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1.0 INTRODUCTION 
 
Water budgets serve as a basis for understanding the hydrologic conditions of a 
watershed/subwatershed. While a water budget is generally developed in a manner that 
estimates the amount and location of water conceptually, it may be refined by applying 
surface and groundwater models. These computer tools are referred to as numerical models 
which are a type of mathematical model used to approximate existing field conditions by 
solving various linked hydrologic system equations. While models quantitatively estimate 
elements of the water budget equation such as precipitation, interception, evapotranspiration 
and snow melt over time, they also help characterize the flow system of water both over and 
under the ground surface. In turn, they can be used to highlight areas where the water supply 
is potentially under stress, predict areas that could be under stress in the future and help 
protect the ecological and hydrological integrity of an area by identifying possible water supply 
sustainability targets and strategies. 
 
The Bowmanville/Soper Creek watershed water budget was framed to answer four 
fundamental questions: 

1. Where is the water? 
2. How does it move (pathways)? 
3. What and where are the stresses? 
4. What are the trends? 

 
A set of objectives were developed to provide answers to the questions: 

 develop a conceptual model of existing conditions; 
 apply numerical models to characterize the existing flow systems within the soil 

surface, the shallow root zone, unconfined aquifers, and streams; and 
 estimate current water use. 

 
Applicable Legislation and Policies 

Content for this chapter was primarily extracted from and is consistent with the information, 
data, and numerical modelling results developed and reported through the draft SWP Interim 
Preliminary Conceptual Water Budget Report (CLOCA, 2007) and the draft Water Budget Study 
of the Subwatersheds in the Central Lake Ontario Conservation Authority Area (Earthfx, 2007). 
These reports were developed consistent with provincial direction provided by the Ministry of 
the Environment (MOE) in the draft Assessment Report: Guidance Module 7, Water Budget 
and Water Quantity Risk Assessment (MOE, 2006b) the Technical Rules: Assessment Report 
(2009) prepared for the provincial Source Water Protection program under the Clean Water 
Act. Every effort has been made to maintain a consistent interpretation of information 
reported in this chapter with that reported in the draft documents. 
 
Development of the Bowmanville/Soper Creek watershed water budget is also consistent with 
the draft Technical Paper #10 (MOE, 2005) prepared for the Oak Ridges Moraine Conservation 
Plan (ORMCP). Guidance is primarily focused on the development of an understanding of the 
hydrologic system, the stressors on the water supply, and the evaluation of various 
management alternatives by applying numerical models. The ORMCP document can be found 
at:  http://www.mah.gov.on.ca 
  

http://www.mah.gov.on.ca/


2 
 

 
 

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 1). 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 together, prior to draining to Lake Ontario.    
 
This chapter focuses on the water budget within the two main subwatersheds combined as 
well as individually. 
 
The water budget was scoped to two main types of models: 
 

1. A conceptual model is noted in provincial technical guidance as being primarily based 
on the available data and data assessments related to the surface water and 
groundwater processes (MOE, 2006a; b). Advancing the conceptual model is generally 
based on the availability of data. 

 
2. CLOCA’s numerical models involve the use of complex software tools developed 

through the source water protection program to simulate existing hydrological and 
hydrogeological conditions, identify areas of concern, and to ultimately predict changes 
in conditions from possible land use changes. Information provided in this chapter is 
consistent with preliminary results from the models. 

 
Numerical model outputs are intended to provide quantitative estimates of water as it flows 
through the watershed; these estimates or predictions may point to possible areas of concern 
and may also be considered when providing solutions to identified problems. 
 
The general water budget may be expressed as an equation with water inputs to the 
watershed equalling water outputs plus the change in water storage: 
 

Inputs = Outputs + Change in storage, or 
P + SWin + GWin + ANTHin = ET + SWout + GWout + ANTHout + ΔS 

 

Where; 
P = precipitation, 

SWin = surface water flow in, 
GWin = groundwater flow in, 

ANTHin = anthropogenic or human inputs such as waste discharges, 

ET = evaporation and transpiration, 
SWout = surface water flow out, 

GWout = groundwater flow out 
ANTHout = anthropogenic or human removals or abstractions, 

ΔS = change in storage (surface water, soil moisture, groundwater). 
 
Source: (OMOE, 2005b) 
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For this assessment, surface water flow into (SWin) the watershed is considered to be zero as 
the boundaries of the study area are the surface drainage boundaries or topographic divides. 
Similarly, human inputs (ANTHin) are negligible within the Bowmanville/Soper Creek 
watershed and as such are not considered. 
 
The conceptual model is aligned with the Bowmanville/Soper Creek watershed boundary and 
provides a semi-quantitative analysis of available data. CLOCA has two numerical models 
(USGS PRMS (surface water) and MODFLOW (groundwater) that are used iteratively to 
calculate the water budget. The applied numerical models calculate the water budget 
components at a 25mx25m or 100mx100m grid size respectively. This means that the models 
evaluate the hydrologic processes in each cell of a grid covering the entire watershed, then 
sums the results for the area chosen. The boundaries of the groundwater model extend 
beyond the watershed to account for groundwater movement in and out of the watershed. 
Water use information is scoped to the existing documented permitted water takings within 
the watershed and estimates of rural domestic use are based on water well and population 
data. Stream routing is not a component of the surface water model. 

Regional Road 57 in Bowmanville Creek subwatershed 
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Figure 1: Bowmanville/Soper Creek watershed.  
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3.0 METHODOLOGY 
 
The water budget methodology assessed the existing hydrologic conditions within the 
watershed using both draft conceptual and numerical modelling information developed through 
the Source Water Protection program and the CAMC-YPDT Groundwater Study reporting. The 
conceptual model development involved the collection and analysis of baseline information 
related to climate, surface water and groundwater.  
 
The schematic shown in Figure 2 depicts the processes used by the numerical models. A 
modified Precipitation-Runoff Modelling System (PRMS: surface water model) code developed 
by the United States Geologic Survey (USGS) was run in steady-state mode and  used to 
estimate quantitatively the various water budget fluxes such as precipitation, interception, 
evaporation, potential and actual evapotranspiration, snowmelt, runoff, and infiltration (Earthfx, 
2007, 2008) (Figure 2).  The model integrates watershed characteristics such as slope, aspect, 
elevation, soils, land use and cover, precipitation, snowpack, temperature, solar radiation. 
Square cells, 25 metres on a side, were used to represent the distribution of the characteristics 
within the watershed, and a daily water balance was calculated for each cell for the simulation 
period. Daily averages were then averaged over a 19-year simulation period to determine the 
long-term average annual millimetres per year (mm/yr) for Infiltration and Recharge. The model 
was calibrated to measured precipitation and total surface water flow data as well as baseflow 
estimates from stream gauging. The results of the PRMS model are ‘fed into’ the Groundwater 
Model to generate the groundwater components of the water budget. 
 
The groundwater model, referred to as the ‘East Model’ was used to solve groundwater budget 
components such as groundwater levels and groundwater discharge to streams (Earthfx, 2007, 
2009) (Figure 2).  The model integrates data on the physical, geologic, and hydrologic features 
that govern groundwater flow in the watershed. Calibration was conducted in an iterative 
process where results of successive model runs were primarily matched to measured hydraulic 
heads and flows interpolated from observed static water levels obtained from the MOE Water 
Well Information System (WWIS). Matching baseflow in the watershed was a second calibration 
target. A post-processing programme was used to determine lateral groundwater inflows and 
outflows (underflows) across the watershed boundaries. These underflows were used to adjust 
the calibration of both the PRMS model and the simulated groundwater discharge from the 
MODFLOW model.  
 
A surface water model such as PRMS, due to its simplified representation of the groundwater 
flow processes, may not calibrate properly to observed stream flow if the watershed is gaining 
or losing significant quantities of groundwater underflow across the watershed boundary. For 
instance, if the stream gauge data when normalized to the drainage area above the gauge 
indicates higher rates of normalized flow than recorded at other gauges outside of the 
watershed, it may indicate that the additional flow is attributable to groundwater inflow from 
outside the watershed. If this groundwater inflow is not accounted for, the surface water model 
would need to be adjusted to account for additional groundwater recharge in the watershed. 
Iteratively calibrating the surface water model (PRMS) to the groundwater flow model 
(MODFLOW) provides a check on the simulated rates of recharge. For example, if the PRMS 
model computes recharge rates that are higher in an area than the groundwater system can  
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PRMS  

MODFLOW  

transmit, then the MODFLOW model will simulate groundwater levels to be much higher than 
observed. Conversely, if recharge rates are too low, the simulated groundwater levels will also 
be low. This cross-calibration exercise between the two models also provides a method of 
determining the net underflow across watershed boundaries. These flows can then be 
subtracted from the observed flows measured at the stream gauge to re-estimate recharge 
within the watershed. This type of coupling of models is termed ‘loosely coupled’ as they are 
not directly connected to each other. 
 
The reader is referred to the Draft Conceptual Water Budget report for the CLOCA jurisdiction 
prepared by CLOCA (2007). 
 

 

 

 
 
 
 
 
 
 
 
 

 

 
 

 
 

 

Figure 2: PRMS/MODFLOW model process integration (Earthfx, 2007). 
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The terminology of the water budget parameters used in this chapter consist of Precipitation 
(P), Net Precipitation (Pnet or precipitation minus interception), Interception (I), Actual 
Evapotranspiration (AET), Groundwater Infiltration (GWI), Groundwater Lateral (underflow) in 
(GWLin) and out (GWLout) of the subwatershed, Discharge to Streams or Groundwater 
Discharge (GWD) and Runoff (RO). For the purposes of this chapter, GWI is assumed to include 
groundwater interflow to streams and groundwater recharge to the saturated zone. 
 
Water withdrawals are represented by groundwater use (GW use) or surface water use (SW 
use). These water budget components represent the key items discussed in this chapter. Long 
term average annual values of P, I, AET, GWI, GWD and RO are reported at a watershed and 
subwatershed scale, along with mapping of areas of GWI and GWD.  
 
Water budget estimates are typically normalized to units of millimetres of water distributed over 
a drainage area per year (mm/yr or mm/a). This is accomplished by converting flow or 
accumulation rates (e.g. m³/s or L/s) to total volumes per year, and then dividing by the 
contributing drainage area.  
 
Water use was estimated using MOE issued Permit to Take Water records and domestic water 
consumption generated using the water well information in the MOE Water Well Information 
System (WWIS) database. Other water uses were assessed qualitatively, as reasonable 
quantitative estimates were difficult to calculate with any degree of certainty. 
 
While efforts have been made to accurately present the findings reported in this chapter, 
factors such as significant digits and rounding, digitizing and data interpretation may influence 
results. For instance, in data tables no relationship between significant digits and level of 
accuracy is implied, and values may not always sum to the expected total. 
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4.0 FINDINGS  
 

4.1 Conceptual Model 
 
The following information builds a conceptual model or understanding of water movement 
within the watershed. This is a helpful step prior to the application of complex numerical 
models. 
 
The headwaters of the Bowmanville/Soper Creek originate from the southern flank of the ORM.  
The Halton Till plain (or South Slope till plain) is situated to the south of the ORM.  Lacustrine 
deposits laid down within glacial Lake Iroquois dominate the lower reaches of the watershed. 
Till outcrops remain south of the Iroquois Beach and formed islands within this ancestral Lake 
Iroquois.  
 
Figure 3 provides a schematic of the Bowmanville/Soper Creek watershed conceptual model. 
The model is depicted using a northwest-southeast profile of the ground surface through the 
various overburden deposits to the interpreted bedrock surface. The Recent deposits, the Oak 
Ridges (or equivalent) and the Thorncliffe Formation represent potential aquifer systems with 
the remaining tills and bedrock, in general, being less permeable to water flow. The arrows 
depicted in the profile are intended to represent the general conceptual trends of water 
movement into, over or out of the watershed, not actual locations of water movement.  
 

 
Figure 3: Bowmanville/Soper Creek profile and conceptual flow model (NE-SW flow direction).  
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Four main hydraulic patterns or settings identified in CLOCA were observed in these 
subwatersheds (CLOCA, 2007):  
 

 Along the Oak Ridges Moraine: predominately an area of recharge with unit recharge 
rates generally greater than 300 mm/year; 

 Along the south flank of the moraine: characterized by areas of discharge; 
 the South Slope till plain: predominately an area of recharge though unit recharge rates 

are generally lower than 150 mm/year; and 
 the glacial Lake Iroquois Beach and Plain regions: predominately functions as a net 

discharge area, with recharge occurring in the sands and gravel deposits associated with 
the shoreline. 

 
Quantifying Water Budget using the Conceptual Model  
In an endeavour to quantify water budget components of the conceptual model, preliminary 
estimates provided in Table 1 were calculated by partitioning the annual streamflow data 
recorded at Gauge Station 02HD006 located on the lower sections of Bowmanville Creek near 
Jackman Road into annual runoff and baseflow values using two streamflow separation 
methodologies. A similar approach was performed at the decommissioned Gauge Station 
2HD007 located in Soper Creek. While this set of values represents a simplified water budget 
calculated at specific points in the watershed, it provides an important framework of watershed-
wide conditions. 

Table 1: Conceptual model estimates: hydrograph separation method (streamflow data: 02HD006, 1959-

2006 and 02HD007, 1959-1987, CAMC-YPDT database, extracted by CLOCA). 

Station 
ID 

Drainage 
Area 
Above 
Gauge 

Annual 
Precipitation 

Annual 
Streamflow 

Annual 
ET 

Separation 
Method 

Annual 
Baseflow 

Annual 
Runoff 

 (km2) (mm/yr) (mm/yr) (mm/yr)  (mm/yr) (mm/yr) 

02HD006 83.9 844 490 354 

Average 
Minimum 

Flow 

328 (67% of 
streamflow) 

162 

Minimal 
Flow 

289 (59% of 
streamflow) 

200 

02HD007 77.7 844 349 495 

Average 
Minimum 

Flow 

230 (66% of 
streamflow) 

119 

Minimal 
Flow 

206 (59% of 
streamflow) 

143 

 

Groundwater infiltration (GWI) unit rates may be considered representative of the annual 
baseflow of 328 and 230 mm/yr for each station as presented in Table 1 where the change in 
groundwater storage is assumed to be negligible over the period of record (applicable to a 
closed system). The minimal flow GWI values of 289 and 206 mm/yr for 02HD006 and 
02HD007, respectively represents the more conservative estimates and generally used for 
planning purposes. GWI rates are usually much higher across the Oak Ridges Moraine (> 300 
mm/year) and Lake Iroquois beach deposits (> 200 mm/year), and lower over till and 
glaciolacustrine deposits (< 150 mm/year). The amount of baseflow measured at 02HD006 is 
considered to be the highest among all watersheds in CLOCA and most of the groundwater 
discharge (GWD or discharge to streams) within the Bowmanville Creek subwatershed occurs 
further upstream to 1st to 3rd order  streams with direct discharge to Lake Ontario comprising 
only a very small portion of the total groundwater discharge (Gerber and Howard, 2000; 
Earthfx, 2004).  This is consistent with conditions for most of the watersheds surrounding the 
Great Lakes (Grannemann et al., 2000). 
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To verify estimates calculated using the hydrograph separation method discussed above, staff 
also calculated the water budget components using the Thornthwaite method as shown in Table 

2.  The table provides pre-development local water budget estimates similar to those calculated 
in Table 2.  These estimates, however, were calculated by first estimating evapotranspiration 
(Thornthwaite method) and water surplus. Factors were subsequently used to partition the 
water surplus into separate estimates of GWI (equal to Baseflow) and RO. These water budgets 
were developed to mitigate potential impacts of land use change within the subwatersheds. 
Values are variable being dependent on the estimate of annual precipitation and soil infiltration 
factors for the site selected. Moreover, most developed areas were covered with engineered soil 
and paved, which may increase the actual evapotranspiration to a rate higher than what the 
empirical formula can capture in the equation.  However, similar trends among the elements in 
each estimate can be seen. 

Table 2: Conceptual water budget estimates - Thornthwaite and Mather (1957) method. 

Location within the Bowmanville/Soper Creek 
watershed 

Annual 
Precip. 

Annual 
Surplus 

Annual 
Baseflow 

Annual 
Runoff 

Annual PET 

 (mm/yr) (mm/yr) (mm/yr) (mm/yr) (mm/yr) 
Bowmanville Creek Subwatershed 858 252 169 83 572 
Soper Creek Subwatershed 858 252 166 86 572 

 

Precipitation and Evapotranspiration 
Table 3 presents monthly and annual estimates of potential evapotranspiration (PET) calculated 
using the Thornthwaite method and the Penman method for Ecodistrict 553 that covers the 
watershed as defined by Agriculture and Agri-food Canada at 
http://sis.agr.gc.ca/cansis/nsdb/ecostrat/district/climate.html (Earthfx, 2007).  Comparisons of 
average monthly precipitation calculated from four climate stations located in and around the 
CLOCA area shows that PET exceeds available precipitation from May to October (Penman 
method) or June to August (Thornthwaite method). Potential evapotranspiration (PET) in those 
months will depend on the ability of plants to extract moisture from the soils. PET can be 
estimated in a simplified manner such as those presented in Table 3 but given the spatial 
variation in soil properties and vegetation, and the spatial and temporal variation in daily 
temperature, precipitation, and other climate variables, estimations of PET are more 
appropriately estimated using complex numerical models for watershed planning purposes. 
 

Table 3: Monthly and Annual Estimated Potential Evapotranspiration for the CLOCA area (Earthfx, 2007) 

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Potential ET (mm) 
Thornthwaite Method 

0 0 0 30.8 72.5 108.3 127.6 112.7 77.4 38.0 10.1 0 577.3 

Potential ET (mm) 
Penman Method 

0 0 11.7 63.0 97.6 114.5 129.4 103.0 64.7 30.5 8.2 0 622.6 

Precipitation (mm) 62.2 57.5 65.9 67.0 74.0 73.8 67.2 82.5 79.1 73.9 84.5 81.6 867.4 

 
 

4.2 Numerical Models 
 
Numerical model parameters were determined using the loosely-coupled PRMS model (to 
calculate P, I, AET, RO and GWI) and MODFLOW (to calculate hydraulic heads, GWD, and 
underflow across subwatershed boundaries). Observed groundwater levels, observed 
streamflow, and estimated rates of groundwater discharge to streams were used as calibration 
targets (Earthfx, 2007). The models were checked iteratively for consistency by first calibrating 
to the 02HD006 and 02HD007 streamflow stations on Bowmanville and Soper Creeks and then 
simulating flows in the un-gauged catchments. While the long-term change in aquifer storage 
was identified, annual changes in aquifer storage were not considered as the groundwater 

http://sis.agr.gc.ca/cansis/nsdb/ecostrat/district/climate.html
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model was run in steady-state mode. Therefore, the groundwater supply estimates were 
assumed to be constant on an annual basis (Earthfx, 2007). This means that the total 
groundwater inflow into the subwatershed (GWI plus GWLin) is balanced by the discharge to 
streams, wells and wetlands and lateral groundwater outflow (GWD plus GWLout). Key model 
parameters include (Earthfx, 2007): 
 

 soil properties as correlated to surficial geology; 
 vegetation cover and imperviousness as related to ELC and land use classifications; 
 combined land use and soils properties; 
 topography-related properties, and climate-based properties; and 
 aquifer and confining unit hydraulic properties and extents. 

 

4.2.1 Bowmanville/Soper Creek Subwatershed 
 
Table 4 lists the numerical model water budget estimates for the Bowmanville/Soper Creek 
subwatersheds. The predicted watershed GWI rate of 195 mm/yr and the GWD rate of 223 
mm/yr represent the long-term averages and can be comparatively used to evaluate individual 
watershed and subwatershed trends. The values generated by the model suggest that more 
water is discharged from groundwater in the Bowmanville/Soper Creek watershed than is 
recharged from within the boundary of the watershed further suggesting significant 
groundwater inflow from adjacent subwatersheds. Moreover, surface runoff (RO) is relatively 
low compared to infiltration (GWI) which indicates that the watershed has more surficial 
materials with relatively higher permeability like sand and gravel (moraine) materials as well as 
sandy materials of the Iroquois beach deposits.   

Table 4: Bowmanville/Soper Creek watershed water budget estimates (extracted from PRMS data 
(Earthfx, 2007)). 

Area Water Budget Parameters (mm/yr) 

 P I AET RO GWI GWD SWuse  GWuse 

Bowmanville/ 
Soper Creek 
watershed 

907 176 374 161 195 223 9 5 

 
Infiltration 
Groundwater infiltration (GWI) (Figure 4) is primarily influenced by the distribution and 
thickness of surficial deposits and associated soil infiltration properties, topography, land cover 
and use. It can be seen in Figure 4 that the relative imperviousness of roadways and industrial 
areas in general reduces the rate of infiltration while areas of sands and sandy loams, 
particularly in the Oak Ridges Moraine (ORM) and Iroquois Beach regions, show noticeably 
higher GWI rates. Infiltration in the ORM mostly occurs on the northern portions of the 
watershed and even extends beyond CLOCA’s jurisdiction. While the beach deposits have higher 
rates of infiltration, they tend to be underlain by till. As a result, shallow water tables and higher 
ET losses can occur. The beach deposits are highly vulnerable to contamination and are 
experiencing development pressures. Anomalies in the spatial distribution of groundwater 
infiltration appear in areas such as gravel pits, where runoff would be anticipated to be 
negligible.  
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Discharge 
The groundwater model also simulates discharge to streams (GWD) in litres per second (L/s) 
(Figure 5).  Discharge to streams includes discharge to drains (smaller creeks) and discharge to 
rivers (larger tributaries) where the creek may be either gaining groundwater discharge or 
losing streamflow to the groundwater system depending on the depth to groundwater.  Higher 
rates of discharge are predicted to primarily occur in streams along the stream headwaters in 
the moraine and south slope physiographic region and throughout the Iroquois Beach area. 
Efforts are underway to further relate the simulations to baseflow field data (see Chapter 15-
Water Quantity for additional baseflow monitoring information). 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
   

Enniskillen Centre in Bowmanville Creek subwatershed               
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Figure 4: Long-term average groundwater infiltration in mm/yr (PRMS simulations, data from 
draft CLOCA Tier 1 Water Budget Report, (Earthfx, 2007)).  

  



14 
 

 
Figure 5: Long-term average discharge to streams in L/s (source: East-Model MODFLOW 

simulations, data (Earthfx, 2007)) and permitted water takings.  
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4.2.2 Water Takings – Groundwater and Surface Water Consumption  
 
In rural areas, municipal water services are not available thereby residents and businesses rely 
on private water wells to fulfill their water needs. In this watershed, drinking water is typically 
drawn from water wells while some users may require access to surface water (stream water 
takings) to satisfy other (non-potable) water needs.  Any person taking more than 50,000 litres 
of water per day (L/day) is required to be permitted by Ministry of the Environment (MOE) by 
obtaining a Permit to Take Water (PTTW). Rural water wells and PTTWs are considered 
consumptive water uses; in other words, a percentage of the water taken is not returned to the 
watershed and is consumed. In the Bowmanville/Soper Creek watershed, municipal water 
supply is drawn from Lake Ontario (a surface water supply) and as such is not considered as 
water taking for water budget purposes.  
 

4.2.3 Domestic Water Use 
 
The Bowmanville/Soper Creek watershed has approximately 1,273 domestic water wells, 
recorded in 2003, in non-serviced areas.  To estimate domestic water use in non-serviced areas, 
the number of properties with a domestic well was multiplied by an estimate of three persons 
per property, which is the average number of people per household (Municipality of Clarington, 

2005).  The estimated population was then multiplied by 175 L/capita/day, which is the 
coefficient for domestic per capita water use recommended in the MOE Technical Terms of 
Reference (MOE, 2001).  Domestic water use outside of the serviced areas is conservatively 
assumed to be 100% consumptive. While a private septic system may be perceived to return 
most of the waste water below ground surface through seepage tiles, in many cases the water 
is not returned to the same aquifer it is drawn from, and during warm weather, a percentage of 
the returned water is lost to evaporation and transpiration.  The results are presented in the 
Table 5.   
 
Table 5: Domestic consumptive water use estimates (data compiled by CLOCA from various sources). 

Subwatershed Name Estimated Pop. 
(outside serviced 
areas) 

Estimated 
Consumption 
(m3/Day) 

Estimated 
Consumption 
(m3/Year) 

Bowmanville Subwatershed     2,793 489   178,485 

Soper Subwatershed     1,026 180   65,536 

Bowmanville/Soper 
Creek watershed Total 

3,819 669 244,021 

 

4.2.4 Permits to Take Water (PTTW) and other Water Usage 
 
Permits to take water are authorized by the Ministry of the Environment (MOE), and MOE 
maintains the provincial database providing the PTTW information.  Information reported herein 
came from this database and through the MOE Permit notifications process.  Notifications of 
applications and approvals for PTTW are posted online on the Environmental Registry, providing 
an additional source of information.  At present, there are two active permits to take water in 
the Bowmanville/Soper Creek watershed belonging to golf course operations. There are certain 
water uses which for the most part are exempt from the permitting process, including water 
drawn for livestock production. The non-permitted water takings were estimated in Table 6 and 
includes domestic supply in unserviced areas and livestock production usage.  
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Table 6: Estimated consumptive groundwater use (data compiled by CLOCA from various sources). 
Subwatershed Name m3/Day Consumptive Use 

(m3/Year) 

Bowmanville Subwatershed       989 360, 985 

Soper Subwatershed    5,499 802,304 

Bowmanville/Soper 
Creek watershed Total 

6,488 1,163,289 

 
 

4.3 Subwatershed Findings 
 

4.3.1   Bowmanville Creek Subwatershed   
 
Table 7 lists the water budget estimates for the Bowmanville Creek subwatershed. The 
Bowmanville Creek subwatershed represents an area of net discharge as the groundwater 
infiltration (GWI of 209 mm/yr), is below the expected groundwater discharge (GWD of 267 
mm/yr). This model output indicates that the recharge-discharge relationship in the 
Bowmanville Creek subwatershed is representative of the relationship within the larger 
Bowmanville/Soper Creek watershed, which includes large inflow contributions.  However, the 
average values per unit area in the Bowmanville Creek subwatershed slightly lower interception 
(I) and runoff (RO) than the watershed average which can be attributed to the variations in 
physiography and spatial distribution of the surficial materials. Another important numerical 
model output is the determination of where the groundwater discharges originated. Also known 
as reverse particle tracking, this numerical process is a method of backward tracking of particles 
from cells with discharge greater than 1 litre per second for every 100-m cell. In the 
Bowmanville Creek subwatershed, reverse particle tracking simulation shows that groundwater 
discharges in the 1st to 3rd order streams originate as much as 2 kilometers northeast of the 
northern CLOCA boundary.     
 
Although interception (I), runoff (RO), and water use for both surface water (SWuse) and 
groundwater (GWuse) fall below the Bowmanville/Soper Creek watershed average, actual 
evapotranspiration (AET), as well as groundwater infiltration (GWI) exceeded the said 
watershed averages. This would indicate that although there is considerable amount of water in 
the system, it is readily lost either by evaporation-transpiration or rapidly flows in the 
subsurface system and eventually to the lake. 
 

Table 7: Bowmanville Creek subwatershed water budget estimates (extracted from PRMS data 

(Earthfx, 2007)). 
Area Water Budget Parameters (mm/yr) 

 P I AET RO GWI GWD GWLin GWLout SWuse GWuse 

Bowmanville 
Creek 
Subwatershed 

911 174 375 150 209 267 105 39 1 3 

Bowmanville/ 
Soper Creek 
watershed 

907 176 374 161 195 223 N.D. N.D. 9 5 

N.D. (not determined) 
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Regarding the spatial distribution of water, the following points are highlighted: 
 

 High groundwater infiltration (Figure 6) occurs in the Oak Ridges Moraine mostly 
between Regional Road 20 and Boundary Road; and the area between Woodley Road 
and Liberty Street N south of the Long Sault Conservation Area.  

 Moderate groundwater infiltration in noted in the recent deposits in the slopes of 
Enniskillen Valley between Enfield and Old Scugog Roads. 

 Discharge to streams is fairly distributed throughout the Bowmanville stream channels, 
but appears to be low - absent in the northwest and north-central tributaries between 
Enniskillen Road and Regional Road 20, as well as downstream between Concession 
Road 3 and Highway 2 (Figure 7).   

 Reverse particle tracking analyses showed that relatively large amount of groundwater 
were recharged from the northeast outside of the watershed boundary. 

 Surface water from the lake is the primary source of domestic supply of urban areas to 
the south while groundwater sources provides for the demand on areas outside 
municipal systems north of Concession Road 3. 
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Figure 6: Bowmanville Creek subwatershed long-term average groundwater infiltration in mm/yr (PRMS 

simulations, data from draft CLOCA Tier 1 Water Budget Report, (Earthfx, 2007)).  
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Figure 7: Bowmanville Creek subwatershed long-term average discharge to streams in L/s (East Model 

MODFLOW simulations, (Earthfx, 2007)), and permitted water takings.  
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4.3.2   Soper Creek Subwatershed 
 
Table 8 lists the numerical model water budget estimates for the Soper Creek 
subwatershed. The Soper Creek subwatershed represents an area of net recharge with 
GWI (172 mm/yr) slightly higher than the GWD (170 mm/yr). Precipitation (P), 
interception (I), and groundwater infiltration (GWI) in this subwatershed are lower than 
the watershed average values; while runoff (RO) is higher and evapotranspiration (AET) 
is just about the watershed average.  
 

Table 8: Soper Creek subwatershed water budget estimates (extracted from PRMS data 

(Earthfx, 2007)). 
Area Water Budget Parameters (mm/yr) 

 P I AET RO GWI GWD GWLin GWLout SWuse Gwuse 

Soper Creek 
subwatershed 

895 173 374 174 172 170 82 80 8 2 

Bowmanville/ 
Soper Creek 
subwatershed 

907 176 374 161 195 223 N.D.  N.D. 9 5 

N.D. (not determined) 

 
Regarding the spatial distribution of water, the following points are highlighted: 
 

 Higher rates of groundwater infiltration (Figure 8) are predicted to occur within the Oak 
Ridges Moraine between Regional Road 20 and Concession Road 8; near the eastern 
subwatershed boarder between Concession Road 7/8 and Concession Road 6; and a 
spot in Stephen’s Gulch Conservation Area. 

 The band of beach sand deposits (Iroquois Beach) between Concession Road 6 and 
Concession Road 3 identifies generally moderate infiltration rates. 

 The two active water taking permits were issued to two golf course operations both 
within Soper Creek subwatershed while the unpermitted water taking for agricultural and 
livestock was estimated to be five times over the amount allocated to PTTW holders.    

 Similar to Bowmanville Creek subwatershed, the model predicted a widespread but not 
necessarily uniform distribution of groundwater discharge to streams, slopes and other 
low-lying areas. Higher groundwater discharges are expected along south slopes of the 
Oak Ridges Moraine and the Iroquois Beach sand deposits. Sparse and relatively lower 
discharge rates were observed between the ORM and the Iroquois Beach deposits and 
the areas south of Iroquois Beach down to Lake Ontario. 

 The lower infiltration and higher runoff rates in Soper Creek subwatershed relative to 
the average rates of these parameters in the Bowmanville/Soper Creek watershed simply 
suggest less pervious surfaces specifically in the northern part of the subwatershed.  

 
 

 
 
 
 
 
 
 
 
 
  

Long Sault Conservation Area  
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Figure 8: Soper Creek subwatershed long-term average groundwater infiltration in mm/yr (PRMS 

simulations, data from draft CLOCA Tier 1 Water Budget Report (Earthfx, 2007)).  
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Figure 9: Soper Creek subwatershed long-term average discharge to streams in L/s (East-Model MODFLOW 

simulations, data from (Earthfx, 2007)), and permitted water takings.  
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5.0 CONCLUSIONS 
 

This chapter provides information regarding the existing water budget for Bowmanville and 
Soper Creek subwatersheds. It also satisfies the requirements set out in the Oak Ridges 
Moraine Conservation Plan technical guidance documents with respect to conceptual and 
numerical model water budgets. The conceptual model was developed to frame the 
subwatershed-scale water budget. Consistent with the conceptual model, numerical models 
were applied to quantitatively identify areas of groundwater infiltration and potential discharge 
to streams at a subwatershed scale, including the other elements of the water budget such as 
precipitation, evapotranspiration, runoff and lateral groundwater underflow. In addition, 
estimates of consumptive water use have been provided. A framework to move forward to 
target setting and scenario testing was established through the models developed and the 
water use inventory. In most cases, the models developed cannot provide answers to site-
specific questions, though they play a very important role by placing possible issues within a 
subwatershed framework in an effort to assess cumulative impacts on the resource.  
 

The findings suggest: 
 

 Higher infiltration rates (GWI) are mostly predicted in the areas underlain by Oak 
Ridges Moraine and along the slopes of Enniskillen Valley; while the Iroquois Beach 
deposits was characterized to have moderate infiltration rates.  

 Although Iroquois Beach deposits were predicted to have moderate infiltration rates, it 
is an important feature for the maintenance of baseflow to sustain the cold water fish 
populations. 

 In the Bowmanville/Soper Creek watershed, analyses show that a significant amount of 
groundwater discharges (GWD) to surface water as baseflow. Modelling and reverse 
particle track analyses suggest that much of this groundwater is actually inflow from 
outside of the watershed (from the northeast).   

 As with the other watersheds within the CLOCA jurisdiction, 95% of groundwater 
discharge occurs in 1st to 3rd order streams with only 5% of groundwater discharging 
directly to Lake Ontario. 

 Consumptive water use from groundwater sources in Bowmanville Creek subwatershed 
constitutes only 2% of the total available supply for this subwatershed; while the Soper 
Creek subwatershed has consumptive groundwater use that is 25% of the available 
groundwater supply.     

 Both the observation and numerical models show that the Bowmanville and Soper 
Creek subwatersheds have adequate available water for most human consumptive 
uses.    

 

The above estimates of water use include only some of the non-permitted water takings. As 
such, the estimates may be lower than the actual usage or those reported in other studies for 
the watershed. Although stress analysis on the watershed showed low groundwater stress, the 
surface water stress analysis of the model appears significant in the Soper Creek subwatershed. 
This may be due to a number of factors including permeable surfaces and thick underlying 
aquifers that infiltrate and store the available water in the aquifers below this subwatershed. 
Another factor to consider is the actual takings at the PTTW sources. As per the guidance 
document, consumptive water uses were estimated using the allowable water takings stated in 
the permits, which are mostly over-estimated. Information on the actual water takings and 
specific permit provisions imposed during summer conditions are not publicly available and 
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therefore not considered in the results. It is worthy to note that water quantity stress 
calculation (required under the Clean Water Act – Source Water Protection program) based on 
the model results are strongly influenced, particularly in low infiltration months, when permitted 
takings are assumed as equal for each month of the year. This is not usually the case in reality. 
Verifying and estimating actual consumption is difficult, but recent legislation (Regulation 
387/04) now requires that actual extraction rates be recorded and over time the actual demand 
estimates and the associated stress assessment will improve.    

 
Moreover, there are locally shallow aquifers like the Iroquois Beach deposits and glacial river 
deposits which are identified as important sources of baseflow to creeks as well as discharge to 
wetlands.  Iroquois Beach deposits cover most areas between Concession Road 3 and 
Concession Road 6.  Glacial river deposits, on the other hand, were observed in the Enniskillen 
Valley on the north-western section of the Bowmanville Creek subwatershed.  
 
As well, some areas are currently under development pressure with a potential for significant 
land use change. While the models indicate that there are appreciable groundwater supplies in 
this watershed, there will be growth and a growing demand for water. Accordingly, the water 
budget within this watershed needs further refinement to be properly managed.  
 
Additional work is required to refine the water budget model, including: 
 

 building an inventory of the locations of springs and seeps; 
 reporting the water budgeting for each aquifer unit; 
 integration of recently commissioned stream flow gauging and low flow data 

into the model calibration efforts;  
 field-truthing of key modelling results such as potential areas of high recharge 

and areas of discharge to streams; and 
 further refining the tools regarding the assessment of the potential impacts of 

existing and proposed local water takings. 
 PTTW/stress refinement 
 Review of adequacy of monitoring system 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Long Sault Groundwater Monitoring Well               
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WHAT WE DO ON THE LAND IS MIRRORED IN THE WATER 


