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1.0 INTRODUCTION 
 
Groundwater is water located beneath the earth’s 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 
centimetres 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 adjacent 
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 watershed. 
Knowledge of the watershed’s geology and the type and nature of the materials that store 
and/or release groundwater, typically called groundwater recharge and discharge areas, provide 
information to enable one to characterize the groundwater 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 Bowmanville/Soper Creek watershed. 
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Figure 1: Conceptual groundwater flow model for the south slope of the Oak 
Ridges Moraine within the Duffins Creek watershed (from MOE, 2007). 

 

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; at 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 referred 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 covered by additional material which often 
serves to protect the aquifer from direct sources of contamination. It is open to the surface. In 
an unconfined aquifer, water percolates directly into the soil until reaches a level where the soil 
is saturated. In this zone of saturation, every pore or opening between grains of sand, gravel or 
in rock crevices is 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 influences such as 
precipitation and atmospheric pressure. The water table gradient tends to follow the 
topographic highs and lows of the ground surface. 
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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 the 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. 
 
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 
groundwater 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 “mining” of the resource, which may also be exacerbated by climatic 
changes and the degradation of supplies as a result of human activities. Groundwater “mining” 
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 
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inverted cone surrounding the well that represents the volume of water being 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 Policy 
Ontario Water Resources Act 
The Ontario Water Resources Act permits the regulation of water takings 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, 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 - developed by provincially 
legislated Source Protection Committees focus on the implementation of the CWA’s objectives at 
the community level. In CLOCA 95% of the drinking water is sourced from Lake Ontario while 
5% of drinking water comes from privately owned water wells. 
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2.0 STUDY AREA AND SCOPE 
 
The Bowmanville/Soper Creek watershed is situated entirely within the Regional Municipality of 
Durham and covers an area of approximately 170 km2 (Figure 3). The watershed drains 
southerly towards Lake Ontario from its headwaters in the Oak Ridges Moraine. The 
Bowmanville/Soper Creek watershed consists of 2 primary subwatersheds: Bowmanville Creek 
and Soper Creek, whose tributaries join prior to outletting to Lake Ontario.    
 
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, monitoring 
provides key groundwater level and water quality information at six and three stations within 
Bowmanville and Soper creek subwatersheds, repectively. 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 Bowmanville/Soper Creek watershed boundary, these visual data layers though may 
influence the watershed hydrogeology (as groundwater boundaries are not necessarily the 
same as surface watershed boundaries) are not shown in the watershed maps. A discussion of 
hydraulic influences from outside the watershed is presented in the Water Budget Chapter of 
this report.  
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Figure 3: Bowmanville/Soper Creek watershed  
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3.0 METHODOLOGY 
 
Hydrogeology 
Information detailed in several groundwater reports was used to assess the hydrogeology of the 
Bowmanville/Soper Creek watershed. The key reports referenced included the Groundwater 
Modelling of the Oak Ridges Moraine Area (York, Peel Durham, Toronto – 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 York, Peel, Durham, Toronto Groundwater initiative and 
the Source Water Protection (SWP) program respectively.  These reports have yielded 
considerable information regarding the local setting such as: 
 

 development of a conceptual geologic model or framework;  
 numerical groundwater flow modeling through geological framework; and 
 quantification of the groundwater recharge and discharge. 

 
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 part, 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 Bowmanville/Soper 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 are simply areas with the 
volumetrically highest recharge in the watershed. 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 within the watershed, CLOCA used ‘loosely coupled’ 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 – Water Budget for a description of modeling activities. 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. Inasmuch as the HVRAs have relatively higher infiltration rates, these areas 
are also often vulnerable to contamination and, thus, worthy of further study for protection 
purposes.  
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Highly vulnerable aquifers (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 MOE’s requirements under 
the MOE’s ORM Vulnerability Mapping terms of reference (OMOE, 2001), grouped areas of high 
and medium sensitivity as more sensitive using an Aquifer Vulnerability Index (AVI) within the 
ORM.  
 
Under the Source Water Protection program, and in accordance with AVI methodology and 
Technical Rule (43), the areas were classified in terms of low, medium high groundwater 
vulnerability. This analysis assumes that the vulnerability of the aquifer increases as the relative 
amount of protection provided by the overlying geological materials decreases. The type and 
thickness of the overlying material is crucial to the classification. The vulnerability rating of 
deeper aquifers take into account the protection afforded by overlying materials (aquifers and 
aquitards). 
 
Groundwater Monitoring 
Well construction records extracted from YPDT-CAMC database provide invaluable information 
necessary to characterize the nature of subsurface materials and groundwater. As drilling of the 
water well progresses, penetrated materials are sampled and recorded as lithologic logs. 
Lithologic logs, which are records of soil or rock types against depth, allow the 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 CLOCA and 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, an additional 40 parameters that are usually contained in 
fertilizers and pesticides are also being tested (Appendix A). Nine of the PGMN wells are located 
within the Bowmanville/Soper 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 water 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 Bowmanville/Soper Creek Watershed 

4.1.1 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. A 
large part of the Bowmanville subwatershed on the western and central portions, as well as a 
small area in the adjacent Soper subwatershed is underlain by the Blue Mountain Formation of 
the Upper Ordovician age. Figure 4. The predominantly shale Blue Mountain Formation is in 
contact with the older limestone and shale sequence of the Middle Ordovician Lindsay 
Formation. About 80 percent of the Soper Creek subwatershed has Lindsay Formation as its 
basement rock.   
 
The surficial deposits of the Bowmanville/Soper 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 about five kilometres north of the present Lake Ontario shoreline. 

4.1.2  Hydrostratigraphy 

The regional stratigraphic framework prepared by the Geologic Survey of Canada and refined 
further through the YPDT-CAMC study has delineated eight geologic units within the 
Bowmanville/Soper Creek watershed: 
 

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

       Regional Unconformity – channel infill deposits 
4. Newmarket Till; 
5. Thorncliffe Formation; 
6. Sunnybrook Drift; 
7. Scarborough Formation; and 
8. Bedrock. 

 
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 
where they exist.  
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Figure 4: Bedrock geology of the Bowmanville/Soper Creek watershed.   
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Figure 5: Surficial geology of the Bowmanville/Soper Creek watershed.  



12 
 

Three main geologic features of the stratigraphic framework (Figure 6) are considered 
to largely control the flow of groundwater 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 the 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. 
 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
Figure 6: Quaternary deposits found within the Toronto area 

(Figure modified slightly from Eyles, 2002, p. 199). 
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Table 1: Hydrostratigraphic units. 
Geologic Unit Hydrostratigraphic Unit 

Aquifer                            Aquitard 

Shallow Groundwater Flow System 

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 

 
Glaciolacustrine (Recent) deposits are widespread in this watershed and represent the 
uppermost geologic layer. These deposits form a veneer over the underlying Halton and 
Newmarket Tills and vary from near shore sands and gravel beach deposits of the Lake Iroquois 
Shoreline located within the southern watershed, to fine sands, silts and clays of ancestral 
glaciolacustrine pondings that occur north of the Lake Iroquois Shoreline. In between Highway 
2 and Taunton Road are deposits associated with the Iroquois Beach shoreline physiographic 
region.  These deposits form an approximate 3 kilometre-wide belt in Bowmanville and Soper 
Creek Subwatersheds.  Iroquois beach deposits traverse the two subwatersheds in an east-west 
direction (Figure 7).  This deposit consists of well sorted medium to fine beach sand that is 
highly permeable and capable of transmitting considerable quantity of water both vertically and 
horizontally. Although the sedimentary layer are generally thin and seldom exceed two meter 
thick in most of CLOCA, the Iroquois beach deposits reached the maximum thickness of about 
10 meters in the Soper Creek subwatershed.    
 
The latest glacial ice advance over the southern part of the study area occurred from the Lake 
Ontario Basin about 13,000 years ago and resulted in the deposition of the Halton Till. The 
Halton Till is interpreted to drape along the south slope of the Oak Ridges Moraine overriding 
the granular Oak Ridges Moraine and Newmarket Till deposits. This formation has varying 
thickness reaching 20 meters near the ridge of the moraine and thins out to nealy absent in 
some southern areas.  Hydraulic properties of the Halton Till indicate that for the most part 
these compact materials act as an aquitard (Table 1).   
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Figure 7:  Bowmanville/Soper Creek watershed physiographic regions (sources:  Chapman 
and Putnam, 1984, MMAH, 2002)   
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The Oak Ridges aquifer complex is an interlobate glacial deposit composed mostly of sand and 
gravel and is the most prominent geologic feature in the watershed. The moraine itself extends 
160 km in its entire length across south-central Ontario trending east-west, and is superficially 
exposed on the northern portions of the Bowmanville/Soper Creek subwatersheds.  Geologic 
interpretations indicate that moraine or equivalent deposits (Mackinaw Interstadial sediments) 
in these subwatersheds have thickness ranging from about 60 meters to nearly absent.  Note 
that the Oak Ridges Moraine sediments at distance from the moraine itself are considered to be 
Mackinaw Interstadial sediments.  Mackinaw Interstadial sediments generally only occur locally 
within areas of low topography upon the surface of the underlying Newmarket Till.  These sand 
bodies are not present everywhere, that is, where Halton Till is in contact with Newmarket Till.   
 
Beneath the moraine is an extensive and fairly continuous till (Newmarket Till) which overlies 
the lower sedimentary sequences consisting of the Thorncliffe Formation, the Sunnybrook 
Diamicton, and the Scarborough formation. The Newmarket Till, sometimes referred to as the 
Northern Till, was deposited by the Laurentide ice sheet when it was at its maximum extent 
approximately 18-20,000 years ago.  The Newmarket Till is an important formation as it 
hydraulically separates the upper and lower aquifers and serves as a protective barrier to the 
deeper groundwater resources in the area. Although available geological records show no 
evidence of breaches, the Newmarket Till in this watershed has been scoured and eroded in 
most of the southernmost portions of Bowmanville and Soper Creek subwatersheds.  
 
The Thorncliffe Formation was deposited approximately 45,000 years ago and consists of 
sedimentary deposits of silt-clay rhythmites and cross-laminated and cross-bedded sands. 
Exposures of this formation are common along lake bluffs.  Though its recorded thickness 
reaches 90 meters at the northern watershed boundary, the formation gradually thins out to 
less than one meter at near coastal areas.  The extent and relative thickness of this formation 
often makes it a significant aquifer in the watershed. 
 
Beneath the Thorncliffe Formation are clay-till layers with very few stones and silty-clay 
laminations that is stratigraphically termed as the Sunnybrook Drift (Diamicton).  This formation 
was deposited in close proximity to an ice sheet as it finally reached the watershed about 
45,000 years ago.  This is a relatively thin deposit having an average thickness of about 10 
meters and is absent in the central and south-western portion of the watershed. 
  
The Scarborough Formation marks the start of the Wisconsinan glaciation which started 
approximately 100,000 years ago.  The Scarborough Formation is a deltaic deposit consisting of 
lower clay layer overlain by sands showing varieties of cross-beddings.  Series of numerous thin 
peat beds are common in this formation.  Regional borehole interpretation suggested that this 
formation exceeds 40 meters west of CLOCA watersheds and pinches out eastward. The same 
regional interpretation indicated presence of these deposits as infill pockets specifically beneath 
the northern subwatershed boundaries where the accumulated thickness reached approximately 
10 meters. The formation thins-out to an average of five meters, but is largely undetected in 
the majority of the study area, but some isolated lenses appear near the coastal areas.    
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Groundwater flows from areas of high to low hydraulic head. The direction of movement at any 
point within the system is dependent on the distribution of hydraulic potential (Funk, 1977). 
Groundwater moves continuously but at different rates based on the hydraulic properties of the 
formations. In each formation, groundwater migrates in both horizontal and vertical directions. 
Since the water table commonly follows the ground surface topography, horizontal flow can be 
topographically mapped using water table data obtained from shallow wells (usually constructed 
less than 20-m below ground surface (bgs). In the Bowmanville/Soper Creek watershed, water 
table mapping confirms that the groundwater flows in the general north-south direction from 
the Oak Ridges Moraine to Lake Ontario (Figure 8).  The groundwater flow patterns indicate 
that surface water features have a strong influence on the direction of shallow flow. Regional 
flow lines also suggest the areas of the Moraine, the Enniskillen Valley and upper reaches of 
Bowmanville and Soper Creeks contribute to the control of the groundwater resources of this 
watershed.  Investigations of deeper aquifer systems reveal similar patterns of flow which is in 
a general north to south direction towards Lake Ontario.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

PGMN Well W0000264-2 at Long Sault CA 
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Figure 8: Water table in the Bowmanville/Soper Creek watershed. 
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A geologic profile in the general northeast-southwest direction along Bowmanville/Soper Creek 
(Figure 9) shows the various components of the hydrogeologic system in this watershed.  This 
graphical presentation was generally designed to easily identify groundwater recharge areas, 
movement and discharge in the different lithologic layers underlying the watershed. This 
simplified approach in characterizing the hydrogeological components is useful in building 
models that could simulate as well as predict the behaviour of groundwater given a defined set 
of conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 9:  Bowmanville/Soper Creek watershed profile. 

 

4.1.3  Groundwater Discharge Areas 

Groundwater discharge is often observed in and around watercourses in the form of springs and 
seeps, or as baseflow to streams. These areas are characterized by upward vertical hydraulic 
gradients.  Recent studies mapped potential discharge areas in the watershed as those areas 
where the interpreted water table surface occurs within 1 m of the ground surface (as 
represented by the digital elevation model). Some of these potential discharge areas are 
corroborated by the observation of seeps, springs, or wetland areas. The most prominent 
potential discharge areas are along the valley slopes, watercourses on the northern fringes of 
the Iroquois Beach and within the Iroquois Plain (Figure 10).  Numerical models have also been 
used to predict locations and rates of groundwater discharge to streams and wetlands 
throughout the watershed. The reader is referred to Chapter 9 – Water Budget for additional 
modelling detail. 
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Figure 10:  Potential groundwater discharge areas in the Bowmanville/Soper Creek watershed. 
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4.1.4   Significant Groundwater Recharge and Highly Vulnerable Areas 
 
Significant Groundwater Recharge 
Groundwater aquifers are continuously being replenished by precipitation or snowmelt that 
infiltrates the ground surface passing though the unsaturated zones of the soil profile.  The 
various factors that influence the amount of groundwater recharge include climate, soil 
permeability, surface topography, land use, and vegetation cover. The mapping of these higher 
than average recharge zones is important to ensure the sustainability of groundwater supplies.  
Correspondingly, development should consider the protection of the delineated recharge areas 
to maintain the quantity and quality of groundwater needed by healthy watersheds. 
 
The significant areas recharging the aquifers in these subwatersheds include the ancestral Lake 
Iroquois shoreline feature and wetlands as well as the Oak Ridges Moraine. Analysis of various 
potentiometric surface maps from different geologic layers (shallow and deep) also yielded 
information on the recharge pattern within the watershed.  The difference between the 
potentiomentric surfaces of the shallow and deeper aquifers indicates the downward vertical 
flow of water from the upper to the lower aquifer systems.  Closely spaced contour lines of 
equal level of water (isolines) also suggest areas where recharge is particularly pronounced. 
The Iroquois Beach sands are effective at infiltrating precipitation and transmitting it laterally to 
the adjacent streams. 
 
For the purpose of this report, the significant recharge areas can be generalized as areas having 
higher than normal capacity to replenish available groundwater resources. The important 
factors to consider in determining if an area is capable of recharging aquifers with significant 
quantity of water are permeability of surficial materials, surface slope and depth of water table.  
Low permeability soils, such as silts and clays, have low infiltration capacities. These materials 
are, therefore, not typically associated with higher recharge zones as opposed to sand and 
gravel materials.  In the absence of finer materials to fill the voids between grains, the 
materials of sand and gravel have exceptionally high infiltration capacities. 
 
The gentler the slope, the slower is the surface flow and hence more time for the water to seep 
into the ground.  Likewise, gentle topography with depressions (hummocky topography) aids 
the infiltration of water into the subsurface. 
 
Although higher permeability of surficial materials are generally desirable to significantly 
recharge aquifers, the low permeability materials coupled with the natural capacity of soils to 
filter and attenuate surface contaminants help maintain the good quality of groundwater 
resources. This means that high recharge areas tend also to be relatively more vulnerable to 
contamination.       
 
As previously mentioned, technical guidance provided though the MOE Source Water Protection 
(MOE, 2007a, later superseded by the Technical Rules 2009) defines High Volume Recharge 
Areas (HVRA) to be areas where recharge is predicted, using numerical models, to be 15% 
above the mean recharge rate for the watershed. The mean groundwater recharge rate for the 
Bowmanville and Soper subwatersheds was predicted to be averaging 246 and 199  mm/yr 
respectively. Most of the HVRA in these watersheds are located in the Oak Ridges Moraine 
representing the areas of highest recharge. The Iroquois Beach deposits are also important in 
the Soper watershed (Figure 11).    
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Additionally, reverse particle tracking analyses were used to determine the Significant Recharge 
Areas (SRAs) for the watershed. This method employs the tracking of a particle from the point 
of high discharge to a stream (1L/sec) to the point of infiltration (i.e. the source). This mapping 
can then be used to highlight the most important areas within a watershed with respect to the 
protection of ecological functions around water courses.  
 
Highly Vulnerable Areas  
Figure 12 shows the areas of Highly Vulnerable Aquifers (HVA) interpreted in accordance with 
the AVI methodology and Technical Rule (43) of the Clean Water Act, 2006. Approximately 50% 
of the area within the Bowmanville/Soper Creek watershed was assessed to be underlain by 
aquifer systems with high vulnerability rating. Most notably these areas include the Oak Ridges 
Moraine, the Iroquois Beach deposits and recent deposits along south slope till plains and 
stream channels.   
 
It should be noted that regional vulnerability mapping is useful as a guide and is appropriate 
only for regional scale assessments. Site specific planning decisions should be based on local 
data which should ultimately feed back into the regional understanding. 
 
 

Monitoring Well Decommissioning 
Hampton Park 

Monitoring Well Decommissioning 
Hampton Park 
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Figure 11:  High volume recharge areas (HVRAs) in the Bowmanville/Soper Creek watershed. 
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Figure 12:  Aquifer Vulnerability within the Bowmanville/Soper Creek watershed using AVI. 
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Groundwater Monitoring 
Groundwater Quantity 
The static water levels measured in the monitoring wells are indicative of the amount of water 
stored in an aquifer, aquifer complex or saturated portion of the subsurface system. 
Groundwater levels fluctuate in response to various factors including precipitation, barometric 
pressure, temperature, and water abstractions.  Monitoring the water level in a network of wells 
also provides information on groundwater movement and flow directions. There are nine 
Provincial Groundwater Monitoring Network (PGMN) wells located within the Bowmanville/Soper 
Creek watershed (Table 2 and Figure 13).  Excluded in the list is a PGMN well under artesian or 
free-flowing condition drilled at Hampton Park within the Bowmanville Creek subwatershed, 
which was decommissioned in 2008 because the casing broke beyond repair. Seasonal 
variations in water levels and temperature logs were analyzed to determine the groundwater 
trends in response to seasonal and other physical changes at the surface.   
 
Groundwater Quality 
During the summer of 2002, CLOCA undertook a groundwater quality sampling program of 
domestic wells located within its jurisdiction.  This undertaking assisted in the characterization 
of the various aquifers and established a general baseline record of groundwater quality for 
future reference.  The distribution of the major ions (calcium, magnesium, sodium, potassium, 
chloride, sulphate, and carbonate ions) generally reflected the chemistry of the groundwater in 
the natural environment and can be correlated to the depth, age and reduction-oxidation 
(redox) conditions.  The trends were also evaluated to discern natural patterns from human-
induced impacts.    
 
As an integral part of the program, water samples are taken from PGMN wells once a year. 
Water samples are collected from the monitoring wells every fall and sent to the Ministry of 
Environment chemical laboratory for analysis. CLOCA supplements the program’s water quality 
monitoring by performing another sampling round every spring season. York-Durham 
Environmental Laboratory performs the analysis for the spring samples.  
 
Water quality data for each monitoring site has been compared to the Ontario Drinking Water 
Standards (ODWS) to help identify water quality problems in the aquifers, which is the source 
for many private systems (wells). Several parameters that exceed the ODWS, such as sodium, 
manganese and iron, occur naturally. Naturally elevated parameter concentrations are present 
due to geological materials in the area, the recharge environment and similar natural factors.  
Conversely, chloride concentrations in groundwater samples were examined to determine 
whether groundwater has been impacted by surface sources of contamination. Typically, 
chloride concentrations in groundwater are relatively low with the exception of some bedrock 
formations. High chloride levels in combination with sodium may indicate that wells have been 
influenced by surface activities. 
 
A more comprehensive discussion of groundwater quality sampling program and results for the 
entire CLOCA jurisdiction is available in Source Water Protection – Interim Watershed 
Characterization Report (CLOCA, 2007). 
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Table 2:  PGMN Monitoring Well Information (Bowmanville/Soper Creek watershed). 

 
*R (Recent Deposits), ORAC (Oak Ridges Moraine Aquifer Complex), TAC (Thorncliffe Aquifer Complex), SAC (Scarborough Aquifer Complex), BR (Bedrock) 
 
 
 
 
 
 
 
 

STATION NAME STATION ID WATERSHED LOCATION 
LOT/CONC/ 

MUNICIPALITY 

Ground 
Elevation 

(m asl) 

Well 
Diameter 

(cm) 

Well Depth 
(m bgl) 

Aquifer 
Tapped* 

Long Sault C Well W0000265-2 
Bowmanville 

Creek 
Grasshopper Rd 

Lot 13 Conc. 9  
Municipality of Clarington 

293.136 6.35 141.79 SAC 

Long Sault B Well W0000264-3 
Bowmanville 

Creek 
Grasshopper Rd 

Lot 13 Conc. 9  
Municipality of Clarington 

292.832 6.35 58.66 ORAC 

Long Sault A Well W0000264-2 
Bowmanville 

Creek 
Grasshopper Rd 

Lot 13 Conc. 9  
Municipality of Clarington 

292.832 3.18 10.50 ORAC 

Enniskillen Area 5 
Well 

W0000166-1 
Bowmanville 

Creek 
Holt Rd south of 
Regional Rd 3 

Lot 21 Conc. 7  
Municipality of Clarington 

197.632 15.24 41.92 ORAC 

Enniskillen Centre 
Well 

W0000167-1 
Bowmanville 

Creek 
Holt Rd north of 

Concession Rd 7 
Lot 21 Conc. 7  

Municipality of Clarington 
219.765 15.24 6.92 ORAC 

Bowmanville Park 
Well 

W0000043-3 
Bowmanville 

Creek 
Fourth St east of 
Old Scugog St 

Lot 12 Conc. 2  
Municipality of Clarington 

125.810 3.81 35.70 TAC/BR 

Powell Well W0000042-1 Soper Creek 
Regional Rd 20 

east of Liberty St 
Lot 5 Conc. 8  

Municipality of Clarington 
341.134 15.24 48.89 ORAC 

Stephen's Gulch 
Well 

W0000044-3 Soper Creek 
Bethesda Rd 

north of 
Concession Rd 4 

Lot 6 Conc. 4  
Municipality of Clarington 

155.160 3.81 36.22 TAC 

Stephen's Gulch 
Well 

W0000044-2 Soper Creek 
Bethesda Rd 

north of 
Concession Rd 4 

Lot 6 Conc. 4  
Municipality of Clarington 

155.160 3.81 15.13 R 
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Figure 13:  PGMN Well Location Map - Bowmanville/Soper Creek watershed.  



27 
 

4.2 Subwatershed Findings 

4.2.1 Bowmanville Creek Subwatershed 

4.2.1.1   Hydrogeology 

 
The Bowmanville Creek subwatershed occupies the western portion of the watershed covering 
approximately 92 km2 , stretching from Boundary Road (Clarington-Scugog Townline) in the 
north to Bowmanville/Westside Marshes Conservation Area at the shore of Lake Ontario.  The 
distribution of surficial materials within the subwatershed reflects the type of depositional 
environment and active process during deposition.  The northern ridge boundary of the 
Bowmanville Creek subwatershed is underlain by extensive deposits of mostly sand, gravels and 
boulders belonging to the Oak Ridges Moraine Formation (Figure 5).  These deposits are 
covered by patches of Halton Till consisting of consolidated mixture of fine sand, silt and clay. 
The glaciolacustrine deposits of varying texture and degree of lamination persisted south of the 
Oak Ridges Aquifer Complex (ORAC) and Halton Till.   Foreshore sand deposits are noted south 
of Concession Road 4 while reworked materials cover the areas south of King Street. Stream 
channels and wide valleys are covered with recent alluvial deposits. 
 
The profile of the subwatershed (Figure 14) shows the aquifers of the ORAC and Thorncliffe 
Aquifer Complex (TAC) are separated by the Newmarket Till. The ORAC is thickest (50 meters) 
at the ridge’s crest. This aquifer complex thickens and thins above the more persistent 
Newmarket Till. It also pinches out and disappears in some locations. Thin recent deposit 
representing perched aquifers exist above the ORAC throughout the watershed. These shallow 
thin aquifers may be locally utilized by shallow dug wells. They are, however, generally 
disconnected, of limited supply, and highly vulnerable to contamination. Shallow deposits are 
shown in yellow on Figure 14 below. 
 
The second aquifer layer (TAC) is thicker and more widely distributed than the ORAC. The 
formation reaches 70 meters near the northern subwatershed boundary and drastically thins 
down to about 5 meters beneath Taunton Road. Although as persistent as the Newmarket Till, 
it is relatively thinner and pinches out between Concession Road 3 and Concession Road 4. 
 
The third and deepest Scarborough Aquifer Complex (SAC) is invariably separated from TAC by 
an aquitard known as Sunnybrook Drift.  The SAC has a relative average thickness of about 5 
meters on the northern boundaries of the subwatershed and appears as very thin lenses 
between Concession Roads 7 and 8 and again beneath King Street. 
 
The deepest known water-bearing zone is the weathered contact between bedrock and the 
surficial deposits. However, this is not generally utilized because of quality issues.  
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Figure 14:  Geologic section - Bowmanville Creek subwatershed. 

Figure 15 depicts the potential discharge areas within the subwatershed. The areas are 
generally located around the channels and valley sides of the major tributaries.  An extensive 
area of shallow groundwater (< 1 meter below the ground) was observed in the Enniskillen 
Valley between Regional Road 20 and the 6th Concession.   

Figure 16 depicts the spatial extent of areas identified as high volume recharge areas (HVRAs) 
within the subwatershed. These areas primarily correspond to soils of higher permeability north 
of Regional Road 20 and the Enniskillen Valley deposits. Subwatersheds having relatively high 
average recharge are unable to capture some recharge areas within the HVRA since the 
methodology requires that HVRAs must be 15% higher than the subwatershed average. 
Although the Iroquois Beach deposits were excluded in Bowmanville’s HVRA, it does not 
necessarily mean that it is not important. The relatively thicker Iroquois Beach deposits in 
Bowmanville, makes it a good source of groundwater discharge to stream needed to sustain 
cold water fish communities during summer.    
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Figure 15:  Potential groundwater discharge areas in the Bowmanville Creek subwatershed. 

  

 Enniskillen Valley 
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Figure 16:  High volume recharge areas in the Bowmanville subwatershed. 
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4.2.1.2   Groundwater Monitoring 

 
Six of the 15 active Provincial Groundwater Monitoring Network (PGMN) monitoring wells within 
CLOCA are located within the Bowmanville Creek subwatershed. PGMN wells in this 
subwatershed were drilled to depths ranging from 6.92 to 141.79 m below ground level (m 
bgl). Four monitoring wells are tapping the Oak Ridges Moraine Aquifer Complex (ORAC); one 
draws water from the Scarborough Aquifer Complex (SAC); and, one has an intake structure 
opposite the Thorncliffe Formation and Bedrock contact.  
 
Groundwater Quantity 
The groundwater levels on all PGMN wells in Bowmanville Creek subwatershed were observed 
to be generally rising in the seven years of observations (Figure 17).  The groundwater level in 
each well fluctuates in the order from 0.7 m to 1.3 m.  Groundwater level and well water 
temperature data were correlated to indicate possible sources of recharge, mixing from 
different aquifers and surface water interaction. Groundwater temperature at Bowmanville Park 
Well (W0000043-3), Enniskillen Centre Well (W0000167-1), Long Sault A Well (W0000264-2), 
and Long Sault B Well (W0000264-3) strongly depict influence of seasonal variations. The 
temperature and water level graphs for Enniskillen Centre Well also suggest that temperature 
drops whenever the water level rises (replenished). Although not as conspicuous, the same 
observation can be drawn at Long Sault A and Bowmanville Park wells. The Enniskillen Centre 
and Long Sault A wells are both shallow having total depths of 6.92 m bgs and 10.50 m bgs, 
respectively. Bowmanville Park Well is relatively deep (35.70 m bgs) but being downstream and 
close to the lake, it is likely that the protective capping of till in this area might have been 
partially eroded exposing some aquifer materials.  
 
The groundwater at Enniskillen Area 5 Well (W0000166-1) show very minute increases in 
temperature despite substantial fluctuations in water level. This may indicate that the aquifer 
being tapped by this well in this area is remotely affected by surface temperature.  Although the 
record of groundwater temperature observed at Long Sault C Well (W0000265-2) shows some 
pattern of seasonal variation, it is not as distinct and uniform as the first group. This may be 
interpreted as the mixing zone of groundwater from various sources including the aquifer 
complex.  
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Figure 17:  Groundwater levels and temperatures (PGMN Wells at Bowmanville Creek subwatershed). 

Note that gaps observed in the graphs indicate absence of data, which may be due 
to any combination of corrupted logging equipment or dataset and system power 
source problem. 
 
 
 
 
 
  



33 
 

Groundwater Quality 
Both sodium and chloride occurs as natural constituent of groundwater but in varying quantity 
depending on the type of rock where groundwater flows and reacts with.  However, human 
activities such as road de-icing, agricultural run-offs and wastewater pollution may induce 
introduction of these chemicals in the natural surface and ground water environment.  
Concentration of either or both chemicals over 200 mg/L can cause one to detect a salty taste. 
Aside from aesthetic (taste), humans generally have high tolerance to chloride. Similarly, 
sodium is non-toxic but can be dangerous to persons who suffer from hypertension or 
congestive heart disease.   
 
During the observation period, 27 of the 68 analyzed water samples have sodium concentration 
exceeding the 20 mg/L aesthetic objective (AO) limit set under Ontario Drinking Water 
Standards (ODWS). At Long Sault A and B wells, the high sodium concentrations were detected 
on the first round of collected samples in 2003 just after the construction of these wells were 
completed. Succeeding water samples from these wells have sodium concentration well within 
provincial standard. Bowmanville Park and Long Sault C wells, on the other hand, have sodium 
concentrations that are persistently exceeding the provincial standard. Moreover, 10 of the 
eleven samples collected at Bowmanville Park Well have chloride concentrations above the 
ODWS limit of 250 mg/L. 
 
Graphical analyses of the concentrations of chloride and sodium over time on each monitoring 
well revealed patterns where sound interpretations could be drawn (Figure 18).  At Bowmanville 
Park Well, the graph clearly shows that rises and drops in concentrations of both chemicals 
occur at the same sampling periods. Inasmuch as this monitoring well is situated in a built-up 
area that receive substantial dose of de-icing salt (60% NaCl) every winter, it is very likely that 
water quality in this well has been adversely affected by this seasonal de-icing operation. 
Similar patterns of sodium and chloride concentrations and distribution were not observed on 
the other monitoring wells including Long Sault C Well where sodium concentrations has always 
been above 20 mg/L. Although it will be easy to assume that the groundwater in these wells 
are not contaminated with de-icing salt and that the sodium contained in the samples were 
naturally occurring, this idea has to be supported by further studies and investigations.    
 
Other chemical parameters that were detected to have exceeded the provincial standards 
include aluminum, organic carbon, lead, iron, colour, pH and dichlorophenol. Aside from iron, 
colour and pH, these exceedances were detected occasionally and may currently be considered 
as spikes or outliers (sample contamination errors).  Continuous monitoring of these chemicals 
would suggest if future investigations or studies are required. Under the ODWS, iron, colour and 
pH are only aesthetic objectives. Iron, which often occurs naturally as primary mineral in 
sedimentary rocks, may be discharged as constituent of industrial wastes and corroding metals. 
Excessive iron concentration in drinking water may result to bitter taste without any serious ill 
effect on human health. It may also cause staining of laundry, plumbing fixtures and water 
itself adversely affecting the colour. pH is largely influenced by other dissolved minerals mostly 
carbonates.          
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Figure 18:  Chloride and sodium concentrations (Bowmanville Creek subwatershed) 
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4.2.2 Soper Creek Subwatershed 

4.2.2.1   Hydrogeology 

 
The Soper Creek subwatershed occupies the eastern boundary of the CLOCA watershed.  This 
subwatershed is approximately 77 km2 in size and stretches from Concession Road 9, in the 
north, to the Bowmanville/Westside Marshes Conservation Area at Lake Ontario. The northern 
portion of the subwatershed is underlain by Oak Ridges Moraine that are in places capped 
primarily with glaciolacustrine deposits of predominantly till materials with occasional valley fill 
deposits comprised of poorly consolidated fine sands and silts. A 2-kilometer northeast trending 
band of foreshore deposits (Iroquois Beach sands) covers the area from Taunton Road to 
Concession Road 3.  South of Concession Road 3 is covered with massive well-laminated glacial 
lake deposits while recent alluvial deposits are confined along the beds and banks of existing 
channels. 
 
The subwatershed profile (Figure 19) shows relatively thick ORAC with thickness reaching 50 
meters and capped by Halton Till with an average thickness of 20 meters. The ORAC is pinched 
out at Concession Road 8 and swells to about 15 meters between Concession Roads 7 & 8.  
Between ORAC and the lower TAC is an extensive deposit of Newmarket Till that is about 56 
meters beneath Concession Road 8 and thins out to an average of 10 meters layer from 
Concession Road 3 to the shores of Lake Ontario. 
 
Underneath the Newmarket Till, the TAC is about 90 meters thick beneath the ORM and is 
pinched down to 5 meters at Taunton Road. Although the layer slightly pinches and swells in 
places, it is persistent in the subwatershed. 
 
The 10-meter thick Sunnybrook Drift is limited in the northern subwatershed area from the 
ridge down to Concession Road 7. The deepest aquifer (SAC) in the sequence of surficial 
deposits has limited distribution in the north and an area between Concession and King Streets.  
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Figure 19:  Geological Section - Soper Creek subwatershed. 

Figure 20 depicts the potential discharge areas within the subwatershed. As mentioned 
previously, these are areas where the interpreted water table is very close to the ground 
surface (within 1 metre). Areas of potential discharge are well distributed throughout the 
subwatershed, and generally surround the main tributaries. 
 
Figure 21 depicts the spatial extent of areas identified as high volume recharge areas (HVRAs) 
within the subwatershed. These recharge areas correspond to loose or permeable soils such as 
sand and gravels allowing water to seep easily into the ground. Fractured bedrocks without 
much soil cover serves as recharge areas as well.  Areas of hummocky topography also tend to 
have increased recharge rates.  
 
In Soper Creek subwatershed, recharge areas primarily correspond to the Oak Ridges Moraine, 
the Iroquois Beach channel infills and recent deposits.  
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Headwaters of Soper Creek  
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Figure 20:  Potential groundwater discharge areas in the Soper Creek subwatershed. 
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Figure 21:  High volume recharge areas in the Soper Creek subwatershed. 
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4.2.2.2   Groundwater Monitoring 

 
There are three PGMN monitoring wells on two locations in Soper Creek subwatershed. Each 
well is tapping different aquifer or aquifer complex. Stephen’s Gulch A well (W0000044-2), 
which is the shallowest of the the three, was drilled down to 15.13 m bgs and taps the recent 
deposit aquifers.  Nested with Stephen’s Gulch A well, the 36.22-m Stephen’s Gulch B well 
(W0000044-3) has intake screen opposite the TAC. Powell well (W0000042-1) is situated at the 
northeasternmost tip of CLOCA at Regional Road 20 and Liberty Street N. It is 48.89 m deep 
and draws water at the ORAC. 
 
Groundwater Quantity  
The groundwater level at Powell Well exhibits steady rise beginning July of 2004. Stephen’s 
Gulch A well shows erratic but up-trending water level pattern, which is typical to shallow wells 
under direct influence of surface water. Stephen’s Gulch B well, on the other hand, is 
maintaining the average water level of 142 m asl in between fluctuations of about half to one 
meter (Figure 22).   
 
The water temperatures recorded simultaneously with water levels show that the only aquifer 
affected by seasonal variations is the recent deposits being tapped by Stephen’s Gulch A well. 
The combined water level and temperature pattern in this well is analogous to the shallow well 
at Enniskillen Centre in Bowmanville Creek subwatershed.   
 

 

Figure 22:  Groundwater levels and temperatures (PGMN Wells at Soper Creek subwatershed).  
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Groundwater Quality 
Of the 28 analyzed samples, 18 samples were tested to have sodium concentration and one 
sample with chloride concentration exceeding the provincial drinking water standards. All 
samples taken at Powell and Stephen’s Gulch B well have sodium concentrations above 20 
mg/L. One sample with chloride concentration of 360 mg/L (ODWS limit is 250 mg/L) was 
detected at Stephen’s Gulch B well on the first round of sample only. 
 
Sodium and chloride concentrations both increase and decrease at specific sampling periods 
were observed in the analyses of water samples from Powell well (Figure 23).  Although similar 
pattern were seen at Bowmanville Park well suggesting contamination by human activities, the 
location of the former is not nearly the same. Despite being close to Regional Road 20, Powell 
well is situated in the suburbs and surrounded by farmlots. Sodium have been detected in Long 
Sault wells approximately 2 km east of Powell well but chloride concentrations in these wells 
rarely exceed 10 mg/L. One potential source of contamination to this well is the quarry 
operation approximately 2 km to the northeast. 
 
The two nested wells at Stephen’s Gulch Conservation Area did not show any pattern that 
would indicate de-icing salt contamination despite the fact that sodium concentrations at 
Stephen’s Gulch B well have been consistently above 50 mg/L since 2004. 
 

 

Figure 23:  Chloride and sodium concentrations (Soper Creek subwatershed). 
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Other exceedances observed in Soper Creek subwatershed were similar to in 
distributions as that of the Bowmanville Creek subwatershed except for the toxic 
lead chemical detected in the two Stephen’s Gulch wells in fall of 2006. After a series 
of re-sampling and cleaning of these wells to flush out the clay materials settled at 
the bottom of the casings, lead concentrations in these monitoring wells have 
remained within the prescribed limit of 10 ug/L. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Soper Creek subwatershed 
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5.0 CONCLUSION 
 
A refined understanding of aquifer systems and groundwater flow as part of watershed 
components and processes is vital in maintaining the ecological balance and sustainability of 
resources within a watershed.  It is general knowledge that groundwater supplies most of the 
receiving creeks during dry periods.  Also, cold water fish are able to survive and propagate 
even during warm months because of groundwater discharge.  For these reasons, it is 
imperative that managers and implementers have adequate knowledge of the local 
groundwater conditions to avoid developments that may disrupt natural processes which could 
be detrimental to both quantity and quality of available groundwater. 
 
The movement of groundwater in the aquifer systems of the Bowmanville/Soper Creek 
watershed are influenced by the configuration, extent and transmitting capacity of the different 
layered subsurface materials as well as the surface and subsurface topography of the 
watershed (Figure 24). Shallow groundwater in these subwatersheds mimics the groundwater 
topography.  However, regional flow in the deeper aquifers may recharge and discharge across 
different watershed boundaries. The 1st to 3rd order streams of Bowmanville and Soper Creeks 
appear to be discharge sites of groundwater recharged from the areas north and northeast of 
the watershed boundaries.    
 
The Provincial Groundwater Monitoring Network (PGMN) groundwater monitoring stations 
revealed that the upper unconfined aquifer and confined aquifers with eroded protective 
capping are affected by natural and anthropological processes.  The 6.60 meter monitoring well 
at Enniskillen Centre (W0000167-1) was found to have the most number of exceeded 
parameters. Deeper aquifers are generally not responsive to seasonal changes or human 
influences, but exceedences of chemical concentrations from provincially prescribed limits are 
still present.  Many parameters that exceeded the ODWS, such as sodium, manganese and iron, 
occur naturally. Exceedances in iron concentrations were observed mostly in wells tapping the 
ORAC, except in the northeastern areas where W0000264-3 and W0000042-1 are located. 
 
Sodium was observed in elevated concentrations in both the Recent Deposits and the deeper 
Thorncliffe and Scarborough aquifers, but was generally low in the ORAC (except in the 
northeastern boundaries).  
 
Chloride is abundant in nature and is essential in plant growth in small quantities. It may also 
be artificially introduced in the environment by way of industrial effluents and road salt de-icing. 
Its persistence in waterbodies makes it a good index to determine impact of human activities in 
the environment. One of the monitoring wells with the highest average chloride concentrations 
is located in Bowmanville Park (W0000043-3). Moreover, the occurrence of high concentration 
of iron and sodium at Bowmanville and Powell wells, which can either be natural or impacts 
from human activities, and would merit further investigation to better understand the sources of 
contaminations.  
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Figure 24:  Bowmanville/Soper Creek watershed geologic section - conceptual model. 

 
There are three main areas within this watershed where the aquifer may be vulnerable.    The 
first area is the Oak Ridges Moraine including the southern flanks where some net groundwater 
discharge areas form the headwaters of the major streams.  Recharge in the hummocky 
sections of ORM is estimated to reach a maximum of 420 mm/year (EarthFx, 2007). The second 
area occurs over the south slope till plain and is predominantly a groundwater recharge area 
specifically in the eastern portion of the watershed.  In this area recharge rates are generally 
lower than 150 mm/year. The third area is associated with the Glacial Lake Iroquois Beach and 
plain area and predominantly functions as a net groundwater discharge zone.  Significant 
recharge that does occur is associated with beach sand and gravel (beachfront) deposits along 
the Lake Iroquois Beach.  These areas are considered vulnerable and as such they require 
particular attention, particularly when considering development applications.   
 
There were no municipal supply wells identified within the Bowmanville/Soper Creek watershed 
and domestic water requirements of urbanized areas are supplied by municipal systems that 
utilize surface water from Lake Ontario.  Thus, groundwater use for drinking water in this 
watershed is limited only to non-serviced communities, private domestic wells, and various 
recreation facilities.  
 
 
 
 
 
 
 
  

WHAT WE DO ON THE LAND IS MIRRORED IN THE WATER 



44 
 

 
 
 

6.0 REFERENCES 
 
Applied Hydrogeology by C.W. Fetter, Prentice Hall, 1994  
Central Lake Ontario Conservation Authority, 2006.  SWP Interim Preliminary Watershed 

Characterization Report, Central Lake Ontario Conservation Authority. June, 2006. 354p. 
Central Lake Ontario Conservation Authority, 2007.  SWP Interim Preliminary Conceptual Water 

Budget Report, Central Lake Ontario Conservation Authority. April, 2007. 181p 
Chapman, L.J. and D.F. Putnam.  1984. The physiography of southern Ontario; Ontario Geologic 

Survey, Special Volume 2.  
Draft Conceptual Water Budget Report, Central Lake Ontario conservation Authority (CLOCA), 

Source Water Protection Program, CTC Region, March 2007 
Eyles, Nick, Ontario rocks: three billion years of environmental change (1st Ed.); University of 

Toronto, Fitzhenry and Whiteside Limited, 2002 
Earthfx Incorporated 2004. Groundwater modelling of the Oak Ridges Moraine and TRCA 

watersheds prepared for the York Peel Durham Toronto groundwater management strategy 
study and Toronto and Region Conservation Authority; unpublished report, Earthfx 
Incorporated, 208p.  December. 

Funk, G.F. 1977. Geology and water resources of the Bowmanville, Soper and Wilmot Creek, 
IHD representative drainage basin. Ontario Ministry of the Environment, Water Resources 
Report 9a, 113p. 

Howard, K. and Beck, P. 1986. Hydrochemcial interpretation of groundwater flow systems in 
Quaternary sediments in southern Ontario; Canadian Journal of Earth Sciences, v.23. p.938-
947.  

Illinois Department of Public Health. 
http://www.mahometaquiferconsortium.org/Edmats_3wells_0605.htm 

Interim Watershed Characterization Report, Central Lake Ontario conservation Authority 
(CLOCA), Source Water Protection Program, CTC Region, March 2007 

Ontario Ministry of the Environment. 2007. Water Budgets. Technical Paper #10. Oak Ridges 
Moraine Conservation Plan. Final version. 

Ontario Ministry of the Environment. 2007a. Assessment Report: Guidance Module 7. Draft 
Water Budget and Water Quantity Risk Assessment. Prepared for the Source Water 
Protection Program. March 30. 

Ontario Ministry of the Environment. 2001. Groundwater Studies 2001/2002 Technical Terms of 
Reference. November. 

Ontario Ministry of Municipal Affairs and Housing. 2002. Landform Conservation Areas of the 
ORM (Maps No. 1-4). 

Sharpe, D.R., A. Pugin, S. Pullan and J. Shaw. 2004. Regional unconformities and the 
sedimentary architecture of the Oak Ridges Moraine area, southern Ontario.  Canadian 
Journal of Earth Sciences, 41, 183-198. 

 


