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1.0  INTRODUCTION  
 
Groundwater is water located beneath the earthôs surface in the tiny spaces that exist 
between sand, clay or soil particles and in crevices and cracks present in rocks.  
Groundwater moves very slowly in comparison to surface water.  Depending on the 
size of interconnected spaces between sediment grains or crack openings in rocks, 
groundwater moves in the order of several cent imetres to metres per year . It may 
therefore be visualized that the rate of flow and direction of groundwater depends on 
the geological formation through which it is flowing. Also, groundwater movement 
changes with the geology from one watershed to other a djacent watersheds.  
 
An understanding of hydrogeology, specifically the changes in groundwater quantity 
and quality, are essential in the assessment of the existing condition of the watershed.     
 
Hydrogeology is the study of groundwater, its occurrence,  movement and chemistry 
and the factors that influence it including interactions with surface flow systems. An 
understanding of the hydrogeology within a watershed is essential to the assessment 
and management of watershed functions. Changes in groundwater quantity and 
quality have potential impacts on natural functions and could significantly affect 
surface water flows, aquatic ecosystems, landscape and beneficial use of available 
water. 
 
The first step in managing and protecting the groundwater resource is to develop an 
understanding of the behaviour and characteristics of groundwater in the watersh ed. 
Knowledge of the watershedôs geology and the type and nature of the materials that 
store and/or release groundwater, typically called groundwater recharge a nd discharge 
areas, provide information to enable one to characterize the groundwa ter resources.  
For example, the conceptual groundwater flow model shown in Figure_1, while 
developed for another subwatershed of similar hydrogeologic condition, would be 
representative of the general conditions found in the Black/Harmony/Farewell Creek 
watershed. 

 

Figure 1: Conceptual groundwater flow model for the south slope of the Oak Ridges Moraine 

within the Duffin s Creek watershed (from MOE, 2007). 
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Aquifers such as those shown in Figure_1 are areas of permeable materials like sand 
or gravel that are capable of providing usable quantities of water to a well.  Aquifers 
can be either confined or unconfined (Figure_2). A confined aquifer is one which is 
contained by layers of low permeability material such as clay often referred to as an 
aquitard.  The clay restricts the upward or downward movement of water; a t a 
downward grade, the groundwater becomes pressurized. If a well taps a pressurized 
aquifer, the water level in the well will rise above the aquifer  (artesian condition). The 
level to which water rises in a well under confined aquifer conditions is refer red to as 
the potentiometric level or level under pressure.  A flowing artesian well is a water well 
in a confined aquifer where the potentiometric level overtops at ground surface. 
Conversely, an unconfined aquifer is not contained by an aquitard. In this  zone of 
saturation, every pore or opening between grains of sand, gravel or in rock crevices 
are completely filled with water. The top of the saturated zone is often referred to as 
the water table. The water table will rise and fall due to climatic influe nces such as 
precipitation and atmospheric pressure. The water table gradient tends to follow the 
topographic highs and lows of the ground surface.  

 

 

Figure 2: Aquifer System (Water Encyclopedia, Advameg, Inc.). 

 
An unconfined aquifer is generally considered to be far more sensitive than one that is 
confined as the water table in most cases is close to the surface and vulnerable to the 
impacts of activities occurring on the land surface. 
 
The recharge zone is an area where water is entering or infiltrating th e ground and 
eventually reaching an aquifer. A recharge area for an unconfined aquifer is one and 
the same. The recharge area for a confined aquifer, however, may be far removed 
from a discrete point in the aquifer.  
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There are instances when groundwater while moving through the unsaturated zone 
may encounter less permeable soil layers, and may move laterally. This shallow lateral 
movement of groundwat er is commonly called interflow and often results in the local 
discharge of groundwater to surface features such as streams, wetlands and lakes.   
 
Although groundwater is generally perceived to be a renewable resource, the rate of 
replenishment is actually limited to the quantity of precipitation and the storage 
capacity of the groundwater system, amongst other factors.  A concern regarding the 
supply of groundwater is related to the potential ñminingò of the resource, which may 
also be exacerbated by climatic changes and the degradation of supplies as a result of 
human activities. Groundwater ñminingò occurs where more water is pumped from the 
aquifer than is being replaced naturally by the infiltration of precipitation (recharge) 
and the underflow from other watersheds. The immediate effect of a pumping well on 
the groundwater system is a radial lowering of water levels in the vicinity of the well 
creating a cone of depression. The cone of depression is represented by an inverted 
cone surrounding the well that represents the volume of water bein g removed. Water 
in the vicinity of the  well is diverted towards the well from its natural flow path. The 
size and shape of the cone will be dictated by the thickness and permeability of the 
tapped aquifers and the duration of pumping. Groundwater supplies in shallow 
aquifers tend to be more susceptible to the adverse effects of excessive pumping. 
 
 
Applicable Legislation  and Polic y 
Ontario Water Resources Act 
The Ontario Water Resources Act permits the regulation of water supply and 
monitoring including all surface and groundwater, regulates sewage disposal, controls 
water pollution , and sets standards for the construction and operation of waste 
facilities. In addition, the regulations under this legislation include the issuance of 
permits to take water (PTTW) and water well management.  
 
Environmental Protection Act (EPA) 
The Environmental Protection Act deals mainly with management, conservation and 
protection of the environment.  Specific provisions in the EPA address the protection of 
groundwater from contamination.  
 
Nutrient Management Act, Pesticides Act, and Cosmetic Pesticide Ban Act 
The Nutrient Management Act 2002, and the Pesticides Act 1990, amended by the 
Cosmetic Pesticide Ban Act 2008 focus on actions that may impair water quality due to 
the application of nutrient materials on land such as fertilizers, organic sludge, 
compost, biosolids as well as pesticides. The Cosmetic Pesticides Ban Act, passed in 
June 2008, amended the Pesticides Act to ban the use and sale of pesticides for 
cosmetic purposes. 
 
Oak Ridges Moraine Conservation Act and Plan 
This legislation provides for the protection, conservation and enhancement of the 
hydrological and ecological features and functions of the ORM. The Oak Ridges 
Moraine Conservation Plan (ORMCP) contains a number of requirements to protect the 
hydrological integrity and functions of the moraine. Hydrologically sensitive features 
are defined in the plan as permanent and intermittent streams, wetlands, kettle lakes , 

ógroundwater 
ñminingò occurs 
where more water 
is mechanically 
removed from the 
formation than is 
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and seepage areas and springs. All of these features are intrinsically linked to 
groundwater. 
 
Clean Water Act (CWA) 
The recently enacted Clean Water Act (CWA) ensures the safety of drinking water by 
identifying potential risks to local sources.  The source water protection plans to be 
developed by Source Protection Authorities focus on the implementation of the CWAôs 
objectives at the community level.  
 

2.0  STUDY AREA AND SCOPE 
 
The Black/Harmony/Farewell Creek watershed is situated entirely within the Regional 
Municipality of Durham and covers an area of approximately 108 km2 (Figure_3). The 
watershed drains southerly towards Lake Ontario from its headwaters which originate 
in the south slope till plain of the Oak Ridges Moraine. The Black/Harmony/Farewell 
Creek watershed is divided into three primary subwatersheds: Harmony Creek, 
Farewell Creek and Black Creek.  
 
This chapter focuses on the various components of the hydrogeology within the 
watershed including the subsurface materials (geologic formations) beneath the 
watershed, descriptions of the aquifers and aquitards, and the patterns of 
groundwater flow.  In addition, m onitoring provides key groundwater level and water 
quality information at two sites each within Farewell and Black creek subwatersheds. 
As such, trends in the data collected at the sites were assessed and the results are 
presented herein.  
 
For the purposes of visual presentation, the mapped data layers (where available) 
have been shown as faded areas beyond the watershed and subwatershed 
boundaries.   For areas outside of the Black/Harmony/Farewell Creek watershed 
boundary, these visual data layers may not have been analyzed for discussion 
purposes and therefore have not been included in the discussion of this chapter. 
 

3.0  METHODOLOGY 
 
Hydrogeology  
Information detailed in several groundwater rep orts was used to assess the 
hydrogeology of the Black/Harmony/Farewell Creek watershed. The key reports 
referenced included the Groundwater Modelling of the Oak Ridges Moraine Area (York, 
Peel Durham, Toronto ï Conservation Authority Moraine Coalition (YPDT-CAMC) 
Technical Report #01-06), and the draft Watershed Characterization (CLOCA, 2006) 
and Draft Accepted Tier 1 Water Budget Report (CLOCA, 2009) which are reports 
prepared under the Source Water Protection (SWP) program.  These reports have 
yielded considerable information regarding the local setting such as:  
 
Á development of a conceptual geologic model or framework;  
Á numerical groundwater flow modeling through geological framework; and  
Á quantification of the groundwater recharge and discharge.  
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Figure 3: Black/Harmony/Farewell Creek watershed 
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The database developed under the YPDT-CAMC groundwater study, which included 
the collection, review and rectification of water well records and other hydrological 
data, was, for most par t, used as the primary source of information in this report. The 
database in conjunction with borehole logging software enabled the delineation of the 
various geologic layers and the aquifer system of the Black/Harmony/Farewell Creek 
watershed.  The database system also facilitated the processing and preparation of 
water level maps as well as run numerical models to determine subsurface water 
flows, groundwater recharge and discharge conditions. 
 
The identification and delineation of areas of potential groundwater discharge and 
high groundwater infiltration  (high volume recharge areas or HVRAs) are important 
components of water resource management. For the purposes of this chapter, HVRAs 
include areas of groundwater interflow to streams and recharge to the saturated zone. 
Potential discharge areas have been identified where the water table surface is within 
1 metre of the ground surface. To identify areas of high volume recharge wi thin the 
watershed, CLOCA used óloosely coupledô surface and groundwater models to simulate 
recharge throughout  the watershed. Loosely coupled models means that the two 
models were run independently, with the output of one model used as input to the 
other. This process was repeated until both models satisfied established calibration 
targets, generally being long-term streamflow data and interpreted groundwater level 
surfaces. The reader is referred to Chapter 9 ï Water Budget for a description of 
modeling activities. High volume recharge areas are also vulnerable to contamination 
and, thus, worthy of further study. HVRAs are areas where the predicted recharge is 
at least 15% above the mean recharge calculated for the watershed.  This 
methodology is detailed in the Assessment Report: Guidance Module 7, Water Budget 
and Water Quantity Risk Assessment (MOE, 2007a) prepared for the Source Water 
Protection program. 
 
Highly vulnerable areas (HVAs) have also been mapped for the Oak Ridges Moraine 
Conservation Plan (ORMCP) and the mapping is presented in this chapter. The 
mapping was generated using methodologies developed during the Oak Ridges 
Moraine geological studies and the YPDT-CAMC groundwater study, and generally 
involves calculating sensitivity based on the depth to the static water level recorded in 
well construction records and the relative permeability of the soils above the static 
level. Mapping, as per the MOEôs requirements under the MOEôs ORM Vulnerability 
Mapping terms of reference (OMOE, 2001), grouped areas of high and medium 
sensitivity as more sensitive using an Aquifer Vulnerability I ndex (AVI) within the ORM. 
Beyond the ORM boundary, the medium and low sensitivities were grouped together. 
 
Under the Source Water Protection program, an improved and defensible method of 
mapping the highly vulnerable aquifers is currently under way.  Until after this new 
SWP product becomes available, the HVA map made under the ORMCP remains 
CLOCAôs official decision making tool.  
 
Groundwater Monitoring  
Well construction records extracted from YPDT-CAMC database provide invaluable 
information necessary to characterize the nature of subsurface materials and 
groundwater. As well drilling work progresses, penetrated materials are sampled and 
recorded as lithologic logs. Lithologic logs, which are records of soil or rock types 
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against depth, allow th e determination of where aquifer materials reside and where 
groundwater is available.  
 
Monitoring stations on the other hand, yield long -term groundwater information 
necessary to determine the quantity and quality of groundwater over time.   CLOCA, in 
partnership with the MOE operates numerous groundwater monitoring stations as part 
of the Provincial Groundwater Monitoring Network (PGMN). Until the 2008 year-end 
monitoring cycle, sixteen water wells within the CLOCA jurisdiction are being 
maintained under the PGMN program.  These wells are operated for the purpose of 
monitoring groundwater levels and quality.  Water quality monitoring under the PGMN 
program performs water sampling analysis twice a year. The first round of samples are 
collected in spring and analyzed on 40 physical-chemical parameters. In fall, the 
second round of samples are collected and in addition to analyzing for the same 
parameters as spring, additional 40 parameters that are usually contained in fertilizers 
and pesticides are also being tested (Appendix A). Two of the PGMN wells are located 
within the Black/Harmony/Farewell Creek watershed and the data obtained from these 
wells are assessed in this chapter. 
 
The variability in the quality of groundwater differs from that of surface wat er quality 
because of its interaction with the surrounding rocks. The hydrogeochemical analysis 
of the collected groundwater samples was undertaken using a statistical analytical 
software tool (AquaChem) which characterized the origin and influence of the 
subsurface materials on the groundwater samples.  The same tool was used to store 
and interpret the chemical characteristics of samples to track the water chemistry and 
identify potential contamination.  Also discussed in this chapter are the static water 
levels recorded in the monitoring wells. The fluctuating water levels and temperature 
logs represent external influences on the aquifer.  
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4.0  FINDINGS  
 

4.1  Black/Harmony/Farewell  Creek Watershed  
 
Geology  
The geology of the study area generally consists of Quaternary sediments of variable 
thickness overlying Ordovician bedrock.  The sediments overlying bedrock consist of a 
sequence of glacial and interglacial (lacustrine/fluvial) units deposited  over 
approximately the last 135,000 years. 
 
The underlying bedrock in the watershed serves as a base unit of younger surficial 
deposits.  The section of the watershed south of Highway 2 is underlain by black shale 
and limestone belonging to Middle Ordovician Lindsay Formation.  This rock unit is in 
northern contact with the shale of the Upper Ordovician Black Mountain Formation 
Figure_4. This bedrock surface follows the general configuration of th e ground surface 
topography of this group of subwatersheds.  
 
The surficial deposits of the Black/Harmony/Farewell Creek watershed are generally of 
glaciolacustrine, glaciofluvial, or glacial origin (Figure_5).  These sediments were 
deposited during successive periods of advance and retreat of glaciers through to the 
last ice age. An evidence of eolian beach and swamp deposits of recent age has also 
been observed trending east-west between three to five kilometres north of the 
present Lake Ontario shoreline. 
 
Hydrostratigraphy  
The regional stratigraphic framework pr epared by the Geologic Survey of Canada and 
refined further through the YPDT-CAMC study has delineated eight geologic units 
within the Black/Harmony/Farewell Creek watershed: 
 

1. Glaciolacustrine Deposits (sand, silt and clay); 
2. Halton Till; 
3. Oak Ridges Moraine/Mackinaw Interstadial Deposits; 

       Regional Unconformity ï channel infill deposits 
4. Newmarket Till; 
5. Thorncliffe Formation; 
6. Sunnybrook Drift;  
7. Scarborough Formation; and 
8. Bedrock. 
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Figure 4: Bedrock geology of the Black/Harmony/Farewell Creek watershed.  
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Figure 5: Surficial geology of the Black/Harmony/Farewell Creek watershed.  
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The chronological arrangement of the rock units and their corresponding 
hydrostratigraphic characterization are presented in Figure_6 and Table 1 respectively.  
The Don Formation and underlying York Till depicted in Figure_6 have not been 
mapped within the watershed due to the lack of deep detailed borehole information 
that would be necessary to delineate these deposits.  
 
Three main geologic features of the stratigraphic framework (Figure_6) are considered 
to largely control the flow of gro undwater through the unconsolidated sediment. One 
feature is the orientation and connection of the  valleys in the bedrock.  Sand and 
gravel deposits often occur upon these bedrock lows and can form productive 
aquifers.  The second is the architecture of th e Newmarket Till that separates the 
upper part of the flow system from the deeper part of the flow system. The third 
major geologic control on the groundwater flow system is the thickness and location of 
the granular deposits of the Oak Ridges Moraine and the Lake Iroquois Shoreline that 
form recharge areas. 
 
It is important to acquire an understanding of the sedimentary deposits overlying 
bedrock in the watershed. These deposits include, for the most part, the major 
aquifers in the watershed.  An estimated 95% of wells in the watershed are tapping 
aquifers within these sedimentary deposits because wells drilled to bedrock are 
generally low yielding and have poor water quality. 
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Figure 6: Quaternary deposits found within the Toronto area (Figure modified slightly from 
Eyles, 2002, p. 199). 

 
 
Table 1: Hydrostratigraphic units.  
Geologic Unit  Hydrostratigraphic Unit  

Aquifer                            Aquitard  

Shallow Groundwater Flow S ystem  

1 Glaciolacustrine/Recent Iroquoia Beach Deposits  

2 Halton Till  Halton aquitard 

3 Oak Ridges Moraine / 
Mackinaw Interstadial 

Oak Ridges aquifer complex  

 Tunnel Channel infill Channel aquifer complex Channel silt aquitard 

4 Newmarket Till  Newmarket aquitard 

Deep Groundwater Flow System  

5 Thorncliffe Fm. (or equivalent)  Thorncliffe aquifer complex  

6 Sunnybrook Drift (or equivalent)   Sunnybrook aquitard 

7 Scarborough Fm. (or equivalent) Scarborough aquifer complex  

8 Bedrock Limestone aquifer 
 
Weathered shale 

 
 
Lower 
permeability bedrock 

 

óGlaciolacustrine 
(Recent) deposits 
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this watershed and 
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