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1.0 INTRODUCTION 
Impervious surfaces are impenetrable surfaces that prevent rainwater from infiltrating into the 
soil.  Impervious surfaces affect a watershed in many ways: 

 reduce the rate of groundwater recharge; 

 increase the volume and rate of stormwater runoff; 

 increase the temperature of stormwater runoff; and, 

 increase the concentration of pollutants carried to the receiving watercourse. 

Cumulatively, these changes may adversely impact aquatic and other biological communities. 
Examples of impervious surfaces include sidewalks, paved driveways, roadways or parking lots, 
and rooftops.  

In general, increased imperviousness in a watershed is a direct result of land development and 
as such it can be used to estimate potential water quantity and quality impacts in a watershed 
or subwatershed.  Targets for the percent imperviousness for watersheds may be set to assist 
in managing land development to mitigate impacts on streams locally and cumulatively at a 
watershed scale. Therefore, it is important to investigate and report on the location and the 
percentages of impervious surfaces within the Bowmanville/Soper Creek watershed and 
subwatersheds.  

  

Applicable Legislation and Policies 

The Oak Ridges Moraine Conservation Plan (ORMCP) requires that, except with respect to land 
in Settlement Areas, that all development and site alteration be prohibited if they cause the 
total percentage of the impervious area of the ORM portion of the subwatershed to exceed 10% 
or any lower percentage prescribed in the applicable watershed plan (Ministry of Municipal 
Affairs and Housing (MMAH), 2002). Approval authorities are to consider, with respect to land 
development or site alteration applications in settlement areas, keeping impervious surfaces and 
their impacts on water quality and quantity to a minimum (Ministry of the Environment (MOE), 
2007). 
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2.0 STUDY AREA AND SCOPE 
 

The Bowmanville/Soper Creek watershed is situated entirely within the Regional Municipality of 
Durham and covers an area of approximately 170 km2 (Figure 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 outletting to Lake Ontario.    

 

Bowmanville Creek watershed is comprised of the following 5 subwatersheds: Hampton, 
Haydon, Tyrone, Bowmanville Main, and Bowmanville Marsh.  Soper Creek watershed is further 
divided into the following 4 subwatersheds: Mackie, Soper North, Soper Main, and Soper East. 

 

Identification of imperviousness is based primarily on land use and natural land cover 
information derived from an interpretation of CLOCA’s 2008 orthophotography coverage of the 
watershed. The information presented in this chapter represents estimates of the existing 
conditions as of 2005, at a subwatershed scale rather than at a local scale. For instance, a high 
density urban residential area may be assumed to have about 85% of its area impervious to 
water infiltration from a subwatershed perspective, while locally within the residential area the 
actual imperviousness may be highly variable. Scale is an important consideration when 
reviewing the possible impacts of hardening surfaces to water penetration. 
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 Figure 1: Bowmanville/Soper Creek watershed 
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3.0 METHODOLOGY 
 

Calculating the level of imperviousness within the watershed was carried out using three main 
steps: 

 reclassification of the Ecological Land Classifications (ELC) categories, the reader is 
referred to Chapter 17 – Terrestrial Natural Heritage Appendix A for detailed ELC 
information; 

 a literature review of land use designation and the associated impervious values; and 

 a spatial analysis of imperviousness within the Bowmanville/Soper Creeks. 

The Oak Ridges Moraine Conservation Plan (ORMCP) technical guidance document #13 (MOE, 
2007) recommends three GIS-based methods for calculating the impervious areas within a 
watershed including random sampling, digitizing and land classification.  The method that 
CLOCA chose to use was a variation of digitizing because it was felt that this method was 
reliable and required data that was already complete and available.  The methodology used to 
determine the impervious areas is described below.   

Impervious surfaces are directly related to land use and thus to obtain values describing this 
characteristic, the land cover for the area must be known.   CLOCA has developed an extensive 
inventory of the Ecological Land Classification (ELC) and land use for the watershed.  This 
ELC/land use data was derived from 2008 colour orthophotos and the ELC categories used were 
derived from the Ecological Land Classification for Southern Ontario (Lee et al. 1998). It is this 
data set that was used to determine the impervious 
area for the subject area.   

A literature review of land use designations and 
typical impervious values was conducted.  Sources 
such as the Ministry of Transportation Drainage 
Manual (MTO, 1982) and Visual Otthymo Manual 
(Greenland, 2002) provide a range of average 
parameters that are typically used in hydrology 
applications, but in order to apply the typical values a 
reclassification of the ELC/land use values was 
necessary.  The values from the ELC and land use 
dataset were assigned a more general classification, 
referred to as the dissolved land use.  The ELC/land 
use categories that were assigned to the dissolved 
land use categories are shown in Table 1. The 
compiled values for imperviousness for each land use 
classification used by CLOCA are detailed in Table 2.  
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Table 1: Imperviousness and ELC/land use classifications. 

Dissolved Land Use 

GIS Classification 

CLOCA Land Use ELC 

Crop & Improved 

Agricultural Facility     

Crop Field      

Nursery      

Pasture & Unimproved 

Pasture   Cultural Meadow  

Transportation Greenspace Cultural Savannah  

Treed Field (Orchard)  Cultural Thicket  

Urban Residential Urban Residential     

Rural Residential Rural Residential     

Industrial & Commercial 

Commercial     

Industrial      

Institutional Building     

Lakes and Wetlands 

Stormwater Pond  Open Fen   

Water Feature  Meadow Marsh  

   Shallow Marsh  

   Open Aquatic  

   Submerged shallow aquatic 

   Floating-leaved shallow aquatic 

   Deciduous Swamp  

   Coniferous Swamp  

   Mixed Swamp  

   Thicket Swamp  

Woodlot & Forest 

   Cultural Plantation  

   Cultural Woodland  

   Coniferous Forest  

   Deciduous Forest  

   Mixed Forest  

Manicured Green space 

Athletic field     

Golf facility     

Institutional green space    

Park      

Ski hill      

Landfill and Aggregate 
Aggregate      

Landfill      

Transportation & Utility 

Transportation Corridor    

Utility Corridor     

Utility Transfer Station    
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Table 2: Maximum impervious values as a percent. 

Land Use Maximum (%) 

Crop & Improved 0 

Pasture & Unimproved 0 

Urban Residential 45 

Rural Residential 20 

Industrial & Commercial 85 

Lakes and Wetlands 0 

Woodlot & Forest 0 

Manicured Green space 0 

Landfill and Aggregate 50 

Transportation & Utility 50 

 

Inherent in any methodology is the understanding that a margin of error exists. While every 
effort has been made to accurately present the findings reported in this chapter, factors such 
as significant digits and rounding, and processes such as computer 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 due to rounding. 
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4.0 FINDINGS  
 

4.1  Bowmanville/Soper Creek Watershed          

 

The percent imperviousness values for the specified land use have been paired with a land use 
map to illustrate the imperviousness for the Bowmanville/Soper Creek watershed.  The overall 
imperviousness for the watershed is approximately 5.5%.  The spatial distribution of impervious 
area is shown in Figure 2 where shading represents the estimated percent imperviousness.  
Urban areas predominate within the Bowmanville area, south of Nash Rd/Concession Road 3 to 
the southern watershed boundary, between Highway 57 and Lambs Road. The sum of paved 
roadway surfaces and small rural settlements represent the majority of the remaining 
watershed impervious areas.     

In addition to the mapping in Figure 2, Table 3 summarizes the imperviousness of 
each subwatershed within the Bowmanville/Soper Creek watershed. 

Table 3: Total subwatershed imperviousness. 

Subwatershed Imperviousness (%) 

Hampton 3.0 

Haydon 2.7 

Tyrone 2.5 

Bowmanville  Main 15.1 

Bowmanville Marsh 22.8 

Mackie 2.6 

Soper Main 10.9 

Soper North 1.5 

Soper East 2.6 

 

A review of Figure 2 and Table 3 indicates that the Bowmanville Main and Soper 
Main subwatersheds contain the most impervious area.  These conditions are 
examined on a subwatershed scale in the following sections. 
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Figure 2: Bowmanville/Soper Creek watershed impervious areas.  
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4.2  Subwatershed Findings 
 
4.2.1 Bowmanville Creek Subwatersheds 

4.2.1.1 Hampton Subwatershed 
 
This subwatershed has a low percentage of imperviousness, which is typical for the rural 
subwatersheds within the Bowmanville/Soper Creek watershed, at 3.0%.  The majority of the 
impervious area within the subwatershed is found in the hamlets of Hampton, Enniskillen and 
Enfield.  Roads also contribute to the impervious area. The distribution of impervious areas is 
depicted in Figure 3. The Hampton subwatershed originates in the Oak Ridges Moraine, 
approximately 54% of the subwatershed is in the Moraine.  Any development within the ORM, 
excluding lands within Settlement Areas, must ensure that the ORMCP requirements with 
respect to impervious surfaces are satisfied.  Section 27 of the ORMCP states that impervious 
surfaces cannot exceed 10% within the subwatershed, or any lower percentage that is specified 
within the appropriate watershed plan. Settlement Areas and lands located outside of the Oak 
Ridges Moraine boundary are excluded. 
 
4.2.1.2 Haydon Subwatershed 
 
The Haydon subwatershed also has a low value of imperviousness, with a value of 2.7%.  The 
majority of the impervious area within the subwatershed is the result of aggregate extraction 
operations, the hamlet settlement area of Haydon, Cedar Park (water park), roads and some 
small clusters of rural residential, as shown in Figure 4. The Haydon subwatershed originates in 
the Oak Ridges Moraine, approximately 62% of the subwatershed is in the Moraine.  Any 
development within the ORM, excluding lands within Settlement Areas, must ensure that the 
ORMCP requirements with respect to impervious surfaces are satisfied.  Section 27 of the 
ORMCP states that impervious surfaces cannot exceed 10% within the subwatershed, or any 

lower percentage that is specified within the appropriate 
watershed plan. Settlement Areas and lands located outside 
of the Oak Ridges Moraine boundary are excluded. 
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Figure 3: Hampton subwatershed impervious areas.  
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Figure 4: Haydon subwatershed impervious areas.  
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4.2.1.3 Tyrone Subwatershed 
 
This subwatershed also has a small value for total imperviousness of approximately 2.5%.  The 
majority of the impervious area is associated with an aggregate extraction operation, the 
hamlet of Tyrone and paved roadways.  The distribution of the subwatershed’s impervious area 
is depicted in Figure 5.  The Tyrone subwatershed also originates in the Oak Ridges Moraine, 
and represents approximately 40% of the subwatershed area.  Any development within the 
ORM, excluding lands within Settlement Areas, must ensure that the ORMCP requirements with 
respect to impervious surfaces are satisfied.  Section 27 of the ORMCP states that impervious 
surfaces cannot exceed 10% within the subwatershed, or any lower percentage that is specified 
within the appropriate watershed plan. Settlement Areas and lands located outside of the Oak 
Ridges Moraine boundary are excluded. 
 

4.2.1.4 Bowmanville Main Subwatershed 
 
The Bowmanville Main subwatershed, which does not contain any Oak Ridges Moraine area, has 
a total imperviousness of 15.1%.  The majority of the impervious area within the subwatershed 
is due to the built up area of Bowmanville, which contains urban residential and 
industrial/commercial land use.  The distribution is shown in Figure 6. 

 

4.2.1.5 Bowmanville Marsh Subwatershed 
 
The Bowmanville Marsh subwatershed has the highest value for total imperviousness, 
approximately 22.8%. There is a significant amount of industrial/commercial land use as well as 
some urban residential land use within this subwatershed that contributes to the high 
imperviousness value.  The distribution is shown on Figure 7.  The subwatershed contains no 
part of the Oak Ridges Moraine.   
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Figure 5: Tyrone subwatershed impervious areas.  
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Figure 6: Bowmanville Main subwatershed impervious areas. 
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Figure 7: Bowmanville Marsh subwatershed impervious areas  



  16 

4.2.2 Soper Creek Subwatershed 
 
4.2.2.1 Mackie Subwatershed 
 
The Mackie subwatershed originates in the Oak Ridges Moraine, which represents  
approximately 29% of the subwatershed area.  This subwatershed has a total imperviousness 
of approximately 2.6%, which is typical of the Bowmanville/Soper Creek headwater 
subwatersheds.  The majority of the impervious area within the Mackie Creek subwatershed is 
due to paved roadways and some rural residential areas including the hamlet of Tyrone, which 
are depicted in Figure 8.  Any development within the ORM, excluding lands within Settlement 
Areas, must ensure that the ORMCP requirements with respect to impervious surfaces are 
satisfied.  Section 27 of the ORMCP states that impervious surfaces cannot exceed 10% within 
the subwatershed, or any lower percentage that is specified within the appropriate watershed 
plan. Settlement Areas and lands located outside of the Oak Ridges Moraine boundary are 
excluded. 
 
4.2.2.2 Soper North Subwatershed 
 
The Soper North subwatershed also originates in the Oak Ridges Moraine, and approximately 
38% of the subwatershed is in the Moraine.  This subwatershed has the least amount of 
impervious area, a total percentage of approximately 1.5%.  The majority of the impervious 
area within the Soper North subwatershed is due to paved roadways, which are depicted in 
Figure 9.  There are several small rural residential areas that have a minor contribution to the 
impervious value of the subwatershed.  Any development within the ORM, excluding lands 
within Settlement Areas, must ensure that the ORMCP requirements with respect to impervious 
surfaces are satisfied.  Section 27 of the ORMCP states that impervious surfaces cannot exceed 
10% within the subwatershed, or any lower percentage that is specified within the appropriate 
watershed plan. Settlement Areas and lands located outside of the Oak Ridges Moraine 
boundary are excluded. 
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Figure 8: Mackie Creek subwatershed impervious areas
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Figure 9: Soper North subwatershed impervious areas  



  19 

4.2.2.3 Soper Main Subwatershed 
 
The Soper Main subwatershed, which does not contain any Oak Ridges Moraine area, has a 
total imperviousness of 10.9%.  The majority of the impervious area within the subwatershed is 
due to the urban centre of Bowmanville, which contains urban residential and industrial/ 
commercial land use.  The distribution is shown in Figure 10. 
 
4.2.2.4 Soper East Subwatershed 
 
The Soper East subwatershed, which does not contain any Oak Ridges Moraine area, has a low 
value of total imperviousness, approximately 2.6%.  The majority of the impervious area within 
the Soper East subwatershed is due to paved roadways,  some rural residential areas, and 
some urban development along Highway #2.  The impervious areas are depicted in Figure 11. 

 

 

Soper East Subwatershed           

Soper Main Subwatershed                                                   
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Figure 10: Soper Main subwatershed impervious areas  
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Figure 11: Soper East subwatershed impervious areas  
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5.0 CONCLUSIONS 
 

Impervious surfaces interrupt the natural hydrologic cycle, by preventing the infiltration of 
rainwater into the ground, increasing the volume, rate and temperature of stormwater runoff, 
and increasing the concentration of pollutants carried to the receiving watercourse. In addition, 
cumulatively, these changes may adversely impact the aquatic and other biological 
communities. 

 

The Bowmanville/Soper Creek watershed has an imperviousness of approximately 5.5%, with 
the Bowmanville Marsh subwatershed having the highest imperviousness at 22.8%, due mainly 
to the high concentration of industrial/commercial land use combined with some urban 
residential land use.  The percentage of impervious areas in the northern subwatersheds is 
lower than the subwatershed to the south. This is clearly representative with the amount of 
urban development within the subwatersheds.      
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WHAT WE DO ON THE LAND IS MIRRORED IN THE WATER 


