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1 Introduction 
The Province of Ontario has embarked on a comprehensive study of most watersheds in 

the province with the end goal of producing source protection plans. These plans will 

outline a scientific approach to managing water quantity and quality risks for drinking 

water supplies. Prior to the development of source protection plans, several key technical 

components must be undertaken to establish the characteristics of our watersheds: 

potential areas of source water vulnerability, potential threats to drinking water resources, 

and general issues and concerns related to water quality and quantity within our 

communities and watersheds. All of these technical components together form a 

Watershed Characterization Report, part of the Technical Assessment Report outlined by 

the Ontario Ministry of the Environment (MOE) to construct locally developed, science-

based source water protection plans.  The Water Budget Conceptual Understanding 

Report is another element of the Technical Assessment Report, which builds upon 

information from the Watershed Characterization. 

 

The Water Budget Conceptual Understanding Report presents baseline data collected 

within the Raisin Region Conservation Authority (RRCA) and South Nation 

Conservation (SNC) during the course of Source Protection development.  This report is 

the foundation of knowledge for building the necessary pieces of a source protection 

plan. Information provided in this report is presented by following the “Assessment 

Report: Guidance Module 7: Water Budget and Water Quantity Risk Assessment”, 

developed by the MOE, October 2006. 

 

The Raisin-South Nation Source Protection Region (SPR) encompasses a landmass of 

approximately 6400 km² including: the RRCA, SNC, and areas outside of conservation 

authority jurisdiction, which drain into the Ottawa River. Of the 19 source water 

protection regions in the province of Ontario, the Raisin-South Nation SPR is the most 

easterly. Bordered by the province of Quebec to the east and north, the United States and 

Mohawk First Nations reserve to the south, the Raisin-South Nation SPR is influenced by 

many complex inter-provincial and international issues related to water quality and 

quantity. These influences add complexity to the development of source protection plans, 

specifically when land uses in neighbouring jurisdictions impact drinking water resources 

in the SPR. 

 

Within the Raisin-South Nation SPR, there are 24 upper and lower tier municipalities. 

The United Counties of Stormont, Dundas and Glengarry, the United Counties of Prescott 

and Russell, a portion of the United Counties of Leeds and Grenville, and a portion of the 

City of Ottawa make up the SPR. These municipalities rely on a combination of surface 

and groundwater sources for drinking water, with the majority of the population relying 

on private wells to supply their drinking water.  

 

The SPR is working in partnership with the municipalities of Alfred-Plantagenet, 

Clarence-Rockland, South Dundas and the Town of Prescott to study their surface water 
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intakes, in addition to the Town of Hawkesbury, which lies outside of conservation 

authority jurisdiction. The outlying areas that are not a part of either Conservation 

Authority have an impact on the surrounding sources of clean drinking water and are 

included in the assessment of ground and surface water protection priorities. 

 

1.1 Purpose 

The Clean Water Act received Royal Assent on October 19, 2006. This legislation was 

developed in response to Justice O’Connor’s Walkerton Inquiry recommendations.  It is 

part of the government’s commitment to ensure clean, safe drinking water for all 

Ontarians. The objective of this Act is to ensure communities clean, safe drinking water 

through development and implementation of source water protection plans. These source 

water protection plans will aid communities to protect their drinking water supply, 

through collaboration with landowners, business owners, community groups and others. 

Through various studies, communities must identify potential risks to local water sources 

and take action to reduce or eliminate these risks.  

 

The RRCA and SNC are developing water budgets as a requirement of the source water 

protection program. The water budget will assist in understanding the quantity of water 

available in the groundwater and surface water regimes, how water moves through the 

SPR and how water is used in the SPR. 

 

1.2 Source Water Protection and Water Budgets 

A water budget analysis is undertaken in a watershed to measure and characterize the 

contribution of each component to the dynamics of the hydrologic system. The 

hydrologic cycle begins with precipitation in the form of rain and snow. Water moves 

over the land surface, through stream channels, and through the groundwater system to 

discharge to the larger lakes and rivers and eventually to the ocean. Water can 

accumulate temporarily in the various storage reservoirs, such as snowpacks, depression 

storage, wetlands, lakes, and the soil zone.  

 

Source Water Protection Planning requires development of water budgets at different 

scales. To comply with the guidelines, a conceptual understanding and a Tier 1 water 

budget are the minimum requirements. Tier 1 is a subwatershed-scale study based on 

available data that may involve hydrologic modelling to identify potential water use 

issues. Tier 2 water budgets are performed at a sub-watershed scale and Tier 3 at a site-

specific or local scale using refined data and hydrologic and groundwater modelling.  

 

Prior to Tier 1 simple modelling, or Tier 2 or 3 complex modelling, a conceptual model 

of the study area must be developed. The conceptual model addresses key elements of the 

physical setting and the hydrologic cycle, and identifies significant local features and 

how they might interact to affect the water balance. In particular, the Conceptual Water 

Budget builds upon the watershed characterization report to provide a preliminary 
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understanding of various elements of watershed hydrology (e.g. soils, aquifers, rivers, 

lakes), the geologic system and hydrogeology (aquifer extents, aquifer properties), fluxes 

within the study area (precipitation, recharge, runoff, evapotranspiration, water use etc.) 

and their interaction.  The conceptual model is, in essence, a “hypothesis” that is tested 

and confirmed through the development and calibration of the hydrologic and 

groundwater models. 

 

1.3 Objectives and Scope of Work 

The development of a Conceptual Understanding involves the collection and integration 

of baseline data.  Baseline data comprises the essential information available within the 

watershed, required to derive a comprehensive water budget for the region. Essential 

information includes, but is not limited to, climate data, geology and physiography, 

hydrogeology, land use, surface water and water demand.  Integration of these data are 

completed through the collection and review of existing reports, construction of a 

comprehensive relational database, and development of maps, figures and tables that 

combine the various elements of the water budget. 

 

Extensive work has been completed in-house by RRCA/SNC staff and by consultants to 

compile existing data and reports, build upon existing studies, and expand the knowledge 

base through the use of databases and a GIS platform.   

 

The main objective of this report is to summarize the relevant work that has been 

completed over the past five years with respect to building a water budget of the 

RRCA/SNC. In order to provide a comprehensive overview, without repeating work 

already included in past reports, this document provides a summary of each of the 

components needed to calculate and analyze a water budget for the SPR. Details related 

to specific water budget components are provided in the supporting documentation. To 

facilitate reference of the supporting reports, a look-up table has been constructed for the 

reader (Table 1: Conceptual Water Budget Reference Table). The reader is encouraged to 

refer to the supporting documentation to review methodology, references to field data, 

assumptions, results and conclusions.  

 

The look-up table is arranged in order of the required outputs listed in Assessment 

Report: Guidance Module 7 – Water Budget and Water Quantity Risk Assessment (MOE, 

2006). The final column lists the map number or section number in the current report of 

each of the required outputs in the guidance module. This table is meant to assist the 

reader to ensure that the water budget conceptual understanding is complete and meets 

the requirements set by the MOE.   
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Table 1: Conceptual Water Budget Reference Table 

Output Required in Assessment Report: Guidance 
Module 7, Water Budget and Water Quantity Risk 
Assessment (September, 2006) 

Source Report* 
(containing base data, 
analysis and detailed 
discussion) 

Number of Figure or 
Map in Conceptual 
Water Budget Report 

Climate 

Map 1 Climate stations with average annual 
precipitations 

WESA, 2006a Map 3 

Map 2 Precipitation distribution WESA, 2006a Map 4 

Map 3 Representative areas for climate stations WESA, 2006a Section 3.1.2 

Map 4 Meteorological zones  WESA, 2006a Section 3.1.2 

Map 5 Evapotranspiration WESA, 2006a Map 6 

Plot of long term trends and averages with deviations 
(climate) 

WC IR3 Section 3.1.5 

Report on quality and quantity of data available 
(climate) 

WESA, 2006a, WC IR3 Section 3.1.1 

Geology/physiography 

Map 6 Bedrock geology WESA, 2006a,b  Map 15 

Map 7 Overburden thickness  WESA, 2006b Map 14 

Map 8 Geologic unit thickness (formations, aquifers 
and aquitards) 

WESA, 2006b Maps 17a to 17f  

Map 9 Bedrock topography (elevation)  WESA, 2006a, b Map 15 

Map 10 Surficial geology  WESA, 2006a, b Map 13 

Map 11 Hummocky topography (moraine complexes) N/A N/A 

Map 12 Physiographic regions  WESA, 2006b Map 9 

Map 13 Ground surface topography (elevations) WESA, 2006a,b Map 11 

Map 14 Soils map WC IR2, WC IR4 Map 8 

Graphic that illustrates subsurface cross-sections  WESA, 2006a; WESA, 
2006b 

Figure 5 

Report on how permeability distribution at surface and 
subsurface influences water movements 

WESA, 2006b Sections 3.4.4, 3.4.5 

Land cover 

Map 15 Land cover map WC IR5 Map 7 

Written description of the proportion of urban vs. rural 
uses and implications for water movement 

WESA, 2006a, WC IR7 Sections 3.2.2 

Written description of the proportion of 
forest/permanent cover to the total area  

WC IR4 Section 3.2.2 

Surface water 

Map 16 Streamflow gauging stations WC IR3 Map 41 

Map 17 Flow distribution (flow per unit area derived 
from the low flow measurements) 

WC IR3 Section 3.5.6 

Map 18 Dams, channels diversions and water 
crossings 

WC IR3 Map 39 

Map 19 Fisheries (cold water vs. warm water) WC IR4 Map 10 
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Output Required in Assessment Report: Guidance 
Module 7, Water Budget and Water Quantity Risk 
Assessment (September, 2006) 

Source Report* 
(containing base data, 
analysis and detailed 
discussion) 

Number of Figure or 
Map in Conceptual 
Water Budget Report 

Map 21 A written description of surface water points on 
interest for watershed/sub-watershed delineation 
(including mapping)  

WC IR3, WC IR7 Section 3.5.1, 3.5.2 

Hydrograph of average monthly flow and long term 
annual flows 

WC IR3, EOWRMS, 
WESA, 2006a 

Figures 10 to 15 

Decision as to whether there are water quality issues 
that will influence water budget modeling decisions 
(screening decisions) 

WC IR6 Section 5.0 

Written description of the preliminary estimations of 
evapotranspiration, surface runoff, and infiltration 

WESA, 2006a and 
EOWRMS 

Section 3.5.7, 3.5.8, 
3.5.9 

Written description on the nature of surface water 
system, including the influence of storage features 
such as wetlands, lakes and reservoirs 

WC IR3 Section 3.5 

Groundwater 

Map 22 Aquifer extents including potentiometric 
surface with groundwater flow direction (must include 
stream network) 

WESA, 2006b  Maps 21 to 24 

Map 23 Groundwater recharge and discharge zones  WESA, 2006b Maps 32, 33 

Map 24 Depth to water table (with discussion) WESA, 2006b Map 21, Section 3.4.4 

Map 25 Groundwater monitoring network locations WC IR6 Map 19 

Map 26 Groundwater takings (highlight municipal 
wells) 

WC IR7 Map 44 

Written description on groundwater flow systems, 
including how the distribution of parameters at surface 
and in the subsurface influences water movement 

WESA, 2006b Section 3.4 

Assessment scale 

Map 27 Stress assessment sub-watersheds    Section 6.3 

Water use   

Surface water takings (highlight municipal intakes) WC IR7 Map 43 

Groundwater takings (highlight municipal intakes) WC IR7 Map 44 

Integrated conceptual understanding 

1. A water budget map booklet 
2. Report describing the water budget elements and associated maps, integrated understanding 

(overall understanding of flow systems dynamics), answers to screening decisions, data gaps and 
path forward. 

* Source Reports: 
WESA, 2006a - Water and Earth Science Associates, 2006a.  Preliminary Watershed Characterization for the Water 
Budget Conceptual Model.  
WESA, 2006b - Water and Earth Science Associates, 2006b.  DRAFT Watershed Characterization Geologic Model and 
Conceptual Hydrogeologic Model. 
WC IR2 - RRCA/SNC, 2006. Source Water Protection Watershed Characterization – Interim Report 2: Physical  
WC IR3 - RRCA/SNC, 2006. Source Water Protection Watershed Characterization – Interim Report 3: Hydrology 
WC IR4 - RRCA/SNC, 2006. Source Water Protection Watershed Characterization – Interim Report 4: Natural Heritage 
WC IR5 - RRCA/SNC, 2006. Source Water Protection Watershed Characterization – Interim Report 5: Human 
Characterization 
WC IR6 - RRCA/SNC, 2006. Source Water Protection Watershed Characterization – Interim Report 6: Water Quality 
WC IR7 - RRCA/SNC, 2006. Source Water Protection Watershed Characterization – Interim Report 7: Water Quantity 
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In addition to the primary sources listed above, many more documents were consulted 

and are listed in the references at the end of the report. 

 

This Conceptual Understanding Report builds upon the information and conclusions from 

numerous reports, as well as extensive information available from, but not limited to, 

Statistics Canada, Environment Canada, Ontario Ministry of Natural Resources, Ontario 

Ministry of Municipal Affairs and Housing, Ontario Ministry of Finance, Ontario 

Aggregate Resources Corporation, Ontario Corporation of Water Resources, Ontario 

Ministry of Natural Resources, Conservation Ontario and Ontario Ministry of 

Environment. 

 

The scope of this report is to provide an overview of data compiled and analyzed with 

regards to the development of water budgets; including climate, land cover, geology and 

physiography, groundwater and hydrogeology, surface water, and water use. In addition 

to summarizing the data required to complete different scales of water budgets within the 

SPR, regional-scale preliminary estimates of water budgets are also included in this 

report. Water budgets are completed for the entire SPR and for the major watersheds; 

South Nation River and Raisin River Watersheds. 

 

1.4 Study Area 

The Source Protection Region (SPR) comprises the jurisdictions of two Conservation 

Authorities (SNC and RRCA), and other non-CA jurisdictional territory in the North. It is 

bordered by the Ottawa River (North), St. Lawrence River (South), Ontario-Quebec 

Provincial Border (East), and the Rideau Valley Conservation Authority (RVCA) and 

Cataraqui Region Conservation Authority (West). 

 

Map 1: Raisin-South Nation Source Protection Region delineates the SPR with the major 

watercourses and sub-watersheds. 

 

1.4.1 South Nation Conservation 

The SNC jurisdiction comprises a total area of approximately 4167 km², 65% of the total 

SWP area.  The majority of SNC jurisdiction belongs to the South Nation River 

Watershed which has an area of 3822 km². The remaining area (345 km²) is located in the 

southern portion of the Conservation Authority, outside of the main watershed, and drains 

towards the St. Lawrence River through various local streams and creeks.  

 

The South Nation River has headwaters immediately north of Brockville and flows north 

through Spencerville, South Mountain, Chesterville, Casselman and Plantagenet before it 

drains into the Ottawa River, 22 km upstream of Lefaivre.  The South Nation River 

Watershed can be divided into four (4) major sub-watersheds: Lower South Nation 

(flowing north towards Casselman), Castor (flowing east towards Casselman), Bear 
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(flowing east towards Bourget) and Upper South Nation (flowing west and north towards 

the Ottawa River). 

 

1.4.2 Raisin Region Conservation Authority 

The RRCA covers a total area of approximately 1685 km², 26% of the total SWP area. 

The RRCA’s jurisdiction comprises five (5) major sub-watersheds: Rigaud River 

(flowing east into Quebec), Delisle River (flowing east into Quebec), Rivière Beaudette 

(flowing east into Quebec), Raisin River (flowing south-east into St. Lawrence River) 

and an interior lake system consisting of three (3) connected lakes (Loch Garry, Middle 

Lake and Mill Pond) connected by the Garry River (flowing east into Delisle). Several 

smaller sub-watersheds drain to the St. Lawrence through short local creeks.  

 

1.4.3 Non-Conservation Authority Jurisdictional Territory 

In order to complete watershed assessments throughout the Province of Ontario, areas 

outside conservation authority jurisdiction have been grouped with adjacent SWP 

regions.  Non-conservation authority jurisdictional territory is located in the northern 

portion of the SPR. This area includes the City of Clarence-Rockland, Township of 

Alfred and Plantagenet, Champlain Township, Town of Hawkesbury and Township of 

East Hawkesbury. The total area is 537 km² that makes up 9% of the total SPR. The area 

also includes part of the Rigaud River watershed (which drains to the east into Quebec) 

and several small streams and creeks, which drain directly in to the Ottawa River.   
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2 Components of the Water Budget   
Prior to commencing Tier 1 simple modelling, or Tier 2 or 3 complex modelling a 

conceptual model of the study area must be developed. The conceptual model addresses 

key elements of the physical setting and the hydrologic cycle, and identifies significant 

local features and how they might interact to affect the water balance. The conceptual 

model is, in essence, a “hypothesis” that is tested and confirmed through the development 

and calibration of the hydrologic and groundwater models.  

 

A water budget analysis is undertaken in a watershed to measure and characterize the 

contribution of each component to the dynamics of the hydrologic system. The 

hydrologic cycle, shown in Figure 1: Conceptual Hydrologic Cycle, begins with 

precipitation in the form of rain and snow. Water moves over the land surface, through 

stream channels, and through the groundwater system to discharge to the larger lakes and 

rivers and eventually to the ocean. Water can accumulate temporarily in the various 

storage reservoirs, such as snowpack, depression storage, wetlands, lakes, and within the 

soil zone, and in aquifers. 

 

Figure 1: Conceptual Hydrologic Cycle 

 
 

 

The hydrologic systems in eastern Ontario have been modified to various degrees by 

human activities. Alterations to the natural system by urban and rural land development 

and agricultural activities can modify the relative volumes of water in each component of 

the water balance, and can cause the system to reach a new dynamic equilibrium. Climate 

change can also alter the water balance. These changes may adversely affect the natural 

environment and stress vegetation and stream habitat.  Decreases in the volume of 

groundwater recharge or increases in groundwater extraction by some water users can 

limit the availability of water to other users and can ultimately affect the volumes of 



 

Water Budget: Conceptual Understanding   
Version 1.1.0, October 2009  Page 9  

groundwater discharge to streams. Being able to predict how the inter-related components 

of the water balance respond to change is the ultimate goal of the water budget study. 

Water resource managers can use water budget analysis tools to compare alternative 

scenarios and select the proper policies that allocate water in a sustainable manner and 

minimize the adverse impact of land development and increased water use on the natural 

environment.  

 

There are multitudes of components and processes that make up the hydrologic cycle. 

These processes operate on a wide range of scales. For example, one can characterize the 

water budget at a plant scale (e.g. root uptake of water and transpiration from the leaves), 

a field-plot scale, catchment scale, or watershed scale. Unfortunately, only a few of the 

primary processes can be measured accurately at any of the scales. For example, rainfall 

can be measured accurately by a rain gauge but there are questions as to how well the 

measured rainfall represents average rainfall over the surrounding catchment. Streamflow 

can be measured relatively accurately in well-defined channels. However, other important 

components, such as evaporation, sublimation, overland runoff, infiltration, 

evapotranspiration, interflow, baseflow, underflow, and soil moisture redistribution 

cannot be measured directly and must often be approximated by empirical relationships 

or models. In particular, processes involving flow and storage in the subsurface cannot be 

seen and can be best measured best by proxies such as changes in groundwater levels.  

 

To address these data measurement challenges, and the larger challenge of understanding 

the interaction of these processes, water budget analyses are often done with the help of 

computer models. Some models combine several empirical techniques and account for 

water moving into and out of the various storage reservoirs. These models are often 

referred to as catchment or lumped parameter models because they are not based on 

spatially distributed parameters, but are based on the interaction and interconnection of 

storage reservoirs. Other models are physically-based and are used to simulate processes 

such as infiltration and streamflow using equations based on fluid mechanics, porous 

media flow, and conservation of mass. These models require detailed information on the 

spatial characteristics of the flow systems. A significant data collection and integration 

effort and a strong conceptual understanding of the flow systems is required prior to 

applying a physical based model to simulate the components of the water budget on a 

watershed scale. 
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3 Physical Description  
The development of an in-depth understanding (conceptual model) of the surface water 

and groundwater flow systems in the study area is a critical part of water budget 

development.  

 

There are a number of issues that need to be addressed in the water budget, including 

both general and local concerns. These issues relate to the three main components of a 

water budget analysis which include: 

 

 Physical System: The physical system includes topography, physiography, land 

cover, soil properties, aquifer geometry, hydraulic properties and stream network 

characteristics. 

 

 Dynamic System: The dynamic system includes the spatial and temporal 

variation in precipitation, temperature, evapotranspiration, water levels, and 

surface water and groundwater flow rates, and the rates of exchange between the 

groundwater and surface water systems.  

 

 Anthropogenic Impacts: Anthropogenic impacts on the system include surface 

water extraction, changes in land cover and percent imperviousness, pumping for 

water supply and irrigation and changes in land use that affect groundwater 

recharge. Characterization of the conditions at different points in time can be used 

to formulate the historic, current and future scenarios that the water budget model 

will evaluate and compare.  

 

Evaluating the elements of the water budget that fall within these three categories is 

necessary for conducting predictive modelling and analysis. In particular, the water 

budget model must first recreate the physical and dynamic system and only then can the 

various stress scenarios be evaluated.  

 

The following seven sections provide a summary of the current understanding of climate, 

geology/physiography, land cover, surface water, groundwater, and water demand.   

 

3.1 Climate 

3.1.1 Data Summary 

Climate data for the SPR have been compiled and summarized from the National Climate 

Data and Information Archive. In total, 112 stations (current and historic), have recorded 

data in and around the SPR. The period of data for these stations varies from less than 

one year to greater than 100 years. A recording period of record 5 years or less is the 

statistical mode of the group. The locations of the climate stations are shown on Map 2: 

Environment Canada Climate Stations.   
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Within 80 km of the SPR’s centroid (approximately Berwick, Ontario), twenty-five 

climate stations were active up to January 1, 2006. Currently active stations are listed in 

Table 2: Active Environment Canada Climate Stations Within 80 km of the SPR's 

Centroid. Of the active stations, nine are directly within the SPR’s boundaries. These 

stations are located at: Alexandria, Alfred, Avonmore, Cornwall, Moose Creek, 

Morrisburg, Oak Valley, Russell and Winchester.   It should be noted that the weather 

station located at the Ottawa Airport is just outside of the SPR boundaries; however, it 

contains the most complete record of data and measures the most parameters and is 

commonly used as the primary source of weather data for projects within the SPR. 

 

3.1.2 Climate Normals 

At the end of each decade, Environment Canada updates its climate normals for as many 

locations and as many climatic characteristics as possible. Climate normals are used to 

summarize or describe the average climatic conditions of a particular location. The latest 

climate normals include data recorded between January 1, 1971 and December 31, 2000 

for stations with at least 15 years of data. The previous normals (1961 to 1990) 

summarized data from the stations with at least 19 years of data. 

 

Table 2: Active Environment Canada Climate Stations Within 80 km of the SPR's Centroid 

Climate 
Station 
ID 

Location Province Within 
SWP 
Region 

Date 
From 

Date To Years 1961-
1990 
Normals 

1971-
2000 
Normals 

Dist 
(km) 

6100398 AVONMORE ONT Yes 1/1/1976 1/1/2006 30.0 No Yes 11.09 

6105397 MOOSE 
CREEK 

ONT Yes 10/1/2003  3.0 No No 13.00 

6107247 RUSSELL ONT Yes 1/1/1954 1/1/2006 52.0 Yes Yes 20.35 

6109517 WINCHESTER ONT Yes 10/1/2003  3.0 No No 24.77 

6105730 OAK VALLEY ONT Yes 6/1/1998 1/1/2006 7.6 No No 30.54 

6105460 MORRISBURG ONT Yes 1/1/1913 1/1/2006 93.1 Yes Yes 32.18 

6101874 CORNWALL ONT Yes 1/1/1951 1/1/2006 55.0 Yes Yes 34.21 

6100166 ALEXANDRIA ONT Yes 10/1/2003  3.0 No No 41.23 

6100176 ALFRED ONT Yes 12/1/2003  3.0 No No 42.97 

6104027 KEMPTVILLE 
CS1 

ONT No 11/1/1997 1/1/2006 8.2 No No 46.25 

6105976 OTTAWA CDA ONT No 1/1/1889 1/1/2006 117.0 Yes Yes 51.68 

6105978 OTTAWA CDA 
RCS 

ONT No 4/1/2003 1/1/2006 2.8 No No 51.68 

7030170 ANGERS QUE No 1/1/1962 5/1/2006 44.4 Yes Yes 52.44 

7036063 POINTE AU 
CHENE 

QUE No 1/1/1958 4/1/2006 48.3 Yes Yes 55.24 

7035110 MONTEBELLO 
(SEDBERGH) 

QUE No 1/1/1956 5/1/2006 50.4 Yes Yes 57.41 
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7026836 ST ANICET QUE No 1/1/1960 5/1/2006 46.4 Yes Yes 59.53 

7031360 CHELSEA QUE No 1/1/1927 5/1/2006 79.4 Yes Yes 62.87 

702FQLF ST-ANICET 1 QUE No 1/1/1986 1/1/2006 20.0 No No 64.70 

7016470 RIGAUD QUE No 1/1/1963 5/1/2006 43.4 Yes Yes 66.31 

7035666 NOTRE DAME 
DE LA PAIX 

QUE No 1/1/1979 5/1/2006 27.3 No Yes 67.52 

7023240 HUNTINGDON QUE No 1/1/1870 5/1/2006 136.0 Yes Yes 75.10 

7031375 CHENEVILLE QUE No 1/1/1964 5/1/2006 42.4 Yes Yes 77.88 

6100285 APPLETON ONT No 1/1/1992 1/1/2006 14.0 No No 78.38 

7028680 VALLEYFIELD QUE No 1/1/1952 5/1/2006 54.4 Yes Yes 78.66 

6100971 BROCKVILLE 
PCC 

ONT No 1/1/1965 1/1/2006 41.0 Yes Yes 80.27 

Note: 1) A station was previously located in Kemptville (ID #6104025), with a period of record from 1928 to 1997. 

 

Of the stations around the SPR, sixteen were found to have a sufficient record to compile 

representative climate normals for 1971 to 2000. A summary of these data are included as 

Appendix A - Summary of Environment Canada Climate Normals (1971-2000) around 

the SWP Region. Average precipitation for the various stations is shown on Map 3: 

Environment Canada Climate Stations with Average Annual Precipitation. 

 

3.1.3 Temperature and Precipitation Patterns 

The Canadian Forestry Service of Natural Resources Canada has recently produced a 

series of spatial GIS rasters that use data from North American climate stations to 

produce interpolated monthly and annual data surfaces of normal (1971 to 2000) 

precipitation and temperature.  

 

Within a GIS environment, the data can be used to produce weighted average values for 

polygons that are drawn overtop of the base data. By overlaying the polygon representing 

the SPR boundary, climate values for water budget variables can be generated such as: 

normal annual precipitation, normal monthly precipitation, normal annual average 

temperature and normal monthly average temperature.  

 

Precipitation contours as shown in Map 4: Normal Annual Precipitation show a gradual 

increase in precipitation moving in a north-easterly direction across the SPR. 

Temperature contours shown in Map 5: Normal Annual Temperature show a slight 

North-South split into two zones with a one degree differential, being slightly warmer in 

the South. 

 

The GIS nature of this dataset provides for more accurate estimates of precipitation for 

water budget purposes on defined or gauged watersheds, sub-watersheds or other 

drainage areas.  

 



 

Water Budget: Conceptual Understanding   
Version 1.1.0, October 2009  Page 13  

Average values for the entire SPR are presented in Table 3: Average Normal Monthly 

Precipitation and Average Normal Average Temperature for the SPR (Canadian Forestry 

Service) and shown graphically in Figure 2: Average Monthly Normal Precipitation for 

the SPR and Figure 3: Average Monthly Normal Average Temperature for the SPR. 

 

Annual normal precipitation amounts across the SPR vary from between 944 and 1049 

mm per year. Annual normal average temperatures are between 5 and 6 degrees Celsius. 

Monthly precipitation ranges from 60.3 mm in February to 97 mm in September. 

Monthly average temperatures range from -8.4°C in February to 20°C in July. 

 

Table 3: Average Normal Monthly Precipitation and Average Normal Average Temperature for the 

SPR (Canadian Forestry Service) 

Month Precipitation (mm) Avg. Temperature (°C) 

January 72.6 (±1.6) -10.1 (±1.3) 

February 60.3 (±1.9) -8.4 (±0.8) 

March 70.4 (±2.6) -2.0 (±0.6) 

April 76.4 (±2.3) 5.1 (±0.5) 

May 79.0 (±2.6) 12.6 (±0.5) 

June 86.7 (±5.9) 17.1 (±0.4) 

July 90.0 (±2.4) 20.0 (±0.8) 

August 94.4 (±6.3) 18.9 (±0.5) 

September 97.0 (±2.3) 13.8 (±0.5) 

October 82.4 (±4.6) 7.3 (±0.5) 

November 84.4 (±3.9) 0.9 (±0.8) 

December 82.1 (±2.5) -6.0 (±1.1) 

Annual Average
1
 957.6 (±10.4) 5.8 (± 10.8) 

Note: 1) Annual normal averages are independent of average monthly normals. 
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Figure 2: Average Monthly Normal Precipitation for the SPR Average Monthly Normal Precipitation for the SWP Region
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Figure 3: Average Monthly Normal Average Temperature for the SPR Average Monthly Normal Average Temperature for the SWP Region
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3.1.4 Evaporation and Evapotranspiration 

A recent regional report, EOWRMS (2001), estimated evapotranspiration values across a 

study area that overlaps the SPR. The method of estimation involved modeling 

agriculture water use and interpretation of land cover classes. The land cover classes were 

derived from satellite imagery, and refined through various MNR forestry data sets and 

Ontario soil layers and survey reports. Estimated evapotranspiration rates, reported in 

mm/year were grouped and spatially plotted on a map of the study area. Estimated 

evapotranspiration rates per land cover are listed in Table 4: Land Cover Classes and 

Corresponding Evapotranspiration Values (EOWRMS 2001). 

 

Table 4: Land Cover Classes and Corresponding Evapotranspiration Values (EOWRMS 2001) 

Land Cover Class Evapotranspiration (mm/year) 

Urban 150 

Agricultural (coarse textured) 270 

Agricultural (unclassed texture) 330, 334
1
 

Open/Sparse forest 335 

Agricultural (fine textured) 340 

Agricultural (medium textured) 390 

Forest – conifer 445 

Forest – mixed 541 

Forest – unclassed 577 

Forest – deciduous 638 

Water 640 

Note: 1) Where soil surface texture was not reliably available, an average value of 334 was used for soils in Gloucester 
and 330 for the rest of the EOWRMS study area. 

 

Another source for recent evapotranspiration estimates has been published by the 

National Land and Water Information Service for Agriculture and Agri-Food Canada 

(revised 1997). The estimates are based on meteorological data from Environment 

Canada’s Canadian Climate Normal data set for 1961-1990. Two sets of monthly 

estimates were generated using the methods of Penman and Thornthwaite. Potential 

evapotranspiration estimates for the areas that overlap the SPR have been computed and 

are listed in Table 5: Monthly Estimated Potential Evapotranspiration for the SPR, 

Penman and Thornthwaite Methods (1961-1990 Climate Normal). A distribution of 

monthly amounts is shown in Figure 4: Monthly Distribution of Evapotranspiration, 

Penman and Thornthwaite Methods. 
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Table 5: Monthly Estimated Potential Evapotranspiration for the SPR, Penman and Thornthwaite 

Methods (1961-1990 Climate Normal) 

Month Estimated Potential Evapotranspiration (mm) 

Penman Method Thornthwaite Method 

January 0 0 

February 0 0 

March 10 0 

April 66 29 

May 108 76 

June 124 115 

July 134 131 

August 106 112 

September 65 75 

October 32 35 

November 9 5 

December 0 0 

Annual 664 579 

 

Figure 4: Monthly Distribution of Evapotranspiration, Penman and Thornthwaite Methods M o n th ly  E v a p o tra n s p ira t io n  F a c to rs

0 %

5 %

1 0 %

1 5 %

2 0 %

2 5 %

J a n F e b M a r A p r M a y J u n J u l A u g S e p O c t N o v D e c

M o n th

P
E

T
 (

M
o

n
th

) 
/ 

P
E

T
 (

A
n

n
u

a
l)

P e n m a n  M e th o d

T h o rn th w a ite  M e th o d

A v e ra g e  o f B o th  M e th o d s

 
 

3.1.5 Long Term Climate Trends 

 

Five (5) climate stations located within or close to the SWP have both 1961-1990 and 

1971-2000 climate normals. Long term trends in total amount of precipitation are shown 

in Table 6: Comparison of Annual Precipitation. Long term trends in average annual 
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temperature are shown in Table 7: Comparison of Annual Mean Temperatures. The 

analysis shows a general increase in both precipitation and mean temperature. 

 

Table 6: Comparison of Annual Precipitation 

Station Name Station Id 1961-1990 
Value (mm) 

1971-2000 
Value (mm) 

Change (mm) % Change 

Cornwall 6101874 962.1 1002.0 39.9 + 4.1 

Ottawa CDA 6105976 869.5 914.2 44.7 + 5.1 

Brockville 6100971 978.7 983.4 4.7 + 0.5 

Kemptville 6104027 914.7 961.7 47.0 + 5.1 

Rigaud
1
 7016470 862.8 974.6 103.8 + 13.0 

Note 1) The long term normal for Rigaud was not available; instead, a derived composite annual value was calculated. 

 

Table 7: Comparison of Annual Mean Temperatures 

Station Name Station Id 1961-1990 
Value (°C) 

1971-2000 
Value (°C) 

Change (°C) % Change 

Cornwall 6101874 6.8 7.2 0.4 + 5.9 

Ottawa CDA 6105976 6.0 6.3 0.3 + 5.0 

Brockville 6100971 6.9 7.1 0.2 + 2.9 

Kemptville 6104027 5.8 5.9 0.1 + 1.7 

Rigaud
1
 7016470 6.1 5.9 - 0.2 - 3.3 

Note 1) The long term normal for Rigaud was not available; instead, a derived composite annual value was calculated. 

 

3.1.5.1 Climate Change 

Projections of the potential negative effects of climate change have instigated a 

significant amount of research of proper mitigation measures.  An increased average 

temperature, decreased river water levels and a shift in precipitation to the winter months 

resulting in more frequent and intense summer droughts are only a few of the negative 

effects anticipated to occur.  Eastern Ontario in particular is expected to experience 

reduced groundwater quantity during the dry summer months, increase water quality 

problems, and significant health impacts (Crabbé and Robin 2003).   

 

The effects of climate change on groundwater quantity are an area of interest in Eastern 

Ontario as it provides over 60% of its drinking water (Crabbé and Robin 2003).  Over the 

course of a year, the effects of climate change do not appear to affect groundwater 

quantity.  However, on a monthly basis, extreme scenarios of temperature, precipitation 

and a combination of the two have been projected at a localized level.  According to a 

GIS analysis described in Crabbé and Robin (2003), certain areas, such as aquifer 

recharge areas, have demonstrated to be consistently vulnerable to drought in the dry 

summer months, even during “wet” years.  Consequently, research is necessary in order 

to determine proper mitigation measures through water management. 
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3.2 Land Use  

Land use is an integral part of assessing the distribution, movement and usage of water 

within a watershed. Depending on the type of land use, water may be consumed, stored, 

diverted or reused. When evaluating water budget issues, each land use must be evaluated 

for potential impact on either quantity or quality. 

 

Land cover within the SPR is illustrated in Map 7: Land Use. This map shows that the 

dominant land use is agriculture taking up 54% of the total area with forests being the 

second most prominent land use at 34%. Urban areas cover 7% of the region and 

wetlands make up 4% of the total area, the remaining 1% consists of water or exposed 

bedrock. This section summarizes the distribution and trends of land use and their 

impacts on the water budget. 

 

3.2.1 Data Summary 

Identifying patterns and relationships between land use and other data sets is necessary if 

the impacts of land use changes are to be addressed in water budget modelling. Land use 

information is spread across multiple data sets, including:  

 

 Raster based data sets:  

o Landsat imagery 

o Agricultural data sets (including Forest and woodlot cover) 

 Vector-based datasets: 

o Municipal boundaries and planning areas 

o MNR pits and quarries coverage (including quarry license database) 

o Wetlands and forest cover (woodlots, etc.) 

o Agricultural data sets 

o Lot/concession fabric and attributes 

 Address-based and other spatial and non-spatial databases 

o Address-based data (including municipal business and resident listings, 

tax role datasets, etc.) 

o Farm classifications (OMAFRA, OFA database, if available) 

 Other related records and data sets may also be relevant, including fire and 

insurance records, high resolution air photos, tile drainage maps (improved 

farmland) and others.  

 

These datasets need to be compiled, evaluated, reconciled and merged into a seamless 

coverage with sufficient accuracy for quantitative modelling.  
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3.2.2 Land Cover 

Land cover within the SPR is divided into several broad categories including agricultural 

land (54% of the total area), forests (34%), urban (7%), wetlands (4%), water (0.5%), and 

exposed bedrock (0.4%) (Map 7: Land Use). Each of these categories can be further 

classified; the distribution of these land classes can have a significant impact on the 

distribution and movement of water within the watershed.  Additionally, the effects of 

modification of land use may be observed throughout the watershed as changes in 

quantity and/or quality of runoff, infiltration, evapotranspiration, discharge, and water 

use. 

 

3.2.2.1 Agriculture 

Approximately 54% of the total study area is used for agricultural purposes. Crops are the 

dominant form of agriculture representing 47% of the total land area, while natural 

pasture represents 4% and seeded pasture represents 3%. The dominant crop type in the 

SPR is hay (approximately 60%) followed by corn (approximately 22%), soybean 

(approximately 10%) and grain (approximately 6%). The nature and intensity of 

agricultural activities will have an impact on the water budget in terms of water quantity 

and quality, as water requirements differ between crop types and intensity or livestock 

type and intensity.  Crop type will affect the water budget as different crops have 

different water demands; this is directly related to evapotranspiration, which is estimated 

to be a significant contribution to the water budget (calculated to be approximately 45% 

of precipitation in EOWRMS, 2001). The widespread and intensive nature of agricultural 

activities in the SPR has a significant impact on water quality in streams due to large 

volumes of agricultural runoff at certain times of the year.  This is an important detail that 

needs to be considered in the water budget assessment; the large volume of agricultural 

runoff affects streamwater quality which may prevent the use of those water resources. 

 

Agricultural land use in the SPR is generally correlated to soil types since the agricultural 

capability of the land is controlled by soil conditions. The soils range from light, acid 

sands to highly productive clays and clay loams. Soil types within the SPR are shown in 

Map 8: Soils. The north of the SPR is dominated by fine sandy loam and silt loam, the 

southeastern part of the region is dominated by loam with minor sandy loam and the 

south and central parts of the region are predominantly clay loam. A high proportion of 

these soils are suitable for agricultural production. Most of the high capability soils 

correspond to the Ottawa Valley Clay Plain, the Winchester Clay Plains and the 

Lancaster Clay Plain (Map 9: Physiographic Units); these soils are suitable for 

agricultural use but tend to be poorly drained.  The widespread nature of poorly drained 

soils has lead to the development of extensive tile drainage networks throughout the SPR; 

approximately 40% of the soils have a drainage problem to some degree. 

 

Due to the generally flat topography and the widespread fine sediments covering the 

SWPR, tile drainage and municipal drains have been extensively developed throughout 

the region to increase productivity of the land.  These drainage features significantly 
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impact both the quality and quantity of surface water. Tile drains effectively prevent the 

water table from rising above the elevation of the drain: when the water table is below the 

elevation of the drain, tile drains have no impact on the natural draining characteristics of 

the soil; but when the water table is above the drain (because of excess water), then the 

drain is active, effectively increasing the speed at which runoff reaches surface water 

bodies. The net impact is a small time-shift and increased “peakedness” of the 

hydrograph of adjacent rivers; but with little change to the integrated hydrograph, and 

consequently little change to the amount of water actually recharged to the phreatic 

aquifer. Water that flows over agricultural lands as runoff (or tile drain water) has the 

potential to amass and transport nutrients, pathogenic organisms, pesticides, organics, and 

fine sediments into surface water courses. The drainage system, and hence the impact to 

surface water systems, is most active during the spring months because of the combined 

effects of snowmelt and relatively high rainfall.   

 

Although the tile drainage system has not been recently mapped: its relevance to the 

water budget can be expanded upon and discussed as a component of the water budget, 

given its importance to both the surface water quality and quantity.  Due to the poor data 

availability, tile drainage is identified as a significant data gap, however, a detailed 

analysis of tile drainage will only be assessed, if required, at a Tier 2 (or subsequent) 

water budget assessment.   

 

The number of farms in the SPR has generally decreased but the area covered by the 

remaining farms has increased. In fact, between 1986 and 2001, the number of farms in 

the United Counties of Stormont, Dundas and Glengarry (SDG) and the United Counties 

of Prescott and Russell (PR) decreased from 3633 to 3087, representing a 15% decrease.  

Inversely, the area of agricultural land has increased from 3095 km² in 1986 to 3213 km² 

in 2001, an increase of 4% for the combined counties of PR and SDG.  Along with the 

trend of increase agricultural land is the trend of increased tile drainage. 

 

3.2.2.2 Forestry 

The forestry industry has a major presence in Eastern Ontario and is a significant 

component of the study area’s economy. The SPR is home to one of the most diverse 

forest types in Canada.  A mix of hardwood, softwood and abundant wildlife make 

Eastern Ontario a very important forest region in Canada. Dominant species include 

sugar and red maples, basswood, red oak, yellow birch, eastern white pine, red pine, 

eastern hemlock, white cedar and white ash.  Within most areas of the SPR only second 

growth forest remains.  

 

The forested area of the SPR has remained relatively unchanged from 34% over the past 

twenty years with the lowest forested land percentage within of all the municipalities of 

the boundaries of the Eastern Ontario Model Forest (EOMF). Table 8: Percentage Forest 

Cover by Upper Tier Municipality, produced by the Eastern Ontario Model Forest depicts 

the current status of woodlands within the SPR. The distribution of forestlands in the SPR 

is shown in Map 7: Land Use. 
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Table 8: Percentage Forest Cover by Upper Tier Municipality 

County  Percentage Forest Cover Average Forest Block Size  

Leeds &Grenville 39 % 16 ha 

Stormont, Dundas &Glengarry 21 % 19 ha 

Prescott &Russell 23 % 30 ha 

Ottawa-Carleton 24 % 17 ha 

RRCA-SNC SPR  34 % 16 ha 

 

Woodlands perform a number of important ecological functions. They affect both water 

quantity and water quality by reducing the intensity and volume of stormwater runoff and 

decreasing soil erosion and flooding. Trees and soil aid in the retention of rainfall by 

decreasing and slowing water runoff thus influencing the amount, distribution, and 

routing of overland flow. By removing nutrients, sediments and toxins from surface water 

runoff and sub-surface flows, woodland vegetation contributes to the maintenance of 

water quality in the province's lakes and streams. Woodlands may also contribute to the 

protection of groundwater recharge areas.   

 

The size of forested lands has an effect on the system; larger woodlots have greater 

ecological health and may have greater growth rates and productivity over the long term. 

The ecological function of woodlands is important as they provide a habitat for a 

multitude of plants, animals, birds and fish. 

 

3.2.2.3 Urban Areas 

The SPR has an area of 6389 km² and a population of approximately 252,000 in 2001.  It 

is predominantly rural in nature with 126 settlement areas. These settlements are a mix 

between urban and rural.  Of the 126 settlement areas, only 29 are on full urban services, 

i.e. municipal sanitary sewer and water distribution. The economy of the SPR is primarily 

rural based with agriculture being the main rural land use. Resource-based economic 

activity, such as licensed pits and quarries are also widespread throughout the SPR. 

 

The average population density across the entire SPR is 39.4 persons/ km². This 

approximates the population density of the United Counties of Prescott and Russell (38.2 

persons/ km²). The highest population densities are in municipalities that are on full 

urban services (municipal sanitary services and water with a wastewater treatment plant). 

Because of its condensed area (4 km²) the Town of Prescott had the highest population 

density (1,107 persons/km²) followed by the City of Cornwall (569 persons/ km²) and the 

portion of Ottawa within the SPR (393 persons/ km²). The lowest population densities 

were also those farthest from Ottawa:  the United Counties of Leeds and Grenville (28 

persons/ km²) and the United Counties of Stormont, Dundas and Glengarry (20 persons/ 

km²).  
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In terms of water budgets, urbanization has significant impacts on both the quantity and 

quality of water within a watershed. Urban areas are generally considered impervious 

land cover, as a result, precipitation is rapidly diverted as direct runoff to watercourses 

and recharge to the subsurface is limited. The shallow groundwater regime as well as 

surface water drainage patterns change drastically through urban development. The 

quality of runoff water from urban areas may be poor due to increased point and non-

point source pollution. Water demands increase in urban centers. Water extraction for 

municipal supply, and industrial, recreational and private usage is concentrated in and 

around urban and rural developments.  

 

Population growth within the area is significant. Between 1981 and 2001 the population 

increased by 21% in the SPR, and in Russell it nearly tripled in the past 30 years (Crabbé 

and Robin, 2004).  The same intensive growth has been reported for Embrun.  An 

increase in water demands coincides with population growth. A strategic planning effort 

is required to minimize cumulative effects of competing water uses. Water quality issues 

must also be addressed since increased water use results in increased wastewater 

disposal; as more water is taken, particularly from the surface water system, there is a 

parallel need to accommodate and assimilate greater quantities of wastewater. 

 

The City of Ottawa is the largest urban area within the SPR.  Strategic directions for 

land-use planning are contained within the City’s Official Plan. The Official Plan sets out 

to manage population growth by mostly directing it to the urban area, where services 

already exist, and rural development will mostly be directed to Villages, with limited 

growth outside of villages. Public water and sanitary wastewater facilities will be 

provided in the urban area, and development in the rural area will be primarily on the 

basis of private individual services. Rural development is expected to be 10% of new 

residential development, and 90% within the urban area, for the projected growth plans 

for Ottawa with a city-wide population of 1,192,000 in 2021, from a current population 

of 870,000.  Population projections are associated with an increased demand for 

residential land as well as lands for other purposes.  The City of Ottawa’s Official Plan 

addresses the Provincial Policy Statement and recognizes the strain on infrastructure and 

groundwater resources, but states that growth will be accommodated through efficient use 

of existing sewage and water services, and that water conservation and efficiency should 

be promoted.  Lot creation should only be allowed if there is sufficient reserve sewage 

and water system capacity. Currently, the City of Ottawa faces issues with older sewer 

systems and demands from proposed intensification. 

 

3.2.2.4 Wetlands 

Wetlands comprise 42,208 ha or 4% of the SPR, the distribution of wetlands is given in 

Map 7: Land Use. The ecological, social and economic benefits that can be attributed to 

wetlands are substantial.   They are among the most productive and biologically diverse 

habitats in Ontario. Map 42: Significant Wetlands, produced by the Eastern Ontario 

Model Forest, depicts the current status of wetlands within the SPR. 
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An inventory of provincially significant, locally significant, and other undefined wetlands 

is listed in Table 9: Summary of Wetland Inventory within the SPR and shown in Map 42: 

Significant Wetlands. 

 

Table 9: Summary of Wetland Inventory within the SPR 

Class Wetlands by area (ha) 

 RRCA SNC Extended SWP Area 

Provincially Significant 7,758 21,554 2,401 

Locally Significant 4,403 3,945 479 

Undefined Wetlands 400 1,052 236 

Total 12,561 26,551 3,116 

 

Across the SPR, construction of roads, pipelines and hydro transmission corridors have 

fragmented the wetland habitats, increased human disturbances and altered vegetation 

communities, water levels and water movement. Agricultural development, land use and 

drainage have greatly reduced the size, number and function of a majority of wetlands in 

the region. In the pre-settlement era (ca.1800), Glengarry County was 45% wetland by 

area. By 1982 only 16% of the wetlands remained and further loss has occurred to the 

present time (Snell, 1987). In the pre-settlement era (ca.1800) Stormont County had 42% 

wetlands by area; up to 1982 16% of wetlands were remaining, and further wetland loss 

has occurred to the present time. 

 

Wetlands have an important function in terms of water storage and transport. Wetlands 

serve as a temporary storage feature, they act as a sieve to filter and immobilize nutrients, 

sediments and toxins from surface water runoff, and they reduce the intensity and volume 

of storm water runoff thereby decreasing soil erosion.   

 

Wetlands and bogs should be characterized in terms of recharge and/or discharge 

potential. Their importance with respect to the overall water budget should be considered 

in terms of their contribution to groundwater and/or surface water resources. As wetlands 

act as a storage reservoir, these features may contribute positively to balance seasonal 

fluctuations in some parts of the study area. 

 

Bogs and wetlands are perhaps most sensitive to changes in the natural water levels, 

though forests are also affected by lowering groundwater tables. Wetlands and natural 

forests are not included in the typical water balance scenarios when calculating available 

yield for competing water users. However by not including them in the equation, natural 

water levels may decrease and significantly impact the viability of these lands. 

 

3.2.2.5 Stream Classification 

Streams comprise approximately 10,250 km in the SPR, and data provided by the 

Ministry of Natural Resources indicates that 88% are permanent streams and 12% are 
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intermittent streams. The density and location of intermittent streams can be related to the 

surface water drainage system, intermittent streams appear when water levels are high 

and/or there is insufficient capacity for water to infiltrate into the soils. 

 

Fish Habitat Stream Classification was provided by the Department of Fisheries and 

Oceans (DFO) and is shown in Map 10: Fish Habitat Drain Classification. This 

classification system categorizes streams as permanent or intermittent. Permanent streams 

are further classified as cold-water or warm-water, and within the Raisin Region 

watershed, streams are further subdivided based on fish species. The map is incomplete; 

approximately 40 percent (by length) of streams have yet to be classified.  Map 10 

illustrates that 93% of the permanent streams were classified as warm water streams and 

the remaining 7% were classified as cold-water streams. The distribution of cold-water 

streams can be used as a direct indicator of groundwater discharge.   

 

Outdated stream and drain classification data has been identified by DFO and 

Conservation Authorities as a major data gap for local watershed studies.  In 2000, a 

municipal drain project was initiated by DFO to update and classify municipal drains; 

this project included intensive mapping efforts coupled with field verification by 

Conservation Authority staff.  This project has been ongoing and a roughly-complete 

version will be available for the SPR by late 2008, thus, new maps of municipal drain 

classification will be available for the Tier 1 water budget. 

 

3.3 Geology and Physiography  

The following section provides a comprehensive overview of the SPR’s geological 

setting at a regional scale. The data and analyses contained within this chapter and the 

accompanying maps and GIS layers are primarily based on regional data. The 

information may not provide sufficient detail for local scale or site-specific studies. 

 

The bedrock and overlying sediments are the foundations of our modern landscape and 

are the media over and through which water moves. Understanding the composition, 

structure and distribution of rocks and sediments is essential.  

 

3.3.1 Data Summary 

The current understanding of regional geology within the SPR has been compiled through 

the amalgamation of numerous reports, documents and data-sets prepared at various 

scales: site-specific, local, subwatershed, watershed and regional.   

 

A comprehensive compilation and analysis of bedrock geology is provided in WESA 

(2006a).  Published maps of bedrock geology and faults were provided by the Ontario 

Geologic Survey (1:50,000 scale). These maps were augmented by small-scale 

unpublished maps for the southwestern part of the SPR to develop continuous bedrock 

and fault maps for the region. This report also includes the development of 19 cross-
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sections through the region which grouped the subsurface into four hydrostratigraphic 

units: overburden, limestone, shale and sandstone. 

 

Overburden geology was delineated through the construction of a three-dimensional 

geologic model of the overburden (WESA, 2006b). A basin analysis approach was used 

to construct the geologic model based on six distinct geologic terrains. Twenty-four 

regional cross sections were developed for the overburden in order to construct the 

geologic model for the overburden. The model relied primarily on data in the MOE 

Water Well Records and geologic descriptions and additional well records in numerous 

regional and local-scale reports.  

 

Although there is a large volume of information on the subsurface regime (i.e. the MOE 

Water Well Record), there is a wide range of quality and density of data. Higher quality 

information (from geological or engineering reports) tends to be clustered around 

municipal wells, landfills and other points of interest. In general, data are sparse in less 

populated areas of the SPR.  Additionally, data are sparse at greater depth into the 

subsurface since the volume and distribution of deep wells is minimal.   

 

3.3.2 Topography  

The Raisin Region and South Nation Watersheds are located in the Ottawa - St. 

Lawrence Lowland physiographic region of Eastern Ontario. The area is characterized by 

subdued topography with relief generally less then 90 m as illustrated in Map 11: 

Topography. Except for the north and central areas in the region, the overburden is 

generally thin and surface topography commonly mirrors bedrock topography. The 

highest elevations and greatest local relief are found in the southwest corner of the region 

where areas of very thinly drift-covered bedrock and till predominate.  

  

3.3.3 Bedrock Geology 

The conceptual understanding of bedrock geology in the SPR is detailed in WESA 

(2006a), and it is summarized in the following section. 

 

The bedrock geology consists of Precambrian igneous and metamorphic rocks overlain 

by a series of flat-lying Paleozoic sedimentary rocks of Cambrian-Ordovician age. The 

sequence of Paleozoic rocks in the area has been complicated by an extensive network of 

regional faults.  

 

Several unique bedrock formations exist in the SPR and are illustrated in Map 12: 

Bedrock Formations and Faults. In general, conglomerates and sandstones of the Covey 

Hill Formation and sandstones of the Nepean Formation lie unconformably above the 

Precambrian lower layer (i.e. the Nepean Sandstone does not succeed the Precambrian 

bedrock in immediate order of age; a period of erosion existed between the deposition of 

the two units). The Nepean Formation is conformably overlain (i.e. strata was deposited 
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in continuous succession) by sandstone-dolostones of the March Formation and 

dolostones of the Oxford Formation. Above these deposits are sandstones of the 

Rockcliffe Formation and limestones of the Ottawa Group, which include the Gull River 

Formation (limestone/dolostone/shale), the Bobcaygeon Formation (limestone/shale), the 

Verulam Formation (limestone/shale) and the Lindsay Formation (limestone/shale).  

Younger rocks are also found north and east of the study area; these include the Billings 

Formation (shale/limestone), the Carlsbad Formation (shale/siltstone/limestone) and the 

Queenston Formation (shale/limestone/siltstone). Descriptions and properties of bedrock 

formations are listed in Table 10: Bedrock Stratigraphy of the Study Area (from WESA, 

2006b, after Williams, 1991). 

 

Table 10: Bedrock Stratigraphy of the Study Area (from WESA, 2006b, after Williams, 1991) 

Formation Depositional 
Environment 

Lithology 
(dominant) 

Russell Well 
(RU-24- GSC 
2004) 

Minimum 
Thickness 
Recorded in 
Area 

Maximum 
Thickness 
Recorded in 
Area 

Queenston Intracontinental 
shelf 
environment. 
Clastics 
derived from 
Appalachian 
orogeny. 

Red to light 
green slightly 
calcareous 
siltstone and 
shale, and silty 
limestone 

13.0+ meters 13.0+ meters 
(Russell, GSC) 

49.7+ meters 
(Russell, GSC 

Carlsbad Intracontinental 
shelf 
environment. 
Clastics 
derived from 
Appalachian 
orogeny. 

Interbedded 
shale, 
fossiliferous 
calcareous 
siltstone, and 
silty bioclastic 
limestone 

186.9 meters 67.9+ meters 
(Ottawa, OGS) 

186.9 meters 
(Russell, GSC) 

Billings Intracontinental 
shelf 
environment, 
below storm 
wave base 
(reducing 
environment). 
Clastics 
derived from 
Appalachain 
orogeny. 

Dark brown to 
black shale, with 
thin limestone 
laminations 
(lower part), and 
siltstone 
interbeds (upper 
bed) 

62.0 meters 23.3+ meters 
(Ottawa, OGS) 

62.0 meters 
(Russell, GSC) 

Lindsay (UM) 
(formerly 
Eastview Fm.) 

Intracontinental 
shelf 
environment 
(low energy) 

Calcareous 
shale and 
sublithic to fine 
crystalline 
limestone 

10.8 meters 5.3 meters 
(Ottawa, OGS) 

10.8 meters 
(Russell, GSC) 

Lindsay (LM) Intracontinental 
shelf 
environment 
(high energy) 

Limestone with 
undulating shale 
partings and 
calcareous shale 
interbeds 

21.9 meters 19.7 meters 
(Ottawa, OGS) 

24.6+ meters 
(Hawkesbury, 
MOE) 
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Formation Depositional 
Environment 

Lithology 
(dominant) 

Russell Well 
(RU-24- GSC 
2004) 

Minimum 
Thickness 
Recorded in 
Area 

Maximum 
Thickness 
Recorded in 
Area 

Verulam Intracontinental 
shelf 
environment 
(low energy for 
finely 
crystalline beds 
and high 
energy for 
coarse 
crystalling 
beds) 

Thinly to medium 
bedded 
limestone with 
calcareous shale 
interbeds 

39.7 meters 32.0 meters 
(Ottawa, OGS) 

65.4 meters 
(Hawkesbury, 
MOE) 

Bobcaygeon Intracontinental 
shelf 
environment 
(low energy for 
finely 
crystalline beds 
and high 
energy for 
coarse 
crystalling 
beds) 

Limestone with 
shaley partings 

83.3 meters 51.2 meters 
(Hawkesbury, 
MOE) 

87.3 meters 
(Ottawa, GSC) 

Gull River Periodically 
exposed 
nearshore 
environment 

Carbonate rocks 
– interbedded 
limestone and 
silty dolostone 
with minor quartz 
sandstone 

71.4 meters 42.1 meters 
(Hawkesbury, 
MOE) 

71.4 meters 
(Russell, GSC) 

Shaddow Lake Periodically 
exposed 
nearshore 
environment 

Silty to sandy 
dolostone and 
dolomitic 
siltstone with 
calcareous 
quartz sandstone 

2.8 meters 2.5 meters 
(Ottawa, GSC) 

2.8 meters 
(Russell, GSC) 

Rockliffe Supratidal to 
subtidal 
intracontinental 
shelf 
environment 
with periodic 
exposure 
events 

Interbedded 
quartz sandstone 
and shale, 
desiccation 
cracks often 
present 

47.9 meters 52.1 meters 
(Ottawa, GSC) 

124.9 meters 
(Hawkesbury, 
MOE) 

Oxford Supratidal to 
intertidal 
hypersaline 
environment 

Dolostone with 
subordinate 
shaly and sandy 
interbeds 

102.1 meters 62.2 meters 
(Ottawa, GSC) 

197.5 meters 
(Alexandria, 
GSC) 
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Formation Depositional 
Environment 

Lithology 
(dominant) 

Russell Well 
(RU-24- GSC 
2004) 

Minimum 
Thickness 
Recorded in 
Area 

Maximum 
Thickness 
Recorded in 
Area 

March Supratidal to 
subtidal marine 
environment 

Interbedded 
quartz 
sandstone, 
dolomitic 
quartzite 
sandstone, 
sandy dolostone 
and dolostone 

20.1 meters 16.2 meters 
(South 
Gloucester, 
MTO) 

63.7 meters 
(Alexandria, 
GSC) 

Nepean Marine facies, 
lower intertidal 
to subtidal 
deposition of 
weathered 
Precambrian 
sediment 

Interbedded 
quartz sandstone 
and 
conglomerate 

159.3+ meters 3.4 meters 
(Brockville, 
MTO) 

309.4+ 
(Alexandria, 
GSC) 

Precambrian 
basement rock 

Orogenic 
tectonism of 
continental 
plate 

Undifferentiated, 
highly deformed 
metasedimentary 
gneisses and 
quartzites which 
have been 
intruded by felsic 
plutonic rocks 

   

 

Although the Paleozoic sedimentary units are generally flat lying, considerable faulting 

has resulted in a complex and irregular vertical stacking of units. Figure 5: GSC Cross 

Section C-D through South Nation Basin (GSC, 2004), shows a cross-section through 

South Nation Basin running from East Ottawa to Morrisburg.   
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Figure 5: GSC Cross Section C-D through South Nation Basin (GSC, 2004) 
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Exposures of bedrock are not common in the watershed; they occur mainly in the western 

and southwestern parts of the basin and in the bottom of river valleys. Bedrock is exposed 

at surface over less then 1% of the study area as illustrated in Map 13: Surficial Geology. 

In most areas, unconsolidated overburden deposits cover the bedrock with thicknesses 

ranging from less than 10 m in the southern portion of the study area to more than 50 m 

in the north eastern and central regions (Map 14: Overburden Thickness). 

 

Bedrock surface topography is illustrated in Map 15: Bedrock Topography, this map 

reveals that the Paleozoic sedimentary formations are generally flay lying with bedrock 

elevation ranging from 40 to 120 m above sea level. The Paleozoic sedimentary 

formations dip at low angles and are all of relatively equal resistance to erosion.   

 

3.3.3.1 Bedrock Faults 

Several east-southeast trending, steeply-dipping, normal faults transect the region with a 

total vertical displacement of about 1100 m as illustrated in Map 12: Bedrock Formations 

and Faults. In the southern parts of the study area the faults have a different orientation, 

more often running northwest to southeast. Note that this map depicts only faults that 

have at least 15 m of vertical displacement and many of the lines represent a number of 

closely spaced faults. Faults zones in the area are generally intensely fractured, 

commonly 5 to 20 m wide and form linear negative relief features on the bedrock surface.   

 

The extensive networks of faulting in the region are potentially zones of high water 

transmissivity since fault zones are kilometers to tens of kilometers long and very deep, 

with their origin well into the basement rock. Additionally, fault zones may play a role in 

interrupting the direction of groundwater flow between more transmissive formations (i.e. 

the Nepean Sandstone) when these formations are interrupted by displacement of the unit 

along the fault. 

 

There are not many MOE Well Records completed in faults making it difficult to 

evaluate the importance of these features with regards to channelling groundwater flow.    

 

3.3.3.2 Bedrock Valleys 

The position and function of present-day rivers are strongly influenced by historic 

bedrock valley systems and reflected in bedrock surface topography as illustrated in Map 

15: Bedrock Topography and Interpreted Bedrock Valley Center Lines. A number of 

northeast and north trending bedrock valleys are present which contain rivers including 

the Rideau River and South Nation River. Overburden thickness is greatest in the broad 

bedrock valleys where it is typically 30 to 40 m thick, but up to 70 m in places.   

 

Due to their great depths, not many wells are completed within the bedrock valleys, 

making it difficult to determine whether they represent a significant groundwater flow 

system. Recent evidence suggests that deep groundwater flow within the bedrock valley 



 

Water Budget: Conceptual Understanding   
Version 1.1.0, October 2009  Page 31  

system may be important in transporting groundwater to the Ottawa and St. Lawrence 

Rivers.   

 

3.3.4 Overburden Geology 

The conceptual understanding of overburden geology in the SPR is detailed in WESA 

(2006b) and is summarized here. 

 

The overburden geology consists of unconsolidated Pleistocene and recent deposits. 

These deposits include: glacial deposits made up of tills and moraines deposited during 

the advance and retreat of the Laurentide Ice Sheet, glaciofluvial deposits produced by 

meltwater streams escaping from the glacier, shallow water (sand and gravel with minor 

silt and clay) and deep water (silt and clay) glaciomarine deposits, deltaic and fluvial 

deposits from early phases of the Ottawa River and recent alluvium, colluvium and 

organic deposits. A map of Quaternary geology is shown in Map 13: Surficial Geology; 

of particular significance are the Glengarry Till Plains in the southeast, the Winchester 

Clay Plains located in the central region, the Russell and Prescott Sand Plains to the 

north, the Edwardsburgh Sand Plains to the southwest, and the Lancaster Clay Plains to 

the east. 

 

Overburden thickness is illustrated in Map 14: Overburden Thickness; the overburden 

generally ranges in thickness from less than 10 m to greater than 50 m. Significant 

thickness of overburden occurs within the Prescott and Russell Sand Plains where the 

thickness is generally greater than 30 m and along the St. Lawrence River where the 

thickness of the overburden increases to more than 35 m.   

 

The development of a regional three-dimensional geologic model for the overburden is 

detailed in WESA (2006b). The model was further updated during summer 2007 based 

on new information and a new conceptualization provided by the Geological Survey of 

Canada (GSC) (new conceptualization is presently undocumented). The construction of 

the updated regional three-dimensional model for the SPR is documented in Wigston et 

al., 2007; it is based on a basin analysis approach developed by the GSC to model the 

complex geology of the Oak Ridges Moraine – Greater Toronto Area (Logan et al, 2001, 

2005, 2006). Ten distinct overburden units are mapped in the SPR based on the OGS 

(2003), and one additional unit has been added based on a new conceptual geologic 

model developed by the GSC (lower sediment). For the purposes of the development of 

the regional geologic model, the overburden units have been simplified into 6 units, plus 

bedrock, which make up the stratigraphic framework. The framework units used to 

develop the 3D geologic model of the overburden are listed within Table 11: 

Stratigraphic Framework used in Developing 3D Conceptual Geologic Model, after 

Wigston et al., 2007. The WESA framework units are related to the Ontario Geologic 

Survey (OGS) Surficial Geology Map Units (map unit numbers are in parentheses) (Map 

13: Surficial Geology).   
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Table 11: Stratigraphic Framework used in Developing 3D Conceptual Geologic Model, after 

Wigston et al., 2007 

WESA Framework Unit OGS (2003) Surficial Geology 
Map Unit Name (Unit Number) 

OGS (2003) Unit Lithology 
Description 

Recent deposits Man-made deposits (21) Fill, sewage lagoon, landfill, urban 
development 

Organic deposits (20) Peat, muck, marl 

Modern alluvial deposits (19) Clay, silt, sand, gravel, may 
contain organic remains 

Colluvial deposits (18) Boulders, scree, talus, 
undifferentiated landslide 
materials 

Older alluvial deposits (12) Clay, silt, sand, gravel, may 
contain organic remains 

Coarse-textured glaciomarine 
deposits (CTG) 

Coarse-textured glaciomarine 
deposits (11a, b, c) 

Sand, gravel, minor silt and clay 

Fine-textured glaciomarine 
deposits (FTG) 

Fine-textured glaciomarine 
deposits (10) 

Silt and clay, minor sand and 
gravel 

Glaciofluvial deposits Glaciofluvial deposits (7) Sand and gravel 

Ice-contact stratified drift deposits 
(6) 

Sand and gravel, minor silt , clay 
and till 

Till deposits Till deposits (5b – no other till 
type mapped in study area) 

Stone-poor, sandy to silty sand-
textured till on Paleozoic terrain 

Lower sediment None – not mapped None – not mapped 
 
(based on GSC description: sand, 
gravel, silt with minor clay and 
clay diamicton) 

Paleozoic bedrock Paleozoic bedrock Sandstone, siltstone, shale, 
limestone, dolostone 

 

Cross sections and a semi-automated query were used to produce regional 3D geologic 

isopach layers for six of the framework units: lower sediment, till, glaciofluvial deposits, 

fine-textured glaciomarine deposits, coarse-textured glacial marine deposits, and recent 

deposits. A series of isopach maps for these geologic units are shown in Maps 17a to 17f.   

 

3.3.4.1 Glaciofluvial Deposits (Esker and Subglacial Fan Deposits) 

Key physiographic features within the SPR are the esker and outwash fan deposits. The 

distribution of these glaciofluvial deposits are shown in Map 18: Esker Distribution as 

mapped by Gorrell (1991). The esker and fan deposits extend in a north-south orientation 

across the study area for a distance of greater than 30 km generally located in the western 

and central areas of the SPR. Although these coarse-grained deposits cover a limited 

aerial extent, they comprise a notable groundwater resource.  Presently, 8 municipal 

groundwater systems tap into this water source; including Vars, Limoges, Embrun, 

Marionville, Winchester, Chesterville, Crysler and Finch. 
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3.3.4.2 Till Deposits 

Till deposits generally overlie bedrock and underlie younger sediments across most of the 

SPR and for that reason require specific mention.  The regional extent of till is illustrated 

in Map 17b: Geologic Isopach Till.  Regionally, till deposits generally thicken towards 

areas of decreased bedrock surface elevations and thin and sometimes disappear in areas 

of higher bedrock surface elevation. Across the SPR the till layer has a varying 

composition of clay, silt, sand and gravel.  This characteristic of the till has important 

consequences to modeling groundwater flow within the study area.  Where the till is 

gravel-rich throughout its depth, it is more likely to be permeable and where the gravel-

rich tills are exposed at surface or overlain by younger permeable material, it can 

represent an area of potential groundwater recharge.  Conversely, in regions where the 

surface till matrix is known to be clay-rich it will have greater run-off potential on a 

regional basis. 

 

3.3.5 Physiography 

Eight separate physiographic regions have been identified by Chapman and Putnam 

(1984) within the SPR. The physiographic units identify regions with distinct and unique 

plains, flats, highlands and fields. The extents of physiographic regions are shown in Map 

9: Physiographic Units. Through the development of the overburden geologic model 

(WESA, 2006b), geologic terrains were identified based on physiographic units.  Only 

six geologic terrains were used to characterize the region. The North Gower Drumlin 

Field was incorporated into the Winchester Clay Plain and Edwardsburg Sand Plain as it 

contained overburden deposits that were common to both and was not geologically 

distinct enough to warrant its own description. The Smith’s Falls Limestone Plain was 

incorporated into the Edwardsburg Sand Plain as it contained similar overburden deposits 

and only covered a minor area of the SPR. The six geologic terrains used in the 

development of the overburden geologic model are described below. 

  

3.3.5.1 Ottawa Valley Clay Plains 

The Ottawa Valley Clay Plains are bounded to the north by the Ottawa River and to the 

south by the Prescott and Russell Sand Plains. Topographic elevation is lower in this 

physiographic unit then those in the rest of the region and is generally flat with the land 

sloping slightly to the center of the unit and towards the Ottawa River. The clay plains 

are dominated by fine-textured glaciomarine sediments deposited in the Champlain Sea, 

and bedrock outcrops, deltaic, colluvial and organic deposits are not uncommon within 

this unit.   

 

The Ottawa Valley Clay Plains are underlain by most members of the bedrock 

stratigraphic column. The southern section of the terrain unit is dominated by the shales 

and shaley limestones of the Billings-Carlsbad-Queenston Unit. The nature of this 

bedrock type and the confining clays of the surficial materials found over most of this 

area suggest that recharge to shallow bedrock is minimal within this part of the study area 
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and the dominant force of water flow would be run-off to low relief areas and river 

systems. To the north the terrain is underlain by the older rocks of the stratigraphic 

column (Ottawa Group, Rockcliffe, Oxford, March, Nepean and Precambrian rocks). 

These bedrock units are good conduits of lateral groundwater flow.   

 

3.3.5.2 Prescott and Russell Sand Plain 

The Prescott and Russell Sand Plains extends east-west across the SPR and is bounded to 

the north by the Ottawa Clay Plains and to the south by the Winchester Clay Plain and 

Glengarry Till Plain. Three lobes of the Prescott and Russell Sand Plain are contained 

within the Ottawa Valley Clay Plains.  Elevation in this unit typically slopes towards the 

northeast. Coarse deltaic deposits dominate the Prescott and Russell Sand Plain. 

 

To the far northeast of this terrain unit the area is underlain by the Ottawa Group and the 

Rockliffe, Oxford and March formations. The three lobes of deltaic sands found within 

the Ottawa Valley Clay plains to the north are underlain by the Lindsay (UM) Formation. 

The underlying fine textured glaciomarine sediments likely minimize infiltration to the 

shallow bedrock and contribute to greater run-off from these topographic highs toward 

the lowlands containing ancient river channels.  

 

3.3.5.3 Winchester Clay Plain 

The central part of the study area is dominated by the generally flat Winchester Clay 

Plain.  The clay plain is bounded to the north by the Prescott and Russell Sand Plain, to 

the west by the Edwardsburg Sand Plain and to the south and east by the Glengarry Till 

Plain. The Winchester Clay Plain is topographically low with the surface sloping slightly 

towards the center and to the north of the region. The unit is dominated by fine-textured 

glaciomarine deposits with till protruding through the clay cover in many places as low 

drumlins fields. 

 

The Winchester Clay Plain is underlain by the Oxford Formation limestone to the west 

and southwest; to the north and eastward the softer interbedded shale formations of the 

Ottawa Group (Gull River, Lindsay, Queenston, Carlsbad and Billings) become more 

dominant within this terrain unit. Due to the low permeability of the overlying materials 

run-off to surface water features such as streams and rivers as well as low lying wetlands, 

is prominent in this area. 

 

3.3.5.4 Glengarry Till Plain 

The Glengarry Till Plain occupies much of a triangular area bounded by Winchester Clay 

Plain and Prescott and Russell Sand Plain to the north and northwest, the Quebec border 

to the east and the St. Lawrence River and the Lancaster Clay Plain to the south. The 

Glengarry Till Plain is topographically high compared to the surrounding physiographic 

units, with a broad northeast-southwest trending ridge located in this unit. The landscape 

is generally undulating to rolling with well-formed drumlins and till ridges.  The 



 

Water Budget: Conceptual Understanding   
Version 1.1.0, October 2009  Page 35  

Glengarry Till Plain is dominated by till and organic deposits, with fine-textured 

glaciomarine deposits in the northeast. 

 

The terrain is underlain predominantly by the shaley limestone bedrock of the Ottawa 

Group (Gull River, Bobcaygeon, Verulam and Lindsay) in the central part of the terrain 

unit and in the far southwest the limestones of the Oxford and Rockcliffe Formations 

underlie this area. In the far northeast part of the terrain the washed tills lie over the more 

permeable sandstone/limestone and sandstones of the Oxford, March and Nepean 

Formations and could represent a recharge area.  

 

3.3.5.5 Lancaster Clay Plain 

The Lancaster Clay Plain is located in the eastern portion of the Raisin River watershed 

and is bounded to the north and west by the Glengarry Till Plain, to the east by the 

Quebec border and to the south by the St. Lawrence River. The unit is topographically 

low, is generally flat with minor relief sloping to the north towards the St. Lawrence 

River. The Lancaster Clay Plain is dominated by fine-textured glaciomarine deposits and 

deltaic deposits with common organic and till deposits. 

 

The Lancaster Clay Plain is underlain by the Rockcliffe and Ottawa Group Formations. 

These units most likely receive recharge from those areas in the west and central part of 

the terrain unit where the deltaic sands and washed tills are exposed at surface. Farther 

east fine-textured glaciomarine sediments contribute to greater run-off towards the lower 

topographic areas along the St. Lawrence River. 

 

3.3.5.6 Edwardsburg Sand Plain 

The Edwardsburg sand plain lies to the south of the SPR; it is bounded to the east by the 

Winchester Clay Plain, to the south by the St. Lawrence River and to the west by the 

Smith’s Falls Limestone Plain within the Rideau Valley Conservation Authority’s 

jurisdiction.  The Edwardsburg Sand Plain is topographically high compared to the 

physiographic units to the east and the land surface slopes towards the northeast with a 

gently undulating topography and common drumlin fields where till protrudes to the 

surface.  The unit is dominated by coarse-textured glaciomarine (foreshore and basinal) 

deposits, with common bedrock outcrops, till, fine-textured glaciomarine, littoral and 

organic deposits. 

 

The Edwardsburgh Sand Plain is entirely underlain by the Oxford Formation Limestone, 

however, the March sandstone/limestone Formation and Nepean Sandstone lie just below 

the limestone and outcrops just to the west of the SWP boundary.  Given the permeable 

nature of the course-textured glaciomarine sediments and the sandy till in this area 

recharge may be significant to overburden and bedrock systems. 
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3.4 Groundwater and Hydrogeology   

On a regional scale, southeastern Ontario has an abundance of waterbearing formations 

both in the bedrock and overburden: some formations are highly permeable (aquifers) and 

others do not easily yield their water content (aquitards). The following section describes 

the hydrogeologic conditions in the SPR. 

 

3.4.1 Data Summary 

A conceptual hydrogeological model for the SPR was developed by WESA (2006b). This 

conceptual model was borne from a comprehensive literature review and GIS analyses.  

Hydrogeological data including geophysical information, aquifer hydraulic test data, 

modelling results and water level information were extracted from a number of 

consulting and scientific reports. These data were used to determine aquifer properties 

and groundwater flow characteristics and conditions. Hydrogeological data from the 

MOE Water Well database (static water levels, elevation of water found, and lithology at 

well screen) were used to establish waterbearing units, regional potentiometric surface 

and direction of vertical hydraulic gradients.    

 

Reliable hydrogeological data with good spatial coverage are required across the SPR to 

fully characterize the regional hydrogeologic setting. Several data gaps have been 

identified across the region.  Within the northeast region of SNC, there are a minimal 

number of wells and therefore there is limited hydrogeological data. There is sparse 

hydrogeological information in the Raisin Region, particularly in the vicinity of 

Alexandria. There is limited information regarding the spatial extent and hydrogeologic 

characteristics of the esker and fan deposits, which are a major source of municipal water 

supply. There is very sparse data for the deeper bedrock, and particularly the Nepean 

Sandstone. For modelling purposes, there is a lack of hydraulic head data for the deeper 

bedrock units; most hydraulic head data from deeper boreholes is blended with shallower 

groundwater units given that majority of domestic wells are open boreholes. 

 

There are 26 Provincial Groundwater Monitoring Network (PGMN) stations within the 

SPR.  Groundwater elevation data are recorded automatically at these stations, the 

program was initiated between 2000 and 2001. These data were not incorporated into the 

generation of the potentiometric surfaces used in the current analysis since the data is 

sparse and is still undergoing reliability verification. 

 

3.4.2 Hydrogeology 

3.4.2.1 Bedrock Hydrogeology 

The MOE Well Records offer a wealth of information about the water bearing ability of 

bedrock formations found in the study area. Using the information in this database the 

MOE produced, “Hydrogeology of Ontario Series (Report 1)” (Singer et al., 2003). This 
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report identifies a number of bedrock aquifers exploited within southeastern Ontario and 

rates these units on their water-yielding capabilities and quality, these are: 

 

 Precambrian (close to surface), poor producer, poor quality; 

 Nepean- March-Oxford Unit, excellent to good producer, good quality; 

 Rockcliffe Unit, poor producer, fair quality; 

 Ottawa Group Unit (Gull River, Bobcaygeon, Verulam and Lindsay), good 

producer, fair quality; 

 Billings-Carlsbad-Queenston Unit, poor producer, inferior quality. 

 

The Precambrian unit is a poor water-yielding formation and is only exploited in the 

absence of other units, most often just outside the far southwestern region of the study 

area within the RVCA watershed, where the Precambrian rock outcrops or is just below 

the ground surface. 

 

The Nepean-March-Oxford unit, the Rockcliffe unit and the Ottawa Group are widely 

exploited across the study area for private, commercial, institutional and municipal use. 

The RRCA is underlain by Rockcliffe and Ottawa Group hydrogeological units. 

Approximately 88% (Singer et al., 2003) of the wells drilled in the RRCA extract water 

from these bedrock aquifer systems.   

 

The Billings-Carlsbad-Queenston unit is exploited where an adequate alternative supply 

cannot be found and/or where the other units occur at impractical depths. The minimal 

number of well points in the Prescott-Russell sand plains, that overly the bedrock of the 

Billings, Carlsbad and Queenston in the northern end of the study area, is an indication of 

the low to fair producing capability and potability of this aquifer unit.  Water consumers 

in these areas tend to exploit the overburden aquifer (dug wells) rather than the bedrock 

aquifer.  Dug wells are not reportable to the MOE and there is an apparent data gap for 

this area.  Approximately 83% of wells drilled in the South Nation watershed, and 

reported in the MOE well records, are bedrock wells. 

 

3.4.2.2 Overburden Hydrogeology 

In eastern Ontario, an overburden mantle of unconsolidated Quaternary sediments covers 

the bedrock.  Due to the limited thickness and areal extent the dependence on an 

overburden deposit (sand and/or gravel) for water supply in this area is limited to a few 

areas of thick cover such as esker deposits. The importance of the overburden as a water 

supply material is most noticeable in the overburden/shallow bedrock contact zone. The 

basal granular material plays a key role in availability of adequate amounts of water at 

the bedrock interface.   

 

The following sections contain a summary of the known overburden aquifers for each of 

the conservation authorities within the study area taken from the MOE report (Singer et 

al., 2003). 
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3.4.2.3 Raisin Region Conservation Authority 

Approximately 12% of MOE wells drilled in the RRCA are overburden wells. Most of 

the overburden deposits are of limited thickness and consist of fluvial and marine 

deposits of silt and clay. However a basal gravel deposit has been identified as a good 

source of water along the north shore of the St. Lawrence River, between the Quebec 

border and the City of Cornwall. This is known as the Lancaster-Cornwall Aquifer and is 

used by private well owners. There are no municipal well supplies within this aquifer 

system; most municipally-owned systems in this area are surface water systems (St. 

Lawrence River). The exceptions are small residential and commercial communal 

systems in the communities of Glen Robertson, Redwood Estates, and Osnabruck Center. 

 

3.4.2.4 South Nation Conservation 

Within SNC 11% of the MOE drilled well records indicate the use of an overburden 

aquifer.  In contrast to the RRCA, the SNC area has a number of highly permeable buried 

glacial deposits, glaciofluvial complexes and extensive deltaic sand deposits which 

produce good yields of groundwater. A number of large municipal communal systems 

exist in this area. A list of identified surficial aquifer complexes was given by Singer et al 

(2003) based on the work by Chin et al. (1980), these are: 

 

 Champlain Aquifer, a deltaic coarse-grained glaciomarine deposit, located within 

the Prescott-Russell Sand Plain geological terrain, which is exploited mostly by 

unreported shallow dug wells for domestic private supplies. 

 Rideau Front Aquifer, a large glaciofluvial aquifer system that is located along the 

western boundary of SNC, which extends into the RVCA watershed. Other 

glaciofluvial sources of groundwater briefly mentioned are Berwick and Maple 

Ridge. It is interesting to note that the valuable eskers complexes are not 

emphasized in this literature. 

 A series of small buried glacial sand, and sand and gravel deposits, buried beneath 

confining layers of glaciomarine fine grained sediments (clays deposits), which 

include: 

o Rockland Aquifer 

o Plantagenet Aquifer 

o Clarence Creek Aquifer 

o Sarsfield Aquifer 

o Notre Dame Aquifer 

o Bourget Aquifer 

 Central South Nation Aquifer Complex (eastern extent) which covers a large area 

just south of the Champlain Aquifer, within the Winchester Clay plain geological 

terrain between St. Isidore de Prescott and the western boundary of the CA. This 

complex consists of coarse-textured sediments resting on bedrock and confined by 

fine textured glaciomarine and till deposits. The system is discontinuous, 
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interrupted by bedrock outcrops.  In the western sections of the deposit the 

confining layers recede and the coarse-textured sediments are unconfined. 

 

3.4.2.5 Overburden Hydrostratigraphic Framework 

In the WESA (2006a) report a conceptual hydrostratigraphic framework was put forth for 

the SPR: 

 

 Shallow Surficial Aquifers 

o Shallow Glacial Outwash aquifers 

o Surface exposures of Esker/Fan Deposits 

 Champlain Sea Clay Aquitards 

 Till Aquitards 

 Bedrock Valley/Basal Sand Aquifer Systems 

 Contact Zone Aquifers 

 Fault System Aquifers 

 Deep Bedrock Aquifers 

 

An investigation of hydrogeological parameters is included in WESA (2006b). 

Hydrogeological data from consultant reports were collected and analyzed, a summary 

table of representative hydraulic conductivity is provided in Table 12: Representative 

Hydraulic Properties by Stratigraphic Unit, from WESA (2006b). Based on the WESA 

(2006b) analysis, data points were sparse; the best represented stratigraphic units were 

the alluvial and coarse textured glaciomarine sediments, glaciofluvial sediments and fine 

textured glaciomarine sediments. This spatial distribution is a reflection of water supply, 

landfill and sewage system studies across the region where the majority of 

hydrogeological data is available. The remaining data points came from the till, contact 

zone and bedrock units. Additional data collection will focus on expanding this database 

to develop a more regional picture. 

 

Table 12: Representative Hydraulic Properties by Stratigraphic Unit 

Hydrostratigraphic 
Unit 

Geometric Mean of 
Hydraulic Conductivity 
from database (cm/s) 

Hydraulic Conductivity 
from Literature*  
(cm/s) 

Transmissivity from 
Literature 
(l/d/m) 

Organics 
 

- 1. x 10
–3

 
(1)

 (Mean)  

Colluvial 
 

- Nature of deposits are 
too heterogeneous to 
assign a value. No Local 
literature found. 

 

Ancient Alluvial and 
Coarse-Textured 
Glaciomarine Aquifer 

 
7.74x 10

–4 
  

Fine-Textured 
Glaciomarine Aquitard 

8.8 x 10
–5
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Hydrostratigraphic 
Unit 

Geometric Mean of 
Hydraulic Conductivity 
from database (cm/s) 

Hydraulic Conductivity 
from Literature*  
(cm/s) 

Transmissivity from 
Literature 
(l/d/m) 

Glaciofluvial Aquifer 
 

1.0 x 10
–1

   

Till Aquitard 
 

1.0 x 10
–6  (5)

 1.0 x 10
–6

to 1. x 10
–12

 
(2)

  

Gravel Till/Bedrock 
Contact Zone Aquifer 

1.2 x 10
–2

  
(5)

  
 

 

Queenston, Carlsbad, 
Billings Formations 
(predominantly shale) 

- 1.0 x 10
–7

to 1. x 10
–11

 
(2)

 3,432
(3)

 

Lindsay Formation, 
Upper (limestone with 
shale) 

- 1.0 x 10
–5

to 1. x 10
–9

 
(2)

 343,000 to 358,000
(3)

 

Lindsay Formation, 
Lower (limestone with 
shale) 

1.1 x 10
–2

  
(5)

  343,000 to 358,000
(3)

 

Verulam, Bobcaygeon 
Formation 
(predominantly 
limestone with shale 
parting) 

- 1.0 x 10
–4

to 1.0 x 10
–7

 
(2)

 343,000 to 358,000
(3)

 

Gull River Formation 
(limestone with 
sandstone) 

- 1.0 x 10
–4

to 1.0 x 10
–7

 
(2)

 298,000 to 492,000
(3)

 

Rockcliffe (Sandstone 
and shale) 

- 1.0 x 10
–6

to 1.0 x 10
–9

 
(2)

 16,400
(3)

 

Oxford Formation 
(limestone) 
 

1.3 x 10
–2   (5)

  298,000 to 492,000
(3)

 

March Formation 
(sandstone/limestone) 

5.0 x 10
–2

  1,342,000 to 62,700
(3)

 

Nepean Formation 
(sandstone) 

2.3 x 10
–2

  3,880,000 to 202,929
(3)

 

Notes:   1) Porter (1996) (high quality rating);  
             2) Freeze and Cherry (1979);  
             3) Mclaren, Plansearch, Lavalin (1982); 
             4) Less than 5 data points. 

 

From the analysis of hydrogeologic properties, WESA (2006b) noted several key 

deductions:   

 

1. There is a large range in hydraulic conductivity values for the shallow glacial 

outwash aquifers and surficial aquifers, indicating that this hydrostratigraphic unit 

is notably heterogeneous. In general there appears to be different values between 

physiographic terrains (i.e. lower values in the silt-rich alluvial sands in Prescott-

Russell sand plains and higher in glaciomarine sands above glaciomarine clays of 

the Winchester clay plains).   
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2. Hydrogeological properties measured from within the Champlain Sea clay 

aquitard are relatively lower than other stratigraphic areas.  However, there are 

windows in this aquitard where bedrock highs, glaciofluvial sediments or basal till 

occur at the surface; these areas have greater potential of receiving recharge from 

the surface. 

 

3. The contact zone aquifer includes the contact region between the basal 

overburden unit and the upper bedrock unit. The analysis of hydrogeologic 

parameters indicated that the contact zone between till and shale bedrock is more 

permeable by an order of magnitude where till overlies limestone/shale bedrock, 

as based on a small sample size of data points. 

 

4. Hydrogeological data from wells within the bedrock fault system show no 

apparent correlation. This suggests that these features are not important as 

regional groundwater channels or that insufficient information exists to make a 

conclusive statement. The same observation applies to data within bedrock valley 

systems; data are insufficient to confirm or deny the existence or potential 

significance of bedrock valleys in terms of the regional flow system. 

 

In addition to the four points listed above, a few general statements about regional 

hydrogeology should be noted: 

 

1. The Nepean sandstone is a significant aquifer in the northwest and southwest of 

the SPR. This bedrock formation extends into the RVCA jurisdiction near the 

ground surface. This aquifer is highly productive and is the supply of water to 

several municipalities and private communities. 

 

2. In general, there is a lack of information on the deeper bedrock units. This causes 

a significant data gap in our understanding of regional groundwater flow. 

However, the deep bedrock zone is currently of lower importance as it is rarely 

tapped for water resources. 

 

3.4.3 Groundwater Monitoring 

The availability of groundwater monitoring data for the SPR is limited. The Provincial 

Groundwater Monitoring Network (PGMN) was designed to be a source of regional 

groundwater quality data in the province. The PGMN was initiated in 2000/2001 

mirroring the successful partnership structure of the PWQMN (Provincial Water Quality 

Monitoring Network). In addition to the PGMN wells used to monitor trends in water 

quality, they also monitor changes in static water elevation. Dedicated data loggers at 

PGMN wells have been recording hourly static water levels since 2003. A total of 26 

monitoring wells exist across the SPR; 14 wells within South Nation watershed, 10 wells 

within the RRCA jurisdiction and 3 wells within aquifers outside either CA’s jurisdiction 
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(Map 19: Provincial Groundwater Monitoring Network and Groundwater Well 

Locations). 

 

The value of the PGMN data is limited based on their spatial distribution and brief length 

of historical records. Map 19 shows that the three-year average static water levels at these 

locations support the groundwater potentiometric surface maps and general flow 

directions described in Section 3.4.4. 

 

Across the SPR several areas are without any groundwater monitoring wells. The PGMN 

monitoring data will be supplemented with groundwater monitoring data from other 

sources, especially around the municipal water supplies to support the Tier 1 Water 

Budget and any additional Tiers if required. 

 

3.4.4 Groundwater Flow Direction 

An analysis of regional groundwater flow in the SPR was carried out in the WESA 

(2006b) report and is summarized and discussed in this section.   

 

Potentiometric surfaces for four different subsurface units were assessed in order to 

investigate regional groundwater flow. Potentiometric surfaces were created using water 

levels recorded in subsets of wells from the MOE wells database including:  

 

1. the overburden (1036 data points);  

2. the shallow bedrock: depths up to 15 m into the bedrock (9820 data points);  

3. the intermediate bedrock: depths from 15 to 30 m below the bedrock surface 

(3622 data points); and 

4. the deeper bedrock: depths greater than 30 m below the bedrock surface (1939 

data points).   

 

The distribution of wells completed in the four geologic horizons is illustrated in Maps 

20a – 20d. The majority of wells were installed in the shallow bedrock and the least 

number of wells was installed in the overburden, although there may be a strong 

connection between the overburden and the shallow bedrock depending on how shallow 

bedrock wells were constructed. As a point of discussion of the WESA (2006b) report, in 

view of the quality of the data, and considering that most bedrock wells are completed as 

open bore holes, and that water levels are from different periods, it is difficult to justify 

the separation of the water level data into the above four categories. This observation is 

supported by the fact that the intermediate and deep piezometric surfaces are very close 

to each other, well within their error margins. Further work should consider merging the 

overburden data (taking care to exclude wells that are taping the phreatic aquifer) with 

the shallow bedrock wells into a single data set to produce a “shallow semi-confined 

piezometric surface”; and likewise merging the intermediate and deep bedrock 

information to produce a single layer to produce a “bedrock piezometric surface”. The 

water table elevation can be estimated from the very shallow wells, the elevations of 
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surface water bodies and, where data are sparse, by the an empirical function based on 

the ground surface elevation and proximity to surface water bodies. Notwithstanding this 

discussion for further work, the WESA (2006b) report does make a number of very valid 

observations about the regional flow systems, which are summarized below. 

 

The direction of groundwater flow within the overburden is shown on a regional scale in 

Map 21: Overburden Potentiometric Surface with Direction of Groundwater Flow. The 

potentiometric surface for the overburden was constructed using the surface water 

elevations as well as water levels of wells completed in the overburden. As expected, 

shallow groundwater flows toward the surface water network in most cases. This 

contoured surface shows the convergence of groundwater flow within SNC. It appears 

that the watershed boundary delimits the boundary of shallow groundwater flow in most 

areas. Groundwater elevations are highest to the west, along the boundary with the 

RVCA, and to the south and southeast along the boundary with the between the SNC and 

RRCA watersheds.   

 

The direction of groundwater flow in SNC generally converges toward the South Nation 

River. To the northeast there is some divergence of groundwater flow away from the 

trace of the South Nation River; this occurs in the vicinity of Bourget, and farther to the 

northeast towards Hawkesbury. As shown in Map 16: Bedrock Topography and 

Interpreted Bedrock Valley Center Lines, there are buried bedrock valleys in these areas 

and the direction of groundwater flow appears to follow the traces of the bedrock valleys. 

Along the northern boundary of the SNC there appears to be a groundwater divide 

effectively containing shallow groundwater flow within the CA boundary.   

 

Important groundwater resources within Eastern Ontario are the coarse-grained esker and 

fan complexes. The approximate location of mapped eskers is shown in Map 18: Esker 

Distribution.  Even though there are a number of wells completed within these esker 

deposits, their signature is not recognizable on the potentiometric surface shown in Map 

21: Overburden Potentiometric Surface with Direction of Groundwater Flow. This is 

attributed to the relatively few wells completed in the overburden (and even less 

completed within the eskers) and the fact that the surface watercourses dominate the 

contouring of the potentiometric surface. Generally groundwater flow within the esker 

will be parallel to its length. When evaluating the direction of groundwater flow at a 

smaller scale in the vicinity of eskers, it is imperative that more detailed data be included 

to better characterize groundwater flow within and surrounding the esker and fan 

deposits. 

 

Within the RRCA, the direction of groundwater flow is generally from the northwest 

boundary of the CA toward the St. Lawrence River to the south. To the northwest, at the 

headwaters of the Raisin River, it is possible to observe the convergence of shallow 

groundwater flow toward the river system as it flows first to the southwest and then to the 

east. Shallow groundwater flow at the northeast boundary of the RRCA appears to flow 

toward the Quebec border. The horizontal hydraulic gradient in the southern part of the 

CA between Cornwall and Lancaster is relatively low.  
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The potentiometric surface of the shallow bedrock is expected to show a similar, yet 

more subdued surface as compared the potentiometric surface in the overburden. This is 

observed to be the case when comparing Map 21: Overburden Potentiometric Surface 

with Direction of Groundwater Flow and Map 22: Shallow Bedrock Potentiometric 

Surface with Direction of Groundwater Flow. The general direction of groundwater flow 

is similar within the overburden and the shallow bedrock. Of note is the similarity along 

the CA boundaries. There seems to be a strong divide between SNC and RRCA 

watersheds in both the shallow bedrock and in the overburden. There is one notable 

exception located north of SNC and south of Hawkesbury. In the overburden it appears 

there is a groundwater divide along this boundary; however, in the shallow bedrock it 

appears groundwater flows northeast across the SNC boundary towards Hawkesbury. It 

should be noted there are not many wells, either in the overburden or the shallow bedrock 

in this vicinity, and therefore these interpretations may be an artifact of data contouring. 

 

Maps 23: Potentiometric Surface in the Intermediate Bedrock and Map 24: 

Potentiometric Surface in the Deep Bedrock show the direction of groundwater flow 

within the intermediate (15 to 30 m below bedrock surface) and deep bedrock (greater 

than 30 m below the bedrock surface), as depicted by the potentiometric surfaces. These 

surfaces are very similar to the shallower potentiometric surface which indicates that 

horizontal flow is dominant within the bedrock zone.  It is important to note the clear 

divergence of flow between the SNC and RRCA at depth within the bedrock.  

 

Collaboration with the RVCA has included the estimation of possible flow through the 

Nepean Sandstone across the RVCA/SCN boundary. The RVCA has estimated a shallow 

gradient of 0.001 based on wells completed within 15 m below the bedrock surface in the 

vicinity of the RVCA/SCN boundary. An estimate of hydraulic conductivity for the 

Nepean sandstone is 1 x 10
-4

 m/s. The average thickness of the Nepean Formation is 

approximately 40 m. Therefore it is possible there could be an inflow of 4x10
-6

 m³/s (or 

126 m³/yr) per m length of the Nepean aquifer; where there is no hydraulic divide 

between the two Conservation Authorities.  Considering that there are approximately 40 

km of Nepean aquifer in the region, this is equivalent to 5x106 m³/yr of water entering 

the system from the neighboring Rideau system.  Since the Nepean is semi-confined near 

the RVCA/SNC boundary, and dips to the east, this water will escape upward through the 

top of the aquifer to the overlying formations in areas where the Nepean aquifer where it 

is in reasonable proximity to the ground surface. Further eastward, the Nepean aquifer 

becomes deeper and consequently the thickness of the confining layers increases, with a 

corresponding decrease of upward flux. The contribution of water from the RVCA must 

be further investigated and included in the overall water budget since it may constitute a 

significant amount of recharge to the contact zone aquifer. 

 

Based on the movement of groundwater determined from potentiometric surface maps, 

groundwater flows out of the SPR, over the Quebec border to the east. The 

interprovincial groundwater flow may be difficult to quantify for the regional water 

budget. Although water is exiting the groundwater system along this boundary, 
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estimation of groundwater outflow is necessary for the water budget and water quantity 

risk assessment. Water level data from Quebec could be used to augment the estimation 

of the groundwater flux. 

 

The potentiometric maps provide valuable information regarding general direction of 

groundwater flow on a regional scale within the different hydrostratigraphic units. As 

mentioned earlier, when considering groundwater flow within esker deposits or other 

local features, more detailed local data are required to better represent the hydrogeology.  

 

3.4.5 Groundwater Recharge and Discharge 

Groundwater recharge refers to the downward flux of water into an aquifer through its 

top boundary; whereas discharge refers to the upward flux of water leaving the aquifer.  

Recharge/discharge are essential components of the water budget calculation.  

 

In general, areas of high water levels (high water potential, or hydraulic head) in an 

aquifer correspond to recharge areas where groundwater flow is generally downwards 

into the aquifer; in unconfined aquifers these often are associated to topographic high 

areas.  Areas of low potential are generally discharge zones where groundwater flow is 

upwards towards surface water features such as streams. 

 

The conceptual understanding of groundwater recharge within the SPR can be 

summarized as follows.   

 

1. Groundwater enters the system through recharge areas, moves through the 

groundwater system and exits via areas of groundwater discharge.  Within the 

shallow flow regime, groundwater recharge and discharge occurs at a very local 

scale; recharge occurring within topographically higher regions, and discharge 

occurring tens of meters to a few kilometres farther down gradient in ditches or 

small streams. In eastern Ontario this process is often short-circuited by the 

interception of tile drains and directed immediately to the nearby surface 

watercourse. In instances where infiltrating water would reach the groundwater, 

this water may flow a short distance before discharging to a nearby surface 

watercourse.  

 

2. Of the water that recharges into the unconfined, overburden aquifer, most of the 

water stays within the upper aquifer and discharges locally into surface water 

bodies. A lesser volume of water moves through the confining layers (till and 

fine-textured marine sediments) and enters the confined/semi-confined deeper 

overburden deposits and the shallow bedrock interface (the contact zone aquifer). 

Within this deeper groundwater flow regime associated with contact zone aquifer, 

recharge occurs in areas where the overburden materials are generally permeable 

and are connected to the deeper system.   

 



 

Water Budget: Conceptual Understanding   
Version 1.1.0, October 2009  Page 46  

3. Within the SPR there are a number of regions with relatively thin overburden; 

these are located to the southwest in the Edwardsburg Sand Plain, in the central 

area within the Winchester Clay Plain, there are isolated areas along the western 

edge of the Prescott-Russell Sand Plains and to the northeast of the SPR. Of these 

regions, the greatest recharge to the contact zone aquifer would likely occur 

within the more permeable materials found within the Edwardsburg Sand Plains 

and the Prescott-Russell Sand Plains.   

 

4. On a regional scale, topographically higher terrain occurs along the outer edges of 

the respective CA boundaries, with the exception of the northeast boundary of 

South Nation, and the north and northeast boundaries of the RRCA (along the 

Ontario-Quebec border). It is expected that these topographically higher areas 

would act as groundwater recharge areas, on a regional scale. 

 

In order to estimate the general distribution and volume of groundwater recharge to the 

overburden and contact zone aquifers, a GIS analysis was conducted within the SPR. The 

methodology, assumptions, results, and limitations are presented below. 

 

By convention, the following terminology will be applied to this section: 

 Water surplus: the difference between precipitation and evapotranspiration 

 Runoff : synonymous with ‘fast runoff’, this is the water that moves to the surface 

water regime via direct runoff (overland flow) and interflow (lateral flow in the 

unsaturated zone above the water table) 

 Recharge (or Phreatic Recharge): the portion of water surplus that moves 

vertically through the unsaturated zone and reaches the water table, this includes 

‘slow runoff’ and recharge to the contact zone aquifer (or deep recharge) 

 Overburden Recharge: synonymous with ‘slow runoff’, this is the portion of 

overburden recharge that remains and travels within the unconfined aquifer and 

discharges to the surface water regime, this is equal to Recharge – Contact Zone 

Recharge 

 Contact Zone Recharge: synonymous with ‘deep recharge’, the portion of 

overburden recharge that moves through vertically into the confined or semi-

confined contact zone aquifer. 

 

Figure 6: Water Budget Flow Chart, is a simplified chart which outlines how the parts of 

the water budget relate to one another in terms of water budget calculations, using the 

terminology listed above.  In the simplified flow chart: water enters the system as 

precipitation.  A portion of precipitation exits the system as evapotranspiration, the 

remainder of the water is considered water surplus.  Water surplus either moves directly 

into the surface water regime as runoff (this term also includes interflow) or moves to the 

groundwater regime as recharge (this term includes all water that reaches the phreatic 

aquifer).  A portion of the total recharge moves deeper into the semi-confined contact 

zone aquifer (contact zone recharge) and the remaining recharge is considered 

overburden recharge.   
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Figure 6: Water Budget Flow Chart 

 
 

Note that a basic assessment of infiltration is included as part of the hydrology analysis in 

Section 3.5.9.  Infiltration is a hydrology term that is equivalent to the groundwater 

recharge (contact zone recharge) term shown as shown in the above figure. 

 

Section 4 describes the individual components of the water budget (as presented in the 

flow chart).  The overall water budget is presented in Section 4.3; this section also 

includes a description of the relationships between the components and the overall 

movement of water through the SPR and within the South Nation and Raisin River 

watersheds. 

 

3.4.5.1 Recharge to the Contact Zone Aquifer 

The distribution of recharge to the contact zone aquifer is controlled by the ability of the 

overlying materials to transmit water (hydraulic conductivity) and the vertical hydraulic 

gradient (the driving force). Groundwater recharge is quantified using the Darcy flux 

Precipitation 

Evapotranspiration Water Surplus 

Surface Water: 
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Recharge 
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equation, which incorporates the vertical hydraulic conductivity of the material overlying 

the aquifer and the vertical hydraulic gradient.  

 

Darcy flow equation: 

q = –K (∆h/∆l) 

 

Where q is flow velocity, K is hydraulic conductivity, h is the hydraulic head or potential 

(water level), l is the distance in the direction of flow, and ∆h/∆l is the vertical gradient 

between the overburden aquifer and the contact zone aquifer. The negative sign indicates 

that water moves down-gradient. 

Vertical Gradient to the Contact Zone Aquifer 

The vertical hydraulic gradient (∆h/∆l) can be approximated as follows: 

 

1. Determine (∆h) by subtracting the potentiometric surface of the shallow bedrock 

(contact zone aquifer) (Map 22) from the potentiometric surface of the 

overburden aquifer (Map 21)  

 

2. Divide by the distance between the overburden and the upper bedrock (∆l).  This 

distance was taken as 7.5m (one half of the upper bedrock aquifer thickness, 

defined as the top 15 m of bedrock) plus half the thickness of the overburden 

aquifer. 

 

The resulting map is shown as Map 25: Vertical Gradient for Recharge to the Contact 

Zone Aquifer. This map shows that gradients in the SPR range from 6x10
-4

 to -2x10
-4

 

m/m; positive gradients denote downward flow and negative gradients represent upward 

flow. The greatest gradients for downward-flow are found in Prescott and Russell Sand 

Plains.  Downward-flow gradients are also observed within the Edwardsburg Sand Plain 

and in areas of the Glengarry Till Plain, the Winchester Clay Plain and the Lancaster 

Flats. The greatest upward-flow gradients are throughout the Ottawa Valley Clay Plains 

and in areas of the Winchester Clay Plain and the Glengarry Till Plain. 

 

It should be noted that the potentiometric surface for the overburden includes the water 

levels of all the surface water features as well as the water levels of the wells screened in 

the overburden aquifers. In areas where the overburden aquifers include the basal sand 

and gravels of the overburden (which are conceptually part of the contact zone aquifer), 

the magnitude of the vertical gradient will be underestimated. However, it is assumed that 

including the surface water features in the estimation of the potentiometric surface of the 

overburden aquifer will minimize this uncertainty. An additional analysis that warrants 

further study is to recalculate the vertical gradient based on new potentiometric surface 

maps of the unconfined overburden aquifer and the contact zone aquifer (including the 

basal sands and gravels and the upper bedrock). This analysis will be completed in the 

regional GIS-based Tier 1 water budget. 
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Hydraulic Conductivity of the Confining Unit 

Recharge to the contact zone aquifer is estimated with the hydraulic gradient between the 

unconfined overburden aquifer and the confined/semi-confined contact zone aquifer, and 

equivalent hydraulic vertical conductivity of the confining layers. Since the range of 

hydraulic conductivities within the subsurface ranges over several orders of magnitude, 

the confining unit will act as the main restriction of flow between the unconfined aquifer 

and the contact zone aquifer. Based on the hydrogeologic model of the overburden 

presented in WESA (2006b), the regionally extensive confining unit consists of a 

combination of (1) the till unit and (2) the fine textured glacial marine deposits (the 

isopachs are illustrated in Map 17b and 17d respectively). The confining unit is not 

completely continuous, several ‘windows’ exist where the unconfined aquifer is directly 

connected to the contact zone aquifer or where the contact zone aquifer outcrops at 

ground surface. 

 

The equivalent vertical hydraulic conductivity of the confining unit was determined by 

taking the harmonic mean of the confining units (till and fine textured glacial marine) 

weighted by half the thickness of each unit. This procedure is well established for 

conductivity contrasts perpendicular to the direction of flow (Freeze and Cherry, 1979). 

The hydraulic conductivity of each unit was determined by spatial averaging, using the 

geometric mean of the observed values of each unit (determined by WESA, 2006b). The 

geometric mean of each unit is:  

 

 Till: 1.0x10
-8

 m/s  

 Fine Textured Glacial Marine: 8.8x10
-8

 m/s 

 

A map of the distribution of vertical hydraulic conductivity of the confining unit is 

illustrated in Map 26: Hydraulic Conductivity of the Confining Unit. ‘Windows’ in the 

confining unit are represented as areas of no data on Map 26. 

 

It should be noted that WESA (2006b) presents a wide range of observed hydraulic 

conductivity values for the till; 1x10
-3

 to 1x10
-10

 m/s, and in general, few points were 

used to calculate the geometric mean of the till. The wide range of numbers is due to the 

heterogeneity of the till unit. In general, the basal till is gravelly and can have a 

significantly higher hydraulic conductivity then the upper, more compact till. If 

warranted, future investigations may further subdivide the till by aquifer properties to 

obtain a better representation of the regional confining unit.  

 

It should also be noted that several windows in the confining unit exist.  The hydraulic 

conductivity of the ‘windows’ was set to the geometric mean of observed values of 

hydraulic conductivity of the bedrock contact zone aquifer; 1.2 x 10
-4

 m/s. 
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Recharge to the Contact Zone Aquifer 

To calculate recharge to the contact zone aquifer, Map 25: Vertical Gradient for the 

Contact Zone Aquifer was multiplied by Map 26: Hydraulic Conductivity of the 

Confining Unit. The results are illustrated in Map 27: Average Annual Recharge to the 

Contact Zone Aquifer. The resulting potential recharge ranges from -360 to +220 

mm/year (-1.1 x 10
-8

 to 7.0 x 10
-9

 m/s), with the mean potential recharge as 1 mm/year 

(3.2 x 10
-11

 m/s) and 90 % of the values ranging from -16 to 18 mm/year (5.1 x 10-10 to 

5.7 x 10
-10

 m/s). Both the highest and lowest values of recharge are localized around the 

windows in the confining unit as seen on Map 27.   

 

The relationships between recharge to the contact zone aquifer, phreatic recharge, and the 

water budget as a whole are further assessed in Section4.3 Natural Water Budget. 

 

3.4.5.2 Phreatic Recharge (MOE, 1995) 

A simple methodology to partition water surplus was applied to the SPR to estimate the 

total recharge to the subsurface (all water that enters the groundwater regime). This 

methodology is described in MOE: Hydrogeological Technical Information 

Requirements for Land Application, April 1995. This methodology was developed for 

determining groundwater recharge to predict the impact at new developments serviced by 

on-site sewage systems.   

 

This approach is based on partitioning water surplus into either recharge or runoff based 

on the physical factors that have the greatest influence on infiltration: ground slope, land 

cover and soil permeability. To estimate the spatial distribution of recharge, a partitioning 

coefficient was calculated in GIS based on the three physical parameters. Each parameter 

was divided into subclasses based on their potential influence on groundwater recharge 

and factors provided in the MOE methodology (1995). Following this methodology, the 

total partitioning coefficient is calculated by summing each factor for the three 

component parameters. The partitioning coefficient is then multiplied by the water 

surplus (precipitation minus evapotranspiration) to determine the volume of potential 

recharge and the balance is runoff. This approach is based on an indexing system; 

physical factors (based on physical values) are reclassified into ‘recharge factors’ 

(general index values). The final results show general areas of high and low recharge, 

however the values calculated are associated with significant uncertainty (see Section 4.4: 

Uncertainty of Results). This is considered acceptable for the regional conceptual water 

budget. A detailed quantification of recharge will be included in the Tier 1 water budget.   

 

The MOE (1995) methodology and the results are presented in the following sections.   
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Slope Factor 

Slope was determined for the SPR using the ‘percent slope’ denoted in the WRIP DEM 

v.1. The resulting surface was divided into 6 slope categories (Table 13: Land Slope and 

Recharge Factor); each category was assigned a slope factor based on the MOE 

methodology (1995). The spatial distribution of slope factor is illustrated in Map 28: 

Land Slope Classes. 

 

Table 13: Land Slope and Recharge Factor 

Percentage Slope (m/km) Recharge Factor 

0 – 0.6 0.30 

0.6 – 2.8 0.25 

2.8 – 3.8 0.20 

3.8 – 28 0.15 

28 – 47 0.10 

> 47 0.05 

 

Soil Permeability Factor 

The second component included in the recharge partitioning coefficient is the soil type 

and permeability. The MOE methodology lists three classes of soil based on their 

permeability; these classes were adjusted to suit the data within the SPR. Amalgamated 

soil surveys from the United Counties of Prescott and Russell, The United Counties of 

Stormont, Dundas and Glengarry, Carleton and Urban Ottawa were used as the base for 

this analysis. Soil type and permeability factor are listed below (Table 14: Soil Type and 

Recharge Factor), and the resulting spatial distribution is illustrated in Map 29: Soil 

Permeability Classes. Note that the soils map was incomplete for the City of Ottawa; 

therefore, there is a small gap in Map 29. 

 

Table 14: Soil Type and Recharge Factor 

Soil Type Recharge Factor 

Clay 0.1 

Loam 0.2 

Silt Loam 0.2 

Muck 0.2 

Silty Clay 0.2 

Clay Loam 0.2 

Sandy Loam 0.3 

Clay Sand 0.3 

Loamy Sand 0.3 

Sand 0.4 
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Land Cover Factor 

Land cover is the third factor included in the recharge partitioning coefficient. Based on 

the MOE guidelines, two types of land use were assigned, as shown below (Table 15: 

Land Use and Recharge Factor). Land cover mapping was acquired from the Ministry of 

Natural Resources. The resulting spatial distribution is illustrated in Map 30: Land Cover 

Classes. 

 

Table 15: Land Use and Recharge Factor 

Land Use Recharge Factor 

Natural and woodland 0.2 

Cultivated and all other 0.1 

 

Limitations of the MOE (1995) Methodology 

The MOE methodology falls short in how several specific settings including urban areas, 

outcropping bedrock or shallow soils and is not relevant for confined systems (RVCA, 

2006). Urban areas generally consist of significant amounts of paved areas, which do not 

contribute to groundwater recharge; none of the factors account for hard surfaces. No soil 

classification exists in the MOE methodology for bedrock outcrops.  The method also 

does not take into consideration the storage capacity (specific yield) of the soil or the 

depth to the water table, and the unsaturated hydraulic conductivity of the soil. 

 

The MOE method is only suited for shallow unconfined aquifers, since deep confined 

aquifers (i.e. confined portions of the contact zone aquifer) are partially recharged from 

the overlying aquifer and are partially recharged from further upgradient where the 

confining layer does not exist. The upgradient recharge is not considered using the MOE 

methodology. In addition, tile drainage systems are widespread throughout the SPR. Tile 

drains are not accounted for in the MOE (1995) methodology.  

 

Note that original classifications tables developed for the MOE (1995) Methodology for 

topography and soils are very general. Additional classification values have been added 

for topography and soils. The original MOE Infiltration Factors Table is presented in 

Appendix B: MOE (1995) Infiltration Factors.  

 

In spite of its shortcomings, the method does provide an estimate of the recharge to the 

surficial aquifer, and the resulting map shows a reasonable spatial distribution of areas of 

high and low recharge across the SPR. 

 

3.4.5.3 Average Annual Recharge to the Overburden Aquifer 

Additionally, the average annual recharge to the overburden aquifers can be calculated by 

the difference between Map 32: Average Annual Groundwater Recharge (Overburden 

and Contact Zone Aquifers) and Map 27: Average Annual Recharge to the Contact Zone 
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Aquifer. The resulting map is Map 33: Average Annual Recharge to the Overburden 

Aquifers. 

 

Note that this map shows potential areas of groundwater recharge, but does not account 

for groundwater discharge since the map is created from the map of phreatic recharge as 

calculated using the MOE 1995 methodology. Detailed representations of groundwater 

movement within the unconfined aquifer and the contact zone aquifer will be produced 

during the Tier 1 water budget analyses. In addition, the relationships between recharge 

to the contract zone aquifer, phreatic recharge, overburden recharge, and the water budget 

as a whole are further assessed in Section 4.3: Natural Water Budget. 

 

3.4.5.4 Summary  

Table 16: Summary of Groundwater Recharge Mapping (below) summarizes the 

purpose, data source, and methodology used to develop these groundwater recharge 

maps. All maps were produced through GIS analyses. 

 

Table 16: Summary of Groundwater Recharge Mapping 

Map Purpose Source Methodology Comment 

Average Annual 
Recharge to the 
Contact Zone 
Aquifer (Map 27) 

Evaluate 
groundwater 
recharge through 
overburden to the 
contact zone 
aquifer 

Potentiometric 
surfaces and 
aquifer distribution 
based on water 
well records. 
K from reports of 
observed values 
(WESA, 2006b) 

Vertical hydraulic 
conductivity 
multiplied by 
vertical gradient to 
the contact zone 
aquifer 

Vertical gradient is 
the most uncertain 
parameter.   
Vertical hydraulic 
conductivity also 
uncertain. 

Average Annual 
Groundwater 
Recharge 
(Overburden and 
Contact Zone 
Aquifers) (Map 32) 

Evaluate water that 
enters as phreatic 
recharge to the 
overburden, water 
is available to 
discharge to 
streams or 
recharge the 
contact zone 
aquifer 
 
 

Water Surplus map 
based on average 
annual P and ET. 
Recharge 
coefficient based 
on Land Use 
mapping, soils 
mapping and DEM. 

MOE (1995) 
methodology 

Values based on 
an indexing 
system, does not 
consider gradients. 

Average Annual 
Recharge to the 
Overburden 
Aquifers (Map 33) 

Determine the 
difference in water 
available in the 
overburden and 
water that 
recharges the 
contact zone 
aquifer 

Map 32 and Map 
27 

Difference 
between Map 32 
and Map 27 

Includes all 
uncertainty of 
maps listed above. 
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Table 17: Summary of Recharge Estimates (below) shows the groundwater recharge to 

the overburden and contact zone as a percent of water surplus within the SPR, the South 

Nation River and the Raisin River watersheds. 

 

Table 17: Summary of Recharge Estimates 

 Water 
Surplus 
(mm/yr) 

(Map 48) 

Recharge 
(MOE, 
1995) 

(mm/yr) 
(Map 32) 

% of 
Water 

Surplus 

Contact 
Zone 

Recharge 
(mm/yr) 

(Map 27) 

% of 
Recharge 

Overburden 
Recharge 

(mm/yr) 
(Map 33) 

% of 
Recharge 

SPR 557 285 51% 2 1% 293 99% 

South 
Nation 
River 
Watershed 

554 292 53% 3 1% 289 99% 

Raisin 
River 
Watershed 

505 251 50% 0.2 0.1% 251 99.9% 

 

The above table shows that within the SPR, an average of 51 % of the surplus water 

recharges the groundwater systems. Of the water that recharges, 99% stays within the 

unconfined system while 1% recharges the deeper groundwater system. Similar trends are 

observed for the South Nation River and the Raisin River watersheds.   

 

These estimates are based on a broad regional analysis; uncertainty of the values are 

discussed in Section 4.4: Uncertainty of Results.   

 

A comparison of GIS analysis for groundwater recharge and the calculated baseflow at 

six gauged stations in the SPR in provided in Section 4.2: Baseflow and Recharge 

Evaluation.   

 

3.5 Surface Water 

The Source Water Protection Region comprises the jurisdictions of two Conservation 

Authorities (SNC and RRCA), the Town of Prescott and other non-CA jurisdictional 

territory to the North (the City of Clarence-Rockland, Champlain Township, Town of 

Hawkesbury and Township of East Hawkesbury).  

  

The Source Water Protection Region is bordered by the Ottawa River (North), St. 

Lawrence River (South), Ontario-Quebec Provincial Border (East) and RVCA (West). 

 

The major sub-watersheds in the SPR are delineated in Map 34: Subwatersheds. The 

corresponding sub watershed names and approximate drainage areas are listed in Table 

18: Subwatershed Drainage Areas. The general direction of surface water flow is shown 

in Map 35: Subwatersheds and General Flow Direction. 
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Table 18: Subwatershed Drainage Areas 

Map Label 
(Map 34) 

CA 
Jurisdiction 

Subwatershed Drainage 
Area (ha) 

Intersecting Municipalities 

A SNC Upper South 
Nation River 

162,167 Augusta, Edwardsburgh, South Dundas, 
North Dundas, South Stormont, Russell, 
La Nation, Casselman 

B SNC Castor River 73,930 North Dundas, Ottawa, Russell, La 
Nation, Casselman 

C SNC Bear Brook 48,872 Ottawa, Clarence-Rockland, La Nation 

D SNC Lower South 
Nation River 

98,223 Casselman, La Nation, North Stormont, 
North Glengarry, Alfred and Plantagenet 

E RRCA Rigaud River 30,888 North Glengarry, East Hawkesbury 

F RRCA Delisle River 19,103 North Glengarry, South Glengarry 

G RRCA Garry River 3,428 North Glengarry 

H RRCA Rivière Beaudette 15,421 South Glengarry 

I RRCA Wood Creek 3,087 South Glengarry 

J RRCA Gunn Creek 1,039 South Glengarry 

K RRCA Sutherland Creek 7,922 South Glengarry 

L RRCA Westley’s Creek 3,175 South Glengarry 

M RRCA Pattingale Creek 900 South Glengarry 

N RRCA Finney Creek 3,191 South Glengarry 

O RRCA Fraser Creek 4,621 South Glengarry 

P RRCA Grey’s Creek 4,449 Cornwall, South Glengarry 

Q RRCA Raisin River 57,982 North Stormont, South Stormont, 
Cornwall, South Glengarry 

R RRCA Hoople Creek 9,714 South Stormont 

S SNC Hoasic Creek 3,157 South Stormont 

 

3.5.1 South Nation River Watershed Rivers 

The majority of SNC jurisdiction drains to the South Nation River watershed. Areas in 

the southern portion of the Conservation Authority, not within the main watershed, drain 

towards the St. Lawrence River through various local streams and creeks.  

 

The South Nation River watershed comprises a total area of approximately 381,000 

hectares. The South Nation River has headwaters just north of Brockville and flows north 

through Spencerville, South Mountain, Chesterville, Casselman and Plantagenet before it 

spills into the Ottawa River, 22 km upstream of Lefaivre. 

 

The South Nation River Watershed is commonly divided into four (4) major sub-

watersheds: Upper South Nation (flowing north towards Casselman), Castor River 

flowing east towards Casselman), Bear Brook (flowing east towards Bourget) and Lower 

South Nation (flowing west and north towards the Ottawa River). Major river reaches are 
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labeled in Map 36: Major River Reaches in the South Nation River Watershed and 

approximate lengths and descriptions are listed in Table 19: Major River Reaches in the 

South Nation River Watershed. 

 

Table 19: Major River Reaches in the South Nation River Watershed 

Reach 
(Map 36) 

Subwatershed River From To Length 
(km) 

Flow Direction 

A Upper South 
Nation River 

North Branch 
South Nation 
River 

Headwaters South 
Nation River 

33 North-East  

B Upper South 
Nation River 

South Branch 
South Nation 
River 

Headwaters South 
Nation River 

25 North-East  

C Upper South 
Nation River 

Black Creek Headwaters South 
Branch 
South 
Nation River 

5 Northerly  

D Upper South 
Nation River 

South Nation 
River 

Headwaters North 
Branch 
South 
Nation River 

56 North-East  

E Upper South 
Nation River 

South Nation 
River 

North 
Branch 
South Nation 
River 

Payne River 40 North-East  

F Upper South 
Nation River 

Payne River Headwaters South 
Nation River 

37 Southwest to 
Berwick, and 
then Northerly 

G Upper South 
Nation River 

Little Castor 
River 

Headwaters South 
Nation River 

24 Northerly for 10 
km and then 
North-East 

H Upper South 
Nation River 

South Nation 
River 

Payne River Little Castor 
River 

5 Northerly  

I Upper South 
Nation River 

South Nation 
River 

Little Castor 
River 

Castor River 3 Northerly, 
enters Lower 
South Nation 
River watershed 

J Castor River North Castor 
River 

Headwaters Castor River 22 Easterly  

K Castor River Middle Castor 
River 

Headwaters North 
Castor River 

24 Easterly  

L Castor River South Castor 
River 

Headwaters Castor River 30 Easterly  for 
10km, then 
Northeast 

M Castor River East Castor 
River 

Headwaters Castor River 26 Northerly 

N Castor River Castor River North Castor 
River 

South 
Nation River 

23 Easter, enters 
Lower South 
Nation River 
watershed 
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Reach 
(Map 36) 

Subwatershed River From To Length 
(km) 

Flow Direction 

O Bear Brook Bear Brook Headwaters South 
Nation River 

48 Easterly, enters 
Lower South 
Nation River 
watershed 

P Lower South 
Nation River 

Fraser Drain Headwaters Henry Drain 6 South-East  

Q Lower South 
Nation River 

Henry Drain Fraser Drain West 
Branch, 
Scotch 
River 

10 North-East  

R Lower South 
Nation River 

MacKenzie 
Drain 

Headwaters Cumming 
Drain 

11 North-East 

S Lower South 
Nation River 

Munroe Drain Headwaters Cumming 
Drain 

7 Northerly 

T Lower South 
Nation River 

Cumming 
Drain 

Munroe 
Drain 

Henry Drain 4 Northerly, 
becomes West 
Branch of 
Scotch River 

U Lower South 
Nation River 

West Branch, 
Scotch River 

Henry Drain Moose 
Creek 

7 Northerly 

V Lower South 
Nation River 

East Branch, 
Scotch River 

Headwaters West 
Branch, 
Scotch 
River 

29 North-West 

W Lower South 
Nation River 

K.D. Campbell 
Drain 

Headwaters Scotch 
River 

11 Westerly 

X Lower South 
Nation River 

Moose Creek Scotch River South 
Nation River 

13 Westerly 

Y Lower South 
Nation River 

South Nation 
River 

Castor River Moose 
Creek 

22 Northerly 

Z Lower South 
Nation River 

South Nation 
River 

Moose 
Creek 

Bear Brook 4 Northerly 

AA Lower South 
Nation River 

South Nation 
River 

Bear Brook Ottawa 
River 

40 East for 15 km, 
and then 
Northwest. 

 

3.5.1.1 South Nation Conservation Water Control Structures 

SNC owns, operates and maintains seven water and erosion control structures as shown 

on Map 39: Dams, Diversions and Control Structures. In addition, SNC has undertaken 

four flood control channelization projects throughout the watershed. This infrastructure 

serves a variety of purposes including flood control, erosion control, low flow 

augmentation, water supply, recreation, and protection of fish and wildlife. These 

structures were built between the 1950s and 1980s. One of these dams was built in the 

early 1900s and later upgraded in 1975. 
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Chesterville Dam 

The Chesterville Dam was constructed in 1978 to replace an existing flashboard weir as 

part of an extensive South Nation River flood control and low-flow augmentation 

scheme. The dam is located near the town of Chesterville within the Township of North 

Dundas and controls a total drainage area of 1050 km². It consists of a 6-bay reinforced 

concrete structure. The main purpose of the dam is to provide flood control. The 

Chesterville dam has an automatic gate control system. The Public Safety Procedure for 

the Chesterville Dam includes various signs upstream and downstream of the dam, as 

well as a public awareness campaign. 

 

Crysler Dam 

The Crysler Dam consists of an overflow section and a two-bay stop log sluiceway 

section. The dam is located in the Town of Crysler in the Township of North Stormont 

and controls a total drainage area of approximately 1300 km². The dam was originally 

built around 1900 and compromised the overflow section, north and south retaining wall, 

a north abutment, an intake sluiceway and a mill. In 1975 the dam was significantly 

modified by plugging the mill’s intake sluiceway, strengthening the overflow dam stone 

and timber crib construction, adding a downstream concrete/stone apron, and 

constructing a new stop log sluiceway and low-flow augmentation and associated channel 

on the south river bank. The dam currently is used for recreation and low-flow 

augmentation. 

 

Crysler Dyke 

The Crysler Dyke was constructed in 1984 as a flood control project along the bank of 

the South Nation River within the village of Crysler.  Flooding was a recurring problem 

in the area mainly due to ice jams, occurring every 2 to 3 years.  The Crysler Dyke is 

approximately 391 meters long and varying from 1 to 3 meters high.  A small detention 

pond and culvert system has been designed as well to handle local runoff with 3 storm 

sewer outfalls to the South Nation River outfit with flapgates.  

 

Casselman Weir 

The Casselman Weir was constructed in 1958 in the Village of Casselman, likely 

incorporating an existing timber crib weir. It currently consists of an overflow section and 

a one-bay stop log sluiceway section. In 1987, the construction of a 375 kW hydroelectric 

plant diverted water from immediately upstream of the weir. In 1996, the weir was raised 

by 0.6 m (2 ft) to increase water storage. The weir is used for recreation, low-flow 

augmentation, municipal water supply and hydroelectric requirements. 

 

Russell Weir 

The Russell Weir is located in the Town of Russell within the Township of Russell. In 

1916, a reinforced concrete dam was built 60 m east of the existing road bridge at 
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Russell, but it subsequently failed in 1959.  In 1967, a 79 m long, 3.8 m high reinforced 

concrete weir was built downstream from the original 1916 dam site. 

 

Plantagenet Weir 

The Plantagenet Weir is south of South Plantagenet, approximately 30 m north of the 

existing Railway Bridge crossing on the South Nation River. The purpose of this concrete 

weir is to provide flood control. 

 

Seguinbourg Berm 

The Seguinbourg Berm is located on the South Nation River at Casselman, Ontario. It 

was built to protect a section of the valley side from river erosion and to load the toe of 

the slope preventing its failure. 

 

Spencerville Weir 

SNC also operates and maintains the Spencerville Weir, which is owned and operated by 

the Spencerville Mill Preservation Society.  The Spencerville Weir is located on the 

South Nation River in the village of Spencerville adjacent to the old Spencerville Mill in 

Lot 26, Concession VI of Edwardsburg Township. It was built in the last century to 

provide a millpond to operate the mill. 

 

3.5.2 Raisin Region Conservation Authority Rivers 

The RRCA’s jurisdiction comprises five major sub-watersheds: Rigaud River (flowing 

east into Quebec), Delisle River (flowing east into Quebec), Rivière Beaudette (flowing 

east into Quebec), Raisin River (flowing south-east into St. Lawrence River) and an 

interior lake system comprising three connected lakes (Loch Garry, Middle Lake and 

Mill Pond) connected by the Garry River (flowing east into Delisle). Several smaller sub-

watersheds drain to the St. Lawrence through short local creeks. Major river reaches are 

labeled in Map 37: Major River Reaches in the Raisin Region Conservation Authority 

and approximate lengths and descriptions are listed in Table 20: Major River Reaches in 

the Raisin Region Conservation Authority. 
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Table 20: Major River Reaches in the Raisin Region Conservation Authority 

Reach 
(Map 37) 

Sub-
watershed 

River From To Length 
(km) 

Flow Direction 

A Rigaud River Rigaud 
River 

Headwaters Quebec 
Border 

14 East towards Quebec border, 
continues for approximately 
16 km more before joining 
with the East Rigaud River 
and then continues 9 km 
more into the Ottawa River 
near Rigaud. 

B Rigaud River East 
Rigaud 
River 

Headwaters Quebec 
Border 

3 East towards Quebec border, 
continues for approximately 
14 km more before joining 
with the Rigaud River, 
heading towards the Ottawa 
River. 

C Delisle River Delisle 
River 

Garry River 
(East of 
Alexandria) 

Quebec 
Border 

18  East towards Quebec border, 
continues for 27 km East-
South into the St. Lawrence 
River near Coteau-du-Lac. 

D Garry River  Garry 
River 

Dam at Loch 
Garry 

Middle 
Lake 
Wetland
s 

3 East 

E Garry River Garry 
River 

Dam at 
Middle Lake 

Mill 
Pond 

4 North-East 

F Garry River Garry 
River 

Dam at Mill 
Pond 

Delisle 
River 

2  North 

G Rivière 
Beaudette 

Rivière 
Beaude
tte 

Headwaters Quebec 
Border 

19 East to the Quebec border, 
then heads Southwest into 
Ontario. 

H Rivière 
Beaudette 

Rivière 
Beaude
tte 

Quebec 
Border 

Quebec 
Border 

2 Southeast back to the 
Quebec Border, where it 
heads South along the border 
for 15 km before joining the 
St. Lawrence River 2 km East 
of the border. 

I Raisin River North 
Raisin 
River 

Headwaters Main 
Branch, 
Raisin 
River 

24 South-East 

J Raisin River Raisin 
River 

Headwaters North 
Raisin 
River  

41 Northeast through St. 
Andrews West to slightly 
upstream of Martintown. 

K Raisin River Raisin 
River 

Martintown South 
Raisin 
River 

14 East 

L Raisin River Raisin 
River 

South Raisin 
River 

St. 
Lawren
ce 

8 South into St. Lawrence River 
immediately upstream of 
Lancaster. 
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3.5.2.1 Raisin Region Conservation Authority Water Control Structures 

RRCA maintains and operates several control structures along the reaches of its 

watercourses, see Map 39: Dams, Diversions and Control Structures. The structures 

provide flood control, stormwater management, erosion control, low flow augmentation, 

and recreation. They are also used to manage a municipal water supply in Alexandria.  

 

Fly Creek Stormwater Pond 

Fly Creek Stormwater Pond was originally built in 1980, and completed in 1996 to 

alleviate chronic stormwater flooding problems in Fly Creek, an urban watershed that 

constitutes 1100 hectares, approximately 20% of the City of Cornwall’s total catchment 

area. Recently, the pond was retrofitted to include water quality control in addition to 

water quantity control. 

 

Long Sault Diversion 

The Long Sault Diversion is a low-flow augmentation structure that is manually opened 

each year to allow a measured amount of water from the St. Lawrence River into the 

headwaters of the South Branch of the Raisin River. Typical flow rates are on the order 

of 0.3 m³/s. An agreement with the International Joint Commission allows the diversion 

to be open for a maximum of 100 days per year.  

 

St. Andrews West Berm 

St. Andrews West Berm is an earthen berm structure constructed in St. Andrews West to 

provide a measure of protection, for approximately 20 private residences, from high 

water-levels along the Raisin River.  

 

Martintown Dam 

The Martintown Dam is a structure located on the Raisin River at Martintown. It was 

originally built to control water into a Mill, but is now primarily used to back up water 

for a recreational pond. This feature is a prominent attraction during the annual Raisin 

River Canoe Races, where a spillway to the side of the dam allows participants an 

opportunity to “shoot the dam”. 

 

Garry River Watershed Control Structures 

Three dams along the Garry River form three lakes in a 34 km² watershed to form the 

water supply for the Town of Alexandria. The three control dams are operated primarily 

for water supply and flood control purposes. Stop logs and slot logs are manually added 

or removed to manage the water levels and outflow rates of the three lakes. 

 

Loch Garry Dam was constructed in 1967 to improve the water supply for the Town of 

Alexandria by creating a larger controlled reservoir in Loch Garry, the largest and 
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upstream-most of the three lakes. In 1984 the Loch Garry Dam was reconstructed and 

raised to obtain additional water supply storage and an emergency spillway was added to 

protect against overtopping. 

 

Kenyon Dam was originally constructed prior to 1936 and was reconstructed and raised 

in 1982 to protect against overtopping. This dam forms Middle Lake, the second of the 

three lakes. 

 

Alexandria Dam was constructed in 1819, originally for water supply for Priest’s Mill. 

Both the Old Mill and the dam have been declared Heritage structures. The structure was 

reconstructed in 1981 to prevent deterioration and reflect its heritage nature. This dam 

forms Alexandria Lake, also known as Mill Pond. 

 

3.5.3 Lakes and Reservoirs 

The SPR does not contain many large lakes or reservoirs. The exception to this is within 

the Municipality of North Glengarry, where several lakes dominate the Garry River sub-

watershed. Three dams along the Garry River form three lakes in a 34 km² watershed to 

form the water supply for the Town of Alexandria. Stop logs and slot logs are manually 

added or removed to manage the water levels and outflow rates of the three lakes. 

 

The lake and reservoir system has been used for Alexandria’s municipal water supply 

since the 1950s. Changes in operating levels of the lakes have been adopted within the 

1980s, 1990s and early 2000s to accommodate increased water demand, and to improve 

recreational quality of the lakes. 

 

RRCA owns and operates gauging stations on each lake. The gauges are used to monitor 

lake levels and assist in operational decisions. A summary of water level statistics is 

presented in Table 21: Lake Level Statistics - Jan 1, 2003 to Dec 31, 2005. Graphs of 

average daily water levels are shown in Figure 7: Average Water Level - Loch Garry, Jan 

1, 2003 to Dec 31, 2005, Figure 8: Average Water Level - Middle Lake, Jan 1, 2003 to 

Dec 31, 2005 and Figure 9: Average Water Level - Mill Pond, Jan 1, 2003 to Dec 31, 

2005. 

 

Stage-Discharge-Storage relationships for various operational scenarios were developed 

in 1992 and incorporated into an operations manual for the system. A minimum flow rate 

of 30 l/s is maintained through the dam at Mill Pond to ensure proper dilution of effluent 

from municipal sewage lagoons located downstream on the Delisle River. 
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Table 21: Lake Level Statistics - Jan 1, 2003 to Dec 31, 2005 

 Loch Garry Middle Lake Mill Pond 

High Level 89.27 m 88.99 m 81.98 m 

Low Level 88.79 m 87.27 m 81.29 m 

Median Level 89.07 m 88.06 m 81.60 m 

Mean Level 89.07 m 88.04 m 81.61 m 

Standard Deviation 0.10 m 0.20 m 0.06 m 

 

Figure 7: Average Water Level - Loch Garry, Jan 1, 2003 to Dec 31, 2005 Average Water Level - Loch Garry

Jan 1, 2003 to Dec 31, 2005
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Figure 8: Average Water Level - Middle Lake, Jan 1, 2003 to Dec 31, 2005 
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Figure 9: Average Water Level - Mill Pond, Jan 1, 2003 to Dec 31, 2005 
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3.5.4 Stream Classifications 

Strahler's stream order system is a simple method of classifying stream segments based 

on the number of tributaries upstream. A stream with no tributaries (headwater stream) is 

considered a first-order stream. A segment downstream of the confluence of two first-

order streams is a second-order stream. Thus, an nth order stream is always located 

downstream of the confluence of two (n-1)th order streams. A map of Strahler stream 

classifications for the SPR is shown in Map 40: Strahler Stream Classification. 

 

Within the SPR, both Conservation Authorities have conducted fish classification studies 

within their respective jurisdictions. A breakdown by classification is listed in Table 22: 

DFO Stream Classifications for the RRCA and SNC and shown in Map 10: Fish Habitat 

Drain Classification. 

 

Table 22: DFO Stream Classifications for the RRCA and SNC 

DFO Stream Classification Length of stream, per CA (km) 

RRCA  SNC  

A – Permanent Cold/Cool, No Trout or Salmon 28 154 

B – Permanent Warm, Top Predators 154 75 

C – Permanent Warm, Baitfish 934 285 

D – Permanent Cold/Cool Trout and/or Salmon 0 0 

E – Permanent Warm, Top Predators 922 138 

F – Intermittent Stream 546 1,869 

U/N - Unclassified 96 578 

B/F – (South Nation) 0 9 

3.5.5 Stream Gauge Network 

Within the SPR, the Water Survey of Canada (WSC) branch of Environment Canada 

owns and operates or has operated stream gauging stations on the various inland rivers or 

streams. The data are recorded and reported on a daily basis, and published periodically 

to an electronic archive, HYDAT. The latest HYDAT publication includes information 

on 27 stations, up to the end of calendar year 2003. A summary of measurements is listed 

in Table 23: Summary of WSC Stream Gauges within the SPR. The locations of the 

gauges are shown on Map 41: Environment Canada Surface Water Flow Stations. 

 

Table 23: Summary of WSC Stream Gauges within the SPR 

WSC 
Station ID 

WSC Station 
Name 

Area 
(km²) 

WSC 
Status 

Start 
Year 

End 
Year 

Period 
(Yrs) 

Missing 
(Yrs) 

Partial 
(Yrs) 

Complete 
(Yrs) 

02LB005 SOUTH NATION 
RIVER NEAR 
PLANTAGENET 
SPRINGS 

3,810 A 1915 2003 89 0 16 73 

02LB006 CASTOR RIVER 
AT RUSSELL 

433 A 1948 2002 55 0 20 35 
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WSC 
Station ID 

WSC Station 
Name 

Area 
(km²) 

WSC 
Status 

Start 
Year 

End 
Year 

Period 
(Yrs) 

Missing 
(Yrs) 

Partial 
(Yrs) 

Complete 
(Yrs) 

02LB007 SOUTH NATION 
RIVER AT 
SPENCERVILLE 

246 A 1948 2003 56 0 2 54 

02LB008 BEAR BROOK 
NEAR 
BOURGET 

440 A 1949 2003 55 7 26 22 

02LB009 SOUTH NATION 
RIVER AT 
CHESTERVILLE 

1,050 A 1949 1994 46 6 37 3 

02LB012 EAST BRANCH 
SCOTCH RIVER 
NEAR ST. 
ISIDORE DE 
PRESCOTT 

76.7 D 1970 1994 25 0 16 9 

02LB013 SOUTH NATION 
RIVER AT 
CASSELMAN 

2,410 A 1974 2003 30 2 16 12 

02LB016 LITTLE CASTOR 
RIVER NEAR 
EMBRUN 

76.1 D 1978 1983 6 0 0 6 

02LB017 NORTH 
BRANCH 
SOUTH NATION 
RIVER NEAR 
HICKSON 

69.2 A 1977 2003 27 5 3 19 

02LB018 WEST BRANCH 
SCOTCH RIVER 
NEAR ST. 
ISIDORE DE 
PRESCOTT 

99.5 A 1979 2003 25 0 20 5 

02LB019 SOUTH INDIAN 
CREEK NEAR 
LIMOGES 

72.3 D 1978 1983 6 0 1 5 

02LB020 SOUTH 
CASTOR RIVER 
AT KENMORE 

189 D 1978 2003 26 5 3 18 

02LB021 EAST CASTOR 
RIVER NEAR 
RUSSELL 

145 D 1979 1983 5 0 0 5 

02LB022 PAYNE RIVER 
NEAR BERWICK 

152 D 1976 2003 28 5 4 19 

02LB027 BLACK CREEK 
NEAR 
BOURGET 

17.7 D 1993 1994 2 0 2 0 

02LB028 BEAR BROOK 
ABOVE 
BOURGET 

168 D 1993 1994 2 0 2 0 
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WSC 
Station ID 

WSC Station 
Name 

Area 
(km²) 

WSC 
Status 

Start 
Year 

End 
Year 

Period 
(Yrs) 

Missing 
(Yrs) 

Partial 
(Yrs) 

Complete 
(Yrs) 

02LB030 SOUTH NATION 
RIVER AT 
PENDLETON 
BRIDGE 

3,075 D 1994 1995 2 0 2 0 

02LB031 SOUTH 
BRANCH 
SOUTH NATION 
RIVER NEAR 
WINCHESTER 
SPRINGS 

312 A 1998 2003 6 0 6 0 

02LB032 RIGAUD RIVER 
NEAR 
CHEVRIER 

307 N/A 2003 2003 1 0 1 0 

02LB101 BEAR BROOK 
AT CARLSBAD 
SPRINGS 

65 D 1976 1977 2 0 0 2 

02MC001 RAISIN RIVER 
NEAR 
WILLIAMSTOWN 

404 A 1960 2003 44 0 1 43 

02MC009 SOUTH RAISIN 
RIVER 
DIVERSION AT 
LONG SAULT 

N/A A 1972 1996 25 1 24 0 

02MC026 RIVIERE 
BEAUDETTE 
NEAR GLEN 
NEVIS 

124 A 1983 2003 21 0 1 20 

02MC027 RAISIN RIVER 
AT BLACK 
RIVER 

129 D 1986 1992 7 0 7 0 

02MC028 RIVIERE 
DELISLE NEAR 
ALEXANDRIA 

85.4 D 1985 1998 14 0 2 12 

02MC030 SOUTH RAISIN 
RIVER NEAR 
CORNWALL 

25.80 A 1986 2003 18 0 18 0 

02MC036 RIVIERE 
DELISLE NEAR 
GLEN NORMAN 

Note: This gauge is currently active, but  was installed after the HYDAT dataset was 
released. 

 

3.5.6 Average Monthly Flow and Long Term Annual Flows 

For the purpose of a conceptual understanding of the water budget, stream flow 

measurements have been summarized and analyzed for representative sites within the 

SPR.   

 

The following criteria and rationale were used to select representative stations: 
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1. Gauge is within the SPR: Measurements are reflective of conditions within the 

SPR. 

 

2. Gauge is not measuring a Great Lakes connecting channel (e.g. St. Lawrence 

River): Municipal drinking water sources on such rivers are deemed not to have 

quantity issues. 

 

3. Gauge has a long period of record (10 years or more): The long period allows for 

meaningful statistical analysis as well as computation of probabilities of extreme 

events (high and low flows).  

 

4. Gauge has an annual continuous record: A continuous period of time allows for 

analysis of seasonal variation. 

 

5. Gauge is not directly influenced by a dam or other seasonal control structure: 

Normal operation of control structures can skew or attenuate measurements thus 

providing readings that are not necessarily representative of normal river 

conditions. 

 

6. Gauge is located nearby a municipal drinking water source: Such gauges provide 

insight into hydrological factors that would influence a municipal source. 

 

7. A defined drainage divide or drainage basin area exists: The drainage divide is 

essential for accurate runoff analysis. The basin area permits expression of 

discharge in terms of volume per area of land (e.g. m³/ha or mm equivalents). 

 

8. Gauge is still active: The analysis can be used for future comparisons. 

 

Subsequent, more detailed water budget exercises would require expansion of the above 

criteria.  

 

A comprehensive listing and summary of monitoring periods for the stream gauges in the 

SPR is included as Appendix C: Summary of WSC Stream Gauge Monitoring Periods 

with the SWP Region. 

 

The representative stations selected for the conceptual understanding of the water budget 

are listed in Table 24: Selected Stream Gauge Stations for Flow and Discharge Analysis, 

and the drainage areas shown in Map 38: Approximate Drainage Divides of Selected 

WSC Stream Gauges. 

 

Combined, the gauges are able to determine drainage for 4,423 km², representing a 

majority of the approximately 7,000 km² SPR. 
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Table 24: Selected Stream Gauge Stations for Flow and Discharge Analysis 

WSC ID WSC Name Drainage 
Area (km²) 

Record 
Start 

Record 
End 

Total Period 
(yrs) 

02LB005 South Nation River near 
Plantagenet Springs 

3,810 1915 2003 89 

02LB008 Bear Brook near Bourget 440 1976 2003 28 

02LB022 Payne River near Berwick 152 1976 2003 27 

02MC001 Raisin River near 
Williamstown 

404 1960 2003 44 

02MC026 Rivière Beaudette near 
Glen Nevis 

124 1983 2003 21 

02MC028
1
 Delisle River near 

Alexandria 
85 1985 1998 14 

Note: 1) WSC gauge 02MC028 is no longer active; however, a new gauge installed a short distance downstream, 
02MC036, can be used for future comparative analysis. 

 

Comprehensive summaries and analyses of each of the selected representative stream 

gauges are included as appendices (Appendix D: Stream Gauge Analysis – South Nation 

River near Plantagenet Springs; Appendix E: Stream Gauge Analysis – Bear Brook near 

Bourget; Appendix F: Stream Gauge Analysis – Payne River near Berwick; Appendix G: 

Stream Gauge Analysis – Raisin River near Williamstown; Appendix H: Stream Gauge 

Analysis – Riviere Beaudette near Glen Nevis; Appendix I: Stream Gauge Analysis – 

Delisle River near Alexandria).   

 

3.5.6.1 Average Daily Flows 

Average daily flows, for the entire period of record, were computed for each of the 

selected stations. For the gauges located on the South Nation River near Plantagenet, and 

the Raisin River near Williamstown, the period of record was long enough to compute 

average flows for the 30 year period between 1961-1990 and 1971-2000. These two 

additional time periods correspond to the date spans for Environment Canada’s, Climate 

Normals. Comparison of the 30 year averages with the long term record can provide 

insight into trends. Cross-referencing the 30 year stream gauge records with the 30 year 

climate normals can assist understanding the meteorological impacts on stream flow. 

 

Average daily flows for each of the selected stations are shown in through Figure 10: 

Average Daily Flow Measurements - South Nation River near Plantagenet Springs 

(Gauge 02LB005) through Figure 15: Average Daily Flow Measurements - Rivière 

Beaudette near Glen Nevis (Gauge 02MC026). A logarithmic scale has been selected to 

represent the flows due to the extreme difference in high and low flows. 
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Figure 10: Average Daily Flow Measurements - South Nation River near Plantagenet Springs (Gauge 

02LB005) Average Daily Flow Measurements

South Nation River near Plantagenet Springs (Gauge 02LB005)
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Figure 11: Average Daily Flow Measurements - Bear Brook near Bourget (Gauge 02LB008) Average Daily Flow Measurements

Bear Brook near Bourget (02LB008)
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Figure 12: Average Daily Flow Measurements - Payne River near Berwick (Gauge 02LB022) Average Daily Flow Measurements

Payne River near Berwick (02LB022)
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Figure 13: Average Daily Flow Measurements - Raisin River near Williamstown (Gauge 02MC001) Average Daily Flow Measurements

Raisin River near Williamstown (Gauge 02MC001)
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Figure 14: Average Daily Flow Measurements - Delisle River near Alexandria (Gauge 02MC028) 
Average Daily Flow Measurements

Delisle River near Alexandria (02MC028)
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Figure 15: Average Daily Flow Measurements - Rivière Beaudette near Glen Nevis (Gauge 

02MC026) Average Daily Flow Measurements

Riviere Beaudette near Glen Nevis (02MC026)
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3.5.6.2 Average Monthly Flows 

Average total discharge for any given month can be computed as the average of the daily 

recorded flow rates (m³/s) multiplied by the number of seconds in one day (86,400) 

multiplied by the number of days in that month. This approach assumes that the measured 

flow rate for each day is consistent with all the flows for that day, and that a large 

variation in flow did not occur on any given day. 

 

Monthly discharges can be reported as discharge per unit area by dividing the total 

monthly discharge (m³) by the drainage area in hectares (ha). Given that 1 ha = 10,000 

m², the results can be represented in millimetre (mm) equivalents. The latter unit of 

measure is useful for water budget exercises, where the significant input, precipitation, is 

often expressed in terms of mm of depth. 

 

Average monthly flows for the selected stations are listed in Table 25: Average Monthly 

Flows Represented as Millimeter Equivalents (entire period of record for each gauge) 

and shown graphically in Figure 16: Comparative Monthly Discharges in Equivalent 

Runoff Depth.  

 

For each stream gauge, the highest monthly flow occurs in March and April. Monthly 

discharge varies by an order of magnitude or more from low flow to high flow. This is 

indicative of river systems that are heavily influenced by spring snowmelt runoff.  

 

Table 25: Average Monthly Flows Represented as Millimeter Equivalents (entire period of record for 

each gauge) 

Gauge Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

02LB005 16 14 86 135 27 11 6 5 4 12 22 22 359 

02LB008 16 21 97 138 31 18 7 7 8 20 32 31 426 

02LB022 21 26 82 103 26 11 6 4 6 20 32 32 367 

02MC001 18 20 82 135 35 15 6 5 5 17 31 31 398 

02MC026 25 25 87 150 41 20 8 5 4 16 35 40 457 

02MC028 24 20 77 127 34 14 8 4 3 17 33 29 390 
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Figure 16: Comparative Monthly Discharges in Equivalent Runoff Depth Comparative Monthly Discharges of Stream Gauges in the SWP Region
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A cumulative summary of flows is listed in Table 26: Cumulative Distribution of 

Average Monthly Flows, and shown graphically in Figure 17: Comparative Cumulative 

Monthly Discharges. Through this representation, it can be demonstrated that 60-70% of 

all measured discharge occurs by the end of April. The cumulative monthly percentages 

of discharge for each station are practically identical. 

 

Table 26: Cumulative Distribution of Average Monthly Flows 

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

02LB005 4% 8% 32% 70% 77% 80% 82% 83% 84% 88% 94% 100% 

02LB008 4% 9% 31% 64% 71% 75% 77% 79% 81% 85% 93% 100% 

02LB022 6% 13% 35% 63% 70% 73% 74% 76% 77% 83% 91% 100% 

02MC001 5% 10% 30% 64% 73% 76% 78% 79% 80% 84% 92% 100% 

02MC026 6% 11% 30% 63% 72% 76% 78% 79% 80% 84% 91% 100% 

02MC028 6% 11% 31% 64% 72% 76% 78% 79% 80% 84% 92% 100% 
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Figure 17: Comparative Cumulative Monthly Discharges 
Comparative Monthly Discharges of Stream Gauges in the SWP Region
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3.5.6.3 Annual Flows and Surface Runoff 

Average annual flow measurements for the selected stream gauges are listed in Table 27: 

Summary of Annual Flow Measurements. If it were reasonable to assume that all 

measured flow was the product of surface runoff, an annual equivalent depth of runoff in 

mm/yr can be computed as the total measured discharge divided by the total drainage 

area. 

 

Table 27: Summary of Annual Flow Measurements 

WSC Gauge Date From Date To Period 
(years) 

Annual Flow 

(mm³/yr) (m³/ha/yr) (mm/yr) 

02LB005 04/01/1915 12/31/2003 88.8 1,379 3,620 362 

02LB005 01/01/1961 12/31/1990 30.0 1,369 3,590 359 

02LB005 01/01/1971 12/31/2000 30.0 1,548 4,060 406 

02LB008 03/10/1976 12/31/2003 27.8 179 4,070 407 

02LB022 04/01/1976 12/31/2003 27.8 54 3,580 358 

02MC001 11/01/1960 12/31/2003 43.2 161 3,990 399 

02MC001 01/01/1961 12/31/1990 30.0 161 3,990 399 

02MC001 01/01/1971 12/31/2000 30.0 170 4,210 421 

02MC028 09/14/1983 12/31/2003 20.3 56 4,540 454 

02MC036 05/22/1985 03/31/1998 12.9 33 3,890 389 
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3.5.6.4 Statistics for Annual Flows 

As monthly flows can vary by an order of magnitude or more, special care should be 

taken in assessing annual flow measurements for water budgeting exercises. A water 

budget with a temporal scale of one year may indicate a net abundance of water; whereas 

a monthly scale could reveal deficits for certain months. The mean annual flow can be 

skewed by higher flow runoff events and may not necessarily be representative of 

conditions that are commonly observed. 

 

A common statistical approach to interpreting annual flows is the use of, “ranked flow 

curves”. This approach plots observed flow measurement against the percentage of time 

that flow is exceeded. In runoff dominated systems, mean annual flows are typically 

observed 20% of the time or less. In most natural flow cases, the median flow is 

representative of the baseflow conditions. The lower decile stream flow, the measurement 

that is exceeded 90% of the time, is often considered the minimum water reserve for 

surface water resources. 

 

Ranked flow curves for the selected representative stream gauge stations are shown 

graphically in Figure 18: Ranked Flow Curve for South Nation River near Plantagenet 

Springs (04/01/1915 to 12/31/2003) through Figure 23: Ranked Flow Curve for Rivière 

Beaudette near Glen Nevis (09/14/1983 to 12/31/2003). Relevant parametric statistics are 

tabulated in Table 28: Summary of Parametric Statistics from Ranked Flow Curves. 

 

In each case, the mean flow rate occurred between 20 and 25% of observed flows, which 

is indicative of the runoff dominated system. 

 

Table 28: Summary of Parametric Statistics from Ranked Flow Curves 

WSC Gauge  Date  From Date To Record 
(days) 

Mean 
(m³/s) 

Median 
(m³/s) 

Q90 
(m³/s) 

02LB005 04/01/1915 12/31/2003 29,851 44.10 9.20 1.60 

02LB005 01/01/1961 12/31/1990 10,956 43.40 10.10 1.70 

02LB005 01/01/1971 12/31/2000 10,957 49.10 13.70 2.20 

02LB008 03/01/1976 12/31/2003 9,773 5.85 1.48 0.26 

02LB022 04/01/1976 12/31/2003 7,860 1.75 0.41 0.04 

02MC001 11/01/1960 12/31/2003 15,765 5.10 1.50 0.10 

02MC001 01/01/1961 12/31/1990 10,956 5.10 1.50 0.10 

02MC001 01/01/1971 12/31/2000 10,957 5.40 1.70 0.10 

02MC028 09/14/1983 12/31/2003 7,413 1.79 0.60 0.05 

02MC036 05/22/1985 03/31/1998 4,696 1.03 0.34 0.03 
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Figure 18: Ranked Flow Curve for South Nation River near Plantagenet Springs (04/01/1915 to 

12/31/2003) 
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Figure 19: Ranked Flow Curve for Bear Brook near Bourget (03/10/1976 to 12/31/2003) 
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Figure 20: Ranked Flow Curve for Payne River near Berwick (04/01/1976 to 12/31/2003) 

R a n k e d  F lo w  C u rv e

P a y n e  R iv e r  n e a r  B e rw ic k  (0 2 L B 0 2 2 )

4 /1 /1 9 7 6  to  1 2 /3 1 /2 0 0 3

0 .0 1

0 .1

1

1 0

1 0 0

0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 % 1 0 0 %

P e r c e n ta g e  o f T im e  F lo w s  E x c e e d

S
tr

e
a

m
fl

o
w

 (
m

³/
s

)

S tre a m flo w M e a n  A n n u a l F lo w  (1 .7 5  m ³ /s ) M e d ia n  S tre a m flo w  (0 .4 1  m ³/s ) L o w e r  D e c ile  S tre a m flo w  (0 .0 4  m ³ /s )

  
 

Figure 21: Ranked Flow Curve for Raisin River near Williamstown (11/01/1960 to 12/31/2003) 
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Figure 22: Ranked Flow Curve for Delisle River near Alexandria (05/22/1985 to 03/31/1998) 
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Figure 23: Ranked Flow Curve for Rivière Beaudette near Glen Nevis (09/14/1983 to 12/31/2003) 
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3.5.6.5 Trends in Annual Flows 

The gauges located at South Nation River near Plantagenet and Raisin River near 

Williamstown encompass much of their respective major sub-watersheds, and are 

therefore indicative of those areas. Both gauges have long-term records that allow for a 

statistically sound review of trends in annual flows. A cursory review of the last 44 years 

of flows for these gauges (Appendix J: Summary of Representative Annual River 

Discharges within the SWP Region) reveals that between 1961 and 2003, the two rivers 

“trended” in a similar fashion – that is to say, compared to average annual discharges, on 

a year-by-year basis, both rivers would be higher than average, and both rivers would be 

lower than average for the same year.  

 

The summary also shows that annual discharge was lower than average for most of the 

1960s and higher for most of the 1970s for both rivers. From 1980 to 1989 more years of 

lower discharge were recorded, whereas from 1990 to 1999 more years of higher 

discharge were recorded.  

 

A comparison of flow parameters (see Table 29: Change in Flow Parameters between 

1961-1990 and 1971-2000) shows that for the long-term averages, an increase in mean 

and median flows exists for both river systems when comparing the data for all years. 

Lower decile flows remained the same for the Raisin River, but increased for the South 

Nation River when comparing the data for all years.   

 

Reasons for such increases in flows ought to be investigated during the course of a water 

budget. Typical reasons for increases can be attributed to (but are not limited to): 

increased precipitation, hydrologic changes to the contributing area (increased 

imperviousness through urban development or improved agricultural drainage), increased 

groundwater discharge component, decreased infiltration rates, modifications to or 

destruction of attenuating lakes or wetlands. 

 

Table 29: Change in Flow Parameters between 1961-1990 and 1971-2000 

WSC Gauge Parameter Change (m³/s) Percent Change 

02LB005 Mean Flow 5.7 + 13% 

Median Flow 3.6 + 36% 

Lower Decile (Q90) 0.5 + 29% 

02MC001 Mean Flow 0.3 + 6% 

Median Flow 0.2 + 13% 

Lower Decile (Q90) 0.0 0% 
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3.5.7 Baseflow Estimates 

Baseflow is the portion of streamflow that comes from groundwater and not directly from 

surface runoff. Baseflow separation is an exercise which isolates the runoff and baseflow 

components of a given streamflow hydrograph.  

 

3.5.7.1 Annual Baseflow 

An automated baseflow separation technique (Arnold et al, 1995) was used to generate 

annual baseflow fractions for the major gauged basins within the SPR. The methodology 

used is consistent with the methodology shown in Appendix K: Preliminary Investigation 

of Baseflow – South Nation River near Plantagenet Springs. The results of the baseflow 

separation are shown in Table 30: Annual Baseflow Fractions for Various Gauged Basins 

in the SPR. 

 

Table 30: Annual Baseflow Fractions for Various Gauged Basins in the SPR 

WSC Gauge Station Annual Baseflow Fraction 

02LB005 South Nation River near Plantagenet Springs
1
 0.55 

02LB008 Bear Brook near Bourget 0.53 

02LB022 Payne River near Berwick 0.52 

02MC001 Raisin River near Williamstown
2
 0.58 

02MC026 Riviere Beaudette near Glen Nevis 0.61 

02MC028 Riviere Delisle near Alexandria 0.59 

Notes:  1) For both the 1961-1990 and 1971-2000 Normal period, baseflow fraction was 0.56 for gauge 02LB005  
             2) For gauge 02MC001, baseflow fractions were 0.59 and 0.58 for the 1961-1990 and 1971-2000 periods. 

 

3.5.7.2 Monthly Baseflow 

A monthly baseflow analysis was performed on the South Nation River near Plantagenet 

Springs. It shows that baseflow is lowest during high spring runoff periods. Baseflow 

fraction was lowest in March and highest in May, as listed in Table 31: Average Monthly 

Baseflow Fractions for South Nation River near Plantagenet Springs and shown in 

Figure 24: Average Monthly Baseflow Fractions for South Nation River near 

Plantagenet Springs (Average Flows 1971 to 2000). 
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Table 31: Average Monthly Baseflow Fractions for South Nation River near Plantagenet Springs 

Month Average Monthly Baseflow Fraction 

January 0.59 

February 0.51 

March 0.45 

April 0.60 

May 0.67 

June 0.58 

July 0.61 

August 0.53 

September 0.53 

October 0.54 

November 0.58 

December 0.62 

 

Figure 24: Average Monthly Baseflow Fractions for South Nation River near Plantagenet Springs 

(Average Flows 1971 to 2000) 
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3.5.8 Estimated Evapotranspiration for Drainage Basins of Interest 

Estimating through spatial interpolation, three composite evapotranspiration rates for the 

drainage basins for which stream flow measurements were analyzed have been estimated 

through spatial interpretation. See Appendix L: Cursory Determination of 

Evapotranspiration for Basins Within the SWP Region. The spatial datasets analyzed 

include one from the 2001 EOWRMS study (estimated actuals) and two from Agriculture 

and Agri-Food Canada (Penman and Thornthwaite estimated potentials). The EOWRMS 

dataset included an analysis of soil class, forest cover, urbanization and agricultural crop 



 

Water Budget: Conceptual Understanding   
Version 1.1.0, October 2009  Page 83  

rotation. The Agriculture and Agri-Food Canada data were computed from observed 

climate data for the 1961-1990 normal climate period. 

 

The results are listed in Table 32: Summary of Composite Annual Estimates of 

Evapotranspiration for Selected Drainage Basins. 

 

Table 32: Summary of Composite Annual Estimates of Evapotranspiration for Selected Drainage 

Basins 

Drainage Basin Estimated annual evapotranspiration (mm/year) 

EOWRMS 
(Estimated Actual) 

Penman 
(Potential ET) 

Thornthwaite 
(Potential ET) 

02LB005 417 655 578 

02LB008 443 649 570 

02LB022 470 666 582 

02MC001 476 676 585 

02MC026 471 667 584 

02MC028 475 676 585 

 

For each drainage basin, the Penman values of potential evapotranspiration are more 

conservative than the Thornthwaite values. The EOWRMS estimated actual 

evapotranspiration rate is less than both the derived potential evapotranspiration rates. It 

is expected that the EOWRMS estimates provide a more appropriate estimation for initial 

water budgeting purposes. 

 

3.5.9 Infiltration Estimates 

As part of the hydrology analysis, a general assessment of infiltration has been carried 

out and is shown below. Note that infiltration is equivalent to the groundwater recharge 

(contact zone recharge) term as identified in Figure 6. 

 

If it is assumed that water use is negligible, or that water taken from the system returns to 

the same system, and that water storage in the system does not vary significantly (i.e. the 

system is at steady-state), then the water budget equation can be simplified to: 

 

 

Precipitation = Evapotranspiration + Runoff +  

    (Groundwater in – Groundwater out) 

 

Baseflow is the net contribution of groundwater to the river.  If groundwater storage is 

discounted (steady-state), and the analysis is carried out on a watershed scale, then the 

difference between groundwater in (groundwater recharge) and groundwater out 

(groundwater discharge) is equal to zero.  However, on a subwatershed scale, 

groundwater may recharge in one subwatershed and discharge in another subwatershed; 
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this accounts for groundwater that recharges deeper into the system.  In that case, net 

infiltration to the subwatershed is considered only the portion of water that recharges the 

deeper groundwater system, discounting short groundwater flow paths that discharge 

groundwater directly into a nearby river.  Thus the water budget equation can be re-

arranged as follows: 

 

Net Infiltration = Precipitation – Evapotranspiration  

    – (Runoff + Baseflow) 

 

A negative value of net infiltration would indicate that there is more water exiting the 

system through groundwater discharge than is entering the system through groundwater 

recharge or infiltration. 

 

Using representative annual values for meteorological parameters for various gauged 

surface water basins within the SPR, preliminary estimates of net infiltration have been 

calculated. 

 

The preliminary analysis shows that on an annual basis, infiltration values vary between 

7% and 16% of precipitation around the SPR as shown in Table 33: Analysis of 

Infiltration.  Note that this preliminary analysis is at steady-state and does not account for 

any consumptive water use. 

 

Table 33: Analysis of Infiltration 

Drainage 
Basin 

Gauge Station Location Precipitation 
(mm) 

AET 
(mm) 

Runoff + 
Baseflow (mm) 

Infiltration 
(mm) 

02LB005 South Nation River near 
Plantagenet Springs 

971 417 406 148 

02LB008 Bear Brook near Bourget 966 443 407 116 

02LB022 Payne River near Berwick 982 470 358 154 

02MC001 Raisin River near 
Williamstown 

979 476 421 82 

02MC026 Rivière Beaudette near 
Glen Nevis 

996 471 454 71 

02MC028 Rivière Delisle near 
Alexandria 

1006 475 389 142 

 

3.6 Water Use 

3.6.1 Introduction 

Water resources in the SPR are mostly used to fulfill residential, agricultural, industrial, 

commercial and recreational water demands, each having various levels of consumptive 

or non-consumptive water use.  The Province has defined ‘consumptive water use’ as any 
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water use that takes water from an aquifer or surface water body without returning the 

water taken to the same aquifer or surface water body.   

 

Approximately 65% of the population in the SPR makes use of water from private 

groundwater supplies for domestic purposes. Domestic water use is considered non-

consumptive because wastewater from private residences is returned to the upper aquifer 

through the use of private septic beds. The matter of concern is that although the same 

water quantity is returned to the system, the wastewater contributes to contaminant 

loading making the newly-returned water unavailable for use due to poor water quality.  

Water used for the purpose of agricultural demand can be estimated by combining 

farming practices, crop type and livestock type and size. Agricultural water uses may be 

considered consumptive or non-consumptive depending on the practice.  Water quality 

concerns are also associated with agricultural water use; although agricultural water may 

be returned to the system, agricultural runoff may limit the use of some water sources at 

certain times of the year.  This is especially a concern within the SPR due to the high 

intensity of agricultural operations.  Industrial and commercial water consumption in the 

SPR includes the use of manufacturing plants, aggregate washing operations, pits and 

quarries, industrial cooling water, bottler water plant and golf courses. Recreational water 

use mostly encompasses surface water activities for motor and non-motor boats and the 

use of both surface and groundwater in campground and park landscaping.  

 

The Conceptual Water Budget includes a very basic assessment of anthropogenic water 

use within the SPR; this assessment includes a summary of large water users from the 

PTTW database and an estimate of private groundwater use in the SPR.   

 

The assessment of the PTTW database includes all water users from all reservoirs; St. 

Lawrence River, Ottawa River, inland rivers and lakes (i.e. South Nation River) and 

groundwater sources.  The source of water and the fate of wastewater need to be included 

in the Tier 1 water budget assessment.  It should be noted that, as legislated by the 

International Commission, all water extracted from the St. Lawrence River must be 

returned to the St. Lawrence River; hence wastewater does not remain within the SPR.   

However, the same is not true for water extracted from the Ottawa River, in several cases 

water is extracted from the Ottawa River and wastewater is returned to the South Nation 

River (i.e. Russell and St. Isidore).  This contributes to decreased water quality which 

may prevent the use of some water resources. 

 

An understanding of all anthropogenic water uses (both consumptive and non-

consumptive) is important in the water budget analysis as it may constitute a significant 

loss of water quantity and/or quality within the watershed. Water use in the SPR will be 

further investigated in higher tiers of the water budget to determine consumptive and 

non-consumptive volumes used for each application (permitted and non-permitted) on a 

monthly time scale. In addition, the percentage water demand for each subwatershed will 

be calculated in the Tier 1 Water Budget analysis following provincial guidelines.   
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3.6.2 Permit to Take Water Database 

Large water takings in Ontario are governed by the Ontario Water Resources Act. Section 

34 of the Act requires anyone taking more than a total of 50,000 liters in a day, with some 

exceptions, to obtain a Permit to Take Water (PTTW). The data contained in the PTTW 

database gives a general overview of large water users in a region.   

 

With respect to preliminary water budget considerations, there are some limitations to the 

PTTW database: 

 

 The data are limited in that smaller users are not required to have a permit and 

therefore a large section of water users are not represented. 

 

 The data included in the PTTW database reflects maximum permitted use and this 

amount is often much greater than the actual takings. Using these data to estimate 

takings would grossly overestimate the volume of water actually used.  

 

 Not all water takings of 50 000 l/d or more are reported in the PTTW. 

 

 The PTTW is a temporal overview (i.e. snapshot in time) of the water takings in 

the SPR; it is difficult to extract reliable trends or conclusions. For example, the 

previous version of the PTTW database (2005) only contained 30% of the total 

permitted volume of takings as compared to the October 31st 2006 version.  

Between the 2 analyses, no conclusions or trends could be identified. Therefore, 

the PTTW database analysis does not give a general footprint of the water users in 

our area, but a temporal footprint of water users at a certain point in time. 

 

 The PTTW does not include or represent recreational and ecological water use. 

 

By reviewing the location, density and type of users, it is expected to find a thumbnail 

sketch of the distribution of large water takings in the region according to the actual 

PTTW database. This analysis can identify potential areas of measurable stress within a 

watershed. Quantifying watershed-scale impacts from cumulative takings requires long-

term water level monitoring. 

 

3.6.3 Permitted Water Takings in the SPR 

There are a total of 205 active permits in the SPR, for a total of approximately 

2,310,000,000 m³/yr (8.4x1014 l/day or 415mm/yr as spread aver the entire SPR) 

permitted water takings. As shown in Figure 25: Distribution of Active Permits to Take 

Water (PTTW), almost half of the active permits were given for groundwater takings, in 

addition to 7% of the permits that are for both surface and ground water takings. Only 

43% of the PTTW are for surface water withdrawals.   
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Figure 25: Distribution of Active Permits to Take Water (PTTW) 

6.8%

49.3%

42.9%

1.0%

Both

Groundwater

Surface Water

Unknown

 
 

When the active permits are plotted by water takings (Figure 26: Distribution of the 

Permitted Water Takings), surface water withdrawals are most significant, with 95.5% of 

the permitted water withdrawals in the SPR (2,210,000,000 m³/year or 395mm/yr spread 

over the entire SPR).   

 

Figure 26: Distribution of the Permitted Water Takings 
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There are a greater number of permits are for groundwater takings, but surface water 

takings represent the most significant volume of water taken within the watershed. It 

should be noted that there is one permit, in Edwardsburg-Cardinal (West St. Lawrence 
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River) that accounts for 60% of all the permitted takings in the SPR. This permit, for 

cooling water, allows 1.380 billion m³/yr to be withdrawn from the St. Lawrence River.  

Since this water is extracted from the St. Lawrence River, it does not affect the water 

budget of the South Nation River or Raisin River watersheds. 

 

To obtain an appreciation for the types of water use over the entire watershed, PTTW 

were plotted on Map 45: Permit to Take Water (PTTW) Water Usage according to the 

stated “usage” in the PTTW database. The maximum daily permitted water taking is 

plotted on Map 46: Permit to Take Water (PTTW) Water Takings. The relative volume of 

maximum permitted water takings is represented by varying sizes of the corresponding 

circle. Again, where the locations of permits overlap geographically, it is difficult to 

distinguish between individual takings, and some permits may be masked by others. 

However, Map 46 attempts to provide a general picture of relative takings across the 

watershed. 

 

Figure 27: Permitted Water Takings by Sector under PTTW in the SPR illustrates water 

use per sector, all permits combined. The industrial sector holds 69.5% of all the 

permitted water withdrawals, mostly due to the one large cooling water permit on the St. 

Lawrence River, which accounts for 60% of all permitted takings in the SPR. Without 

this permit, the miscellaneous sector would be the most important water-demanding 

sector, mostly due to wildlife conservation permits and dams and reservoir permits.   

 

Figure 27: Permitted Water Takings by Sector under PTTW in the SPR 
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When comparing water use per sector for surface water and groundwater, 69.5% of the 

permitted surface water withdrawals are for industrial water use, followed by 28.9% for 

miscellaneous (conservation). For groundwater permitted withdrawal, the PTTW 

database reports that 99% of the groundwater is used for remediation purposes. 
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3.6.4 Permitted Water Takings in the SPR for Municipal Drinking 
Water Systems 

Municipal water takings are reported to be 28,600,000 m³/yr (1.01x10
13

 l/day or 

5.1mm/yr if spread over the entire SPR) of permitted withdrawals for the PTTW analysis. 

The PTTW database does not report all municipal water takings. Therefore, compliance 

reports and inspection reports for each municipal intake located within the SWP proposed 

region were reviewed and phone calls were made to municipalities to verify that the 

information gathered was still accurate and up to date.  

  

Information regarding municipal water takings is summarized in Table 33: Permitted 

Withdrawal and Maximum Actual Withdrawal at Municipal Plants. Of the 35 municipal 

drinking water systems, 14 municipal systems are surface withdrawals (67,700,000 m³/yr, 

186,000,000L/day or 12.1mm/yr spread over the SPR) and 21 are groundwater 

withdrawals (9,090,000 m³/yr, 24,900,000L/day or 1.6 mm/yr spread over the SPR). It 

should be noted that the PTTW database only contains 37% of the permitted withdrawals 

for municipal drinking water systems, when compared to the (more accurate) data 

collected in other locally-sourced reports.  

 

Information regarding municipal water takings and the distribution systems is 

summarized in Table 34: Municipal Drinking Water Supplies (Surface Water) and Table 

35: Municipal Drinking Water Supplies (Groundwater). 

 

There are 14 surface water intakes in the SPR.  Map 43: Municipally Serviced 

Settlements (Surface Water) shows the communities and estimated population relying on 

each intake and the volume of water permitted. The locations of the municipal surface 

intakes are shown on Map 43. 

 

Table 35: Municipal Drinking Water Supplies (Groundwater) summarizes the active 

municipal wells in the SPR.  These wells are shown on Map 44. 

 

The annual actual withdrawal is generally much lower than the permitted withdrawal. 

Table 36: Permitted Withdrawal and Maximum Actual Withdrawal at Municipal Plants 

shows the discrepancy between the actual taking and the permitted taking.  This shows 

how the permitting maximum takings are in fact much greater than the actual takings at 

the source. These data must therefore be evaluated carefully as they often overestimate 

actual average usage. 
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Table 34: Municipal Drinking Water Supplies (Surface Water) 

Municipality 
where the intake 
is located 

Communities relying 
on the supply 

Source Water Estimated 
population 

served 

Permitted 
withdrawal 

(L/day) 

North Glengarry Alexandria Garry River 3,300 5,620,000 

Cardinal Cardinal St. Lawrence River 1,500 unknown 

Casselman Casselman South Nation River 2,800 3,180,000 

Cornwall Cornwall, St-Andrews 
& Rosedale Terrace  

St. Lawrence River 46,000 100,000,000 

South Glengarry Glen Walter St. Lawrence River 650 945,000 

Hawkesbury Hawkesbury, L’Original 
West, South Vankleek 
Hill 

Ottawa River 12,000 20,000,000 

South Glengarry Lancaster St. Lawrence River  1,200 1,440,000 

Lefaivre
1
 Lefaivre, Alfred Ottawa River 3,500 9,500,000 

South Stormont Long Sault, Ingleside St. Lawrence River  3,400 9,500,000 

South Dundas Morrisburg, Iroquois St. Lawrence River 4,000 9,000,000 
 

Plantagenet
1
 Plantagenet South Nation River 950 1,700,000 

Prescott Prescott + some 
residents of 
Edwardsburgh-Cardinal 

St. Lawrence River 3,900 8,200,000 

Rockland Rockland, Hammond, 
Bourget, St Pascal de 
Bayon, Cheney, 
Clarence Creek 

Ottawa River 13,500 14,500,000 

Wendover Wendover Ottawa River 850 1,960,000 

Surface Water Total 97,550 179,925,000 

Note: 1) The Plantagenet intake will be decommissioned in 2008. The intake at Lefaivre will be providing drinking water to 
Plantagenet and St-Isidore residents.    
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Table 35: Municipal Drinking Water Supplies (Groundwater) 

Municipality where the 
well is located 

Communities relying 
on the supply 

Estimated 
population 

served 

Permitted withdrawal (L/d) 

City of Ottawa (2 wells) Vars 800 2 wells at 2,300,000 l/d each; 
Total = 4,600,000 

Russell (1 active well), 
Embrun/Marionville (1 
active well) 

Russell, Embrun, 
Marionville 

9,850 Russell well: 1,180,000 
  Embrun/Marionville: 5,419,000 

The Nation Limoges 2,600 2,080,000 

The Nation (2 active wells, 
3 decommissioned wells) 

St-Isidore  800 Well #1: 362,880 
Well #2: 380,160 
Well #3: 112,320 

 Well #4: 241,920 
Well #5: 155,520 

North Stormont Finch 450 778,000 (CofA) 

North Stormont Moose Creek 300 896,000 (CofA) 

North Stormont Crysler 600 1,684,000 (PTTW) 

South Stormont (Well #1 
primarily used dug well,  
Well #2 back-up drilled 
well) 

Newington  120 Well #1: 327,000 
Well #2:   65,500 

North Dundas Chesterville  1,500 1,950,000 

North Dundas (6 active 
wells) 

Winchester  2,300 Well #1: 818,200 
 Well #5: 555,840 
Well #6: 982,100 

Wells #7abc: 1,950,000 

North Glengarry Glen Robertson 100 224,000 

South Glengarry Redwood Estates 150 151, 200 (unknown) 

Edwardsburgh- 
Cardinal 

Spencerville (Bennett 
Street) 

15 apartments 7,137(actual taking, no PTTW 
required) 

Groundwater Total 19,600 24,920,000 L/d 
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Table 36: Permitted Withdrawal and Maximum Actual Withdrawal at Municipal Plants 

System Source  Pop’n  Capacity 
(m³/d)  

 PTTW  
(m³/d) 

Daily 
Average vs 

PTTW 

Average 
Daily Use 

m³/d 
(2000-2006) 

 

Maximum 
Daily Use m³/d 

(2000-2006) 

Alexandria WTP  SW 3,300   8,014   5,616   61%   3,396   6,091  

Cardinal WTP SW 1,500   3,548      

Casselman WTP SW 2,835   3,182   3,182   32%   1,006   2,999  

Chesterville 
Waterworks 

GW 1,559   2,781   1,950   33%   646   1,728  

Cornwall WTP SW 46,000   100,000   100,000   35%   35,000   

Crysler WTP GW  600   1,685   1,685   13%   214   792  

Finch Waterworks GW  441   778   778   36%   283   608  

Glen Robertson 
Well Supply 

GW  100    224   18%   40   1,092  

Glen Walter WTP SW  650   995   945   38%   358   898  

Hawkesbury WTP SW 10,154   27,250   20,000     27,275  

Lancaster DWS SW 1,218   1,440   1,440   22%   313   992  

Lefaivre WTP SW 1,900   2,900   2,900   36%   1,054   2,721  

Limoges WTP GW 2,567   2,080   2,080   24%   508   1,223  

Long Sault WTP SW 3,500   9,500   9,500   56%   5,320   7,315  

Long Sault/Ingleside 
Regional WTP 

SW 3,370   9,500   9,500     

Morrisburg, Iroquois SW 3,938   unknown      

Moose Creek Water 
Supply 

GW  300   896   896   21%   189   448  

Newington WTP 
(2wells) 

GW  114   393   392   18%   72   184  

Osnabruck Center 
Well Supply 

GW  120   56     4   36  

Plantagenet WTP SW  965   1,700   1,799   19%   349   1,140  

Prescott WTP SW 3,900   8,200   8,200   42%   3,425   7,487  

Redwood Estates 
DWS 

GW  140   151   151   8%   12   69  

Rockland WTP SW 13,500   13,500   14,500   19%   2,798   6,641  

Russell - Russell 
WTP

1
 

GW 3,579   3,636   1,180   73%   864   3,020  

Russell - 
Embrun/Marionville 
WTP 

GW 5,494   6,210   5,419   37%   2,025   4,700  

St. Andrew's, 
Rosedale 
Distribution System 

N.A  650   898      

St. Isidore de 
Prescott 
Waterworks 

GW  800   907   1,250   17%   210   726  

Vars Well Supply 
(2wells) 

GW  800   864   4,600   5%   228   1,180  
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Wendover DWS SW  850   1,806   1,960   22%   423   1,550  

Winchester 
Waterworks 

GW 2,275    4,306   22%   938   3,508  

Winchester #1     8,178     487  

Winchester #5     556     521  

Winchester #6     982     904  

Winchester #7a            1,950   48%   940   1,778 

Note: 1) The Russell WTP receives some of its drinking water from the Embrun/Marionville Municipal Well. This should be 
considered in the analysis of the actual takings for Russell and Embrun/Marionville WTP. 

 

3.6.5 Private Well Consumption 

The RRCA/SNC SPR has approximately 65% of the population on private groundwater 

supply, and because of this large percentage, it would be beneficial to include the private 

takings in municipal source water protection plans. The impact of domestic wells should 

be examined in terms of water quantity (impact on the water budget – this report) and in 

terms of water quality (risk assessment –future work). Note that the Water Budget 

Guidance Module (Section 2.2 of Appendix D, March 2007) outlines that in Tier 1, 

Statistics Canada census data will be used to determine the private groundwater takings.  

Additional information is available in the SPR, and hence will also be applied to estimate 

private groundwater takings in the Tier 1 analysis. 

 

To estimate usage of groundwater from private groundwater wells, two categories were 

considered: MOE water well records completed in the overburden and MOE well records 

completed in bedrock formations. The primary sources of information were the 

EOWRMS MOE well record database and the recently updated MOE well locations 

provided by the province. Based on this information, approximately 94% of all MOE 

water well show that wells are completed in bedrock, as compared to 6% in the 

overburden. This is likely due to the low yield of most of the overburden deposits (clays 

and tills) and the easily accessible water development potential within the shallow 

bedrock. It should also be noted that a majority of the wells completed in the bedrock 

have screens that extend into the overburden directly in contact with the bedrock, hence 

water is likely extracted from both the bedrock and the overburden (the contact zone 

aquifer). 

 

With regards to the water balance, most domestic water is returned to the environment 

through the use of private septic beds. Consequently, domestic water use is usually 

considered a zero net loss, given that essentially all the water is returned to the 

environment at the same location. However in this region where a large proportion of 

domestic wells draw from a deeper confined (or semi-confined) aquifer system, it is 

important to consider domestic use because in most locations where water is extracted 

from the bedrock, infiltration of the water through the septic tile beds into the overburden 

materials will not necessarily result in recharge to the deeper system where the water was 

extracted. Therefore even though a “mass balance” calculation will show a zero net loss, 

the water has been redistributed from one hydrostratigraphic formation to another. 
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Another reason to consider domestic wells will become important in the risk assessment 

component of SWP: even though the water is being returned to the system, the quality of 

that water has been altered, and this water therefore contributes to contaminant loading.  

 

Environment Canada (2004), using the data collected from Census Canada (2001) 

estimates the average daily residential water usage at 285 L/capita in Ontario. For 

comparison purposes, the Canadian average daily residential flow is higher at 335 

L/capita. Table 37: Average daily residential flow per municipal population 

(Environment Canada, 2004), illustrates that the average daily residential flow decreases 

with the municipal population.    

 

Table 37: Average daily residential flow per municipal population (Environment Canada, 2004) 

Municipal population Average daily residential flow (L/capita) 

Under 2000 446 

2000 to 5000 466 

5000 to 50 000 397 

50 000 to 500 0000 326 

More than 500 000 300 

 

In addition, the MOE Procedure D-5-5 Technical Guideline for Private Wells: Water 

Supply Assessment (1996), states the minimum pumping test rate and well yield required 

for a particular development must be calculated as follows: “The per-person requirement 

shall be 450 litres per day.”  

 

Therefore, to roughly estimate the water consumption from private residential systems, 

the total population in the SPR is estimated at 252,000 persons (Watershed 

characterization report on human characterization). Approximately 65% of this 

population is on private groundwater systems (164,000 persons). By estimating the daily 

residential water use per capita at 450 L/d (Following MOE Procedure D-5-5, 1996, 

which is slightly above the Ontario average since the SPR is mostly composed of small 

communities), the annual water consumption from the residential systems can be 

estimated at 26,900,000 m³/yr (or 4.8 mm/yr spread over the SPR).  By estimating the 

daily residential water use per capita at 335 L/d (Following Appendix D of the water 

budget guidance module), the annual water consumption from the residential systems can 

be estimated at 20,010,000 m³/yr (or 3.6 mm/yr spread over the SPR).  

 

For comparison purposes, the estimated residential withdrawal represents 83 to 63% of 

the permitted groundwater withdrawals from the PTTW database analysis, depending on 

the value used for per capita water use. 
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3.6.6 Agricultural Water Use 

Most farms extract groundwater and/or surface water without holding a PTTW, mostly 

because they withdraw less than 50,000 l/d. Therefore it is not possible with the MOE 

PTTW database to accurately estimate the actual water use from the agricultural sector. It 

is however possible to estimate these values based on the size and type of farms, and 

based on standards for livestock water consumption. Non-permitted agricultural water 

use will be estimated for the Tier 1 water budget per Appendix D of the WB guidance 

module. 

 

From the PTTW analysis, there are currently only 24 PTTW in the SNC/RRCA SPR 

listed under agricultural purposes. From these active permits, 8 were issued for 

groundwater, and the 16 remaining permits are for surface water.   

 

Irrigation is not commonly used in the United Counties of Prescott and Russell and 

Stormont, Dundas and Glengarry. Census Canada 2001 reports only 53 farms using 

irrigation, representing 0.14% (688 ha) of the area or 0.21% of the agricultural area in the 

two counties. 

 

3.6.7 Industrial Water Use 

The South Nation and Raisin River Watersheds are not heavily industrialized. However, 

there are several industries that rely heavily on water or have an impact on the local water 

quantities. The industrial and commercial use represents almost 70% of all the permitted 

takings in the SPR, including the cooling water permits that accounts for 60% of the total 

permitted water takings in the SPR.   

 

From the available data, 94.4% of the permitted takings under commercial, construction, 

dewatering and industrial uses are from surface water, and only 1.2% from groundwater 

(4.3% are for both).  

 

A further breakdown analysis will be made in higher tiers to identify fractions of 

consumptive/non-consumptive water uses and surface water/groundwater resources 

exploited within the SPR.    

 

3.6.8 Recreational and Commercial Water Use 

The area counts a number of recreational activities that rely on the availability of surface 

water, such as boating, canoeing, and kayaking, and many recreational camps that are 

located in areas with access to surface water. The most important recreational uses of 

water in the area are water use at campgrounds (seasonal) and for the aesthetic appeal for 

parks and communities.  Commercial water use includes irrigation for golf courses, 

stormwater ponds and water parks.  The regional impact of these water uses is expected 

to be low since they are generally considered non-consumptive; however, these water 
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uses may have a more significant impact on local water budgets in term of water quantity 

and/or poor water quality returned to the system. 

 

3.6.9 PTTW Data Summary 

3.6.9.1 Data Accuracy 

In general, the PTTW database lacks accuracy; the data is coarse and largely uncertain. It 

was demonstrated that the PTTW database for municipal water supply only contained 

37% of the permitted water takings of the data collected from other more reliable reports 

(municipal compliance reports, inspection reports, etc). 

 

3.6.9.2 Water Use Analysis 

The fact that most of the data used for estimating water use is extracted from the PTTW 

database results in inaccuracies in the analysis; only the municipal water uses that are 

estimated from other sources, such as inspection reports, compliance reports and 

groundwater municipal studies, appear to be of a high enough level of accuracy for the 

analysis. The lack of basic, accurate information on water use therefore constitutes a 

major data gap in this analysis. 

 

3.6.9.3 Smaller Users 

Water uses below 50,000 L/day are exempt from the PTTW process.  However, Section 

3.6.5 showed how private uses are important withdrawals in our SWPR, corresponding to 

an estimated 63 to 83% of all permitted withdrawals in the PTTW database.  This 

estimate does not include small industries that withdraw water at rates below the 50,000 

L/day limit, which may have a large cumulative impact on the water budget.  Also, 

agricultural operations require large amounts of water for livestock, cleaning buildings, 

milk lines, irrigation and/or on-farm operations. In the SPR, the smaller users may have 

an important cumulative impact on both the quantity and quality of source water. These 

non-permitted uses are not accounted for in the present analysis, but they will be 

estimated for the Tier 1 water budget as per the provincial water budget guidance 

Appendix D.   

 

3.6.9.4 Large Water Users 

In RRCA/SNC SPR, there is one permit that accounts for 60% of all permitted takings, as 

described in Section 3.6.3.  This permit skews the results of the analysis presented in this 

conceptual water budget report.  However, since this water is extracted from the St. 

Lawrence River, it will not affect the water budget of the South Nation River or Raisin 

River watersheds when assessed for the Tier 1 Water Budget. 

 



 

Water Budget: Conceptual Understanding   
Version 1.1.0, October 2009  Page 97  

3.6.9.5 Temporal Overview 

The previous version of the PTTW database (October 2005) only contained 30% of the 

permitted takings of the October 31st 2006 version. Between the 2 analyses, no 

conclusions can be made; no trends could be identified. Therefore, the PTTW database 

analysis does not give a general footprint of the water users in the area, but a temporal 

footprint of water users at a given point in time.   

 

3.6.9.6 Temporary Permits 

There are also a number of permits provided for construction projects; these are typically 

classified as “construction” or “dewatering”. It should be noted that these are usually 

temporary, with water discharges only occurring for the duration of the construction 

project. Permits that do not represent sustained water takings will be identified and 

removed from the water budget assessment. 

 

3.6.10 Moving Forward  

3.6.10.1 Data Issues 

The data available are scattered and water use data are regularly revised: actual water 

used, permits revoked, new permits, municipal infrastructure changes, etc. Locating 

updated data is a challenge, and maintaining current data is another challenge.  

 

3.6.10.2 Actual vs. Permitted Use 

In the PTTW database the actual water use was not always available. The data used is the 

permitted water use, which can be significantly higher than that actually used. The data 

show how the permitted maximum takings are in fact much greater than the actual 

takings at the source. This may also be the case for other types of water takings such as 

golf courses, quarries, industries, etc. Commonly applicants apply for maximum daily 

takings that represent maximum estimates to ensure compliance under any water-taking 

scenario. These data must therefore be evaluated carefully as it often overestimates, by a 

large percentage, average usage. 

 

3.6.10.3 Seasonal Withdrawals in PTTW and Trends 

Many of the water takings are not continuous in time, and therefore simply adding the 

permitted takings over time will overestimate the cumulative water withdrawals. For 

example, large quantities of water are typically extracted by golf courses, but this would 

only occur during the summer months when greens are watered. Pits and quarries also 

typically have large permitted takings, but they typically dewater in the spring and then 

maintain a dry pit/quarry by pumping at a reduced but constant rate for the remainder of 

the summer. Many pits/quarries do not dewater during the winter months. Other seasonal 

users could include market gardens and campgrounds. 
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When evaluating stresses to the system, one important parameter to consider is seasonal 

permitted takings versus annual permitted takings. As discussed above, most seasonal 

takings are limited to the summer months when groundwater elevations decrease 

naturally due to increased evapotranspiration and decreased precipitation and infiltration. 

During times of low precipitation, the watershed may undergo stress due to lowering 

groundwater and surface water levels, as such it is essential that the Tier 1 water budget 

analysis address the seasonality of water use. The seasonal use factor will be estimated 

for Tier 1 water budget as per Appendix D of the water budget guidance.   

 

3.6.10.4 Recreational Use and Ecologic Use 

Most recreational water uses do not require a PTTW. To estimate water use from this 

sector, knowledge of the area and of the recreational industries that rely on surface water 

is required.  

 

3.6.10.5 Water Use: Extraction and Returns 

The source of water and the fate of wastewater need to be included in the Tier 1 water 

budget assessment.  The International Commission requires that all water extracted from 

the St. Lawrence River must be returned to the St. Lawrence River so the wastewater 

does not remain within the SPR.  However, a notable volume of water extracted from the 

Ottawa River is returned to the South Nation River (i.e. water piped to Russell and St. 

Isidore).  This wastewater contributes to decrease water quality which may prevent the 

use of some water resources. 

 

3.6.11 Additional Water Use Considerations 

3.6.11.1 Low Water Response Program  

In recent years eastern Ontario has been experiencing low precipitation events and higher 

temperatures.  These weather conditions cause lower surface water levels and dryer soil 

conditions.  Low water patterns will continue to increase as these weather conditions 

continue and water demand increases.  The Ontario Low Water Response Program was 

prepared by the provincial government (MNR) to deal with low water conditions in 

Ontario to ensure provincial preparedness, assist in coordination and support local 

response in an event of a drought.   

 

To determine the presence and severity of a low water event, indicators such as 

precipitation and stream flow are evaluated.  This data is used to determine if there is an 

impending water shortage and if there is enough water to meet the basic needs of the 

ecosystem, as well as for other uses such as municipal supply and agriculture.  The 

severity of low water conditions is evaluated as outlined in Table 35: Low Water 

Response Trigger Levels. 
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A watershed-based water response team has been created to identify the actions required 

to manage the response to drought or low water conditions and carry them out. These 

actions maximize water supply and/or reduce demand, the recommended actions are 

identified in Table 38: Low Water Response Trigger Levels.  

 

Table 38: Low Water Response Trigger Levels 

Condition Precipitation Indicator Stream Flow Indicator Action 

Level I <80% of average Spring – monthly flow 
<100% lowest average 
summer month flow. 
Other times – monthly 
flow <70% of lowest 
average summer month 
flow 

Voluntary Conservation 

Level II <60% of average weeks 
with <7.6 mm 

Spring – monthly flow 
<70% lowest average 
summer month flow. 
Other times – monthly 
flow <50% of lowest 
average summer month 
flow 

Conservation and 
Restrictions on Non-
Essential Use 

Level III <40% of average Spring – monthly flow 
<50% lowest average 
summer month flow. 
Other times – monthly 
flow <30% of lowest 
average summer month 
flow 

Conservation, 
Restriction and 
Regulation 

 

Documented Water Shortages 

SNC has experienced and documented several droughts since initiating the Ontario Low 

Water Response Program in 2000. 

 2001 – Level II drought 
 2006 – Level I drought 
 2007 – Level II drought 

 

In addition, during the summer of 2001, very low water levels in the South Nation 

Watershed prompted SNC to set up a hotline for the public to call and notify the 

Conservation Authority of private wells that went dry. The spatial distribution of the 

recorded groundwater shortages is illustrated on Map 47: Documented Water Shortages. 

Anecdotal information from the time of the low water emergency in 2001 reveals that the 

individuals that phoned the hotline have rarely or never experienced dry well conditions 

before the incident. Although the wells identified were likely screened at different depths 

(with pumps installed at different depths), Map 47 shows the widespread effect of water 

shortages in the SPR. Dry groundwater wells are likely to result across the SPR under 

future similar low water conditions. It should also be noted that notifying the CA was 

done on a voluntary basis and only those who were aware of the program contacted the 
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CA. This distribution of ‘dry wells’ is likely an underestimate of the actual number 

households that experienced water shortages.   

 

3.6.11.2 Ecological Requirements 

Thus far, the Conceptual Water Budget has focused on the availability and sustainability 

of water supplies for anthropogenic water uses (i.e. municipal supply, agriculture, 

industrial operations).  In addition to anthropogenic water necessities, there are ecological 

requirements for water which should be considered in the water budget analysis.  

Changes to the hydrological system can have far-reaching impacts on the ecology as 

many plant and animal species are sensitive to water levels, flow velocity and 

temperature.  For example, in times of low water, the abundance and diversity of aquatic 

species would decrease.  For such cases, it is important to know the range of water levels 

that establish habitat maintenance, local extinction and systems extinction conditions in 

streams.  On the other hand, high water levels also have an impact on ecology.  Flooding 

can also impact the fish and benthic invertebrate communities in water bodies as it can 

cause increases in turbidity, sediments and pollution (i.e. manure runoff, sewage leakage 

and nutrient leaching).     

 

An assessment of ecological requirements within the SPR has not yet been carried out, 

however, the water budget analysis needs to consider the water quantity and quality 

required to sustain aquatic habitats. 
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4 Conceptual Understanding of Flow System Dynamics   

4.1 Introduction 

A water budget assessment is being performed in order to manage the quantity of existing 

municipal sources of drinking water. The water budget comprises estimates of the 

amount of water flowing through the watershed as well as an understanding of the 

pertinent processes and pathways the water follows, including water withdrawals. 

Although water budgets are typically carried out at steady state, which does not take into 

account the storage capacity of the system, storage can become an issue because it gives 

an indication of the ability of the system to cope with stresses imposed upon it. As a first 

step, the water budget will be evaluated at a regional scale, encompassing the entire SPR.  

An essential prerequisite for any detailed evaluation is the collection, mapping and 

analysis of baseline information to develop a conceptual understanding of the function of 

the flow system. In this report several key physical and human characteristics of the SPR 

were summarized and assessed, including climate, land cover, geology, physiography, 

hydrogeology, hydrology, water usage and water quality.   

 

The integrated conceptual understanding is a summary of how the elements of the water 

budget relate to each other. In Chapter 3, climate, surface water, groundwater and water 

use were discussed independently. However, water movement throughout the SPR should 

consider how water moves between various reservoirs and the relationships between the 

pathways/reservoirs.  In the following sections, linkages between water 

pathways/reservoirs are assessed and a natural water budget is presented for the SPR.  

 

It should be noted that the water budget is an overview of the amount of water that moves 

within each reservoir in the SPR; this analysis ignores water quality, which may prevent 

the use of some water resources.  It is important that the water budget be used in 

conjunction with water quality analyses in order to determine the true availability and 

sustainability of water resources in the SPR. 

 

4.2 Baseflow and Recharge Evaluation 

Baseflow is the component of streamflow that comes from groundwater discharge. 

Baseflow was assessed at 6 surface water gauges in the SPR.  The location of the gauge 

stations and the approximate catchments is illustrated in Map 38: Approximate Drainage 

Divides of Selected WSC Stream Gauges. Hydrograph separation was used to separate the 

streamflow hydrographs into baseflow and direct runoff components at the 6 gauges 

using an automated baseflow separation tool outlined in Arnold et al (1995). 

 

Recharge was assessed across the SPR using GIS analyses; a discussion of the analyses 

and results are provided in Section 3.4.5. Several estimates of recharge were made 

including: recharge to the contact zone aquifer, recharge to the overburden and contact 

zone aquifers (combined) and recharge to the overburden aquifer. These analyses were 
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based on regional mapping of precipitation, actual evapotranspiration, groundwater 

levels, hydrogeology, land use, topography, and soils. 

 

4.2.1 Recharge Estimates 

Over the long-term, it can be assumed that groundwater recharge is equivalent to 

baseflow. A comparison of baseflow estimates from hydrograph separation using the 

automated hydrograph separation tool (Arnold et al, 1995) and recharge estimates of 

using the GIS analyses (MOE, 1995) is presented in Table 36: Comparison of Baseflow 

and Recharge. 

 

Table 39: Comparison of Baseflow and Recharge 

Drainage 
Basin 

Gauge 
Station 
Location 

Gauged 
Stream 

Discharge 
(mm/yr) 

Baseflow 
Fraction 

(Arnold et 
al, 1995) 

Groundwater 
Baseflow 
(runoff x 
baseflow 
fraction) 
(mm/yr) 

Groundwater 
Recharge 

(MOE, 1995) 
(mm/yr) 

Difference 
(mm/yr) 

02LB005 South Nation 
River near 
Plantagenet 
Springs 

406 0.55 223 272 49 (22%) 

02LB008 Bear Brook 
near Bourget 

407 0.53 216 244 28 (13%) 

02LB022 Payne River 
near Berwick 

358 0.52 186 235 49 (26%) 

02MC001 Raisin River 
near 
Williamstown 

421 0.58 244 251 7  (3%) 

02MC026 Rivière 
Beaudette 
near Glen 
Nevis 

454 0.61 277 251 -26 (-9%) 

02MC028 Rivière 
Delisle near 
Alexandria 

389 0.59 230 268 38 (17%) 

 

There is a fair agreement between the groundwater recharge estimates using the 

automated hydrograph separation technique and the MOE (1995) methodology. The 

difference ranges from 26% (49mm/yr) at the Payne River near Berwick to 3% (7mm/yr) 

at the Raisin River near Williamstown. A discussion of the limitations of the MOE 

(1995) methodology is provided in Section 3.4.5.2. A discussion of uncertainty or results 

is provided in Section 4.4. 
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4.3 Natural Water Budget 

A water budget analysis is undertaken in a watershed to measure and characterize the 

contribution of each component to the dynamics of the hydrologic system. It is critical to 

understand the flux of water moving within the SPR to properly manage the water 

resource. To determine the natural water budget, we will consider 4 main components of 

the water cycle: precipitation, evapotranspiration, surface water flow and groundwater 

flow.  The simplified water budget presented in this report is conducted over three areas: 

(1) the entire SPR, (2) the South Nation River watershed, and (3) the Raisin River 

watershed.  Detailed water budgets of individual systems (surface water regime, 

overburden aquifers, contact zone aquifer) will be conducted in the Tier 1 Water Budget 

Assessment. 

 

4.3.1 General Water Budget Equation 

The components of the water budget can be expressed in the form of the Water Budget 

Equation (1): 

 

Inputs – Outputs = Change in Storage (Eq. 1) 

 

Inputs include:  Precipitation (P) 

Surface water flow in (SWin) 

    Groundwater flow in (GWin) 

    Anthropogenic inputs, such as waste discharges (ANTHin) 

Outputs include:  Evapotranspiration (ET) 

    Surface water flow out (SWout) 

    Groundwater flow out (GWout) 

    Anthropogenic water extractions (ANTHout) 

 

From this, Equation 2 is developed: 

P + SWin + GWin + ANTHin – ET – SWout – GWout – ANTHout = Change 

in Storage  (Eq. 2) 

 

In addition to the components of flow listed above, there is also the interaction between 

groundwater and surface water within the watershed.   

 

For the conceptual water budget, the components of the water budget are analyzed on an 

average annual basis. This analysis is conducted with an assumption of steady state; 

therefore the change in storage is equal to zero.   

 

For this analysis, the water budget is further simplified to analyze the natural water 

budget; the water budget without anthropogenic water inputs and outputs. This analysis 

includes partitioning precipitation into evapotranspiration and water surplus. Water 
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surplus is the combination of runoff (surface water component) and groundwater 

recharge.   

 

P = ET + Water Surplus (Eq. 3) 

Water Surplus = Runoff + Groundwater Recharge (Eq. 4) 

 

The flow components presented in Equations 3 and 4 above are described and quantified 

in the following sections. Figure 28: Water Budget Flow Chart with Map References 

illustrates how the components of the natural water budget relate to one another.  In this 

schematic, water enters the system as precipitation.  A volume of water is lost as 

evapotranspiration and the remaining water is considered water surplus.  Of the water 

surplus, water moves to either the surface water regime (via runoff and interflow) or the 

groundwater regime (includes water that reached the water table).  Water that reaches the 

groundwater system either moves within the unconfined aquifer and discharges directly 

to surface water bodies or moves into the deeper confined aquifer system.   
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Figure 28: Water Budget Flow Chart with Map References 

The following sections provide short summaries of each of the water budget components 

and present the natural water budget of the SPR 
 

4.3.2 Precipitation 

The distribution of precipitation is illustrated in Map 4: Normal Annual Precipitation. 

The data originated from modeling by the Canadian Forestry Service for the period of 

1971-2000. The average annual precipitation ranges from 938 to 1050 mm/yr across the 

SPR, the average precipitation is 981 mm/yr. A detailed analysis of this precipitation data 

is included in Section 3.1.3. 

 

4.3.3 Evapotranspiration 

The distribution of evapotranspiration is shown in Map 6: Estimated Actual 

Evapotranspiration. The actual evapotranspiration estimates were calculated in a 

previous study using a model (SWATRE) to estimate moisture use by crop rotation 

modeled over 30 years of climate record. A discussion of evapotranspiration is included 

Precipitation 
(Map 4) 

Evapotranspiration  
(Map 6) 

Water Surplus 
(Map 48) 

Surface Water: 
Runoff (Map 49) 

Groundwater: 
Recharge (Map 32) 

Overburden 
Recharge (Map 33) 

Contact Zone 
Recharge (Map 27) 
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in Section 3.1.4. Values of actual evapotranspiration range from 150 to 640 mm/yr across 

the SPR; the average evapotranspiration is 425 mm/yr. 

 

4.3.4 Runoff and Recharge 

Streamflow data provides a combination of runoff and recharge; baseflow separation can 

be applied to separate recharge from runoff. An analysis of streamflow and baseflow is 

provided in Section 4.2. Six gauged catchment areas were delineated based on the digital 

elevation model and an automated baseflow separation tool was used to calculate runoff 

and recharge in each catchment.  

 

To compare the results of the baseflow calculation, these numbers compared runoff and 

recharge estimates calculated through a GIS analysis. There was a fair agreement of 

results between the two methods. 

 

4.3.5 Total Recharge 

Recharge was calculated using the MOE 1995 methodology, as described in Section 

3.4.5.2. The MOE methodology is based on an indexing system; however, at the regional 

scale this method provides broad estimates that can be used for comparison purposes. 

Map 32 shows the distribution of groundwater recharge calculated using the MOE 1995 

methodology. Total recharge ranges from 79 to 734 mm/yr, with an average value of 285 

mm/yr in the SPR. 

 

4.3.6 Direct Runoff 

The difference between water surplus and the MOE 1995 groundwater recharge 

calculation provides an estimate of average annual runoff (or direct runoff), as illustrated 

in Map 49: Average Annual Runoff. Direct runoff ranges in values from 31 to 667 mm/yr, 

with an average value of 273 mm/yr. 

 

4.3.7 Recharge to the Overburden and Contact Zone Aquifers 

Recharge to the semi-confined contact zone aquifer was calculated using the measured 

gradient and hydraulic conductivities, as described in Section 3.4.5.3. Results are 

illustrated in Map 27: Average Annual Recharge to the Contact Zone Aquifer. Recharge 

to the contact zone aquifer ranges from -360 to 220 mm/yr, with an average recharge of 2 

mm/yr across the SPR. 

 

Note that the large positive and negative values numbers rarely occur; they occur only 

where windows in the confining unit are present.  90% of the recharge values are within     

-16 and 18 mm/yr. 
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The distribution of recharge to the overburden aquifer was calculated as the difference 

between total recharge (Map 32) and recharge to contact zone aquifer (Map 27). The 

result is illustrated in Map 33: Average Annual Recharge to the Overburden Aquifer.  

Recharge to the overburden aquifer ranges in values from 0 to 734 mm/yr, with an 

average value of 285 mm/yr.  This is the component of groundwater recharge that moves 

within the unconfined aquifer and discharges to surface water bodies (slow runoff). 

 

4.3.8 Fast and Slow Runoff 

A map of the combination of fast and slow runoff was determined as the difference 

between water surplus (Map 48) and recharge to contact zone aquifer (Map 27). The 

result can be seen in Map 50: Average Annual Runoff and Overburden Recharge. This 

map can also be considered the sum of fast runoff (direct surface runoff) and slow runoff 

(recharge to the overburden aquifer).   

 

4.3.9 Regional Annual Water Budget Estimates  

Based on the GIS analyses in the previous sections, the regional water budget is 

presented in Table 40: Estimates of the Main Components of the Natural Water Budget 

for the SPR, Table 41: Estimates of the Main Components of the Natural Water Budget 

for the South Nation Watershed (SNW) and Table 42: Estimates of the Main Components 

of the Natural Water Budget for the Raisin River Watershed (RRW). 

 

Table 40: Estimates of the Main Components of the Natural Water Budget for the SPR 

Component Mean  
(mm/yr) 

Standard 
Deviation 

(mm/yr) 

Minimum 
(mm/yr) 

Maximum 
(mm/yr) 

Range 
(mm/yr) 

Precipitation 981 24 938 1050 112 

Actual Evapotranspiration 425 144 150 640 490 

Water Surplus 556 147 295 897 602 

Surface Water (Fast Runoff) 273 107 31 667 636 

Groundwater Recharge (Overburden and 
Contact  Zone) 

281 80 2 670 672 

Groundwater Contact Zone Recharge 2 10 -360 220 580 
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Table 41: Estimates of the Main Components of the Natural Water Budget for the South Nation 

Watershed (SNW) 

Component Mean  
(mm/yr) 

Standard 
Deviation 

(mm/yr) 

Minimum 
(mm/yr) 

Maximum 
(mm/yr) 

Range 
(mm/yr) 

Precipitation 971 17 943 1023 80 

Actual Evapotranspiration 417 140 150 640 490 

Water Surplus 554 142 305 852 547 

Surface Water (Fast Runoff) 264 104 31 635 604 

Groundwater Recharge (Overburden and 
Contact  Zone) 

290 80 40 665 705 

Groundwater Contact Zone Recharge 3 7 -86 111 197 

 

Table 42: Estimates of the Main Components of the Natural Water Budget for the Raisin River 

Watershed (RRW) 

Component Mean  
(mm/yr) 

Standard 
Deviation 

(mm/yr) 

Minimum 
(mm/yr) 

Maximum 
(mm/yr) 

Range 
(mm/yr) 

Precipitation 978 8 960 998 38 

Actual Evapotranspiration 473 136 150 640 490 

Water Surplus 505 136 321 825 504 

Surface Water (Fast Runoff) 254 92 32 571 539 

Groundwater Recharge (Overburden and 
Contact  Zone) 

251 71 46 635 681 

Groundwater Contact Zone Recharge 0.2 9 -86 136 222 

 

The regional water budget provides annual estimates of the quantities of water in the 

main components of the hydrologic cycle. From the analyses listed above, the following 

general conclusions can be stated about the average annual estimates: 

 

 Evapotranspiration is 43% of precipitation on average within the SPR; 43% in the 

SNW and 48% in the RRW, the remaining amount is called water surplus. 

 

 Surface water runoff (also known as fast runoff) is 49% of water surplus within 

the SPR; 48% in the SNW and 50% in the RRW. The remaining portion of water 

surplus is a combination of groundwater recharge to the overburden and contact 

zone aquifers (or slow runoff and contact zone recharge) 

 

 On average, only 1% of the water surplus recharges the contact zone aquifer; 2% 

in the SNW and 1% in the RRW. 

 

The regional water budget provides a broad-scale estimate of the spatial distribution of 

the water resources in the SPR. It should be noted that the above analyses were conducted 
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at an average annual basis. However, a major constraint on the water quantities available 

relates to the fact that much of the precipitation falls in the spring and early summer 

period, while most of the evapotranspiration occurs in the summer. Therefore, the 

quantities of water available on a monthly or weekly basis will vary widely from those 

estimated on the average annual basis. The Tier 1 water budget will be conducted on a 

monthly time scale to better investigate the temporal variation in the components of the 

hydrologic cycle. 

 

4.4 Uncertainty of Results 

Numerous analyses are presented in this report; these analyses are based on various raw 

and transformed datasets. Each dataset has a measure of uncertainty associated with it.  In 

order to determine the uncertainty of the results presented in this report, a measure of 

error must first be quantified for the datasets used in the analyses or a standard error 

presented for the methodology. 

 

In the case of recharge and baseflow estimates, several datasets were used to generate 

mapping products through GIS analyses; these layers include: 

 

 Interpolated surface of precipitation 
 Modeled surface of actual evapotranspiration 
 Streamflow from stream gauges 
 Interpolated potentiometric surfaces based on water levels and well screen 

information 

 Measured hydraulic conductivities from pump tests 
 Interpolated aquifer thicknesses and extents 
 Mapped distribution of soils 
 Mapped distribution of land use 
 10m scale DEM of Eastern Ontario 

 

Some uncertainty data has been estimated in previous studies, including: 

 

 Precipitation uncertainty – 20% (McKenney et al., 2006) 
 Actual evapotranspiration – 15% (EOWRMS, 2001) 
 Runoff measured at WSC gauge stations – 5% 
 Baseflow estimates using the automated hydrograph separation program BFLOW 

- 10% standard error (Neff et al, 2005, from RVCA, 2006) 

 

As an example of how the uncertainty data can be applied to the results presented in this 

report, the baseflow versus recharge values shown in Section 4.2 are compared in Table 

43: Uncertainty in Baseflow Estimates from Automated Hydrograph Separation below. 

Baseflow uncertainty from the automated hydrograph separation program has an average 

standard error of 10%. There is no information available on the uncertainty of the MOE 

(1995) recharge estimates, however several datasets are averaged and transformed to 
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produce this map so a sizable error is expected (see limitation of the MOE methodology 

presented in Section 3.4.5.2), in which case the MOE (1995) recharge estimates would 

fall within the range of groundwater recharge.  

 

Table 43: Uncertainty in Baseflow Estimates from Automated Hydrograph Separation 

Assessment Area Groundwater 
Baseflow, 

from BFLOW 
(mm/yr) 

10% 
Uncertainty 

Range in 
Groundwater 

Baseflow 
(mm/yr) 

Groundwater 
Recharge; 
MOE, 1995 

(mm/yr) 

South Nation River near 
Plantagenet Springs 

223 22.3 201 - 245 272 

Bear Brook near Bourget 216 21.6 194 – 238 244 

Payne River near Berwick 186 18.6 167 – 205 235 

Raisin River near Williamstown 244 24.4 220 – 268 251 

Rivière Beaudette near Glen 
Nevis 

277 27.7 249 – 306 251 

Rivière Delisle near Alexandria 230 23.0 207 - 253 268 

 

A detailed analysis of uncertainty needs to be addressed for the other analyses presented 

in this report to better understand the limitations of the data.  

 

4.5 Water Use and the Regional Water Budget 

Water use within the SPR was summarized in Section 3.6 of the Conceptual Water 

Budget Report.  The current conceptual understanding of water use in the SPR is 

primarily based on permitted water use as recorded in the PTTW database. The water 

budget presented in this report does not include an analysis of consumptive demand in the 

SPR since this assessment is not appropriate at the regional spatial scale or the average 

annual temporal scale presented in this report. An analysis of consumptive demand at this 

scale would result in water use data being averaged over these large temporal and spatial 

scales, virtually eliminating the identification of any stresses to the water resources. 

 

A detailed analysis of water use (including water returns) will accompany the Tier 1 

water budget in order to better estimate areas of potential stress. Although the water 

budget guidance does not require the evaluation of non-consumptive water returns until 

Tier 2 or 3, the methodology developed for the SRP for a Tier 1 surface water and 

groundwater analysis have the capacity to incorporate water returns and the exchange of 

water between different systems (surface water, shallow groundwater aquifers, deep 

groundwater aquifers).  This methodology is explained in further detail in Section 6.3. 

The Tier 1 water budget will also include an assessment of consumptive demand as 

described in the water budget guidance module.   
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5 Screening Decisions for Tier 1 Modelling 
As outlined in the guidance module, the water budget conceptual understanding should, 

as much as possible, answer the four main questions listed below. 

 

5.1 Is the Water Supply from an International or Inter-Provincial 
Waterway or from a Large Inland Water Body Only? 

5.1.1 Surface Water Systems on an International or Inter-provincial 
Waterway 

Information regarding municipal water takings is summarized in Table 34: Municipal 

Drinking Water Supplies (Surface Water), (Map 43), Section 3.6.4 of the conceptual 

water budget report. There are 14 active municipal surface intakes in the SPR, 11 are on 

the St-Lawrence River or the Ottawa River (international or inter-provincial waterway). 

 

Table 44 presents these 11 intakes, the communities and estimated population relying on 

these intakes, and the permitted withdrawal.  The Garry River (1 intake) and the South 

Nation River (2 intakes) are not considered large inland water bodies.   

 

Table 44: Surface Water Systems on an International or Inter-provincial Waterway 

Municipality 
where the intake 
is located 

Communities relying 
on the supply 

Source Water Estimated 
population 

served 

Permitted 
withdrawal 

(L/day) 

Cardinal Cardinal St. Lawrence River 1,500 unknown 

Cornwall Cornwall, St-Andrews 
& Rosedale Terrace  

St. Lawrence River 46,000 100,000,000 

South Glengarry Glen Walter St. Lawrence River 650 945,000 

Hawkesbury Hawkesbury, L’Original 
West, South Vankleek 
Hill 

Ottawa River 12,000 20,000,000 

South Glengarry Lancaster St. Lawrence River  1,200 1,440,000 

Lefaivre Lefaivre, Alfred Ottawa River 3,500 9,500,000 

South Stormont Long Sault, Ingleside St. Lawrence River  3,400 9,500,000 

South Dundas Morrisburg, Iroquois St. Lawrence River 4,000 9,000,000 
 

Prescott Prescott + some 
residents of 
Edwardsburgh-Cardinal 

St. Lawrence River 3,900 8,200,000 

Rockland Rockland, Hammond, 
Bourget, St Pascal de 
Bayon, Cheney, 
Clarence Creek 

Ottawa River 13,500 14,500,000 

Wendover Wendover Ottawa River 850 1,960,000 

Totals 90,500 175,045,000 
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5.1.2 Surface Water Systems in an In-land River or Lake  

There are 3 municipal surface water intakes in the SPR that are not on an international or 

inter-provincial waterway or from a large inland water body. There is one intake on the 

Garry River (Alexandria) and 2 intakes on the South Nation River (Plantagenet and 

Casselman). These systems are summarized in Table 45. The population relying on 

surface water from the Garry River and the South Nation River is approximately 7000 

persons. It should be noted that, in 2008, the Plantagenet intake will be decommissioned 

and residents’ drinking water will be received from the Lefaivre intake on the Ottawa 

River, a large inter-provincial waterway. However, since the Plantagenet intake is still 

active and will undergo the water quantity and quality assessments outlined in the 

guidance modules. 

 

Table 45: Surface Water Systems in an In-land River or Lake 

Municipality 
where the intake 
is located 

Communities relying 
on the supply 

Source Water Estimated 
population 

served 

Permitted 
withdrawal 

(L/day) 

North Glengarry Alexandria Garry River 3,300 5,620,000 

Casselman Casselman South Nation River 2,800 3,180,000 

Plantagenet Plantagenet South Nation River 950 1,700,000 

Totals 7,050 10,500,000 

 

5.1.3 Groundwater Systems  

As illustrated in Map 44: Municipally Serviced Settlements (Groundwater), 

approximately 16,402 persons, generally located in the center of the SPR, rely on a 

municipal groundwater well. In addition, 65% of the population in the SPR relies on 

private groundwater systems (approximately 163,664 persons). The watershed contains a 

large number of residents that obtain drinking water from private systems; an analysis of 

consumptive water demand will be performed as part of the Tier 1 water budget to 

determine the stress on the available water supply when these municipal takings and 

high-density private takings are combined with other water takings in the SPR.   

 

5.1.4 Answer 

Water quantity issues could arise in the watershed where municipalities rely on inland 

rivers and lakes systems. Also, approximately 180,000 of the residents in SPR rely on a 

groundwater system, where water shortage may become an issue. 
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5.2 What is the Required Level of Numerical Modeling? 

To determine the required level of numerical modeling, the following components must 

be assessed: water use, number of communities and growth, and land use change. 

 

5.2.1 Water use 

The potential anthropogenic impacts in the SPR were presented in detail in the Water 

Quantity Report of the Watershed Characterization Report, and summarized in Section 

3.6 of the conceptual water budget report.  Most of the data in the Water Use section is 

based on the PTTW database. Specific concerns about the reliability and completeness of 

the PTTW database have been summarized in Section 3.6.9.1.    

 

There are a total of 205 active permits in the SPR, for a total of  2,310,553,308 m³/yr 

permitted water takings.  Almost half the active permits were issued for groundwater 

takings, in addition to 7% of the permits that are for both surface and groundwater 

takings. Only 43% of the PTTW are for surface water withdrawals. However, in terms of 

permitted takings (m³/yr), surface water withdrawals are the most significant, with 95% 

of the permitted water withdrawals in the SPR (this includes one user who accounts for 

60% of all withdrawals), in addition to the 3% of permitted takings allotted to both 

surface and groundwater. 

 

As for water use per sector, industrial water supply is the most important sector with 70% 

of all the permitted water withdrawals.  The miscellaneous category is the second greatest 

user, with 20% of the permitted water takings mostly due to wildlife conservation permits 

and dams and reservoir permits.  Municipal systems make up about 2% of the water 

withdrawals, with a total of 74,626,508 m³/yr permitted, with 88% of that being extracted 

from the surface water system and the remaining 12% being extracted from groundwater. 

 

5.2.2 Communities, land use change and growth 

SNC/RRCA SPR contains some areas that are highly urbanized, such as the cities of 

Ottawa and Cornwall.  WESA, 2006a reports a population increase of 21% in the SWP 

area between 1981 and 2001, while it nearly tripled in the past 30 years in Russell and 

Embrun. Water demand increases within the urbanized centers. The shallow groundwater 

regime as well as surface water drainage patterns change drastically during urban 

development. Also, agricultural land use is changing in Eastern Ontario; agriculture is 

becoming more intensive, which also impacts the water regime. 

 

Another consideration is that 65% of the population in the SPR is on private systems.  

 

5.2.3 Answer  

In conclusion, due to high water use and high growth, a regional simple model (Tier 1) is 

needed within the SPR. A simple GIS model will be used to model the occurrence and 
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movement of groundwater throughout the SPR. Simple regional GIS analyses will also be 

used to assess water in the surface water regime for the Tier 1 water budget. Analyses of 

consumptive demand will be completed through simple GIS groundwater and surface 

water modelling. The results of the simple Tier 1 groundwater and surface water supply 

analyses and the analysis of consumptive demand will be used to determine whether there 

are potential areas where complex modeling may be required for Tier 2 water budgets. 

 

5.3 Are Both Groundwater and Surface Water Models Needed? 

5.3.1 Answer 

An assessment of the level of modeling required will be completed following the Tier 1 

groundwater and surface water analyses and the analysis of consumptive demand.   

 

5.4 Are there Sub-Watershed-Wide Water Quality Threats and 
Issues that Require Complex Modeling to Assist with Their 
Resolution? 

 

Although water quality concerns will be addressed through Groundwater Vulnerability 

and Surface Water Vulnerability Analyses, it should be noted that water quality is also a 

concern for the availability of potable water for municipal and private water supplies. 

Even if a sufficient quantity exists, water quality issues may inhibit the use of a given 

reservoir as a potable water supply. Therefore, the issue of water quality needs to be 

addressed when considering available water to current and future supplies.   

 

The RRCA/SNC SWP team has not completed a threats analysis for each municipal 

intake and municipal well: therefore specific drinking water quality threats cannot be 

fully discussed at the present time.  However, a review of compliance reports was 

completed and is detailed in Source Water Protection Watershed Characterization – 

Interim Report 6: Water Quality (RRCA/SNC, 2006), this report summarizes some water 

quality concerns related exclusively to municipal drinking water. Overall, occurrences of 

total coliforms (TC), E.coli and elevated heterotrophic plate counts (HPC) are as the most 

common incidents reported, as summarized in Table 46: Summary of Incidents Reported 

in Compliance Reports that were Reviewed. 
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Table 46: Summary of Incidents Reported in Compliance Reports that were Reviewed 

Drinking Water 
System Name 

Source Issue from compliance report (Raw water quality) 

Alexandria WTP & 
Distribution Facilities 

SW Reported incidents in 2003 included turbidity, manganese, TC & HPC. 
Source water known to contain bacterial contamination. 

Cardinal WTP SW Source water known to contain bacterial & protozoan contamination. 

Casselman WTP SW Adverse samples in 2002 included E.coli & TC.  Source water known 
to contain bacterial contamination, high turbidity, colour, alkalinity and 
organic carbon. 

Chesterville 
Waterworks 

GW Incidents in 2003 for turbidity & TC. Incidents in 2004 for high HPC & 
TC. Resampling showed that the problems were not reoccurring. 

Cornwall WTP SW Source water known to contain bacterial & protozoan contamination. 

Crysler WTP GW No adverse samples were collected. Once, a treated sample had a 
high HPC (re-sampling showed the problem was no longer present).  2 
samples from the distribution system detected TC. 

Finch Waterworks GW TC were detected on four occasions with high sodium & barium 
concentrations also noted. 

Glen Walter WTP SW Two incidents in 2003 & 2004 due to TC. Source water known to 
contain bacterial contamination. 

Hawkesbury WTP SW Source known to contain bacterial contamination, organic matter and 
colour often above the operational guidelines. 

Lancaster DWS SW Source water known to contain bacterial contamination & turbidity, 
while being downstream of Domtar wastewater treatment plant and 
having close proximity to the St. Lawrence Seaway and marina 
refueling stations. 

Lefaivre WTP SW In 2005, trihalomethane (THM) concentrations exceeded standards. 
Source known to contain bacterial contamination, organic matter and 
colour often above the operational guidelines. 

Limoges WTP GW Five adverse samples were collected in 2003 and 2004 due to the 
microbiological factors & THM, the problems did not recur upon 
resampling. 

Long Sault WTP SW Protozoan parasites such as Cryptosporidium and Giardia have been 
noted in the St. Lawrence River.  E.coli and TC were consistently 
detected in raw water. 

Long Sault/Ingleside 
Regional WTP 

SW Source water known to contain bacterial & protozoan contamination. 

Morrisburg/Iroquois SW Source water known to contain bacterial & protozoan contamination. 

Moose Creek Water 
Supply 

GW One adverse water quality incident due to high HPC, the problem did 
not reoccur upon resampling. One incident due to high sodium 
concentration. 

Newington WTP 
(2wells) 

GW Three cases of high TC in distribution system samples. 

Osnabruck Center Well 
Supply 

GW Samples showed high sodium, chloride and bacterial contamination, 
believed to be due to well construction, salt contamination or faulty 
septic systems. Water quality issues prompted recommendation to 
provide private well correction or construction of new wells and 
individual treatment systems. The deadline to cease operation of the 
communal well supply was July 2003. A plan for providing a long term 
supply of potable water was recommended. 
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Drinking Water 
System Name 

Source Issue from compliance report (Raw water quality) 

Plantagenet WTP SW Source water known to contain bacterial contamination, high turbidity, 
colour, alkalinity and organic carbon. High turbidity causes problems 
maintaining the free chloride residual. 

Prescott WTP SW Source water known to contain bacterial & protozoan contamination. 

Rockland WTP SW THM concentrations were occasionally found to be above guidelines, 
the problem did not recur upon resampling. In 2004/2005, one adverse 
sample due to high background bacteria.  Source known to contain 
bacterial contamination, organic matter and colour often above the 
operational guidelines. 

Russell - Russell WTP GW Four adverse samples were taken in the Russell distribution system in 
2003 due to microbiological factors. One adverse sample with high 
fluoride was taken in 2004. 

Russell - 
Embrun/Marionville 
WTP 

GW Three incidents were noted in 2003 with one in 2004 all for 
microbiological contamination. No recurrence upon resampling. 

St. Andrew's/Rosedale 
Distribution System 

Stand-
Alone 

Incidents of TC and E.coli have been detected, but did not recur upon 
resampling. 

St. Isidore de Prescott 
Waterworks 

GW 
System is to be decommissioned due to poor raw water quality. 

Vars Well Supply 
(2wells) 

GW Two adverse test result was found in 2005 with one in 2003 all due to 
high HPC 

Wendover DWS SW Three adverse samples in 2003, two samples in 2004 and two 
samples in 2005 all indicated TC present. No recurrences were found 
upon resampling. Source known to contain bacterial contamination, 
organic matter and colour often above the operational guidelines. 

Winchester 
Waterworks 

GW E.coli was detected in a sample in 2005 

 

In general, the overall quality threats to drinking water sources are greatest for the inland 

surface water and GUDI wells drinking water systems of Eastern Ontario. The higher and 

more consistent flows associated with the Ottawa and St. Lawrence River systems reduce 

the effects of inter-seasonal and extreme events on raw water quality. The differences in 

seasonality and extreme event raw water quality have been recognized as a concern at 

inland intakes such as Alexandria, Casselman and Plantagenet. This issue has prompted 

provincial inspectors to recommend the development of emergency management plans 

for both intakes on the South Nation River. 

 

5.4.1 Answer – Surface Water 

Therefore, surface water modeling to address water quality concerns may be necessary in 

Casselman, Alexandria and Plantagenet. Surface water quality modeling will be 

addressed in the Surface Water Vulnerability Analysis, and the results of this analysis 

should be correlated to the Water Budget Analyses (Tier 1) to ensure that the water 

available is of suitable quality for municipal use. 
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An assessment of potential impact to groundwater quality at municipal wells was 

reviewed and is reported in WESA (2006b). The potential for impact to the water quality 

of a well site depends on the existence of a pathway for contaminants to approach the 

well field. This is a measure of the vulnerability of the well field and is determined by the 

local geology, water table position, vertical gradients, horizontal gradients and the 

location of the well screen.  The vulnerability of a well field is also linked to the density 

of population and type of land use in the vicinity of the wellhead(s).   

 

Wells located in unconfined, permeable sediments are most vulnerable to potential 

contaminants due to the absence of a protective aquitard layer. These wells are rated the 

highest with regard to quality stress for the groundwater supply. There are a number of 

these municipal systems in the SPR, namely those systems located in esker complexes 

that are exposed at surface. Secondly, the density of development around a well field is 

taken into consideration. A well located within an urbanized core is at risk of impact from 

point contamination sources, as are wells located close to agricultural fields and 

aggregate operations. Another risk to consider is the proximity of surface water to the 

wellhead. Those wells identified as having groundwater under the direct influence surface 

water (GUDI status) are at potential risk. 

 

5.4.2 Answer – Groundwater  

For groundwater, all municipal GUDI wells along with municipal wells in vulnerable 

aquifers should be modeled; these wells will be targeted in the Groundwater 

Vulnerability Analysis. A preliminary evaluation of vulnerable municipal well was 

conducted by WESA (2006), the following wells have been identified as having potential 

high vulnerability for water quality: 

 

Vulnerability level #1: Wells with a known quality issues, well with GUDI status or 

unconfined overburden, wells where the GUDI status has not been studied 

 Newington well 

 St-Isidore well #3 

 Crysler 

 

Vulnerability level #2:  Unconfined wells classified as non-GUDI  

 Embrun/Marionville 

 Chesterville 

 Winchester 

 Vars 

 Finch  

 Glen Robertson 

 

In communities with a high density of residential wells and septic systems that have 

known water quality issues, complex water quality modeling may be considered. 
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Therefore, groundwater modeling may be required to address water quality concerns in 

for the following municipal wells: Newington, St. Isidore, Embrun/Marionville, 

Chesterville, Winchester, Vars, Crysler, Finch and Glen Robertson. Groundwater quality 

modeling will be addressed in the Groundwater Vulnerability Analysis, and the results of 

this analysis should be correlated to the Water Budget Analyses (Tier 1) to ensure that the 

water available is of suitable quality for municipal use. 
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6 Summary and Next Steps 

6.1 Summary 

A water budget is underway in the SPR to assess the reliability of water supply source 

from a water quantity perspective and aid in the management of the quantity of existing 

and future sources of municipal drinking water. The water budget is comprised of 

estimates of the volume of water flowing through the watershed as well as an 

understanding of pertinent processes and pathways the water follows, including water 

withdrawals.   

 

Before any detailed numerical evaluation is conducted at a subwatershed (Tier 1), 

subwatershed (Tier 2) or local (Tier 3) scale, a conceptual understanding of the processes 

and pathways of water movement is required. The conceptual understanding of the water 

budget at a watershed scale has been detailed within this document. 

 

Work completed for the development of the conceptual understanding at the watershed 

scale included the collection, mapping and analysis of baseline information about the 

function of the flow system. Specifically, key physical and human characteristics were 

assessed including climate, land cover, geology, physiography, hydrogeology, hydrology, 

water usage and the interaction of these components.   

 

Data describing various water fluxes, including precipitation, evapotranspiration, surface 

water and groundwater and anthropogenic fluxes (water withdrawal and returns) were 

collected and assessed at a regional scale. Precipitation distributions were compiled based 

on data from Environment Canada and other North American sources. Evapotranspiration 

estimates, developed in a prior regional project were reviewed; showing that 

evapotranspiration across the SPR was equivalent to about 45 to 50% of precipitation, 

thus making this an essential quantity to calculate correctly in the regional water budget. 

Surface water fluxes were assessed with data from local gauging stations. Preliminary 

baseflow analyses determined that approximately 50-60% of surface water discharge was 

from shallow groundwater contributions. Surface runoff is expected to account for the 

balance.  Baseflow was assessed and compared to estimates of groundwater recharge; 

there is fair agreement between the two datasets.  An assessment of groundwater recharge 

revealed that most water that enters the groundwater system remains within the 

unconfined zone.  Less than 2% of the water surplus (the difference between precipitation 

and evapotranspiration) reaches the confined contact zone aquifer, revealing the 

importance of quantifying consumptive use within this aquifer.  Windows in the 

confining unit have the greatest effect on the volume of water that recharges the confined 

system, a better spatial distribution of high-quality geological data would decrease the 

uncertainty associated with the size and location of the windows in the confining unit. 

 

Water use data was compiled from the PTTW database and base estimates were made of 

water use in a few sectors. A stress assessment was not completed at the regional average 
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annual scale; however, an assessment of consumptive demand and the impacts of 

cumulative water takings on groundwater and surface water resources in the SPR will be 

assessed in the Tier 1 water budget. This analysis will be conducted at a monthly time 

scale, which will allow seasonal variations to be assessed. 

 

The data collected for the development of the conceptual understanding will support the 

next step of water budget analyses as suggested within the Guidance Modules put forth 

by the MOE. A Tier 1 water budget for the SPR has commenced, based on a regional GIS 

model in the groundwater system. The surface water system will be studied concurrently 

and will feed into the GIS groundwater model.  

 

A fundamental defect with the current water budget methodology is that water quantity is 

assessed independently of water quality, yet water quality may prevent the use of some 

water resources.  It is important that the water budget be used in conjunction with water 

quality analyses in order to determine the true availability and sustainability of water 

resources in the SPR. 

 

6.2 Data Gaps 

In general, the major constraint for the regional analyses is the lack of high quality data 

with good spatial and temporal coverage.   

 

Specifically, data gaps identified in this report include: 

1. Limited number of high quality well data. These data are needed to augment the 

understanding or geology (stratigraphy) and hydrogeology (water levels). Data 

points are sparse in the overburden, in the deep bedrock, in the northeastern 

portion of the study area, within bedrock valleys and within fault zones.   

 

2. A better quantification of the size and location of windows in the confining unit 

are needed.  This is especially important around municipal wells. 

 

3. Better estimates of hydrogeologic parameters (such as hydraulic conductivity, K) 

are needed. The recharge mapping revealed significant variation in K for 

calculation of recharge. 

 

4. Better estimates of groundwater recharge would help to validate any methodology 

for calculating recharge. 

 

5. Protocols need to be developed for continuous data incorporation to ensure the 

CA is using the most current datasets. 

 

6. Hydrogeological information from across the Quebec border can also be used to 

enhance understanding of interprovincial groundwater flow. 
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7. The land cover map needs to be updated; land use is an important element related 

to evapotranspiration which needs to be carefully addressed. An updated map of 

tile drainage and the distribution and intensity of agricultural activities is also 

needed. 

 

8. Complete soils maps are needed for the region. 

 

9. Tile drainage mapping would enhance estimates of direct runoff, or at a 

minimum, a methodology needs to be developed to incorporate the vast network 

of tile drainage into future water budget calculations. 

 

10. Complete mapping and classification of streams and municipal drains is needed. 

 

11. Better spatial coverage of meteorological data to better predict local events in key 

areas of the watershed region.  Several deliberately placed weather stations are 

needed to fill this data gap. 

 

12. The addition of stream gauges at strategically placed locations would provide 

supplementary stream flow measurements and enhance water budget results.  For 

example, the delineated area of land surface contributing to streamflow would 

decrease and enable the calibration of a more detailed hydrological model.   

 

13. An investigation into why annual stream flow trends have been increasing in both 

the South Nation and Raisin River watersheds, as identified in Section 3.5.6.5. 

 

14. Water use quantification data (PTTW)  

 

i. In general, the PTTW data needs to be updated, reviewed and assessed for 

reliability. 

 

ii. A better quantification of water withdrawals from residential wells and 

water used for agriculture (without permits) needs to be determined 

 

iii. There is a lack of data regarding the PTTW for storm water ponds in the 

region. 

 

iv. Protocols to update and maintain the PTTW database to support future 

watershed planning needs to be developed and implemented. 

 

v. There is no way to account for leaks within the distribution system.  Leaks 

to the distribution system can (1) underestimate the actual volume being 

removed or (2) misallocate water in the water budget if water is discharge 

in a location other than intended. 
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15. Discharge: the current conceptual understanding did not consider discharge in the 

watershed; however, this factor can have it will influence quantity and quality.  

Mapping the distribution and volume of water discharges is needed for 

subsequent Tiers of the water budget. 

 

16. Water quality data; better spatial coverage of water quality is needed for the 

groundwater regime to determine if current and future water ‘sources’ contain 

potable water 

 

17. Additional uncertainty estimations are needed to better determine the limitations 

of the data presented. 

 

18. An assessment of the ecological requirements of aquatic habitat with the SPR is 

needed. 

 

19. A thorough evaluation of documented water quantity issues within the SPR is 

required. 

 

6.3 Next Steps - Tier 1 Water Budget  

Following provincial guidance, every source water protection region across Ontario must 

perform a water budget analysis. At a minimum, a conceptual water budget and a Tier 1 

water budget (simple or complex) will be prepared for each region. Each SPR will use the 

guidance document to determine the level of effort required for the Tier 1 water budget, 

along with data availability and the level of physical complexity of the system.  The 

RRCA/SNC SPR has a reasonably well defined hydrostratigraphic system and a large 

percentage of population on municipal groundwater wells and private wells. For these 

reasons, the SPR has commenced a regional Tier 1 water budget of the groundwater 

system based on a simple GIS model. 

 

The Tier 1 water budget will be divided into two components: surface water and 

groundwater. The groundwater component of the water budget will be computed at a 

monthly time scale across the SPR using a simple GIS model to solve the groundwater 

flow equation (explicit finite difference scheme). This subsurface is divided into two 

hydrostratigraphic zones of groundwater flow: an upper unconfined aquifer and the 

contact zone aquifer, divided by a confining unit. Groundwater flow within the two 

regional hydrostratigraphic units will be calculated across the region on a 100m x 100m 

grid allowing for the computation of continuous regional groundwater flow across the 

SPR. 

 

A detailed HSPF (Hydrological Simulation Program – Fortran) surface water model was 

pre-existing for the South Nation River Watershed.  Since the level of effort to update the 

model is minimal, the model will be updated with recent data and expanded into the rest 

of the SPR in order to conduct the Tier 1 surface water analysis.  The HSPF model will 
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include 12 subwatershed in the South Nation watershed and seven subwatersheds in 

RRCA including the Raisin River, Rigaud River, Delisle River and Riviere Beaudette 

subwatersheds.  The subwatersheds are illustrated in Map 51: Watersheds for Tier 1 

Surface Water Analysis.  The Tier 1 surface water analysis will use continuous climate 

data on a daily time scale.  The surface water component will be assessed at a sub-

watershed scale where gauge stations exist for data input (HSPF Reach Points). Flow at 

gauged stations will be used to calibrate the surface water model and support the 

groundwater GIS model on a monthly time scale. 

 

In addition, a detailed assessment of actual water use will be carried out for the SPR.  

Estimates will be made of actual water use for each type of water user (municipal, 

commercial, industrial, agricultural, recreational, and ecological).  Actual estimates will 

be made for all permitted and non-permitted users.  The water source (surface water, 

groundwater, shallow aquifer, deep aquifer) will be documented as well as the location of 

any water returns.  All estimates will be made on a monthly time scale to account for 

seasonal variations of water use.  These water use estimates will be used as input data for 

both the groundwater model and surface water model as part of the Tier 1 water budget.  

Then consumptive water demand calculations and percentage water demand calculations 

will be carried out with this data in order to identify areas that may require a localized 

water budget assessment (Tier 2 or 3 water budget).  

 

The Tier 1 modelling will include the ‘average normal’ monthly conditions as well as 

current and future ‘worst case’ scenarios in order to capture the potential water quantity 

stresses.   

 

6.3.1 Assessment Scale for Tier 1 Analysis 

The MOE Water Budget Guidance Module (Section 2.2.6) requests an analysis of 

assessment scale for the Tier 1 water budget to be included in the conceptual water 

budget report. The Tier 1 water budget for the groundwater will be completed using the 

GIS analysis discussed above. This will be done on a continuous 100m x 100m grid and 

further investigation may be put into developing the esker complexes as individual 

assessment units as their width is less than 100 m.  

 

The Tier 1 surface water assessment will be carried out on the subwatershed scale as 

illustrated in Map 51: Watersheds for Tier 1 Surface Water Analysis.  This map shows 

that the South Nation Watershed has been divided into twelve subwatersheds, and seven 

subwatersheds have been delineated within the RRCA jurisdiction.  The selection of the 

assessment scale for Tier 1 surface water budget was established primarily by dividing 

the SPR into manageable areas for the numerical surface water model (HSPF) based on 

stream gauge locations with complete streamflow datasets. Note that the stream gauge 

locations are identified as HSPF Reach Points on Map 51. 
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6.4 Complementary Studies 

The SNC/RRCA source water protection team has initiated some complementary studies 

that will benefit our general understanding of water flow within the SPR. These studies 

largely compliment the understanding of source water issues near municipal intakes and 

municipal wells. 

 

6.4.1 Esker Characterization Study 

An Esker Characterization Study began in March 2006. This study is being conducted in 

partnership with the Geological Survey of Canada and the University of Ottawa and is 

being funded by the Ontario MOE, the Ontario Geological Survey and the Natural 

Science and Engineering Research Council of Canada. Eskers are a significant source of 

municipal drinking water in Eastern Ontario.  In the SPR, 18 municipal wells are 

screened within the esker complexes; 15 within the complex situated between Vars and 

Winchester and 3 wells in the esker complex located around Crysler and Finch. The main 

objective of the esker characterization study is to better delineate the esker and fan 

deposits, to better characterize the structure, composition and hydrogeological properties 

within the eskers, and to develop a hydrogeological numerical model of groundwater 

flow (including recharge) within the esker complexes. This study was divided into two 

phases based on the two esker systems. The Vars-Winchester esker characterization study 

was initiated in spring 2006 to characterize and understand the ground water flow and 

potential recharge areas of this esker system. A similar study was initiated for the 

Crysler-Finch esker system in spring 2007. A detailed understanding of the esker systems 

will aid in the development of local water budgets and subsequent groundwater 

vulnerability analyses to the municipal systems extracting water from these important 

groundwater reservoirs. 

 

6.4.2 Surface Water Vulnerability Analyses 

Surface Water Vulnerability Analyses were initiated in the summer of 2006 to identify 

surface water intakes that may be vulnerable to contamination. This study involves 

delineating Intake Protection Zones (IPZ) around municipal drinking water intakes and 

assigning a vulnerability scores to the IPZ. Fourteen municipal drinking water intakes are 

being assessed and are summarized in Table 47: Surface Water Vulnerability Analyses 

(IPZ Studies). Once the IPZs have been delineated for each of the intakes, an evaluation 

of drinking water issues and threats will be carried out. The data collected for the 

development of the IPZs will be incorporated into the SWP database and will help to 

complete the regional and local water budgets. 

 



 

Water Budget: Conceptual Understanding   
Version 1.1.0, October 2009  Page 125  

Table 47: Surface Water Vulnerability Analyses (IPZ Studies) 

Municipality where the 
intake is located 

Communities relying on the 
supply 

Source Water Estimated 
population served 

North Glengarry Alexandria Garry River 3,300 

Cardinal Cardinal St. Lawrence River 1,500 

Casselman Casselman South Nation River 2,800 

Cornwall Cornwall, St-Andrews & 
Rosedale Terrace  

St. Lawrence River 46,000 

South Glengarry Glen Walter St. Lawrence River 650 

Hawkesbury Hawkesbury, L’Original West, 
South Vankleek Hill 

Ottawa River 12,000 

South Glengarry Lancaster St. Lawrence River  1,200 

Lefaivre Lefaivre, Alfred Ottawa River 3,500 

South Stormont Long Sault, Ingleside St. Lawrence River  3,400 

South Dundas Morrisburg, Iroquois St. Lawrence River 4,000 

Plantagenet Plantagenet South Nation River 950 

Prescott Prescott + some residents of 
Edwardsburgh-Cardinal 

St. Lawrence River 3,900 

Rockland Rockland, Hammond, Bourget, 
St Pascal de Bayon, Cheney, 
Clarence Creek 

Ottawa River 13,500 

Wendover Wendover Ottawa River 850 

 

6.4.3 Municipal Groundwater Studies 

The Municipal Groundwater Study (MGS) was initiated in 2007, it consists of an 

assessment all municipal residential drinking water wells to determine the relative 

vulnerability of the aquifers surrounding each wellhead. Local groundwater models are 

being developed to delineate Wellhead Protection Areas (WHPAs) around each well. The 

vulnerability score derived for the WHPAs will reflect the susceptibility of the aquifer(s) 

to sources of surficial contamination. Twenty-nine municipal wells are being studies and 

are summarized in Table 48: Summary of Municipalities Involved in the Municipal 

Groundwater Study. Once the WHPAs have been delineated for each wellhead, an 

evaluation of drinking water issues and threats will be carried out. The data collected for 

the development of the WHPAs will be incorporated into the SWP database and will help 

to assess regional and local water budgets. 
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Table 48: Summary of Municipalities Involved in the Municipal Groundwater Study 

Municipality where the 
well is located 

Communities relying on the 
supply 

Number of Wells Estimated 
population served 

City of Ottawa Vars 2 800 

City of Ottawa Greely 2 567 households 

Russell Russell 1 3,642 

Russell Embrun/Marionville 2 6,507 

The Nation Limoges 2 1,300 

North Dundas Chesterville 2 1,500 

North Dundas Winchester 6 2,275 

North Stormont Crysler 2 600 

North Stormont Finch 2 450 

North Stormont Moose Creek 3 300 

South Stormont Newington 2 120 

North Glengarry Glen Robertson 1 100 

South Glengarry Redwood Estates 1 150 

Edwardsburgh-Cardinal Spencerville (Bennett Street) 1 15 apartments 
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