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3.0  Water Budget and Stress Assessment  

Developing a source protection plan requires organizing and understanding data about 

water flow through the watershed. This can be accomplished by preparing a water budget. 

Water budgets show each part of a watershedôs hydrologic system and  uses data to 

describe the pathways that water takes through that watershed. A water budget looks at 

how much water enters a watershed, how much water is stored in it, and how much water 

leaves it (through both natural and human processes). This information hel ps determine 

how much water is available fo r human use while ensuring enough is left for natural 

processes. The watershed must have enough water to maintain streams, rivers, and 

lakes, and to support aquatic life and wetlands.  

The Ministry of the Environment , Conservation and Parks  has prepared the Technical 

Rules,  which outline the steps required to :  

Estimate the quantity of water flowing through a watershed;  

¶ Describe the significant processes that affect flow;  

¶ Characterize the general movement of water; and  

¶ Assess the sustainability of drinking water supplies.  

The Technical Rules which guide the completion of the tiered water budgets are designed 

as a screening mechanism for gaining a progressive understanding of the characteristics 

of a watershed, the dynamics of surface water and groundwater interaction, and the 

impacts of water takings on municipal water supplies within the watershed.  

The higher the tier, the more complex the science involved and the narrower the 

geographic focus. Moving from one tier to another helps those involved in source 

protection planning to understand where sources of water are located and how much 

water is being used in order to focus attention where it  is most needed. The level of 

investigation required in the tiered approach depends on the severity of local water 

quantity issues.  

While the water budget analysis primarily targets municipal drinking water sources, the 

knowledge gained and tools developed through the process are applicable to other areas 

of water resource and watershed management.  

The framework includes up to four levels of analysis depending of the level of stress 

determined at each consecutive level. These tiers include:  

¶ Conceptual Water B udget ;  

¶ Tier 1 Water B udget ;  

¶ Tier 2 Water B udget ; and  

¶ Tier 3 Water Budget.  
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This work was initiated following technic al guidance distributed by the P rovince (Guidance 

Module 7) and was later modified to meet the requirements outlined in the  Technical 

Rules ( 2009 ). In accordance with the Technical Rules , t his water budget analysis does not 

include demand from Lake Ontario water. Water budgeting analyses are not required for 

the Great Lakes sources of drinking water. All levels of water budget analyses (as with all 

of the technical studies contained in this Assessment R eport) were pe er - reviewed by 

technical consultants, as well as provincial and municipal staff.  

All comments and suggestions were considered in the final documentation, and sign -offs 

from the peer reviewers were obtained. A separate and more detailed peer review process 

was required by the Province as part of the water budget and Significant Groundwater 

Recharge Area analyses. This process and all associated documentation were provided to 

the Province as part of the approval process . 

Aquifer :  An underground layer of water -bearing sediments (e.g., sand, gravel) or 

permeable rock from which groundwater can be usefully extracted via a water well.  

The conceptual level is the lowest tier, and Tier 3 the highest. A conceptual water budget 

provides a basic understanding of the key components of the water budget while the 

higher tiers attempt to refine the knowledge base regarding the competing demands vis -

à-vis natural water availability. The higher the tier, the more complex the analysis 

becomes and the narrower the geographic focus. All source protection areas must 

complete a conceptual water budget and Tier 1 water budget analysis , but only 

watersheds which identify potential stress are required to complete Tier 2 and Tier 3 

water budget studies.  

3.1  Conceptual  Water Budget  

Generally, the basic concepts of the hydrologic cycle, or the water budget, are familiar 

and understood by watershed stakeholders. The most commonly understood components 

are precipitation, evaporation, and streamflow within a given watershed. In scientifi c 

circles these have been further subdivided to account for plant transpiration, groundwater 

recharge, and groundwater flow. The measurements of precipitation and streamflow are 

comparatively straightforward, and data for these two parameters have been rec orded for 

many decades by Environment Canada as well as, more recently, by Central Lake Ontario 

Conservation Authority (CLOCA) staff.  

A conceptual water budget is the first of the four possible tiers of water budget analysis.  It 

looks at the flow paths (runoff, and discharge and recharge zones), the amount of water 

within the system , and its movement through the various components of the hydrologic 

cycle .  

The  goal of the conceptual water budget is  to understand the sensitivities of the system.  

It inc orporates  rough measures of  the watershedôs natural inputs and outputs, including :  

¶ Precipitation, evaporation , and transpiration ;   
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¶ I nfiltration (water that becomes part of the aquifer  system) and recharge 

(rainwater that soaks into the ground and either infiltrates or flows laterally before 

discharging) ;  and  

¶ Runoff.  

As a basis for understanding the hydrologic regime, a conceptual w ater budget must also 

describe :   

¶ Surface water and groundwater features ;  

¶ Land cover (e.g. ,  the proportion of urban versus rural uses) ;  

¶ Human -made structures (e.g. ,  dams, channel diversions, water crossings) ; and   

¶ Water takings.   

A conceptual water budget will also present a qualitative understanding  of the potential 

local impacts of climate change on the water budget over a 25 -year period , based on 

observed trends . See Figure  3 .1  for a depiction  of groundwater recharge and discharge in 

the CLO SPA jurisdiction . 

CLOSPA prepared a quantitative conceptual understanding of the hydrologic system, as 

required by Technical Rule (19 ) . To generate the estimates, CLOSPA :  

¶ Described of the watershed conditions, including a summary of streamflow, total 

precipitation from local gauging stations, and all other hydrological components;  

¶ Estimated the groundwater discharge component by utilizing a streamflow 

hydrograph separation methodology (which serves to differentiate between and 

quantify ground and surface water inputs);  

¶ Used available regional geology models to determine potential areas of discharge, 

assuming that the amount of groundwater discharge and recharge were equal 

where the change in catchment areaôs storage is considered to be negligible 

(interflow is included ei ther as runoff or groundwater discharge);  

¶ Compared (where possible) evapotranspiration calculations and estimates provided 

in existing subwatershed, drainage, or development plan proposals for sensitive 

areas; and  

¶ Prepared water budget output, composed of a watershed -based quantification of 

hydrological components.  
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Figure 3 .1 :   CLOSPA  Conceptual Model of Flow System  

Chapter 2  of this document provides details of the geological and hydrostratigraphic 

framework vital for the development of the hydrological components and drainage 

network in the study area. It also describes ecological features, fisheries, land cover , and 

land use . Please refer  to Chapter 2  for a n in -depth  description of the study area for  this 

water budget.  

The following section  summarizes  the key components of the hydrologic system in the 

study area  in order to create  a basis for understanding  the findings documented in this 

chapter.  

3.2  Physi cal Geography  

3.2.1  Topography  

Figure 3.2  shows CLOSPAôs topography . Higher elevations occur along the Oak Ridges 

Moraine , which  runs across the top of the study area , forms the northern surface water 

divide , and gradually slopes towards the Lake Ontario shoreline.  

Surface elevations are at their highest  near Chalk Lake , in the northwest of CLOSPAôs 

jurisdiction , at 400 metres  above sea level (m ASL).  At the Lake Ontario shoreline and in 

the deeply incised stream valleys , that trend north -south , surface elevations  are 75 m ASL, 

with an elevation decline of approximately 324  m over 23 km from north to south. There 

are broad areas  of hummocky topography  (Figure 3.3 )  associated with the O ak Ridges 

Moraine  deposits and thin Halton Till deposits  over  the Oak Ridges Moraine  deposits. The 

Predominantly groundwater recharge

Predominantly groundwater discharge
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depressions in the hummocky areas act as zones of focused recharge and were given 

special consideration in the hydrologic model . 

Till:  A term applied to a mixture of different grain sizes ranging from clay to boulders 

deposited directly by glacial ice.  

3.2.2  Physiography  

The study area falls within three major physiographic regions ( Figure 3.4 ) includ ing  

( from north to south )  the Oak Ridges Moraine , the South Slope,  and the Iroquois Plain 

(Chapman and Putnam, 1984).   

The Oak Ridges Moraine  

The O ak Ridges Moraine  contains four major wedge -shaped sediment deposits that are 

connected by narrower bands of sediments.  The two middle wedges ðthe Uxbridge wedge 

to the west and the Pontypool wedge to the east ðare located near the northwestern and 

northeastern corners of the study area, respectively . The O ak Ridges Moraine  represents 

the most significant groundwater recharge area in the watersheds and serves as the 

headwaters for Lynde, Oshawa, Bowmanville, and Soper creeks.  

Drumlinized : A landscape that is characterized by scattered elongated, low hills that are 

believed to have been formed under the glacial ice.  

Lacustrine : in  geology, a  sedimentary environment of a  lake  

The South Slope  

The South Slope physiographic region extends southward from the base of the O ak Ridges 

Moraine  towards Lake Ontario . I t is a drumlinized  plain, consisting of areas of thin aeolian 

sand deposits underlain by glacial deposits, mainly till.  The South Slope is characterized 

by south trending drainage with sharply incised valleys.  Harmony, Farewell, Black , and 

Pringle creeks and some tributaries to the larger streams have their headwaters on the 

South Slope.  

The Iroquois Plain  

The Iroquois Plain  is a remnant of Glacial Lake Iroquois.  The region can be  separated into 

the following two areas:   

¶ The Iroquois Beach : a northerly , east -west trending band of sandy beach and 

shallow water lacustrine  deposits (approximately 2 km in width ) ; and   

¶ Iroquois Plain :  a southerly plain formed by fine -grained lacustrine deposits .  

The Iroquois Beach region is marked by low - lying bluffs and gravel bars.  These beach 

sand deposits are an easily accessible source of groundwater for domestic use , and 

provide supplementary groundwater discharge to streams.   
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The Iroquois Plain region deposits  are  flatter and are composed of much finer  grain s. The 

smaller streams that discharge directly to Lake Ontario, such as Corbett and Tooley 

creeks, have their headwaters on the Iroquois Plain.   
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Figure 3 .2 :   Ground  Surface Topography  ( f rom 30 - m D igital Elevation Model (D EM)  Data from MNR )  
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Figure 3 .3 :   Hummocky  Topography  
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Figure 3 .4 :   Physiograph ic  Regions (Chapman and Putnam, 1984)  
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3.3  Geology  

For the most part,  the study area consists of Quaternary sediments of variable thickness 

overlying Ordovician bedrock.  The Quaternary sediments are made up of a sequence of 

glacial and interglacial lacustrine  and  fluvial  units that record deposit s made  over 

approximately the last 135,000 years.  These deposits form a sequence of aquife r  and 

aquitard  units in the study area. An understanding of these units as part of a stratigraphic 

framework is important to the fundamental conceptualization of water flow in watershed s.  

Fluvial:  processes associated with rivers and the deposits and landforms they create . 

Aquitard :  A layer of geological material that prevents or inhibits the transmission of 

water in a confined aquifer.  

3.3.1  Strat igraphic  Framework  

To understand the geologic setting, the stratigraphic framework must be established. The 

stratigraphic framework is a conceptual description of the individual geologic units and the 

sedimentological (erosion and sedimentation) processes that affected the distribution and 

layering of the deposits. The stratigraphic framework for the study area has been very 

well established in previous work (Karrow , 1967; Dreimanis and Karrow, 1972; Sharpe et 

al ., 2002 b; and Kassenaar and Wexler, 2006). The geology of the ar ea can be 

characterized as consisting of sedimentary bedrock units overlain by unconsolidated 

overburden materials that have been deposited and modified by glacial, fluvial and 

lacustrine processes (Kassenaar and Wexler, 2006). The stratigraphic framework for the 

study area is outlined below and consists of (from oldest to youngest) ,  see Figure 3.5.  

1.  Canadian Shield  

2.  Paleozoic Bedrock (550 to 350 million years ago)  

i.  Simcoe Group Limestone  

ii.  Georgian Bay Shale  

iii.  Queenston Shale  

3.  Regional Unconformity ñThe Big Gapò (350 million to 135,000 years ago) 

4.  Pleistocene Overburden (135,000 to 20,000 years ago)  

i.  Scarborough Formation (or equivalent)  

ii.  Sunnybrook Drift (or equivalent)  

iii.  Thorncliffe Formation (or equivalent)  

iv.  Newmarket Till (also referred to as the Northern Till)  

5.  Regional Unconformity (channel infill deposits) (After approx. 20,000 years ago)  
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i.  Oak Ridges Moraine/Mackinaw Interstadial Deposits (Approx. 13,300 years 

ago)  

ii.  Halton/Kettleby Till (or equivalents, including Wentworth Till)  

6.  Glaciolacustrine Deposits (sand, silt and clay) (Approx. 12,500 years ago)  

Paleozoic:  Geologic Era dating from about 250 to 650 million years before present.  

Pleistocene: Geologic Epoch dating from about 10,000 to 2.6 million years before 

present.  

Diamicton:  A till - like material that may or may not have been deposited by glacial ice.  

Glaciolacustrine:  Sediments deposited in a lake associated with glacial ice.  

Details regarding the major bedrock and overburden units present in the CLOSPA are 

provided in the following sections.  

 

Figure 3 .5 :  GSC Stratigraphic Framework for the Oak Ridges Moraine and South 
Flank  

(Figure from Sharpe et al ., 2002)  

3.3.2  Bedrock Geology  

The bedrock that underl ies  the study area consists of limestone and shale  from  the Middle 

Ordovician (approximately 470 million years old) Lindsay Formation , and shale  from the 

Upper Ordovician (approximately 45 million year  old) Blue Mountain Formation ( see 

Figure 3.6 ) . 

Regionally, the bedding dips gently toward the southwest.  Bedrock exposure is limited to 

a few quarries , along some stream beds , and the Lake Ontario shoreline.  The topographic 

lows are likely the result of erosion related to fluvial drainage systems that originated at 

higher bedrock elevation , north of the study area  (see  Figure 3.7 )  

3.3.3  Quaternary Sediments  
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The Quaternary sediments are from the L ate Pleistocene  geologic time period . They  

unconformably overlie Paleozoic  bedrock.  These sediments are up to 220 m thick , and 

consist of glacial and interglacial deposits that were formed within the last 135,000 years 

(Eyles, 2002; Karrow, 1989).   

The sediment sequence is well exposed in the southern part of the study area along the 

Lake Ontario bluffs. This complex sedimentary package generally consists of the following:  

¶ Till  

¶ Glaciolacustrine  sand  

¶ Silt  

¶ Clay  

¶ Diamicton  

It also includes Illinoian -age till and warm -climate interglacial sediments at the base of 

the Quaternary sequence (Karrow, 1967) . Figure 3.8  summarizes the Quaternary 

deposits found within the CLOSPA watersheds.  
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Figure 3 .6 :  Bedrock Geology  
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Figure 3 .7 :  Bedrock Topography
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Figure 3 .8 :  Quaternary Deposits Found w ithin CLOSPA ôs Boundaries  (modified 

from Eyles, 2002).  

Fluvial - deltaic:  Alluvial deposit at the mouth of a river.  

Prodelta:  The part of a delta lying beyond the delta front, and sloping gently down to the 

basin floor of the delta; it is entirely below the water level.  

Scarborough Formation  

The Scarborough Formation marks the start of the Wisconsinan glaciations, which took 

place approximately 100,000 years ago . These deposits consist of organic - rich (peat) 

sands that overl ie silts and clays . The latter were deposited in a fluvial -deltaic  system fed 

by large braided melt -water streams (Karrow, 1967; Eyles, 1997).  The lower prodelta silts 

and clays are up to 60 m thick a long  the Scarborough Bluffs , and are likely  in transitional 

contact with the muds of the underlying Don Formation (Eyles, 1987 ).   

Sunnybrook Drift  

The Sunnybrook Drift unit was deposited about 45,000 years ago and consists mainly of 

silt , but can also contain  silty clay diamicton.  It is generally less than 10 ï20 m thick , but 

is thicker over bedrock lows and in the northern part of the Lynde Creek watershed.  The 

unit has been partially removed  either  by erosion  or simply was never deposited  over 

much of the southern half of the study area (CLOCA  and MNR , 2007).  

Thorncliffe Formation  
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The Thorncliffe Formation deposits consist of the following:  

¶ Stratified sand ;   

¶ Silty sand ;  

¶ Rhythmically stratified silt and clay ;  

¶ Minor local pebbly silt ; and  

¶ Clay diamicton units . 

This unit is present throughout most of the study area , and the interpreted thickness is 

shown in CLOCA and MNR (2007).  The unit thickens considerably to the northwest of 

Lynde Creek (under the O ak Ridges Moraine )  and to the northeast of Bowmanville and 

Soper Creeks.   

The Thorncliffe Formation is often exposed on the edges of the deeper ravines near Lake 

Ontario and along the shoreline.  These exposed areas  receive direct recharge from 

precipitation.  The w ater that discharg es from the overlying aquifers at the edges of the 

valleys may also re - infiltrate the Thorncliffe Formation.  Much of the recharge likely 

discharge s locally to the stream reach  within the valleys.   

Newmarket Till  

The Newmarket Till is a dense, over -consolidated diamicton . It was  deposited by the 

Laurentide ice sheet when it was at its maximum extent , approximately 18 -20,000 years 

ago.  It is a massive  diamicton , composed of 3 ï10%  stony material  and dense , silty sand  

up to 60 m thick.  It contains thin  interbeds of sand and silt  (2ï5 cm) , boulder pavements , 

and fractures and joints.  The till can be traced as a stratigraphic marker across the entire 

study area.  The upper surface of the Newmarket Till was affected by widespread erosion , 

and forms a regional unconformity (Sharpe et al . , 2002a) . 

The Newmarket Till separates the upper aquifer systems associated with the Oak Ridges 

Moraine  from the lower  aquifer systems that occur within deposits of the Thorncliffe and 

Scarborough formation s. The till has been breached where it was eroded by rigorous 

meltwater activity (ñtunnel channelsò) in the northern part of the study area.  

Locally, t he Newmarket till is up to 65 m thick , but generally , it is  less than 40 m thick.  I n 

the tunnel channel areas north of the study area (for example, south of Lake Scugog) , the 

till is quite thin . The till is also thin in the southern part of the study area , where it may 

have been eroded by wave action in  Glacial Lake Iroquois and by fluvial processes during 

subsequent lower lake stages.  

Regional Unconformity (Tunnel Channels)  

A network of south -southwest -oriented channels has been cut into the Newmarket Till, 

particularly to the north of the O ak Ridges Moraine . The channels are between  one to four 

km wide at surface levels, and tens of metres deep.  As noted, the channels cut into the 

Newmarket Till but, in some cases, they may penetrate into the Lower Sediments.   
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The infill sediments in the channels consist mainly of sandy and silty sediments . H owever, 

some channels contain 10ï15 m thick cross -bedded gravels (Shaw and Gorrell, 1991; 

Pugin et al . , 1999; Russell et al . , 2002).  Upward - fining of these sediments is caused by  

waning flow (e.g. Shaw and Gorrell, 1991).  Locally, coarse channel fill sediments may be 

hydrogeologically significant as high -yield aquifers (Sharpe et al . , 1996).  More 

importantly, the erosion of the intervening Newmarket Till allows for direct hyd raulic 

connection between the upper and lower aquifers.   

There are two p ossible tunnel channel locations within the study area :   

1.  North of the headwaters of Oshawa Creek ; and  

2.  Near the ORMGP Grasshopper Road borehole , located in the northeast Bowmanville 

Creek headwater area . 

Oak Ridges Moraine Deposits  

The O ak Ridges Moraine  is an extensive stratified sediment complex . Its thickest  deposits 

(up to 90 m )  are located along a narrow east -west ridge at the top of the CLOSPA 

watersheds , see Conceptual Water Budget  (CLOCA, 2007).   

Along the south flank of the moraine, t he deposits become much thin ner ( less than 30 m ) 

and  are covered by surface tills.  Rhythmically interbedded fine sands and silts are the 

dominant sediments  here , but coarse, diffusely -bedded sands and heterogeneous gravels 

are also prominent at the apex of fans and at depth in channels.  Clay laminae are also 

present.   

The deposits are interpreted as glaciofluvial, transitional to glaciolacustrine subaqueous 

fan, and delta sediments.  They were deposited in a glacial lake ponded between two 

glacial ice lobes (Simcoe and Ontario) and the Niagara Escarpment during the Mackinaw 

Interstade , approximately 12 ,000 ï13,000 years ago.  

Halton Till  

The latest glacial ice advance over the southern part of the study area originated  from the 

Lake Ontario Basin about 13,000 years ago, depositing the Halton Till.  Halton Till is the 

youngest known till unit in the area , and possibly extends as far south as the Lake 

Iroquois shoreline.  

The Halton Till is texturally variable , but is generally a sandy silt to clayey silt till that is 

interbedded with silt, clay, sand , and gravel (Russell et al ., 2002).  The Halton Till is 

typically 3 ï6 m thick , but exceeds 15 ï30 m in thickness  in certain local regions,  such as 

in the headwater areas of Oshawa, Farewell ,  and Bowmanville creeks.   

The till is generally considered a low recharge unit ; however,  where it is thin and 

weathered , and where it retains some of the hummocky features of the O ak Ridges 

Moraine , recharge through the till may be significant . 

Surficial Glaciolacustrine Deposits  
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The uppermost surficial geologic unit is composed of a sequence of glaciolacustrine 

deposits , and occur s over the study area with the Iroquois Beach glaciolacustrine 

deposits ; exist ing  in an east -west band midway through the jurisdiction , they are  the 

most continuous of these materials . These deposits  represent local ponding of water, or 

higher water levels in Lake Ontario and Lake Simcoe, following the retreat of the glaciers 

approximately 12,500 years ago.   

The extent of these deposits is shown on the surficial geology map featured in  Figure 

3.9 .  High rates of infiltration can occur through the beach deposits ; however,  because 

they are thin and underlain by till, the water table is shallow and  subject to  high 

evapotranspiration losses.  Net recharge to groundwater is less than at  the O ak Ridges 

Moraine  deposits.   
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Figure 3 .9 :  Surficial Geology (Sharpe et al ., 1997)  
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3.3.4  Hydrogeologic Units  

Hydraulic conductivity (k) is the ability of a stratigraphic unit  to transmit water through 

pore s or fractures. This factor  is extremely variable in Quaternary sediments and Bedrock. 

Methods were developed to represent spatial variations in hydraulic conductivity, because 

these variations influence the lateral and vertical movements of groundwater.  The 

distribution of this parameter was estimated  primarily through an analysis of aquifer test 

data and through interpolation of hydraulic conductivities estimated from the lithologic log 

descriptions.  These estimates were refined in the Oak Ridges Moraine Groundwater 

Program  (ORMGP) Groundwater Study Core Model (covering York Region) calibration 

process , as described in Kassenaar and Wexler (2006).   

Stratigraphic Unit: A body of rock forming a discrete and definable unit characterised by 

lithology, fossil content and age.  

Stratigraphy:  The soil and rock layers within a study area and the layering process that 

created them.  

A hydrogeologic unit is a part of a stratigraphic unit . It is characterized by its porosity and 

hydraulic  properties , which  form a distinct hydrostratigraphic unit with respect to the flow 

of ground water (Maxey, 1964). Delineation of these units subdivides the formation 

material into more or less permeable portions , which helps  to define  the flow system.  

The stratigraphic units are based on the O ak Ridges Moraine  groundwater study ôs current 

interpretation, which was  conducted for ORMGP study  team . They are built into the three -

dimensional groundwater flow model that was used for this water budget analysis 

(Kassenaar and Wexler, 2006).  

The discussion here focuses on the link between geology , groundwater systems, and  

surface water systems. The ORMGP study subdivided the stratigraphic units into eight 

hydrostratigraphy layers to provide the detail needed to develop a groundwater flow 

model.  Names for these eight units were selected based on the stratigraphy  along the 

Lake Ontario shoreline . They are described below and summarized in Table 3 .1 .  

The flow of groundwater through the unconsolidated sediment system is largely controlled 

by  two  main geologic features of the stratigraphic framework :  

¶ The orientation and connection of the bedrock valleys ðsand and gravel deposits 

often occur upon bedrock lows , and can form productive aquifers.   

¶ The framework of the Newmarket Till that separates the ñupper ò and ñdeeperò 

part s of the flow system ðwhere  this unit has been completely eroded by melt 

water , or tunnel channels,  the nature of the infill sediments will control the amount 

of leakage to the deeper aquifer system.   

The nature of the infill materials is known for only a few  locations situated to the west of 

the study area.  The infill for one tunnel channel system near King City and Nobleton is 

described by Russell et al . (2002) as consisting of thick gravel deposits and diffusely 
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graded fine sand.  Further north, i n the Aurora -Vandorf area , coarse sediments , including 

significant gravel aquifer intervals, are an important part of the channel sediments 

(Sharpe and Russell, 2001).   

The infill material for the erosional channels is quite variable and may, in some cases , 

contain significant quantities of fine -grained sediments.  This appears to be the case in 

portions of the tunnel channel near  King City.  In many areas, the nature and extent of the 

infill material within the tunnel channels remains uncertain due to the lack of deep 

borehole or well information.  Where the Newmarket Till is present, the flow of 

groundwater through this aquitard is described in Gerber et al ., 2001; Gerber, 1999; 

Gerber and Howard, 1996 . The thickness and location of the granular dep osits of the Oak 

Ridges Moraine form the major recharge area within the northern part of the study area.  

Table 3 .1 :  The Classification of the Stratigraphic Units into Eight 

Hydrostratigraphic Layers  

 Stratigraphic 

Unit  

Hydrostratigraphic Layers  

(HGUs)  

Hydraulic 

Conductivity (k)  
(m/s)  

Groundwater 

Flow System  

 Aquifer  Aquitard  Horizontal  Vertical  

1 Glaciolacustrine 

and Recent  

 Recent 

Aquitard  

   Shallow  

2 Halton Till   Halton  5.0E -07  1.5.0E -

07  
3 Oak Ridges 

Moraine , 

Mackinaw 
Interstadial 
and/or Tunnel 

Channel Infill  

Oak Ridges 
Aquifer Complex 

(ORAC)  

 5.0E -07 to  

2.4.0E -04  

Variable  

4 Newmarket Till  

and/or Channel 
silt  

 Newmarket  5.0E -08  1.0E -08  

5 Thorncliffe Fm. 
(or equivalent) 

and/or Tunnel 
Channel Infill  

Thorncliffe 
Aquifer Complex 

(TAC)  

 1.0E -05 to  

1.0E -03  

Variable  Deep  

6 Sunnybrook 
Drift (or 

equivalent)  

 Sunnybrook  5.0E -08  5.0E -09  
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 Stratigraphic 

Unit  

Hydrostratigraphic Layers  

(HGUs)  

Hydraulic 

Conductivity (k)  
(m/s)  

Groundwater 

Flow System  

 Aquifer  Aquitard  Horizontal  Vertical  

7 Scarborough 

Fm. (or 
equivalent)  

Scarborough 

Aquifer Complex 
(SAC)  

 1.0E -05 to  

3.0E -04  

Variable  

8 Bedrock  Weathered 
Limestone 

and/or  Shale  

 7.0E -06  7.0E -06  

3.4  Surface Water Flow System  

3.4.1  Surface Water  and Drainage   

Understanding  the hydrologic characteristics of CLOSPAôs watershed helps improve the 

understanding of  the surface water bodies , their flows , and their levels. This section starts 

with a description of the drainage system and then goes on to :  

¶ Describe the fluvial forms (fluvial geomorphology );  

¶ Define stream size based on a hierarchy of tributaries (stream order );  

¶ I dentif y surface water divides (surface water control structures );  

¶ I dentify surface water temperatures (thermal classification ); and  

¶ I dentify surface water  flows and levels.  

The natural drainage system within CLOSPA includes five major watersheds that begin in 

the O ak Ridges Moraine  and many smaller watersheds that begin in the southern part of 

the study area. Numerous small streams that drain directly into Lake Ontario have been 

grouped into the ñLake Ontario Catchments.ò  

From west to east, the following creeks drain the major watershed areas of CLOSPA:  

¶ Lynde ;  

¶ Oshawa (including the Goodman) ;  

¶ Farewell ;  

¶ Black ;  

¶ Harmony ;  

¶ Bowmanville ; and  

¶ Soper . 
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The following are smaller streams originating in the southern portion of the study area:  

¶ Pringle ;  

¶ Corbett ;   

¶ Robinson ;   

¶ Tooley ;  

¶ Darlington ;  

¶ Westside ; and  

¶ Bennett . 

Several unnamed smaller watersheds also drain directly into Lake Ontario.  

3.4.2  Fluvial Geomorphology  

The geomorphology of creeks in the CLOSPA watershed area is typical of moraine - fed 

streams that drain to Lake Ontario.  The moraine itself is generally able to hold and 

infiltrate precipitation into groundwater, and does not produce sufficient surface water to 

form streams.   

The  headwater streams begin  on the south slope of the moraine . T here , groundwater 

discharges to the surface along lithologic contacts.  As these small streams flow through 

the Till Plain, the topography becomes much more uniform, with a significant north - to -

south slope.  The till soils are subject to erosion , and steep gullies and valleys have 

developed over time .  

Many small streams begin in the Iroquois Beach  as a result of groundwater discharge from 

the area . South of the beach , very few small tributaries exist, and the established creeks 

convey the flow.   

Streams in the urban part of CLOSPAôs jurisdiction have a significant history of alteration 

and do not reflect a natural form , but rather  an impact and adjustment form.  

3.4.3  Stream Order  

Streams are classified using a stream order system, which assigns streams a number 

depending on their location in the networkôs branching pattern. 

More than two - thirds of these streams originate within the Oak Ridges Moraine , which 

attest s to the areaôs importance for  groundwater discharge.  First and second -order 

streams also receive almost half of the groundwater discharge for much of the Oak Ridges 

Moraine  area (Earthfx, 2004). Accurate mapping of low -order streams is, therefore, 

critical in assessing the spatial distribution of groundwater discharge for water budgets 

and resource model ling.   

3.4.4  Surface Water Control Structures  
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CLOSPAôs topography is an important part  of flow surface water control . For more 

information, p lease see the  Section  3.2 . 

The c urrent inventory of barrier s in CLOSPAôs jurisdiction identifies most  of the barriers 

that are typically classified as either man -made (e.g. ,  mill pond dams, culvert 

installations) or natural (e. g.,  log jams, beaver dams) , Figure 3.10.  

Most  barriers in CLOSPAôs watersheds are natural and do not have significant long- term 

effects on fish and fish habitat. Man -made barriers are of greater concern to the aquatic 

resources  because of  their impact on  fish habitat and fish passage.  These  barriers also 

influence, among other  things , streamflow  and evaporation rates.  

This information is highly relevant to  water budget assessments , specifically :  

¶ To identify model sensitive areas as potential recharge sink s;  

¶ To identify stream diversion ; and  

¶ To analyze evapotranspiration . 

3.4.5  Thermal Classifications  

Each siteôs thermal classification was determined by analyzing data provided by the 

Stream Temperature Analysis Tool and Exchange (STATE )( Jones and Chu, 2007). 

Temperature loggers are deployed into the stream in the spring to record temperatures 

every half hour until they are retrieved in the winter. This creates a robust dataset and a 

good understanding of the streamôs thermal regime. Also, by recording stream 

temperatures in the winter, CLOSPA can better understand groundwater contributions 

(Conant , 2004).  

CLOSPA watersheds are generally classified as cold to cool water systems, with the 

exception of a few warm water reaches. These are typically located in degraded urban 

areas or headwater areas with little natural cover, and in areas where the groundwater 

contribution is not enough to moderate the impact of scarce riparian vegetation ( Figure 

3.11 ).  
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Figure 3 .10 :   Dams and W eirs  


































































































































































































































