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1.0 INTRODUCTION 
 
Water budgets serve as a basis for understanding the hydrologic conditions of a 
watershed. 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 Black/Harmony/Farewell Creek watershed water budget was framed to answer 
four fundamental questions: 

Where is the water? 
1. How does it move (pathways)? 
2. What and where are the stresses? 
3. 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 
preliminary 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 Watersheds in the Central 
Lake Ontario Conservation Authority Area (Earthfx, 2007). These draft 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) 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 Black/Harmony/Farewell 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 

“Every upper-tier 
municipality and 
single-tier 
municipality 
shall…begin 
preparing a water 
budget and 
conservation plan” 
 
Ministry of the 
Environment 

http://www.mah.gov.on.ca/
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2.0 STUDY AREA AND SCOPE 
 
The Black/Harmony/Farewell Creek watershed is situated entirely within the Regional 
Municipality of Durham and covers an area of approximately 108 km2 (Figure 1). The 
watershed drains southerly towards Lake Ontario from its headwaters at the South 
Slopes further south of the Oak Ridges Moraine. The Black/Harmony/Farewell Creek 
watershed is divided into three subwatersheds: Harmony Creek, Farewell Creek and 
Black Creek.  This chapter focuses on the water budget within the three 
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 being 

developed through the source water protection program to simulate existing 
water budget 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 draft results from the models. 

 
Numerical model outputs are intended to provide estimates of possible conditions that 
may exist within 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) 

 

„both local and 
watershed-wide 
water budgets have 
been developed in 
the Black/Harmony/ 
Farewell Creek 
watershed‟ 
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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 considered to be negligible 
within the Black/Harmony/Farewell Creek watershed (e.g. water pollution control 
plant discharge, etc.) and as such are not accounted for quantitatively. 
 
The conceptual model is aligned with the Black/Harmony/Farewell Creek watershed 
boundary and provides a semi-quantitative analysis of available data. The applied 
numerical models calculate the water budget processes at either a 25mx25m or 
100mx100m grid size. This means that the model evaluates 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 outside the scope of this chapter. 

„the water budget 
involves several key 
elements such as 
climate, 
physiography, land 
cover and use, 
geology, 
hydrogeology and 
hydrology‟ 
 
 

Black Creek subwatershed               
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Figure 1: Black/Harmony/Farewell 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 currently 
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 used to estimate 
quantitatively the various water budget fluxes such as precipitation, interception, 
evaporation, potential and actual evapotranspiration, snowmelt, runoff, and 
groundwater interflow and infiltration (Earthfx, 2007) (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 each water budget component. 
The model was calibrated to total surface water flow data and baseflow estimates from 
stream gauging, and to the groundwater flow model simulations. 
 
The groundwater model, referred to as the „East Model‟ was used to simulate 
groundwater budget components such as groundwater levels and groundwater 
discharge to streams (Earthfx, 2007) (Figure 2).  The model integrates data on the 
physical, geologic, and hydrologic features that govern groundwater flow in the 
watershed. Calibration was conducted in a trial-and-error process where results of 
successive model runs were primarily matched to 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 

“PRMS is an open-
source code for 
calculating 
components of the 
hydrologic cycle on 
a watershed or 
subwatershed 
scale” 
 
Earthfx Inc. 
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PRMS  

MODFLOW  

(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 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). 

 

“The key to any 
water budget 
estimation process 
is calibrating the 
estimates to 
observed data” 
 
Earthfx Inc. 
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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 watershed, 
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 Pnet, 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.  
 
In the absence of MOE issued Permit to Take Water recorded in these watersheds, 
domestic water consumption was 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

„domestic water 
consumption was 
generated using 
the water well 
information in the 
MOE Water Well 
Information System 
(WWIS) database‟ 
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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 required step prior to the application of 
complex numerical models. 
 
The headwaters of the Black/Harmony/Farewell Creek emanate 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 near Lake Ontario. Till outcrops remain south of the 
Iroquois Beach and formed islands within this ancestral lake.  
 
Figure 3 provides a schematic of the Black/Harmony/Farewell Creek watershed 
conceptual model. The model is depicted using a northeast-southwest 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: Black/Harmony/Farewell Creek profile and conceptual flow model (NE-SW 

flow direction).  

„a conceptual model 
is an understanding 
of the water 
movement within 
the watershed‟ 
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Only two of the four main hydraulic patterns or settings identified in CLOCA 
were observed in these watersheds (CLOCA, 2007):  
 

 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 1were calculated by partitioning the annual 
streamflow data recorded at Gauge Station 02HD013 located on the lower sections of 
Harmony creek near Bloor St. into annual runoff and baseflow values using two 
streamflow separation methodologies. Similar approach was performed at Gauge 
Station 2HD014. 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: 

02HD013, 1980-2003 and 02HD014, 1980-93, 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) 

02HD013 41.6 867 324 543 

Average 
Minimum 

Flow 

127 (39% of 
streamflow) 

210 

Minimal 
Flow 

98 (30% of 
streamflow) 

226 

02HD014 58.5 867 388 479 

Average 
Minimum 

Flow 

197 (51% of 
streamflow) 

219 

Minimal 
Flow 

161 (19% of 
streamflow) 

227 

 

Groundwater infiltration (GWI) unit rates may be considered representative of the 
annual baseflow of 98 and 161 mm/yr for each station as presented in Table 1 if the 
change in groundwater storage is assumed to be negligible over the period of record. 
The lower GWI values of 98 and 161 mm/yr for 02HD013 and 02HD014, respectively 
represents the more conservative estimates and generally used for planning purposes. 
GWI rates is usually much higher across Lake Iroquois beach deposits (> 200 
mm/year), and lower over till and glaciolacustrine deposits (< 150 mm/year). The 
amount of groundwater underflow at this gauge is considered to be small and most of 
the groundwater discharge (GWD or discharge to streams) within the watershed occurs 
to rivers and 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 much of the watersheds surrounding the Great 
Lakes (Grannemann et al., 2000). 
 

“most of the 
groundwater 
discharge …within 
this watershed 
occurs to rivers and 
streams‟” 
 
Gerber and 
Howard, 2000 
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Table 2 provides a summary of several 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 (GWI and 
RO). Factors were subsequently used to partition the water surplus into separate 
estimates of GWI and RO. These water budgets were developed to mitigate potential 
impacts of land use change within the subwatershed. Values are variable being 
dependent on the estimate of annual precipitation and soil infiltration factors for the 
site selected. 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 Black/Harmony/Farewell Creek 
Watershed 

Annual 
Precip. 

Annual 
Surplus 

Annual 
Baseflow 

Annual 
Runoff 

Annual ET 

 (mm/yr) (mm/yr) (mm/yr) (mm/yr) (mm/yr) 
Black/Harmony/Farewell Creek watershed: 
watershed-wide 

800 260 133 127 540 

Harmony Creek Subwatershed 799 254 101 153 545 

Farewell Creek Subwatershed 799 256 131 125 543 

Black Creek Subwatershed Site specific water budget was not identified 

 

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). 
Actual evapotranspiration (AET) in those months will depend on the ability of plants to 
extract moisture from the soils. AET 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 AET 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 watershed 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 02HD013 and 02HD014 streamflow stations on 

„many local water 
budget estimates 
have been 
undertaken within 
the watershed‟ 

http://sis.agr.gc.ca/cansis/nsdb/ecostrat/district/climate.html
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Harmony and Farewell 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 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 
watershed (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 Black/Harmony/Farewell Creek Watershed 
 
Table 4 lists the numerical model water budget estimates for the 
Black/Harmony/Farewell Creek watershed. The predicted watershed GWI rate of 133 
mm/yr and the GWD rate of 40 mm/yr represent the long-term averages and can be 
comparatively used to evaluate subwatershed trends. The values generated by the 
model suggest that more water enters the Black/Harmony/Farewell watershed aquifer 
systems by way or recharge and inflow from adjacent watershed than the quantity of 
groundwater that flows out or discharged out the groundwater system. Surface runoff 
(RO), on the other hand, is relatively higher than infiltration (GWI) which indicates that 
the watershed has more surficial materials with relatively lower permeability like till and 
some silt and clay and less of the highly permeable sand and gravel materials.   

Table 4: Black/Harmony/Farewell 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 

Black/Harmony/
Farewell Creek 
Watershed 

891 139 411 205 133 40 0 7 

 
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 Iroquois Beach regions, show noticeably 
higher GWI rates. 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.  
 

P - precipitation 
I - interception 
AET - actual 
evapotranspiration 
GWI - groundwater 
infiltration 
GWD - 
groundwater 
discharge 
RO - runoff 
SW use - surface 
water use 
GW use -
groundwater use 
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Discharge 
Figure 5 shows simulated discharge to streams (GWD) generated from the groundwater 
model in litres per second (L/s). 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.  From Figure 5, higher rates of discharge are 
predicted to primarily occur in streams along the 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).  For more detailed information on the groundwater 
model outputs, the reader is referred to the reports completed under the Source Water 
Protection Program (Earthfx, 2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

„‟The PRMS code 
was modified to 
compute the water 
balance on a cell-
by-cell basis…to be 
compatible with the 
existing MODFLOW 
model” 
 
Earthfx Inc. 

Farewell 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)).  
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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. Drinking water is 
drawn from water wells while some users require access to surface water (stream 
water takings) and/or water wells to satisfy other 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 
Black/Harmony/Farewell Creek watershed, municipal water supply is drawn from Lake 
Ontario (a surface water supply) and as such is not considered as taking water from the 
watershed for water budget purposes.  
 

4.2.3 Domestic Water Use 
 
The Black/Harmony/Farewell Creek watershed has approximately 640 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 in a 
household in the Clarington (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). 
Watershed Name Estimated Pop. 

(outside serviced 
areas) 

Estimated 
Consumption 
(m3/Day) 

Estimated 
Consumption 
(m3/Year) 

Harmony Subwatershed     618 108   39, 420 

Farewell Subwatershed     897 157   57, 305 

Black Subwatershed    405 71   25, 915 

Total – 
Black/Harmony/Farewell 

Creek 
1, 920 336 122, 640 

 

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 as 
such, MOE maintains the provincial database providing the PTTW information.  
Information reported herein came from this database and from information received 
through MOE Permit notifications process.  In addition, the online Environmental 
Registry provides notifications of applications/approvals for PTTW.  At present, there 
are no known PTTW issued within the Black/Harmony/Farewell Creek watershed.  The 
total groundwater consumptive use mostly from non-permitted water sources were 

'the watershed has 
approximately 640 
domestic water 
wells (2003)‟ 
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gathered and estimated by CLOCA.  As well, there are no known bulk usage from 
surface water sources in these watersheds.   
 
While most of the permitted takings are for commercial use, either snowmaking or golf 
course irrigation; permitted horticultural or agricultural use, none of these were 
identified in the watershed.  There are certain water uses which for the most part are 
exempt from the permitting process, including water drawn for livestock production. 
Domestic supply in unserviced areas and livestock production usage are presented in 
Table 6.  
   
Table 6: Estimated consumptive groundwater use (data compiled by CLOCA from various 

sources). 
Watershed Name m3/Day Consumptive Use 

(m3/Year) 

Harmony Subwatershed    700 255, 442 

Farewell Subwatershed    751 274, 048 

Black Subwatershed     537 196, 154 

Black/Harmony/Farewell 
Creek Total 

1, 988 
725, 643 

 

 
 

4.3 Subwatershed Findings 
 

4.3.1 Harmony Creek Subwatershed   
 
Table 7 lists the water budget estimates for both the Harmony Creek subwatershed and 
the watershed for comparative purposes. This subwatershed represents an area of net 
recharge as the groundwater infiltration (GWI of 118 mm/yr), is over three times 
greater than the groundwater discharge (GWD of 36 mm/yr). This model output 
suggests that although the recharge-discharge relationship in Harmony Creek 
subwatershed conforms with that of the entire watershed, the average values per unit 
area in this subwatershed fall below the watershed averages and these can be 
attributed to the variations in surficial materials as well as physiography. Although 
interception (I) falls below watershed average, actual evapotranspiration (AET), runoff 
(RO) and groundwater use (GW use) 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 (RO) to nearby 
watersheds and eventually to the lake. 
 
Table 7: Harmony 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 

Harmony Creek 
subwatershed 

885 109 427 227 118 36 55 55 0 11 

Black/Harmony/
Farewell Creek 
Watershed 

891 139 411 205 133 40 N/E N/E 0 7 

N/E – not estimated 
 

“Consumptive 
demand refers to 
water taken from 
groundwater or 
surface water and 
not returned locally 
in a reasonable 
time period” 
 
Ministry of the 
Environment 
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Regarding the spatial distribution of water, the following points are highlighted: 
 

 Moderate groundwater infiltration (Figure 6) occurs between Coldstream Drive 
and Rossland Road to the west and in a large area between Concession Road 6 
and Nash Road to the east of the watershed boundary.  

 The 118 mm/yr GWI rate, which is lower than the 133 mm/yr average for the 
three subwatersheds, were in areas underlain by Iroquois Beach deposit over 
relatively impermeable till materials. 

 A small area north of Conlin Road shows relatively higher infiltration capacity as 
it is underlain by recent deposits along stream channels.  

 Discharge to streams is predicted to primarily occur at moderate to high rates 
on the south-western sections from Beatrice Street to Raleigh Avenue near 
Second Marsh (Figure 7). 

 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. 

 
 
 
 
 
 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

„Surface water from 
the lake is the 
primary source of 
domestic supply of 
urban areas to the 
south‟ 
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Harmony Creek subwatershed                              

 

 
Figure 6: Harmony 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: Harmony 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 Farewell Creek Subwatershed 
 
Table 8 lists the numerical model water budget estimates for both the Farewell Creek 
subwatershed and the watershed. This subwatershed represents an area of net 
recharge with GWI (135 mm/yr) higher than the GWD (44 mm/yr). All parameters 
reflect their respective watershed average.  
 
Table 8: Farewell 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 

Farewell Creek 
subwatershed 

895 158 406 193 135 44 92 84 0 7 

Black/Harmony/
Farewell Creek 
Watershed 

891 139 411 205 133 40 N/E N/E 0 7 

N/E –not estimated 
 
Regarding the spatial distribution of water, the following points are highlighted: 
 

 Moderate rates of groundwater infiltration (Figure 8) are predicted to occur in 
this watershed between Concession Road 7 and Concession Road 6 and again 
between Taunton road and Pebblestone Road.   

 The areas between Taunton Road and Pebblestone Road are predominantly 
permeable beach sand deposits (Iroquois Beach) while the areas north of 
Concession Road 6 are covered by recent alluvial and glacial deposits.  

 More than half of the subwatershed area in the  north portion of the 
subwatershed is utilized for agricultural row crops and pasture and may utilize 
more water than estimated as livestock production does not require PTTW. Also, 
there is a need to observe proper management of farm wastes in these areas to 
prevent contamination of water from both surface and ground sources. 

 Predictive model indicated that the relatively lower rate of discharge to streams 
close to permeable zones denotes limited supply from shallow groundwater 
sources.  In these areas, water may be discharged to a stream rapidly as it is 
infiltrated.  However, groundwater in deeper aquifers may flow in and out of the 
watershed without being discharged to surface streams. 

 The total consumptive groundwater use reflects the average of the three 
assessed subwatersheds. 

 
 
 
 
 
 
 
 
 
 
 

P - precipitation 
I - interception 
AET - actual 
evapotranspiration 
GWI - groundwater 
infiltration 
GWD - 
groundwater 
discharge 
RO - runoff 
SW Use - surface 
water use 
GW Use -
groundwater use 

Farewell Creek subwatershed 
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Figure 8: Farewell 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: Farewell 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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4.3.3 Black Creek Subwatershed  
 
Table 9 lists the numerical model water budget estimates for both the Black Creek 
subwatershed and the watershed. This subwatershed represents an area of net 
recharge as the GWI (161 mm/yr) is above the GWD (44 mm/yr) and is the highest 
among the three subwatersheds. Groundwater discharge to streams appears to be 
slightly higher than the watershed average. With relatively higher infiltration rate (GWI) 
and lower evapotranspiration (AET) and runoff (RO), water in the system is lost 
through higher interception rates and/or finds its way to a deeper aquifer system and 
out of the subwatershed (GWLout). This would indicate that, although there is 
continuous supply of water from both infiltration (GWI) and inflow (GWLin), water 
readily flows out of the system. This situation is unfavourable during long dry periods.  
 
Table 9: Black 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 

Black 
subwatershed 

897 166 385 181 161 44 90 115 0 4 

Black/Harmony/
Farewell Creek 
Watershed 

891 139 411 205 133 40 N/E N/E 0 7 

N/E – not estimated 
 

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

 Relatively moderate to high infiltration rate (GWI) between Concession Road 6 
and Nash Road is within the area underlain by Iroquois Beach deposits (Figure 
10). This deposit has limited thickness and underlain by impermeable till such 
that contained water is shallow and readily discharged to the surface via 
streams or springs. 

 The GWI is above the combined average of 133 mm/yr for the three 
subwatersheds.  

 Although discharge to streams is predicted to occur at varying rates all 
throughout the subwatershed, higher discharges are predicted in the channel 
close to Nash Road where the stream has likely dissected deeply to the Oak 
Ridges Moraine Complex deposits. (Figure 11). 

 The total consumptive groundwater use was estimated to be low in the 
subwatershed and there were no permitted water takings identified. 

 
 
 
 
 
 
 
 
 

„the Black  Creek 
subwatershed 
represents an area 
of net recharge‟ 

Black Creek subwatershed     
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Figure 10: Black 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 11: Black 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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5.0 CONCLUSIONS 
 

This chapter provides information regarding the existing water budget for 
Black/Harmony/Farewell Creek watershed and its three 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 watershed-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 were 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: 
 

 That high volume infiltration rates (GWI) are mostly predicted in areas 
underlain by Iroquois Beach deposits, as well as a smaller area between 
Concession Road 6 and Concession Road 7 underlain by recent deposits of 
poorly consolidated sands and gravels. 

 Consumptive water use from groundwater sources in these watersheds is 
generally low relative to availability. The estimated combined consumption 
covers only about 3.6 percent of the total available groundwater from 
infiltration (GWI) and inflow (GWLin).  

 About 57 percent of the groundwater entering the watershed flows out as 
discharge to stream (GWD) and subsurface flow (GWLout).  

 Large amount of run-off (RO) and GWD combined is eventually discharged to 
the lake as there are no known large surface water users in these watersheds. 

 Both observation and numerical models show that the Black/Harmony/Farewell 
watershed has adequate available water for most human consumptive uses.    

 

The above estimates of water use exclude an estimate of 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 and 
moderate stresses on surface and groundwater, respectively, there are locally shallow 
aquifers like the Iroquois beach deposits and glacial river deposits which are identified 
as important sources of baseflow to creeks (SooChan, 2004) - see Chapter 14 
Hydrogeology.  Iroquois beach deposits cover most areas between Taunton and 
Rossland Roads at Harmony Creek Subwatershed and widens towards east at Black 
Creek subwatershed covering the areas between Taunton and Nash Roads.  Glacial 
river deposits, on the other hand, were observed between Concession Road 7 and 
Conlin Road around Solina at Farewell and Black creek subwatersheds.   
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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 to be further 
understood and managed accordingly.  
 
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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WHAT WE DO ON THE LAND IS MIRRORED IN THE WATER 

Black/Harmony/Farewell Creek Headwaters 
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