comprised of two principle tributaries known as
the West Don River and the East Don River. The watershed drains an area of 358 km2, with an
approximate stream density of 1,037 m/km2. The system’s headwaters are generated within the south slope
of the Oak Ridges Moraine some 35 km upstream of the confluence of its two branches. Historically, the
Don River was significantly more dendritic, however pressures from early development piped and paved
many smaller intermittent and first order streams. Currently, first order streams comprise approximately 190
km (51%) of the total stream length. At the outflow of the watershed, and upstream to the Forks of the Don
at Eglinton Avenue and Don Valley Parkway, the Don River is a fifth order stream with total annual
discharge of approximately 124 million m3/year, and a mean annual flow of 4.0 m3/s.
The West Don River has its headwaters in the Town of Vaughan north of the village of Maple. TRCA
operates the G. Ross Lord Dam on the West Don to manage flooding downstream at Hoggs Hollow. The
East Don River (also known as the Little Don River) has its headwaters northeast of the Village of Maple
and in the northwest corner of Richmond Hill on the Oak Ridges Moraine. Slopes along the East branch
are similar to the West with an average basin slope of approximately 5%. There are two principle
tributaries of the East branch, known as German Mills and Taylor Massey Creeks. German Mills Creek
drains a major portion of Richmond Hill in the upper portion of the watershed and joins the East branch
just south of Steeles Avenue, west of Leslie Street. Taylor Massey Creek drains much of East York south
of Highway 401, and enters the East branch just upstream of its confluence with the West tributary at Don
Mills Road and the Don Valley Parkway.
Flow volumes have increased over time, even though precipitation has remained relatively constant. In
1990, the Don’s yearly volume, measured at Todmorden Mills, was about 150 million m3, which is twice
the amount it was 30 years ago. The Lower Don and Taylor Massey Creek contain 30 combined sewer
(sanitary and storm) outfalls in Toronto that are known to discharge untreated flow into the watercourse.
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Excessive flows and untreated stormwater have caused extensive erosion damage, poor aquatic habitats,
flooding as well as placed existing infrastructure at risk.

8.3.4 Highland Creek
Highland Creek is another completely urbanized watershed, like the Mimico, and it is located almost
entirely in the City of Toronto. This watershed is situated between the lower portions of the Don and
Rouge Rivers and has a drainage area of just over 100 km2. The watercourse is quite linear in nature, with
two principle branches, both with two tributaries on each branch. Stream density in this watershed is
approximately 1,162 m/km2, which is comparable to the other small watersheds within the TRCA. Total
annual discharge is about 35 million m3/year, and the mean annual flow is 1.1 m3/s. First order streams
comprise over 50% of the total stream length. Second and third order streams total approximately 50 km,
or 44% of total stream length. At its outflow the Highland Creek is a fourth order stream.
Centennial Creek, exists along the eastern edge of the watershed abutting the Rouge River. This
tributary’s valley is less defined and numerous residential properties line the watercourse within its
headwaters located just south of Highway 401. The limited drainage area results in relatively small flows,
however, this reach is susceptible to flooding under severe thunderstorm type events. Average basin slope
for the Highland Creek watershed is approximately 4%.
The Highland Creek, like many of the TRCA’s entirely urban watersheds, experiences extensive erosion
damage, poor aquatic habitats, flooding due to excessive peak flows and untreated stormwater discharges.

8.3.5 Rouge River
One of the larger watersheds within the TRCA is the Rouge River. This system has a wide upper section
and becomes narrower in its lower portion. Total stream length for the watershed is over 428km, with an
approximate drainage area of 332 km2. Stream density is about 1,289 metres of stream per square
kilometre (m/km2). Rouge River is comprised of two main branches, the Main and Little Rouge Rivers.
Headwaters of the Rouge and its tributaries originate within the Town of Richmond Hill in the west, and
Markham and Whitchurch-Stouffville to the east and north. Average basin slope for this watershed is
approximately 4%. Together, first and second order streams comprise 69% of the total stream length.
Before it passes through the Rouge Marsh outflow and into Lake Ontario, the outlet of the Rouge River is
classified as a fifth order stream. Total annual discharge and mean flow could not be calculated for this
watershed due to the lack of stream gauge data near the outlet.
The Main Rouge River is fed by six additional major tributaries, which have their headwaters within the
south slope of the Oak Ridges Moraine. These tributaries from west to east are Beaver Creek, Berczy
Creek, Bruce Creek, Eckardt Creek, Robinson Creek and Mount Joy Creek. Bruce and Berczy Creeks are
the largest of these tributaries which join within the Town of Markham before their confluence with the
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Rouge. Morningside Creek is a smaller tributary that joins the Rouge well downstream in the City of
Toronto and has its headwaters just north of Steeles Avenue and Highway 48 in Markham.
The second primary branch of the Rouge Watershed is the Little Rouge River, comprising nearly 40% of
the Rouge Watershed drainage area. The Little Rouge drains along the eastern side of the watershed, from
its moraine headwaters in the Town of Whitchurch-Stouffville, to its confluence with the Main Rouge just
above Highway 7.

8.3.6 Petticoat Creek
Petticoat Creek is the smallest watershed within the TRCA, draining an area of approximately 26 km2,
with about 31 km of watercourse length. Stream density for this creek is 1,178 m/km2, with an average
basin slope of about 4%. From its headwaters at Highway 7 and the York-Durham Line, the system is
narrow with the bulk of the watershed rural in nature, and located within the agricultural preserve lands.
The watercourse is intermittent in its headwaters becoming permanent as it flows over the historic Lake
Iroquois shoreline. At the outflow of Petticoat Creek in Pickering, it forms a third order stream, with over
16 km (49%) of first order streams contributing. While a water level and flow gauge exists towards the
mouth of Petticoat Creek, flow statistics are not currently available.

8.3.7 Duffins Creek
The Duffins Creek watershed drains an area of 286 km2, and has an approximate stream density of
1,156 m/km2. Headwaters are located in the Oak Ridges Moraine, and the lower third of the watershed is
dominated by the old Iroquois Shoreline. The outflow forms the Duffins Marsh at Lake Ontario, with a
total annual discharge of approximately 80 million m3/year, and a mean annual flow of 2.6 m3/s.
Duffins Creek has two main fourth order branches, the West Duffins and East Duffins Creeks. The West
branch drains approximately 124 km2, from its headwaters in the Oak Ridges Moraine in WhitchurchStouffville, to its confluence above Highway/Regional Road 2 in Ajax. The East branch also has its
headwaters in the Oak Ridges Moraine within the Township of Uxbridge.
The Duffins is a heavily groundwater influenced system, with Baseflow Indices (BFI: Smakhtin, 2001)
ranging from 0.61 to 0.65 throughout the watershed. Average basin slope is the highest among TRCA
watersheds at 6%. Flooding is predominantly associated with spring runoff and ice jamming in the lower
reaches below Rossland Road and north of Bayly Street.
The bulk of urban land development in this watershed, aside from Whitchurch-Stouffville, exists in the
lower portion of the Duffins Creek and represents a small fraction of the entire drainage area at
approximately 7% (TRCA, 2003). Millers Creek tributary to the main Duffins, which enters below the
main confluence, is the only tributary which is significantly urban in nature.
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8.3.8 Carruthers Creek
Carruther’s Creek is the most easterly located watershed within the TRCA. The system is relatively small
with a total stream length of less than 50 km. It drains an area of 38 km2 through a long and narrow
shaped basin, with an approximate stream density of 1,269 metres of stream per square kilometre
(m/km2). Carruther’s Creek has slopes which range from 0.6 to 1.3 per cent with the overall basin slope of
approximately 4%. As with most of the TRCA watersheds, the Carruther’s watershed consists primarily
of first and second order streams, totalling more than 75% of the total stream length. At the outflow of the
watershed, and upstream until Taunton Road, Carruther’s Creek is a third order stream with a total annual
discharge of approximately 11 million m3/year, and a mean annual flow of 0.4 m3/s.
The typical width of the basin is around 3 km with a length of approximately 20 km from its headwaters
north of Highway 7 east of Westney Road to the Lake. The watercourse flows through a well defined,
large and wide valley system in the north, to a shallow ill-defined system south of the Lake Iroquois
shoreline. Large wetland complexes dominate the lower reaches.
The current rural nature of the Carruther’s Creek watershed is demonstrated by the response of the basin.
This response was specifically observed during a large rainfall event of 50 to 60 mm that occurred on
May 13, 2000. The Carruther’s Creek took approximately 11 hours to peak with water levels increasing
up to 0.6 m above their normal levels. These water level increases were observed and recorded at a stream
gauge that had been recently installed at Shoal Point Road above the Carruther’s Marsh.

8.4

Baseflow Assessment

Within the regional context, the physical and surficial geology of the TRCA region has significant effects
on the baseflow distributions. Two major features that exert the greatest influence on the spatial
distribution of baseflows are the Oak Ridges Moraine (ORM), and the Iroquois Shoreline.
The ORM is a glacial moraine comprised primarily of fine sands and silts near the surface, but coarse
sand and gravel are prominent locally, at depth and in fans (Barnett et al, 1998; Paterson and Cheel,
1997). This geologic feature is commonly compared to a giant rain barrel: collecting large amounts of
precipitation and releasing it slowly into the surface water system through shallow and deep aquifer
outcropping. The majority of the TRCA watersheds have headwaters that originate within the ORM.
Baseflow measurements have shown that a significant portion of the total baseflow discharge within the
watersheds emanate within the ORM, or along the southern toe of this feature. In the Rouge River
system, for example, field measurements for baseflow indicate that 40 to 80% of the subwatershed
baseflow outputs originate within the ORM (TRCA, 2002).
The Iroquois Shoreline is comprised predominantly of sand and gravel deposits (Sharpe, et al. 1999), and
forms the northern rim of a pre-glacial lake that has since retreated back to the current Lake Ontario
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shoreline. Due to these particular substrates, it is a highly permeable area, which facilitates both upward
and downward hydraulic gradients. From the collected baseflow data, a downward hydraulic gradient is
apparent along the northern rim of the Iroquois Shoreline, while an upward gradient was observed moving
closer towards Lake Ontario.
Set between these two significant features lie the Peel Plain and the South Slope formations. As
previously described, the Peel Plain is dominated by fine clay soils, resulting in low infiltration rates that
limit groundwater supplies. Precipitation on the Peel Plain tends to pond on the surface, or run off into
surface streams and rivers, with only marginal infiltration being achieved. There are however, some welldrained soils in the Peel Plain (Chapman and Putman, 1984), and smaller changes to baseflow, both
positive and negative, can be seen within this feature. Many of the small watercourses in this formation
are known to be seasonally intermittent with little or no flow during dry periods.
The South Slope is a till plain, which is not very permeable, and hence precipitation that infiltrates into
shallow aquifers can contribute to discharge locally from springs and seepages. Baseflow increases and
decreases to varying levels are evident within the South Slope. The Highland Creek watershed for
example, lies almost completely in the South Slope formation, and areas of negative and some significant
positive hydraulic gradients are scattered along the watercourse. Decreases occur where the watercourse
is coincident with the Iroquois Shoreline.
Specific investigations in the Rouge River watershed showed that over 71% of significant (>15%)
baseflow increases were measured in greenspace areas, including parks and golf courses. Alternatively,
baseflow decreases were measured in areas where clay and mixed clay is the predominant geological
feature.

8.4.1 Seasonal Baseflow Fluctuations
TRCA collects data on streamflow from the gauges, in part, to help gain a fuller understanding of
watershed response and to monitor changes. One aspect being analyzed is whether the seasonal
fluctuations during the low flow periods of July and August are changing either temporally, or
volumetrically. During this time of year, precipitation amounts are generally at a minimum. By
observing the mean July/August flows, over 10 year periods, a determination can be made of the trends in
baseflows.
For a seasonal breakdown of baseflow discharge, data were calculated from stream gauging stations to
provide historical daily baseflow estimates. Hydrograph separation was completed for Water Survey
Canada stream gauges within the TRCA jurisdiction. The technique calculates a floating average of
minimum stream flow over a period of time. TRCA has found that using a 6 day period to identify the
minimum flow best represents the existing information on baseflows. The separation is then calculated
based on this 6 day minimum value, with all flow values above the floating minimum (or baseflow) being
considered as runoff.
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Seasonal plots of the ten year average of mean monthly baseflow show little change to baseflow during
dry weather periods of the year. The average discharge during July/August has not significantly changed
over the period of record since 1960. However, unlike the low flow months, baseflow levels during the
months of May and April show a large variance over the same period.

8.4.2 Annual Baseflow Discharge
There are many factors at work within a watershed that can have impacts on the baseflow system.
Precipitation, aquifer levels, urbanization, and municipal/individual water use can all affect baseflows on
both a local and regional scale. Of these factors, precipitation and urbanization are the major causal
agents, where reduced precipitation impacts aquifer levels and water tables, and urbanization influences
water use, land cover and discharges. As lands become urbanized, paved and impervious surfaces
increase dramatically. As a result, infiltration to the groundwater system may be significantly reduced.
In order to maintain the natural hydrological functions of the TRCA watersheds, various stormwater
management techniques have been implemented across the TRCA jurisdiction. A commonly applied
technique is the use of stormwater ponds, which represents an end-of-pipe management measure. The
ponds provide detention for runoff, reducing the flashy characteristics common in urbanized areas.
Similarly, infiltration trenches and basins provide the same end-of-pipe detention for runoff, but are also
designed to promote groundwater recharge. These latter techniques, which maintain pre-construction
recharge or infiltration rates, and similar practices such as pervious pipes and permeable pavements, are
integral to maintaining baseflow volumes. It has been found that depending upon site design and subsoil
type, permeable pavement may allow as much as 70 to 80% of rainfall to recharge groundwater (Gburek
and Urban, 1980).
While many studies have shown a direct correlation between urbanization and reduced baseflows
(Simmons and Reynolds, 1982; Steuer, J.J. and R.J. Hunt, 2001), other considerations have also been
identified. An investigation of the effects of urbanization on baseflow and recharge rates conducted by
the Illinois State Water Survey showed that the correlation between precipitation and baseflow is weaker
in urban streams as compared to rural streams. This was attributed to an increase in inputs to the
watercourse from other sources, such as leakage from water distribution systems, and general runoff
created by-lawn watering, car washing etc. (Meyer, 1998).
A linear regression analysis was completed at seven gauging stations across the TRCA jurisdiction to
determine the linear trends in baseflow volumes between the early 1960s and 2001. For the majority of
the gauges considered in the study, baseflows have remained relatively constant, unlike total flows that
show almost uniform increases. Increases in baseflow discharge were noted within the Rouge River
Watershed, where the gauge recorded increases totalling 1.2% per year. It is likely that additional inputs
to dry weather flow, beyond groundwater discharge, create the steady and/or increasing trends in
baseflow volumes. A recent study conducted by TRCA in the Richmond Hill area attempted to quantify
dry weather inputs from storm sewer infrastructure. A total of 29 individual outfalls were measured,
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following TRCA baseflow sampling protocols. The results indicate that dry weather flows were present
in more than 70% of the outfalls sampled. Discharge rates varied considerably, ranging from 157 m3/year
in smaller sewershed areas, to nearly 475,000 m3/year in the largest sewershed (TRCA, 2005).
More recent investigations concluded that the use of permeable concrete block pavement may allow as
much as 100% of rainfall to recharge groundwater (Booth and Leavitt, 1999; James, 2002). And,
monitoring undertaken by TRCA in 2005 demonstrated that runoff from a permeable pavement parking
lot was less than 1% of rainfall received at the surface (TRCA, 2006).
To fully develop and interpret trends in gauged baseflow data, the physical changes in the watersheds also
need to be considered. By examining the changes in the long-term hydrograph, and referencing them
with local physical changes in the watershed, a better understanding of the long and short-term impacts of
urbanization can be explored. Currently, time series data and land use information over long term periods
are not available for developing the trend analyses.

8.5

Surface Water Modelling

HYMO based hydrologic models have been developed by the TRCA for all nine watersheds to simulate
runoff from single design storm events (i.e., 2-100 year and Regulatory Storm). Results from these
models have served as input to develop a river hydraulic model (HEC-RAS) in order to calculate
floodlines, which in turn have been used to produce floodplain maps. The TRCA hydrology and
floodplain mapping program has now being updated using current land use data to revise the hydrologic
and hydraulic models.
A second surface water modelling initiative on the part of TRCA uses continuous simulation hydrologic
models such as HSPF (Hydrologic Simulation Program Fortran) and WABAS (Water Balance Analysis
System) to complete water budget and quality assessments. The application of water budget analyses will
enable assessments to be made regarding the effect of urban development on the hydrologic cycle and
also allow estimates to be derived for groundwater recharge on a spatial basis for both existing and future
land use conditions. This approach will also facilitate the identification and evaluation of alternative
mitigation techniques needed to maintain existing groundwater recharge levels following urbanization of
the area. To date TRCA has completed Water Budget assessments for the Don, Rouge, Humber,
Etobicoke, Mimico watersheds using HSP-F, and the Duffins and Petticoat watersheds using the WABAS
computer model and the Humber and Rouge watersheds using the PRMS model code.
There are a number of water budget investigations that have been conducted within the TRCA area that
involved the estimation of direct groundwater recharge. The methods utilized were:
 HSP-F Models (Hydrological Simulation Program – Fortran); United States Geologic
Survey – (USGS)
 WABAS (Water Balance Analysis System; Clarifica Inc.);
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 MODFLOW, a three-dimensional numerical groundwater flow model; United States
Geologic Survey; and
 PRMS (Precipitation – Runoff – Modelling System); United States Geologic Survey.
The City of Toronto developed hydrological and water quality models for all local area watersheds to
predict stormwater runoff and water quality in local streams, and the Toronto waterfront as a part of the
Toronto Wet Weather Flow Management Master Plan (TWWFMMP). The principal analytical tool used
was the HSP-F computer model, which is a watershed modelling program supported by the U.S.
Geological Survey (Bicknell et al., 1996). This numerical model is capable of simulating hydrologic
processes, pollutant generation and transport processes both within catchments and along watercourse
networks. The model for the individual watersheds was calibrated to streamflow, surface water quality
and sewer discharge data, and then applied to assess the potential benefits of implementing stormwater
management practices across the City of Toronto (Totten Sims Hubicki, 2003; XCG Consultants Ltd.,
2003a; Marshall Macklin Monaghan Limited, 2003 and Aquafor Beech Limited, 2003).
Water Budget estimates for both the existing and future land use scenarios, as presented in the Official
Plan, have been completed by Clarifica Inc. (2002; 2003a; 2003b) using the WABAS methodology for
the following watersheds: Upper Humber River, the Petticoat Creek and Duffins Creek. The inputs to the
model include:







Daily precipitation;
Average or maximum daily temperature;
Pan evaporation;
Daily streamflow measurements;
Physical basin parameters including imperviousness, interception abstractions, and
Vegetation and soil characteristics.

The outputs from the model are time series of:





Runoff;
Infiltration;
Evaporation; and
Storage conditions within each water reservoir (pervious and impervious interception
storage, surficial soil storage and snowpack storage).

Though each model offers some particular advantages, many of the recharge/runoff models have some
practical limitations when considering a coupling with the developed CAMC-YPDT MODFLOW
groundwater flow model. As part of the recent efforts to identify the preferred recharge model for both
the TRCA and the Central Lake Ontario Conservation Authority (CLOCA) watersheds, the following
features were identified as key considerations.:
 Select a model that supports a tiered approach;
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MODFLOW compatibility;
Open-source and verified;
Meets the scale requirements defined by objectives;
Can be scaled up to more advanced models;
Distributed parameter (grid based) to allow for land use changes; and
Good snow pack module, with frozen ground K adjustment.

Following the evaluation of available technology, the PRMS (Precipitation-Runoff-Modelling-System) model,
developed by the USGS, was selected as a practical and readily available solution to address the above
considerations, particularly given that it has been previously tested and modified for local conditions. The
model code is an open source code and is well documented. The system is modular in structure, representing a
library of linked routines for various hydrologic processes. Routines that best represent local conditions can be
selected from a resource library, which can also be modified, or have new codes added, as deemed necessary.
This code was developed to interface with MODFLOW, and provides continuous simulation of the
surface water flow system. The USGS developed MODFLOW in the early 1980s and, because updates to
MODFLOW are easily programmed, the USGS has been adding new features over the years as the
science of groundwater hydrology advances and user needs change. One of these features is a coupled
groundwater/watershed model. This work expands the capabilities of MODFLOW to better simulate
groundwater/surface-water interactions at the basin scale, by coupling MODFLOW with a watershed
model, i.e., PRMS.
The PRMS model uses daily rainfall, solar radiation and temperature (min/max) from multiple monitoring
stations. Gauged precipitation is reduced by interception and becomes net precipitation. If the temperature
is low, precipitation is added to the snowpack and if the temperature is high, snowmelt and precipitation
are made available for infiltration and runoff. Net precipitation falls on a HRU (Hydrologic Response
Unit) surface that is either pervious or impervious. An HRU, originally defined as a catchment or
subwatershed with similar hydrologic response, has been modified to represent a cell (25m) in the model
being applied to the study area.
Water enters the soil zone in pervious areas as a result of infiltration and is depleted by evapotranspiration
losses. The soil zone depth is defined by the average rooting depth of the predominant vegetation. Excess
infiltration beyond the field capacity of the soil reservoir is first routed to the groundwater reservoir. The
groundwater reservoir is assumed to have a maximum daily limit and is the source of baseflow. Excess
infiltration above the maximum daily limit is then routed to the subsurface reservoir, which in turn routes
the water to the groundwater reservoir and the stream channel. The calculations are carried out on a daily
basis using the recharge rate coefficient and the volume of water stored in the subsurface reservoir
(Leavesley et al., 1983). A conceptual schematic of the PRMS model is shown in Figure 39.
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Figure 39

Conceptual Hydrologic System Used in PRMS (from Yeung, 2005)

Additional information for a rainfall-runoff and water balance analysis (Fena Valley Reservoir, Guam) 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 as reported in the Analysis of Sensitivity of Simulated Recharge to Selected
Parameters for Seven Watersheds Modelled Using the Precipitation Runoff Modelling System: USGS
Scientific Investigations Report.
Based on the above considerations, TRCA has adopted the PRMS model (Ely, 2006) for application
within their watersheds, and modelling has been completed for the Humber River Watershed Plan.
Simulations provided by the model will be used to assess potential stresses on a subwatershed basis for
TRCA's Tier 1 Water Budget analysis.
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9.

Water Use

9.1

Introduction

Water is utilized within the TRCA area for a number of uses including:
•
•
•
•

Municipal supply
Communal supply
Private domestic supply
Agricultural use

•
•
•

Industrial use
Golf course irrigation
Groundwater pressure control

Although most of the water volume is drawn from Lake Ontario for municipal water supplies,
groundwater is also used extensively, particularly across the northern portion of the TRCA area. In
addition, golf courses and agricultural operations withdraw water from surface water bodies, primarily for
crop and/or turf irrigation. Groundwater takings for industrial uses is very limited, except in unserviced
areas. Groundwater pressure control is mainly temporary withdrawals predominately associated with
construction activity (except for permanent groundwater control in a residential area in Richmond Hill).

9.2

Municipal Surface Water Intakes

Most of the watershed residents are supplied with water drawn from Lake Ontario as shown in Figure 40.
There are six intakes close to, or within TRCA's jurisdiction, as follows:
 Region of Peel - one intake at Lakeview Water Treatment Plant
 City of Toronto - Four intakes at F.J. Horgan Water Treatment Plant, R.L. Clark Water Treatment
Plant, Toronto Island Water Treatment Plant, R.C. Harris Water Treatment Plant
 Region of Durham - Ajax Water Treatment Plant.
These intakes are located between 1.5 and 5 km offshore, in water as deep as 20 m. Further details on
these intakes are provided in TRCA's Interim Watershed Characterization Report.

9.3

Municipal Groundwater Supplies

In-use or inactive municipal wellfields within the TRCA’s watersheds include (from west to east):
Caledon East; Palgrave; Bolton; Nobleton; King City; Kleinburg; Oak Ridges; Richmond Hill;
Whitchurch-Stouffville; and Uxville.
The locations of these wellfields are shown in Figure 41 along with the locations of known water wells
and other boreholes contained in TRCA databases. A summary of the wells in each wellfield and their
yields are provided in Table 10 and short descriptions of the nature of each well are provided below.
Although not all the wellfields are currently in use, they still represent potential or future water supplies.
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Figure 40

Locations of Known Water Users
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Figure 41

Locations of Known Water Takings
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Table 10
Well

Region

Municipal Groundwater Users
Aquifer

Average Water Use
3
(m /d)

Caledon East #1

Peel

Caledon East #2

Peel

Tunnel Channel

4521

Caledon East #3

Peel

Tunnel Channel

6991

Caledon East #4

Peel

Scarborough

13091

Permitted rate,not yet in use

Palgrave #1

Peel

0

No longer an active municipal
water supply

Palgrave #2

Peel

Thorncliffe

1901

Palgrave #3

Peel

Thorncliffe

12241

Palgrave #4

Peel

Scarborough

26181

Tunnel Channel

Thorncliffe

0

Comment
No longer an active municipal
water supply

Nobleton #2

York

Scarborough

163

Nobleton #3

York

Scarborough

7862

King City #3

York

Thorncliffe

9502

King City #4

York

Thorncliffe

9612

Kleinburg #2

York

Thorncliffe

992

Kleinburg #3

York

Scarborough

7612

Oak Ridges #1

York

Oak Ridges #2

York

Oak Ridges #3

York

Stouffville #1

York

Thorncliffe

4162

Stouffville #2

York

Thorncliffe

4962

Stouffville #3

York

Oak Ridges

16672

Stouffville #5

York

Oak Ridges

16432

Stouffville #6

York

Oak Ridges

13512

Uxville #1

Durham

Oak Ridges

903

Uxville #2

Durham

Oak Ridges

15.63

Oak Ridges
Oak Ridges
Oak Ridges

Permitted rate

2

0

No longer an active municipal
water supply

0

No longer an active municipal
water supply

0

No longer an active municipal
water supply

Note:
1. Data from Gartner Lee, 2004 (draft)
2. Data from Beatty and Associates (2003),
3. Data from Marshall, Macklin, Monahan, 2003).
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•

Caledon East
The Region of Peel currently has three active wells (Wells # 2, 3, and 4) in the Caledon East area.
Wells # 2 and 3 are installed in a Tunnel Channel Aquifer known locally as the Caledon East Deep
Meltwater Channel Aquifer. Based on July 2002 pumping test at Wells 2 and 3, the estimated
transmissivity for this aquifer in this area is in the range of 270 to 290 m2/day (Stantec, 2002).
Caledon East Well #4 is installed in the Lower Aquifer Complex , locally known as the Granite
Stones Aquifer. Based on the July 2002 pumping test, the estimated transmissivity for this aquifer
was 137 m2/day (Stantec, 2002). Some original aquifer testing reported T as high as 400 m2/day.

•

Palgrave
The Region of Peel currently has two active wells in Palgrave (Pal #2 and Pal #3) in the Palgrave
area. A third well (Pal #4) has been constructed, but is not yet in service. Well Pal #3 is actually
located within the headwaters of Beeton Creek, which part of the NVCA watershed and not within
TRCA jurisdictional area. Based on July 2002 pump tests for Palgrave Wells # 2 and 3, the estimated
transmissivity for this aquifer was 620 m2/day (Pal 2), and within a range of 769 to1771 for Pal #3
(Geo Environ, 1988). Based on the July 2002 pump test at Pal #3, the tranmissivity was estimated at
1520 m2/day (Stantec, 2002). Based on the 2002 pump testing at Well # 4 the average transmissivity
for this aquifer at this well was estimated at 685 m2/day.

•

Bolton
The Region of Peel used a wellfield in Bolton until it was decommissioned in 2004. These wells
provided an average supply of over 5,000 m3 per day.

•

Nobleton
The Region of York operates two wells in Nobleton. These wells are screened in the Scarborough
Aquifer and provide approximately 1,000 m3 of water per day.

•

King City
King City currently has two operating wells that produce about 2,000 m3 of water per day. Both of
these wells are screened in the Thorncliffe Aquifer. Investigations are underway for a third well to
accommodate pending development.

•

Kleinburg
The Region of York operates two wells in Kleinburg, with an average yield of close to 1,000 m3 of
water per day. Most of the water is drawn from the Scarborough Aquifer, although a small amount
(<100 m3 per day) is pumped from the Thorncliffe Aquifer.

•

Oak Ridges
The Region of York has three stand-by wells in Oak Ridges that produced approximately 1,500 m3 of
water per day when they were in active service.
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•

Whitchurch-Stouffville
Data provided by the Regional Municipality of York indicate that the average annual groundwater
taking from the five Stouffville wells presently totals over 5,500 m3/d. Stouffville groundwater
withdrawals are from the Thorncliffe Aquifer (Wells #3, 5 and 6), and since 2000 groundwater
withdrawals have extended into the shallower Oak Ridges Aquifer (Wells #1 and 2). Stouffville’s
wastewater is presently treated and discharged primarily to Stouffville Creek. In the near future, this
water will be sent via the York-Durham sewer system to a treatment plant located on the shoreline of
Lake Ontario near the mouth of Duffins Creek.

•

Uxville
The Uxville Industrial Park wells are situated near Goodwood and are collectively permitted to
withdraw 1,900 m3/d while the average pumping is presently 90 m3/d from Well #1 and 15.6 m3/d
from Well #2 (2005 average rate from Durham Region, personal communication, 2007).

•

Communal Supplies
Although there are assumed to be many communal water supplies within TRCA's jurisdition, the
locations of these facilities have not yet been provided by the MOE. These data will be incorporated
into TRCA's Tier 1 Water Budget analysis. TRCA operates groundwater supply wells and drinking
water systems for the following Conservation Areas; the approximate 2004 visitation are in
parenthesis, where available:






Albion Hills Field Centre;
Glen Haffy Conservation Area (23,144);
Bruce’s Mill (37,000);
Kortright Centre for Conservation (120,000); and
Claremont Field Centre.

In addition, TRCA also provides drinking water to the Boyd Office, which is staffed by more than 30 full
time employees. The Albion Hills Field Centre and the Boyd Office are planned to be switched to
municipal water supplies in 2007.

9.4

Private Supplies

The majority of wells within the TRCA watersheds are privately owned, and provide household supply of
water. This water is then discharged primarily into individual tile beds and is thus recirculated. Water
well locations based on data from the MOE database are shown in Figure 40. Note that not all of these
wells are for domestic water supply, as the MOE database also includes geotechnical boreholes and
environmental monitoring wells. Over the years some of the domestic wells have been decommissioned
as the municipal supply from Lake Ontario has expanded into the area.
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Water use assessments for the Regions of Peel, York, and Durham were completed by Beatty and
Associates (2003), Marshall, Macklin Monaghan, (2003), and Gartner Lee Limited (2003), respectively.
These datasets were used in conjunction with TRCA data regarding water taking locations and amounts to
determine total watershed allocations. Using 2001 census data and MOE recommended per capita water
use estimates (175 litres/capita/day) the total estimated groundwater consumption for private supplies,
outside of the serviced area, were developed. This information will be utilized for the TRCA Tier 1 Water
Budget analysis.
An accurate water budget cannot be completed without a sound knowledge of current surface and
groundwater users. 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 withdrawal rates. The
PTTW guidelines require a permit for any water use greater than 50,000 L/day, for purposes other than
livestock and poultry 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 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 withdrawals. For example, specific withdrawal volumes
were often not specified and were therefore estimated based on similar use permits, and some were omitted
completely from the analysis. Given the limitations of the PTTW database, the TRCA initiated a 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
 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 300 individual water users within York, Peel and Toronto. The identified users
included those regulated under the Permit to Take Water Program (municipal wells, golf courses, etc),
and also those that are not subject to the regulation (livestock use, and withdrawals <50,000 L/d); the
results are summarized in Table 11. The known water users are identified in Figure 40, and the locations
of golf courses (significant water users) are provided in Figure 42.
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Table 11

Watershed

Surface
Water

Water Users by Watershed
Combined

Groundwater

(Surface &

Annual
Unknown

Total

Ground)

Withdrawal
(ML/yr)

Don

9

8

1

10

28

1,920.3

Etobicoke

5

33

0

6

44

263.1

Highland

2

1

0

0

3

1.1

Humber

25

77

18

33

153

4,396.3

Mimico

2

0

0

0

2

63.6

Rouge

15

28

12

18

73

3,601.6

Duffins

16

26

5

17

64

2,239.4

Total

74

173

36

84

367

12,485.4

The collected data revealed that the majority of water use is for livestock watering at 40% of total
surveyed users. Golf course irrigation ranked second in usage, accounting for 22% of all surveyed users,
with nursery operations and agricultural irrigation being third at 10% each. However, this is not reflective
of the total annual volumes withdrawn from either ground and/or surface sources. While livestock
watering comprises the bulk of water users, it only accounts for approximately 3% of the total usage. On
the other end of the spectrum, it was found that golf course irrigation and municipal potable supplies are
the heaviest users, totalling 30% and 27% respectively.
Water use within the study area was found to be heavily reliant on groundwater supplies, where
approximately 50% of all surveyed users rely solely on groundwater sources. This large number of well
water users is due, in part, to the vast number of farms within the TRCA area. Many farmers surveyed
did not trust the quality of surface water sources for watering livestock, and thus utilize groundwater only.
Approximately 20% of the total users surveyed utilize surface water for withdrawals, while 10% use a
combination of ground and surface water. Not all interviews/surveys were successful, and 20% of the
water users surveyed are unconfirmed.
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9.5

Water Use Assessment

An analysis was undertaken whereby MOE (PTTW) records were cross-referenced with TRCA surveyed
results. The aim of this analysis was to determine the actual volumes withdrawn in comparison to the
maximum permitted values.
A total of 362 users were found to be located within the TRCA jurisdictional area. From this total,
80 users were positively matched with PTTW records. Of the 80 matched users, 34 provided sufficient
information for both the PTTW database and the water use survey to derive these comparisons. The
majority of water users (71%) were found to be using considerably less than their permitted maximum.
On average, these users are withdrawing about 28% of their permitted maximum, within an overall range
of less than 1% to 70%. However, 10 of the 34 cross-referenced users were found to be withdrawing
volumes that significantly exceed their permitted maximums, which range from 112% up to 960%.
Within the TRCA jurisdictional area, 282 users could not be matched with PTTW records. However, only
42 of these users were identified to be withdrawing for purposes and/or amounts requiring a permit. Of
these 42 users, 76% were found to be taking water for either golf course irrigation or nursery operation
purposes. However, a recent increase in permit applications within these sectors may have changed the
noted conditions.
From these statistics, water use budgets have been developed to ascertain the total estimated water use
within a watershed, and the findings are presented in Table 12 below.
Table 12

Watershed
Don
Etobicoke
Highland
Humber
Mimico
Rouge
Duffins

Summary of TRCA Water Use Survey

Daily Withdrawals
(Surface)
(ML/day)

Annual Withdrawals
(Surface)
(ML/yr)

Annual Baseflow
Discharge
(ML/yr)

Percent of
Available
Baseflow

6.8
3.2
0.01
18.6
2.6
4.8
6.5

616
190
0.48
2,006
132
383
797

n/a
5,708
15,168
74,582
6,654
24,125
48,645

n/a
3.3%
< 1%
2.7%
2.0%
1.6%
1.6%

From a watershed perspective, overall withdrawal amounts do not comprise a significant portion of the
baseflow discharge; however since the withdrawals are localized, these takings may be significant when
considered at the subwatershed and reach scale. Studies within the Rouge River watershed have shown
that while the overall withdrawals encompass less than 2% of the total baseflow discharge, on a
subwatershed scale these withdrawals can account for 9% of the baseflow discharge, and can be as high
as 55% on a reach basis. To make a consistent analysis, TRCA will divide its jurisdiction into stressassessment subwatersheds as part of our Tier 1 Water Budget analysis.
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10.

Gap Analysis

10.1

Natural Heritage

TRCA has developed a Terrestrial Natural Heritage Strategy, but fieldwork to verify local conditions is
still underway. These data will be incorporated into TRCA’s source water protection reports when they
become available. One of the goals of this work is to identify the significance of groundwater
contributions to wetland function.

10.2

Groundwater

As discussed previously, the Provincial Groundwater Monitoring Network (PGMN) currently comprises
22 wells in TRCA’s nine watersheds. Although there is not a scientific formula to deduce the optimal
number of wells, with eight hydrogeologic layers in the groundwater model, the existing network is
clearly insufficient to meet local needs. Even having one well per layer per watershed would require over
70 wells, which would require a tripling in the size of the network. The quantity and locations of the
wells required depend on the results of the detailed analysis of the existing data, and the review of
existing wells. This will be a component of TRCA’s work plan for 2007/2008.
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).
Groundwater models are one of the best methods to infer representative estimates of the properties of
confining layers, if they are calibrated using highly reliable three-dimensional water level targets, and
constrained by parameter estimates derived from controlled hydraulic tests.

10.3

Surface Water Quantity

Long term baseflow data, with multiple years of data sets within a watershed are essential in the
development of TRCA management plans. The existing baseline data has significant gaps, and previous
data sets available from other sources (i.e., GSC data from 1996/1997 in the Rouge River) are useful for
assessing the acute impacts of human activities (withdrawals, new dams, dewatering etc.), but are
inadequate for determining the long-term effects associated with geology.
Comprehensive water budget analyses are required for all nine watersheds within the TRCA area to support
Source Water Protection planning and for overall environmental management on a ecosystem basis.
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The water budget analyses should be founded on a continuous surface water/groundwater water balance
model for each watershed. Additional parameters and functions should be added to the existing water
budget models including GIS capabilities and a user-friendly graphical interface. The water budget
analyses, combined with hydrologic modelling should also be applied to advance the understanding of the
basin response and the emerging trends within each of the nine watersheds.
Fifteen stream gauges have been identified for installation throughout the TRCA jurisdiction to obtain the
necessary data required to further refine and expand the existing hydrologic models. These will be added
through non source water protection funding.
Municipal stormwater information including details such as sewershed mapping and CSO outfall/cross
connection locations should be included within GIS layers for full interpretation of flows and water
quality. Modelling of the municipal stormwater system may be necessary to fully understand conditions
within the watersheds.
A Conservation Ontario initiative to develop a protocol for In-stream Flow Requirements is urgently
needed, and is a key knowledge gap. TRCA is currently managing baseflow considerations using
available information, which is not extensive, particularly in the headwater areas. A comprehensive,
Province-wide protocol/methodology for determining minimum in-stream flows is necessary to protect
baseflows and the dependent ecosystems.

10.4

Water Use

Historically, actual withdrawals by individual users have not often been monitored once a permit has been
issued. Short of major municipal wells, logging withdrawal activities has rarely been completed by the
user, rather users typically requested a permit for more than needed as a precaution against potential
permit violations. The MOE has revised their PTTW requirements, and now requires monitoring of all
withdrawal activities, and reporting thereof on an annual basis. Once this information begins to
accumulate, it will provide withdrawal details similar to the information compiled through the water use
surveys. In addition, this will generate information regarding the realistic timing/duration of individual
withdrawals, which is currently unknown.
The TRCA is also expecting data from the municipal partners with respect to the locations of surface
water intakes. This is not considered to be a major issue since the intakes are located more than 1 km
offshore, and the current technical guidance requires a 1 kilometre protection zone around each intake
(MOE, 2004a).
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10.5

Surface Water and Groundwater Model Integration

Estimates of groundwater recharge have been developed concurrently by both surface water modelling
teams and the groundwater modelling team. These modelled values must be harmonized into one
recharge map that satisfies both the groundwater and surface water model calibration processes.

10.6

Databases

The TRCA currently utilizes the following databases to store environmental information:
 Envirobase – a relational database used to house the following data:
•
•
•
•

benthic invertebrate sampling
surface water flow
surface water quality: and,
climate.

 YPDT – a relational database to house data for:
•
•
•
•
•
•
•

climate
borehole records,
geophysical surveys (downhole and surface)
municipal well pumping records
groundwater quality
low flow surface water data
mapping layers from other partners (i.e., surficial geology from the OGS)

TRCA is developing geospatial information database to warehouse surface, groundwater and water
quality data for source water protection initiatives. ESRI’s ArcHydro has been identified by TRCA staff
and the MNR as the preferred data model that could meet these requirements and provide valuable tools
to support hydrologic analysis and modelling.
A key aspect of data management for source water protection will be the updating and integration of the
databases, where appropriate. This will ensure that all of the appropriate datasets are available to the
source water protection technical team, without significant redundancies. TRCA is still gathering data
from their municipal partners and larger stakeholders. It is anticipated that most of these gaps will be
addressed during the balance of 2007.

10.7

Watershed Planning/Source Water Protection Integration

Source water protection plans must be developed in the context of watershed management plans to take
advantage of the knowledge offered by related disciplines, and to ensure compatibility between the
management strategies being recommended by both plans. Co-ordination between the two planning
processes is also necessary in order to establish seamless, efficient implementation mechanisms that
facilitate adherence to the plans by all implementers. By taking advantage of the overall watershed
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planning context and the established network of stakeholders engaged in management of the local
watersheds, we can produce more effective and supported source water protection plans.
Anticipated points of integration between the source water protection plan and the available or ongoing
watershed plans can be identified at each phase of the planning process, as described in Table 13.
Table 13

Source Water Protection (SWP) and Watershed Planning Integration

Activity

Description

Characterization Phase
Data Interpretation

New information collected for source protection will need to be reviewed and evaluated
in the context of other management objectives and targets (e.g., aquatic, terrestrial, water
use besides drinking supply) to ensure a consistent updated basis for overall planning and
management decision-making

Review of Other
Objectives

Source water protection threats and vulnerabilities will need to be reviewed in the context
of other management objectives for potential conflicts and future threats from all
perspectives.

Analysis Phase
New Scenarios

The need for additional future modelling scenarios that address current or future threats to
SWP will have to be reviewed.

Scenario Evaluation

Available scenario modelling results arising from the watershed plan need to be reviewed
from a source protection perspective (i.e., are new threats or vulnerabilities being
introduced that would warrant alternative or additional management options to be
analyzed?)

Preferred Management
Strategy

The overall preferred management strategy being proposed by the watershed planning study
will need to be evaluated from a SWP perspective (i.e., are new threats or vulnerabilities
being introduced? Conflicts in management approaches? - e.g., Management strategies for
infiltration of stormwater in vulnerable areas could represent an unacceptable threat/risk to
SWP. SWP objectives could represent another compelling reason to recommend natural
cover enhancement that could affect the management strategy.)

Implementation Phase
Implementation
Plan Changes

Any changes that were made to the preferred management strategy, as a result of the
integration SWP objectives, will need to be followed through in a review of any
necessary changes to the implementation recommendations (e.g., expanded regulated
areas or recommendation for land securement, or other program recommendations such
as enforcement requirements, monitoring recommendations, etc.)

Procedural Knowledge
Gap

While SWP practitioners are devising procedures for risk prioritization, watershed
planners are similarly devising procedures for prioritizing watershed protection and
regeneration priorities. There will need to be some work done to develop a relationship
between the two assessment methodologies. This may overlap somewhat with new
approaches in multi-objective decision-making and optimization work. These techniques
that are developed will support the formulation of preferred management strategies and
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Activity

Description
implementation mechanisms (e.g., regulatory vs. voluntary).

WEB Interface/
Electronic Document
Access

To facilitate user access to management recommendations, policies, maps, criteria, data,
etc. It is envisioned that the final watershed plans will be web-accessible. Regardless of
the platform used (i.e., existing YPDT?), there will be a need to develop new interfaces
and populate them for each watershed/SW plan’s material.

Consultation
Co-ordinated
Consultation Plan

A source water protection consultation plan will need to be designed in consideration of
the planned points of consultation for watershed planning studies, so as to avoid
confusion in key messages and meeting conflicts among prospective participants. The
consultation plan must also recognize the established membership of existing stakeholder
working groups, so that existing groups can be used to the extent possible to take
advantage of established relationships and expertise.

Social
Marketing Studies

Early studies designed to characterize the watershed community and to begin to
understand the strengths and weaknesses of existing management programs from their
perspective. In the long-term, the focus of the social marketing studies will be on
identifying solutions to overcome implementation barriers and recommendations for
more effective programs.
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11.

Integrated Conceptual Understanding

11.1

Conceptual Understanding of the Study Area

Each watershed in the TRCA jurisdiction has been assessed and an initial water budget has been
determined, and is discussed in the following. The geology of the full TRCA area is consistent in an east
to west direction, and accordingly the characteristics of each watershed, at a conceptual level is similar,
and is illustrated in Figure 43.
Figure 43

Conceptual Groundwater Flow Diagram

Note: Conceptual ground water flow model of the south slope of the Oak Ridges Moraine, adapted from Gerber and Howard 2002

About 830 mm/yr of precipitation (rain and snow) fall upon the TRCA area on average. While
evapotranspiration rates average between 30 and 67%, the average value is about 50% for the TRCA area,
resulting in an evapotranspiration rate of about 415 mm/yr. This may intuitively appear low, however,
the urbanized nature of the watersheds (impervious areas ranging from 11 to 68% of the watershed)
increases runoff and correspondingly reduces evapotranspiration. The remaining 50% surplus is
partitioned into 30% to runoff (250 mm/yr) and 20% to groundwater recharge (165 mm/yr).
Applying these numbers to the full study area of 2,506 km2 yields the following water volumes on an
average annual basis.
 Over 2 billion cubic metres of precipitation occurs each year;
 About 1 billion cubic metres returns to the atmosphere through evapotranspiration;
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 Of the remaining surplus, 0.6 billion cubic metres become surface runoff and enter the
watercourses or Lake Ontario; and,
 About 0.4 billion cubic metres enter the groundwater system through infiltration on
average each year.
The modelling of the groundwater system indicates that 90% (360 million m3/yr) of all groundwater
recharge returns to the watercourses as groundwater discharge prior to reaching Lake Ontario. This
discharge returns along the following pathways (Kassenaar And Wexler, 2006):
 In the river systems headwaters along the toe of the ORM;
 In the headwater creeks where they intersect the ORM deposits beneath the Halton Till;
 As localized seepage where these creeks intersect buried layers of sand in the Newmarket
Till;
 As groundwater discharge where the creeks and rivers intersect the buried tunnel channel
sediments;
 As groundwater discharge in the rivers where they intersect the Thorncliffe Aquifer or
Scarborough Aquifer, closer to Lake Ontario; and
 From localized headwater streams emanating from the toe of the Iroquois Shoreline bluff,
as well as in ditches cut below the water table in the nearshore areas downgradient from
this bluff.
Of the remaining 40 million m3/yr, about half flows through the groundwater system and discharges into
Lake Ontario. This occurs on a diffuse basis from all layers that intersect the lake bottom, including the
weathered bedrock and deep infilled buried bedrock valleys. The final 20 million m3/yr is withdrawn as
water takings from the various aquifers in the system and mostly reaches Lake Ontario by way of the
regional sewer systems. A small portion of the water takings is consumed by agricultural and commercial
irrigation, and is therefore lost as evapotranspiration.

11.2

Water Budget on a Watershed Basis

Based on the various modelling studies of each watershed in the TRCA jurisdiction, the primary
components of the water budget has been established for each watershed, as summarized below in Table
14.
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Table 14

Summary of Calculated Values for the Water Budget Components
(Average Annual Basis)

Watershed Name

Watershed
Area
(sq. km.)

Imperviousness
(%)

Total
Precipitation
(mm)

(mm)

(%)

(mm)

(%)

Etobicoke Creek

211.6

47.4

793

227

28.6%

152

19.1%

415

52.3%

Mimico Creek

77.1

67.6

780

274

35.1%

112

14.4%

394

50.5%

Humber River

910.8

21.7

827

130

15.7%

147

17.8%

550

66.5%

Don River

358.1

50.5

821

320

38.9%

203

24.7%

299

36.4%

Highland Creek

101.6

53.5

827

383

46.3%

207

25.0%

237

28.7%

Rouge River

332.9

22.3

854

114

13.4%

213

25.0%

526

61.6%

Surface Runoff

Groundwater
Infiltration
(mm)
(%)

Evapotranspiration

Petticoat Creek

25.9

1.3

808

272

33.7%

117

14.5%

419

51.8%

Duffins Creek

258.1

2.3

808

206

25.5%

152

18.8%

450

55.7%

Carruther's Creek

38.1

20.1

880

N/A

N/A

N/A

N/A

N/A

N/A

As can be noted, there is a substantial variability between watersheds largely due to the degree of
urbanization. For example, the percentage of impervious areas (11.2 to 67.6%) dictates a corresponding
variability in runoff rates (114.4 to 382.9 mm/yr). Surface runoff for the Mimico, Don and Highland
watersheds, where the impervious areas are greater than 50%, is 35 to 46% of precipitation. For these
same urbanized watersheds, the evapotranspiration is only 29 to 50% of precipitation. Conversely, the
Humber, Rouge and Duffins River watersheds, where the impervious areas are less than 22%, exhibit
runoff values that are only 13 to 26% of precipitation, and evapotranspiration in these less urbanized
watersheds is higher at 55 to 67% of precipitation.
It is noteworthy that the groundwater recharge values are not substantially different between watersheds
ranging between 14 and 25%. Predictably the Rouge River, with the greatest proportion of area drawing
from the Oak Ridges Moraine, has the highest recharge value at 25% of precipitation. The lowest is
Mimico Creek within the low permeability till soils. However, the degree of urbanization does not seem
to have a substantial influence. The more urbanized watersheds (Mimico Creek, Don and Highland
River) have an average groundwater recharge of 21.4 % of the precipitation, while the less urbanized
watersheds (Humber, Rouge and Duffins River) average just 20.6% of precipitation for groundwater
recharge. These values were derived from different methodologies, which may be influencing the results,
and accordingly, the application of a consistent approach is warranted.

11.3

Screening Decisions

An integrated conceptual understanding based on existing and relatively comprehensive knowledge of the
TRCA watersheds has been developed. The TRCA has characterized watersheds and has a sufficiently
developed understanding to begin numeric modelling of the watersheds. The numeric modelling will help
achieve a fuller understanding of the linkages between the water budget elements.
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11.3.1 Municipal Source from Large Water Body
For the City of Toronto, and parts of Peel, York, and Durham, the answer to this screening question is
"yes", in that all of these municipalities obtain some, or all of their municipal drinking water from Lake
Ontario, as discussed in Section9.2. For the northern part of TRCA's jurisdiction, including the
communities of Caledon East, Palgrave, Nobleton, Kleinburg, King City, Whitchurch-Stouffville, and
Uxville, the drinking water supply is from groundwater sources.

11.3.2 Level of Modelling Effort Required
Although TRCA and its partners have previously constructed numerical models for both surface and
groundwater, is recognized that there are a number of areas where improvements and refinements are
required. The understanding of water flow pathways will be improved by using consistent modelling
approaches for each watershed in the TRCA area. In addition, use of a consistent set of meteorological
data as input for the numeric models will improve our understanding of the hydrology of the area, and the
locations of significant recharge areas.
For the Region of Peel, refinement of the existing groundwater model is warranted to justify increased
pumping demands in Caledon and Palgrave. The Regions previous Permit to Take Water request for this area
was cut in half because of MOE's concerns regarding sustainability of the supply. Recent modelling of a
wellhead in the Credit Valley watershed to the west suggests that the capture zone for the Cheltenham
wellfield is located partially in the headwaters of Etobicoke Creek watershed, but TRCA has not considered
this capture zone previously.
For the Region of York, significant public concern has been raised regarding decreasing aquifer water levels in
Whitchurch-Stouffville and Lemonville. The existing groundwater model must be refined to account for the
significant increase in flowing wells drilled in this area, and the extensive pond network that has been
constructed by local residents.
The TRCA area has experienced rapid growth and is highly urbanized. It also contains sensitive features such
as the Oak Ridges Moraine, and surface water and groundwater are both used as drinking water sources.
Accordingly, TRCA's position is that the existing model framework should be used in our Tier 1 Water Budget
analysis.

11.3.3 Groundwater and Surface Model Requirement
Based on a review of current practices and ongoing experience gained with applicable models, the TRCA
believes that an integrated surface water/groundwater modelling approach is warranted. The existing
models developed by TRCA and its partners over the past five years have clearly shown that modelling
one component only results in significant discrepancies.
Therefore, we have adopted an integrated approach that links a PRMS-based continuous surface water
model for flow of water on the surface and unsaturated zone, with the three-dimensional groundwater
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flow model, MODFLOW. The selected models and methodology are particularly suitable for the TRCA
watersheds and will achieve a tailor-made solution with the following advantages:
•

The PRMS model code was developed and is supported by the United States Geological
Survey;

•

The PRMS code is open source, and has been subject to extensive peer review;

•

The MODFLOW 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;

•

Both models are locally developed and supported;

•

The linking of the two models is consistent with the CLOCA watersheds to the east;

•

Development efforts have been initiated to strengthen the linking mechanism to improve
accuracy, while also making application of the software more user-friendly; and

•

Once the impending improvements to the PRMS-MODFLOW linkage are complete,
the integrated surface and groundwater flow model will be used by TRCA for water
balance analysis.

11.3.4 Water Quality Modelling
The 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. TRCA has existing
surface water models that have a water quality component, and this information will be fed into the Lake
Ontario collaborative project on an as-required basis.
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