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Summary
The Clean Water Act requires source protection committees to prepare an assessment report for each source
protection area. This is in accordance with Ontario Regulation 287/07 (General Regulation) and the Technical
Rules for the Assessment Report, issued under the Clean Water Act 2006.
As part of the Assessment Report, source protection committees must develop water budgets and assess the
risks to water quantity within a tiered framework. The first two tiers of this framework evaluate hydrological
stresses within the watershed; the third tier assesses risks to water quantity and evaluates the ability of the water
supply to meet the community’s drinking water needs. Significant groundwater recharge areas are also
delineated across the landscape as part of each tier.
The Water Quantity Stress Assessment depends on the Water Budget analysis to provide a standard approach
for evaluating the long-term reliability of Ontario’s drinking water sources. The Water Quantity Risk Assessment
identifies drinking water threats in local areas where the reliability of the drinking water sources is uncertain.
This Water Budget Guidance assists source protection committees to deliver on the water budget component of
the Assessment Report as detailed in the Clean Water Act and the Technical Rules for the Assessment Report
(Technical Rules). It provides guidance on how to complete a water budget and a subwatershed stress
assessment, how to delineate significant groundwater recharge areas, and how to conduct a local area risk
assessment.
-

Water Budgets. A water budget under the Clean Water Act, 2006, establishes a means to provide both
a quantitative measure of the hydrologic cycle components and an understanding of the processes and
pathways in which water flows through a watershed. Outcomes of the water budget include this water
resource understanding and the representative surface water and groundwater flow models.

-

Subwatershed Stress Assessments. The Tier One and Tier Two Subwatershed Stress Assessments
estimate the hydrologic stress of subwatersheds and identify subwatersheds that are potentially
stressed from a water quantity perspective. The subwatershed stress assessment is dependent on
hydrologic parameters estimated in the water budget.

-

Significant Groundwater Recharge Areas. Significant groundwater recharge areas (SGRAs) are areas
where the estimated groundwater recharge is greater than the established threshold and where the
area has a hydrological connection to a surface water body or an aquifer that is a source of drinking
water.

-

Local Area Risk Assessment. A Local Area Risk Assessment is completed both to estimate the
likelihood that a municipality will be able to sustain its allocated (existing, existing plus committed or
planned) water supply pumping rates and to identify threats to the drinking water supply that may
influence the municipality’s ability to meet its allocated pumping rates. A Tier Three Water Budget uses
groundwater and/or surface water numerical flow models refined from the Tier Two models whenever
possible. These models should be developed with the accuracy and refinement needed to evaluate
hydrologic or hydrogeologic conditions at a water supply well or surface water intake.

The Province released a technical guidance document in 2006 for the preparation of water budgets under the
Clean Water Act (Module 8: Assessment Report: Draft Guidance Modules). This technical guidance replaces
Module 8 and should be referred to in conjunction with both the Clean Water Act and the Technical Rules for the
Assessment Report.
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INTRODUCTION

1.0

Introduction

The Clean Water Act requires source protection committees to prepare an assessment report for each source
protection area. This is in accordance with Ontario Regulation 287/07 (General Regulation) and the Technical
Rules for the Assessment Report, issued under the Clean Water Act 2006.
As part of the Assessment Report, source protection committees must develop water budgets and assess the
risks to water quantity within a tiered framework. The first two tiers of
this framework evaluate hydrological stresses within the watershed;
the third tier assesses risks to water quantity and evaluates the ability
The Province’s Technical Rules for the
of the water supply to meet the community’s drinking water needs.
Assessment Report provide the
Significant groundwater recharge areas are also delineated across
direction
to conduct assessments of
the landscape as part of each Tier.
water quantity threats. The Rules
provide descriptions of the scenarios
The Water Quantity Stress Assessment depends on the Water
to be considered within each tier of
Budget analysis to provide a standard approach for evaluating the
the water budget framework.
long-term reliability of Ontario’s drinking water sources. The Water
Quantity Risk Assessment identifies drinking water threats in local
areas where the reliability of the drinking water sources is uncertain.
This Water Budget Guidance assists source protection committees to deliver on the water budget component of
the Assessment Report as detailed in the Clean Water Act and the Technical Rules for the Assessment Report
(Technical Rules). It provides guidance on how to complete a water budget and a subwatershed stress
assessment, how to delineate significant groundwater recharge areas, and how to conduct a local area risk
assessment.


Water Budgets. A water budget under the Clean Water Act, 2006, establishes a means to provide both
a quantitative measure of the hydrologic cycle components and an understanding of the processes and
pathways in which water flows through a watershed. Outcomes of the water budget include this water
resource understanding and the representative surface water and groundwater flow models.



Subwatershed Stress Assessments. The Tier One and Tier Two Subwatershed Stress Assessments
estimate the hydrologic stress of subwatersheds and identify subwatersheds that are potentially
stressed from a water quantity perspective. The subwatershed stress assessment is dependent on
hydrologic parameters estimated in the water budget.



Significant Groundwater Recharge Areas. Significant groundwater recharge areas (SGRAs) are areas
where the estimated groundwater recharge is greater than the established threshold and where the
area has a hydrological connection to a surface water body or an aquifer that is a source of drinking
water.



Local Area Risk Assessment. A Local Area Risk Assessment is completed both to estimate the
likelihood that a municipality will be able to sustain its allocated (existing, existing plus committed or
planned) water supply pumping rates and to identify threats to the drinking water supply that may
influence the municipality’s ability to meet its allocated pumping rates. A Tier Three Water Budget uses
groundwater and/or surface water numerical flow models refined from the Tier Two models whenever
possible. These models should be developed with the accuracy and refinement needed to evaluate
hydrologic or hydrogeologic conditions at a water supply well or surface water intake.

This Guidance or the supporting web-based training (www.waterbudget.ca) is not intended to replace these
stand-alone documents; rather, it is strongly encouraged to use these supporting resources in conjunction with
both the Clean Water Act and the Technical Rules for the Assessment Report.
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1.1

WHAT IS A WATER BUDGET?

A water budget is an understanding of, and accounting for, the movement of water and the uses of water on,
through, and below the surface of the earth. This is achieved by addressing the following questions:
1) Where is the water? Where are the hydrologic elements located in the watershed?
2) How does the water move between these hydrologic elements? What are the pathways through which
the water travels?
3) What stresses affect water quantity in the watershed? Where are the water takings located?
4) What are the trends? Are the water levels declining, increasing, or remaining constant?
A water budget provides a technically sound methodology for evaluating and managing the quantity of existing
and future sources of drinking water within a watershed. Where groundwater and surface water models are
required, all cumulative water takings, including wells and surface water intakes, are accounted for within the
context of all other watershed needs (e.g. in-stream ecological needs, assimilative capacity, hydro power, etc.)
as illustrated in Figure 1-1.

Figure 1-1 Hydrologic Elements
(Conservation Ontario, 2009)
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Depending on the level of assessment, a water budget may address the following:

1.2



The amount of water within the components of the hydrologic cycle. The components of the hydrologic
cycle include precipitation, evapotranspiration, runoff, recharge, groundwater inflow and outflow, surface
water inflow and outflow, change in storage, water takings, and water returns.



The groundwater and surface water flow pathways, and the temporal, seasonal, and annual changes in
water quantities within each reservoir.



Areas of key hydrologic processes, including groundwater recharge and discharge areas, and
potentially available water sources such as aquifers and surface water sources.



Changes in the hydrologic cycle resulting from climate trends, land use changes and additional water
takings. Documentation supporting the resultant changes would be required.
THE CLEAN WATER ACT’S THREE-TIER FRAMEWORK

The Water Budget Framework, illustrated in Figure 1-2, involves four stages of evaluation, each one in turn
refining the spatial scale and increasing the model and technical complexity.

Figure 1-2 Water Budget Framework: A Tiered Approach
The Water Budget Framework guides source water protection teams to the level of effort required to address
and to manage source water quantity issues in a watershed. The Framework begins with the Conceptual Water
Budget where maps and data are collected within a watershed, and ends at Tier Three where a municipality’s
water supplies are analyzed in detail to identify water quantity threats. Watersheds where the estimated water
demand represents a significant percentage of the available natural water supply require additional effort. The
Water Budget Framework determines a scope of work based on subwatershed stress levels. Each successive
tier becomes more complex, increasing the certainty of the water budget understanding. Greater certainty is
required in higher stressed subwatersheds; for this reason the term ’stress’ is used in Tier One and Tier Two and
the term ‘risk’ is only used in Tier Three where sufficient certainty exists.
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Water budgets characterize the pathways of water movement through a watershed. In addition to helping
understand water quantity issues, the water budget information can also help in the understanding of water
quality issues. In watersheds where water quality may be of more concern than water quantity, modelling
utilizing water budget understanding and numerical models can assist in determining the water quality
vulnerability of the watershed.
Conceptual Water Budget
The Conceptual Water Budget is the first step of the Water Budget Framework. Beginning at a watershed scale,
the watershed characterization includes both the collection of all available baseline data and mapping and the
analysis of the compiled information linking physiography, geology, surface water, groundwater, climate, land
cover, and water taking.
Tier One Water Budget and Subwatershed Stress Assessment
Following the Conceptual Water Budget, a Tier One Water Budget is undertaken to estimate the hydrologic
stress of subwatersheds based on the hydrologic cycle parameters. This analysis screens out areas that are
unstressed from a water quantity perspective. Tier One evaluates the cumulative stress within a subwatershed
using available data collected and analyzed in the Conceptual Water Budget.
The Tier One Water Budget estimates the various elements of the hydrologic cycle including precipitation,
evapotranspiration, recharge, and runoff. Using simplified methodologies, these parameter estimates can be
distributed within the watershed according to land use, surficial geology, and consideration of slope. The
estimation methodology should also include a soil moisture budget or climate-estimating procedure using
established methods. GIS techniques can be used.
The Tier One Water Budget:


Delineates subwatersheds in a source protection area;



Estimates consumptive surface water and groundwater demands;



Compiles and analyzes surface water monitoring data collected during the Conceptual Water Budget to
estimate surface water parameters; and



Compiles and analyzes available geological, physiographic mapping and monitoring data to estimate
groundwater recharge rates for each subwatershed.

The Tier One Water Budget provides the information needed to complete a Tier One Subwatershed Stress
Assessment. It is also an important step to further the understanding of the hydrological and hydrogeological
processes in each subwatershed in the study area.
The goal of the Tier One Water Budget and Water Quantity Stress Assessment is to estimate cumulative
hydrologic stresses placed on a subwatershed. As part of the Tier One Assessment, the Percent Water
Demand or the percentage of water supply that is demanded by water users will be estimated. Watersheds
where the Percent Water Demand is above the threshold value are identified as moderately or significantly
stressed and require more detailed study in a Tier Two Water Budget and Stress Assessment. Watersheds
calculated as having a low Percent Water Demand are termed ‘low stress subwatersheds” and will not be
subject to additional water budget requirements.
The Technical Rules Part III.3 provide the expected outputs, or deliverables, for the Tier One Subwatershed
Stress Assessment.
Tier Two Water Budget and Subwatershed Stress Assessment
Tier Two Water Budgets are completed in subwatersheds that have
a type I, II, or III system and were assigned a significant or a
moderate surface water or groundwater stress level in the Tier One
Subwatershed Stress Assessment or where there is an existing or
planned drinking water system. The goal of a Tier Two Water
October 2011
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Budget is to confirm the stress assignment established in Tier One using computer-based three-dimensional
groundwater flow models and/or continuous surface water models. Additional data will be required to improve
the representation of surface and subsurface conditions; some of this data may not be available and may need
to be collected. This data will include information on all aspects of the Conceptual Water Budget and may
include additional streamflow measurements, hydraulic conductivity estimates from historic hydraulic tests, more
detailed pumping rates, improved climate data, or other data as required.
The difference between Tier One and Tier Two Water Budgets is that the Tier Two Water Budget requires a
more detailed assessment. As such, the Tier Two Water Budget and Subwatershed Stress Assessment require
the following, in addition to the Tier One requirements:
1. Additional consideration of the spatial and temporal scales of analysis;
2. Consideration of the numerical modeling needs and selection;
3. More detailed and refined water budget estimation and in particular, water demand estimates;
4. The additional evaluation of planned and drought scenarios;
5. More precise and reliable stress calculations; and
6. Consideration of uncertainty in the stress assessment.
The Technical Rules, Part III.4 outline the expected outputs, or deliverables for the Tier Two Subwatershed
Stress Assessment.
Tier Three Water Budget and Local Area Risk Assessment
The Tier Three Water Budget and Local Area Risk Assessment are undertaken for municipal groundwater wells
and surface water intakes that are located within subwatersheds that have been assigned a Tier Two moderate
or significant water quantity stress level or where the water source has historical issues meeting water demand.
The objective of the Tier Three Local Area Risk Assessment is to estimate the likelihood that a municipality will
be able to meet future water quantity requirements. The Local Area Risk Assessment uses refined surface
water and/or groundwater flow models and involves detailed study of the available groundwater or surface water
supply sources. Various scenarios are evaluated with the models assessing the groundwater and the surface
water flows and levels, and the interactions between them.
The ratio of water demand to water supply used to assess stress for Tier One and Tier Two is not used for Tier
Three. Instead, the Local Area Risk Assessment evaluates the risk that a community may not be able to meet
its current or planned water demands from a water source (e.g., stream, lake, or aquifer).
Technical Rules Part IX.1 to Part IX.4 address the requirements and deliverables for the Local Area Assessment
and Risk Level.
1.2.1 The Assessment Report
The source protection legislation requires the preparation of locally developed science based assessment
reports. The Assessment Report will map out the vulnerable areas within a watershed and identify water quality
and water quantity threats within those vulnerable areas. Source protection committees will develop source
protection plans based on those vulnerable areas and water quality and water quantity threats contained within
the assessment reports. Part I.2 of the Technical Rules (see grey highlighted box below), outline the
Assessment Report requirements to address source water quantity and water quality. Water budgets and
water quantity are evaluated throughout all components of the Assessment Report, including the delineation of
vulnerable areas and identification of drinking water threats.
Part I.2 - Assessment Report Contents
Watershed Characterization
2. The watershed shall be described for the purposes of paragraph 1 of subsection 13(1) of O. Reg. 287/07 (General) in accordance with
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Part II.
Water budget
3. Subject to rule 4, a water budget set out for the purpose of clause 15(2)(c) of the Act shall be completed as follows:
(1)

prepare a conceptual water budget for every watershed in accordance with Part III.1; and

(2)

prepare a water budget for every subwatershed in the source protection area in accordance with Part III.2.

4. An area represented by a conceptual water budget or water budget prepared in accordance with rule 3 shall not include any part of a
surface water body that is a Great Lake, a connecting channel, Lake Simcoe, Lake Nipissing, Lake St. Clair or the Ottawa River.
Vulnerable area delineation
5. The identification of vulnerable areas for the purposes of clauses 15(2)(d) and 15(2)(e) of the Act shall be completed as follows:
(1)

prepare a qualitative description of the physical geology and hydrodynamic settings across the source protection area, including
information to support the delineation of significant groundwater recharge areas, highly vulnerable aquifers and wellhead protection
areas;

(2)

assess and delineate areas of groundwater vulnerability in accordance with Part IV;

(3)

delineate highly vulnerable aquifers, significant groundwater recharge areas and wellhead protection areas in accordance with Part V;
and

(4)

delineate surface water intake protection zones in accordance with Part VI.

Drinking water issues
6. The description of drinking water issues for the purpose of clause 15(2)(f) of the Act shall be completed in accordance with Part XI.1.
Drinking water threats
7. The listing of drinking water threats for each vulnerable area for the purpose of clause 15(2)(g) of the Act shall be completed as follows:
(1)

For every local area for which Part III.2 requires a water budget to be prepared, assign a risk level associated to the area in accordance
with Part IX.

(2)

List those activities that are determined to be activities that are or would be drinking water threats in relation to water quantity in
accordance with Part X.1.

(3)

List those activities that are determined to be activities that are or would be drinking water threats in relation to water quality in
accordance with Part XI.2.

(4)

List those conditions that result from past activities that are determined to be drinking water threats in relation to water quality in
accordance with Part XI.3.

Significant, moderate or low drinking water threats
8. The identification of the areas within vulnerable areas where an activity is or would be a significant, moderate or low drinking water threat
for the purpose of subclause 15(2)(h)(i) of the Act and subparagraphs 2i and 2ii of subsection 13(1) of O. Reg. 287/07 (General) and where a
condition that results from past activities is a significant, moderate or low drinking water threat for the purpose of subclause 15(2)(h)(ii) and
subparagraphs 2iii and 2iv of subsection 13(1) of O. Reg. 287/07 (General) shall be completed as follows:
(1)

Assign vulnerability scores to highly vulnerable aquifers, significant groundwater recharge areas and wellhead protection areas in
accordance with Part VII.

(2)

Assign vulnerability scores to surface water intake protection zones in accordance with Part VIII.

(3)

Identify those areas where activities listed as drinking water threats in relation to water quantity in accordance with Part X.1 are or would
be significant or moderate drinking water threats in accordance with Part X.2.

(4)

Identify those areas where activities listed as drinking water threats in relation to water quality in accordance with Part XI.2 are or would
be significant, moderate or low drinking water threats in accordance with Part XI.4.

(5)

Identify those areas where conditions that result from past activities and that are listed as drinking water threats in accordance with Part
XI.3 are significant, moderate or low drinking water threats in accordance with Part XI.5.

Minimum information
9. An assessment report shall include the following:
(1)

One or more maps, graphics or tables detailing the following:

October 2011

a.

The elements required to be included in a characterization of a watershed in accordance with Part II.

b.

The component elements of the water budget for the source protection area that are listed in rule 19.

c.

The location or distribution of the following within the source protection area:
i.

Areas of groundwater vulnerability determined in accordance with Part IV.1.

ii.

Vulnerable areas delineated in accordance with Parts V and VI.

iii.

Drinking water systems and their related surface water intake protection zones and wellhead protection
areas.

iv.

Vulnerability scores for areas within vulnerable areas assigned in accordance with Part VII and VIII.

v.

Subwatersheds delineated and stress levels assigned to subwatersheds in accordance with Part III.3 and
Part III.4.

vi.

Risk levels assigned to local areas in accordance with Part IX.1.

vii.

Removed.

viii.

Source vulnerability factors and area vulnerability factors for areas within surface water intake protection
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zones.

(2)

Areas determined in accordance with Parts X and XI.4 to be areas within vulnerable areas where activities
listed as drinking water threats in accordance with Parts X and XI.2 are or would be significant, moderate or
low drinking water threats.

x.

Areas determined in accordance with Part XI.5 to be areas within vulnerable areas where conditions
resulting from past activities listed as drinking water threats in accordance with Part XI.3 are significant,
moderate or low drinking water threats.

xi.

Areas within a vulnerable area where drinking water threats listed in accordance with rule 118 or 119 may
contribute to a parameter or pathogen associated with a drinking water issue described in accordance with
rule 114.

xii.

Drinking water issues and the related information described in rules 114 and 115.

d.

Activities that are or would be and conditions resulting from past activities that are drinking water threats and their
respective hazard rating provided by the Director if one is required to be determined in accordance with rule 120, 121,
or 139.

e.

The number of locations at which an activity that is a significant drinking water threat is being engaged in.

f.

The number of locations at which a condition resulting from a past activity is a significant drinking water threat.

A written description of the work undertaken in accordance with these rules including,
a.

(3)

ix.

information sources for data used in developing the assessment report and the purposes for which information was
used,

b.

methods of analysis applied to the data,

c.

any limitations in respect of (a) and (b),

d.

the component elements of the water budget for the source protection area that are listed in Part III.1 and the
interrelationships between those elements,

e.

with respect to the assessment of the climate of the source protection area undertaken in accordance with Part III.1, the
effects that projected changes in the climate over the following 25 years will have on the conclusions reached in the
assessment report and a list of the information sources underlying those projected changes,

f.

a description of every uncertainty analysis conducted in accordance with these rules and the results of that analysis,
and

g.

a description of how the Great Lakes agreements were considered in the work undertaken, if the source protection area
contains water that flows into the Great Lakes or the St. Lawrence River.

Tables listing with respect to the source protection area:
a.

The quality of groundwater and surface water across the area.

b.

The results of every calculation, assessment and assignment required by Parts III.3, III.4 and IX.

c.

Conditions resulting from past activities that are drinking water threats.

d.

Stress levels assigned to subwatersheds and risk levels assigned to local areas.

Part I.3 - General
Method and models
10. A method or model used in the preparation of the assessment report shall be representative of the area or thing under study.
No assessment of risk management measures
11. Where these rules provide for or require an assessment of risk for the purpose of listing a drinking water threat in accordance with clause
15(2)(g) of the Act or for the purpose of identifying an area where a drinking water threat may be a significant, moderate or low drinking water
threat in accordance with 15(2)(h) of the Act and subsection 13(1) of O. Reg. 287/07 (General), the assessment does not and shall not
include consideration of any risk management measures.
Map standards
12. Maps submitted in an assessment report shall,
(1)

include a title, scale bar and a compass rose indicating north;

(2)

include a legend using symbols in accordance with the Ministry of Natural Resources publication “Mapping Symbology for the Clean
Water Act”, dated November 2008, as amended from time to time; and

(3)

be uncluttered and have such large and clear typeface and symbols that they remain legible upon being reduced to one half of their
original size.

1.3

GENERAL METHODOLOGY OF WATER BUDGET ACTIVITIES

The Water Budget Framework ensures that all regions within the Province complete a source water protection
plan and have a basic level of understanding to address water issues. Each Source Water Protection Area must
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complete both a Conceptual Water Budget and a Tier One Water Budget for all watersheds; this meets the
Provincial minimum level of effort as required by the Clean Water Act.
As the water budget process advances from a Conceptual Water Budget through to a Tier One, to a Tier Two,
and to a Tier Three Water Budget and Local Area Risk Assessment, it follows the principles of continuous
improvement. Each tier of the Water Budget Framework builds and expands on the complexity and the certainty
of the previous tier. Figure 1-3 illustrates the steps involved in the continuous improvement cycle as it pertains to
the Water Budget Framework, with the first step beginning each tier of the Water Budget Framework.
The continuous improvement cycle of the Water Budget process involves eight steps:
1) Define Objectives.
Determine the overall
objectives of the water
budget analysis. In
addition to completing
a Subwatershed
Stress Assessment
under the
requirements of the
Clean Water Act,
other water quantity
issues within the
watershed are defined
and how the water
budget model will be
used to address those
issues is evaluated.
2) Collect Data. Identify
and prioritize the data
sources within the
watershed. These
data sources may
include municipal,
Provincial and Federal data
providers, as well as, data
collected and maintained by
private organizations.

Figure 1-3 Continuous Improvement Cycle of Water Budget Studies

3) Analyze Data. Many datasets will be analyzed at the onset of the water budget. For example,
streamflow records may be analyzed to calculate streamflow statistics, pumping rates may be verified
and monitoring well datasets may be reviewed.
4) Estimate Consumptive Water Demand. Consumptive water demand will be estimated in Tier One, Tier
Two, and Tier Three Water Budgets. Consumptive demand is the amount of water that is taken from a
water source, and not returned locally to the same source of water within a reasonable amount of time.
5) Characterize and Visualize. The water budget process requires watersheds to be characterized based
on the analysis and interpretation of hydrologic and hydrogeologic data. The detail of the
characterization will be more refined in higher tiers.
6) Develop and Calibrate the Models. Water budget models will be developed, or refined to represent
hydrologic and hydrogeologic conditions in a watershed.
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7) Test Scenarios. In Tier One and Tier Two, the water budget models will be used to complete a
Subwatershed Stress Assessment. The Tier Three water budget models will be used to assess the
impact of changing land-use practices and future water demand.
8) Continuously Review and Improve. Continue to monitor and collect information to reduce data and
knowledge gaps for the watershed. Refine the flow system characterization and visualization with this
new information, thereby continuously improving the water budget for the source water protection area.
1.4

WATER BUDGET PROCESS CONSIDERATIONS

The following questions should be considered to help determine the required level of effort required:
Is the water supply from an international or inter-provincial waterway, or from a large inland water body?
In accordance with Part I.2 – Assessment Report , a conceptual water budget or water budget prepared
for a source water protection area will not include any part of a surface water body that is a Great Lake, a
connecting channel, Lake Simcoe, Lake Nipissing, Lake St. Clair or the Ottawa River.
What level of modelling is required?
As the study advances to higher tiers of the Water Budget Framework, the appropriate level of modelling
and analyses must be established. The surface water and groundwater models selected for a Source
Water Protection Area depend on the available data and the level of subwatershed stress. Although a
decision regarding model selection will likely be made following the completion of the Tier One Water
Budget, the level of modelling should be considered upon completing the Conceptual Water Budget.
In accordance with Part III.2 – Subwatershed Water Budgets, if a water budget was prepared using
surface and groundwater flow models for every subwatershed in the source protection area and those
water budgets meet the requirements of a Tier Two water budget and include an assessment of the
elements of a conceptual water budget, then a Conceptual Understanding and a Tier 1 water budget using
simple GIS or spreadsheet tools is not required.
Are both groundwater and surface water flow models needed?
While modelling is required for Tier Two, it must be determined if both surface water and groundwater flow
models are necessary. Surface water flow models or models that have climate variables such as precipitation,
evapotranspiration, runoff and recharge are necessary in all watersheds identified as requiring further
assessment in Tier One; this includes subwatersheds with no surface water intakes. The surface water models
are necessary to simulate the interaction between surface water and groundwater flows in recharge areas. In
some areas; however, such as those having poorly transmissive subsurface geology, a groundwater flow model
may not be necessary. An example of such a runoff dominated watershed is one with extensive exposed unfractured Precambrian crystalline rock, through which groundwater flow would be negligible.
Is complex modelling necessary to address vulnerable areas for water
quality?
Water quality vulnerability assessments may require more detailed
modelling than is necessary for a watershed’s water budget. Where a
complex model is required to delineate water quality vulnerable areas,
integration with the associated water budget studies would better
manage resources and maintain consistency between the studies.
1.5

Water quality issues may also
influence the need and selection of
complex water flow models.

PEER REVIEW PROCESS

A water budget peer review process was developed to ensure the work is completed using appropriate locally
relevant scientific methods, is scientifically defensible, and to ensure compliance with the Technical Rules. Peer

October 2011

9

DRINKING WATER SOURCE PROTECTION
WATER BUDGET AND WATER QUANTITY ASSESSMENT TECHNICAL GUIDANCE

review is a continuous process; peer review teams meet on a regular basis to review current approaches and
results to help formulate a technically sound and defensible water budget.
Peer reviewers are qualified experts and provincial representatives and can include academics, private
practitioners, municipal staff, adjoining source protection area staff and others. These individuals are as
technically qualified as those who are performing the work, yet are independent of the specific source protection
teams and their consultants.
1.6

OTHER BENEFITS OF WATER BUDGETS

A water budget is a water management tool developed as part of the requirements of Ontario’s Clean Water Act.
While a unique application of the water budget tools produce the deliverables of the Clean Water Act, these tools
can also be used to support many other watershed management practices, including:

1.7



Setting quantitative hydrological targets (i.e., water allocation, in-stream ecosystem flow requirements,
recharge rates, etc.);



Supporting decision-making relative to the established quantitative targets;



Establishing municipal water supply strategies;



Evaluating the cumulative effects of land use and water takings;



Providing a sub-watershed scale framework for site-scale studies (i.e., hydrological evaluations,
wastewater treatment plans, municipal water supply strategies, etc.);



Aiding in the design of environmental monitoring programs;



Assisting in target setting for water conservation;



Helping to identify data and knowledge gaps; and



Assisting the investigations into assessing climate change and selecting appropriate climate change
scenarios.
GUIDANCE DOCUMENT OUTLINE

This Guidance document is structured to guide the practitioner through each level of the Water Budget
Framework while referencing the applicable MOE Technical Rules cited from the Technical Rules Assessment
Report under the Clean Water Act 2006.
As such, this Guidance is organized into the following sections
1) Introduction;
2) Watershed Characterization and Conceptual Water Budget;
3) Tier One and Tier Two Water Budgets;
4) Tier One and Tier Two Subwatershed Stress Assessments;
5) Tier Three Water Budget and Local Area Risk Assessment; and
6) Significant Groundwater Recharge Areas
Pertinent Technical Rules are included in this document in the appropriate section. Details and further guidance
on use and interpretation of these rules are provided. All Technical Rules are denoted by blue text in shaded
boxes.
The following technical bulletins, issued jointly by the Ministry of Natural Resources and the Ministry of the
Environment, are included in Appendix A and referenced where applicable throughout the document:
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Technical Bulletin: Delineation of Significant Groundwater Recharge Areas, issued April 2009.



Technical Bulletin: Water Budget and Water Quantity Risk Assessment, Tier Two Subwatershed Stress
Assessment, Groundwater Drought Scenarios, issued July 2009.



Technical Bulletin: Water Budget – Water Quantity Risk Assessment: Surface Water Drought
Scenarios, March 2010



Technical Bulletin: Part IX Local Area Risk Level, Clarification of the technical terms and the
assessment to assign a risk level to a local area, issued March 2010.
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2.0

Watershed Characterization and Conceptual Water Budget

The Conceptual Water Budget is the first step of the Water Budget Framework. In many cases, it is based on the
information collected for the watershed characterization, completed by source protection committees for the
Assessment Report. Watershed characterization includes the collection and mapping of information, whereas
the Conceptual Water Budget furthers that work with a thorough review and analysis of hydrologic and water
demand data.
The Conceptual Water Budget includes baseline data collection, mapping, and analysis of the compiled
information. Beginning at a watershed scale, it involves an analysis of the compiled information to explain the
linkages between physiography, geology, surface water, groundwater, climate, land cover, and water taking.
2.1

BACKGROUND

2.1.1 Hydrologic Cycle
Understanding the hydrologic cycle is important for the water budgeting and stress assessment work. Four
components of the hydrologic cycle, shown in Figure 2-1, should be considered including the atmosphere, the
ground surface or surface water features, the unsaturated zone, and the saturated groundwater zone.
The hydrologic cycle refers to the
movement of water throughout
the natural environment, both
above and below the ground
surface. Within the hydrologic
cycle, a number of primary
hydrological processes exist
including precipitation,
evapotranspiration, runoff,
infiltration, recharge to
groundwater, and groundwater
discharge to surface water. One
of the objectives of the
Conceptual Water Budget is to
develop a better understanding of
these processes across a
watershed. These processes are
summarized in Table 2-1.

QP

QET

Unsaturated
Zone

watertable

QGW-R
Saturated
Zone

QGW-C

QSW-RO

QSW-Out

QSW-C

Surface
Water

QSW-In
QGW-D

QGW-In

QGW-Out
Groundwater

Figure 2-1 Steady-State Water Budget Elements and Terminology

Table 2-1 Water Budget Parameters
Water Budget Parameter

Description

Precipitation
QP

Precipitation is the discharge of water out of the atmosphere on to a
watershed and includes rainfall, snow, hail, and sleet. Precipitation is
naturally divided into surface water runoff (QSW-RO), evapotranspiration
(QET) and groundwater recharge (QGW-R).

Surface Water Runoff
QSW-RO

Runoff is the proportion of precipitation that does not infiltrate into soil or
evapotranspire.

Surface Water Out
QSW-Out

Surface Water Out is the amount of water leaving the subwatershed
through a stream, river, or channel.

Groundwater Flow In
QGW-In

Groundwater Flow In refers to groundwater that flows laterally into a
watershed from an adjacent watershed or is an anthropogenic input (e.g.
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Water Budget Parameter

Description
artificial groundwater recharge).

Groundwater Flow Out
QGW-Out

Groundwater Flow Out refers to groundwater that flows laterally out of a
watershed into an adjacent watershed.

Groundwater Recharge
QGW-R

Groundwater Recharge refers to water that percolates downwards from
the ground surface through soils and reaches the water table.

Groundwater Discharge
QGW-D

Groundwater Discharge refers to water that flows into surface water
bodies (e.g. streams, wetlands, lakes) from groundwater.

Groundwater Consumptive
Demand
QGW-C

Groundwater Consumptive Demand refers to the total consumptive
groundwater extraction.

Surface Water Consumptive
Demand QSW-C

Surface Water Consumptive Demand refers to the total consumptive
surface water extraction.

Precipitation that falls onto the ground surface can return back to the atmosphere through evapotranspiration,
travel as runoff to surface water bodies (e.g., streams, lakes and wetlands), or enter the subsurface by infiltrating
the soil and percolating downward to the unsaturated zone. Where the ground has a low permeability, most of
the precipitation may either pond at the surface and evaporate, or run off directly toward surface depressions
and streams. When precipitation falls on permeable soils, the runoff component is relatively small and most of
the precipitation that does not evaporate from the ground surface will infiltrate into the unsaturated zone and
ultimately enter the groundwater reservoir or saturated zone.
Water that moves into the unsaturated zone may return back to the atmosphere through evapotranspiration,
migrate laterally as interflow to discharge to local surface water bodies, or move downward to the saturated
zone. Similarly, water that moves to the saturated zone is stored within an aquifer and moves through the
groundwater system to eventually discharge into a surface water body or be removed for human purposes.
Evapotranspiration includes direct evaporation from ponded water or surface water bodies and transpiration
where plants facilitate the movement of water back to the atmosphere. Potential evapotranspiration (PET) is the
amount of water that would evaporate and transpire if water was available in unlimited supply to the plants and
soils. Actual evapotranspiration (AET) refers to the actual amount of evapotranspiration that is less than or
equal to the potential evapotranspiration.
Depending on the area, water use resulting from human activities can be a small or large component of
precipitation. When assessing water demand, it is important to consider not only the total amount of water
pumped, but also the amount of water that is returned back to the source from which it was taken. The
difference between the amount of water pumped and that which is returned to the source within a short period of
time is referred to as consumptive water demand. Human inputs into the watershed must also be considered;
examples of this could include artificial recharge of the groundwater system, importing water from the Great
Lakes for water use purposes or wastewater treatment plant effluent.
Understanding surface water and groundwater interactions is an important part of a water budget. This
understanding is required to manage water resources since the surface water and groundwater systems are
interconnected; changes within one system could impact the other. For the surface water system, groundwater
provides discharge that sustains streamflow beyond the short pulses of water generated by storm events.
Groundwater discharge to streams, and in particular headwater streams, often sustains aquatic ecosystems due
to the continuous flow and cool temperature of the discharging groundwater. This is important for spawning of
certain fish species. Interaction with the groundwater system occurs throughout a watershed; a portion of
precipitation infiltrates traveling through the groundwater system and eventually discharging down gradient at a
stream or river. Depending upon the recharge location, the groundwater path could be short, generating
discharge at a local stream, or very long, generating baseflow discharge as far as 100 km downstream.
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Conversely, some streams and wetlands lose water to the groundwater system, recharging a groundwater
aquifer.
2.1.2 What is a Water Budget?
A water budget balances the hydrologic cycle processes. As shown in Equation 2-1, the water budget equation
consists of inputs, outputs, and changes in water storage. The inputs are precipitation, groundwater inflows,
surface water inflows, and anthropogenic inputs such as wastewater treatment plant effluent. The outputs
include evapotranspiration, water supply removals or abstractions, surface water or groundwater outflows, and
any changes in storage within watershed or subwatershed.
Equation 2-1 - Water Budget Equation
Inputs = Outputs + Change in Storage

QP + QSW-In + QGW-In = QET + QSW-Out + QGW-Out + QGW-C + QSW-C + ∆S
Where

QP
QSW-In
QGW-In

= precipitation (QP = QGW-R + QSW-RO + QET)
= surface water flow in (streams, channels, anthropogenic inputs)
= groundwater flow in (from adjacent watersheds or anthropogenic
input)
QET
= evaporation and transpiration
QSW-Out
= surface water flow out (stream or channel)
QGW-Out
= groundwater flow out (to adjacent watersheds)
QGW-C
= groundwater consumptive demand (extraction)
QSW-C
= surface water consumptive demand (extraction)
∆S
= change in storage (surface water, soil moisture, groundwater)
Note: Please refer to Dunne and Leopold, 1978; Singer, 1981 and Walton, 1970 for further description
2.1.3 Spatial and Temporal Scales
Hydrologic cycle processes vary both spatially and temporally. Water budget studies must consider this
variability and how it relates to the intended objectives of the study. Under source water protection, the objective
is to ensure that municipal drinking water systems are reliable; as such, assessment areas should be centered
on those systems.
Ecosystem processes also depend on spatial and temporal
scales. Scale dependency in ecosystems may be continuous;
every change in scale may influence patterns and processes, or
there may be “domains” characterized by relatively sharp transition
from dominance by one set of factors to dominance by another set
(Wiens, 1989). The relationships between physical and biological
attributes may be evident at broad scales, but overwhelmed by
biological interactions at finer scales.

If a watershed is studied at an
inappropriate Spatial or Temporal
scales, the results may not physically
reflect hydrologic functions.

Observation of ecological processes may also be made at a variety of scales. For logistical reasons, expanding
the area of observation usually requires decreasing the monitoring resolution. This approach makes it easier to
detect broad-scale patterns and processes, but makes it more difficult to detect fine-scale details. If a watershed
is studied at an inappropriate scale, the actual system dynamics may not be detected, but rather only artifacts of
scale. For example, intricate wetland hydrological processes may have one area of a wetland characterized as
a groundwater discharge area and another area of the same wetland complex characterized as groundwater
recharge. Similarly, groundwater recharge/discharge processes may fluctuate or reverse throughout the year as
surface water and groundwater levels change.
Scales of management are critical; to obtain a desired watershed response, managers must act at the
appropriate scale or understand how the response will translate across both spatial and temporal scales.
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Spatial Scales
The study area must characterize both the natural hydrologic processes and the potential impacts of water
demands. The spatial scale of the water budget depends on the type of assessment; however, the spatial
scales are described below:


Watershed Scale. A watershed scale is typically selected for the Conceptual Water Budget. Hydrologic
processes are studied over a large area with varying types of land use, geology, and perhaps climate
patterns. Areas within a watershed may be studied at a greater level of detail where sufficient
monitoring data exists; however, these areas may be large portions of the watershed.



Subwatershed Scale. The Tier One and Tier Two Water Budgets are developed at a subwatershed
scale, where the watershed area is subdivided based on rivers, streams, and tributaries. At this scale,
water budget processes are analyzed for each subwatershed, giving a better understanding of how
these processes vary across a watershed based on changes in land use, soils and geology. The size
of the subwatersheds may vary from as small as 10 km2 to greater than hundreds of square kilometres
depending on the characterization of surface water drainage areas and aquifer conditions.
Subwatershed delineation should also consider the location and distribution of municipal and other large
wells and intakes and the availability of surface water and groundwater monitoring data. Subwatershed
delineation may be reviewed and altered in Tier Two.



Local Scale or Local Area. A local scale of analysis is used when an estimate of hydrological processes
is required at a specific location. For example, an impact assessment of a water demand on a wetland
requires a local characterization and understanding of the area’s hydrology and hydrogeology. The
local scale of investigation is required for a Tier Three Water Budget. The Tier Three assessment area
may encompass several adjacent subwatersheds as needed to assess municipal drinking water
supplies and their influence on hydrology and hydrogeology.

Water budgets at the subwatershed scale must often encompass a larger area to balance the water budget.
Consider when aquifers are situated and recharged beneath headwater areas discharge at locations remote
from the headwaters. Figure 2-2 illustrates this process for the Duffins Creek basin, where the regional deep
aquifers beneath the Oak Ridges Moraine do not discharge until stream valleys have eroded down into the
aquifers at locations closer to Lake Ontario (Gerber and Howard, 2002).

Figure 2-2 Conceptual groundwater model for the south slope of the Oak Ridges Moraine within the Duffins
Creek Watershed (Gerber and Howard, 2002)
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Surface watershed or subwatershed boundaries may not correspond to the groundwater flow divides and where
this occurs, the water budget will estimate cross-boundary groundwater flow rates across these boundaries.
Water takings from large aquifer systems may induce changes that
extend beyond the surface watershed or subwatershed boundaries.
When this occurs within deep aquifers, these systems may be
Subwatershed delineation is an
separated from the near surface flow system by low permeability
important
step for Tier One and Tier
aquitard material, which means that vertical groundwater flow into
Two Stress Assessments.
the deep aquifer might occur over a large area and the shallow and
deep flow systems may be partially or effectively separated. The
selection of spatial scale for hydrogeological water budget
assessments should accommodate for these large-scale interactions if they represent a significant portion of the
water budget.
When selecting the study area, inter-basin transfers of water, into or out of the study area, must be considered.
For example, a municipality may obtain much of its water supply from groundwater, but treated wastewater
effluent is discharged outside of the surface watershed. Conversely, some quantities of imported water may be
introduced to the local flow system through septic systems, lawn watering, pipe leakage, etc.
Figure 2-3 illustrates a watershed, subwatershed and local scale study boundaries. Water budgets begin at the
subwatershed scale for the Conceptual and Tier One Water Budget and move to smaller areas (subwatershed
or community) in the upper Tiers of the framework. For example, Tier One and Tier Two subwatershed stress
assessments estimate the relative impact of current and future water takings on water availability at a watershed
or subwatershed scale. The Tier Three local area risk assessment determines water availability and impacts in
smaller areas (i.e. a municipality or urban center). The local area is a specific area around a wellhead or surface
water intake encompassing a drinking water system and surrounding potential water quantity threats; however,
the scale of the investigation will likely cover more than one subwatershed to account for boundary impacts,
upstream contributions, and potential downstream impacts, and the cumulative impact assessment of multiple
water takings and receptors.

Figure 2-3 Spatial Assessment Scales
Provincial Quaternary subwatersheds or subwatershed delineated by local conservation authorities based on
water quantity considerations can be used for the stress assessment. The Grand River watershed, for example,
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has been sub-divided into subwatersheds for water budget analysis that are at a smaller scale than Quaternary
mapping available from the Ministry of Natural Resources; the smaller scale subwatersheds are used for further
stress analysis as part of source water protection. Conversely, in other source water protection areas, a number
of smaller watersheds flow directly into larger lakes or rivers. Each of these smaller watersheds would be
evaluated; they would not be dissected for the water budget and water quantity risk assessment purposes.
Temporal Scales
The amount of water within the hydrologic cycle components varies over different time scales. Hourly data
should be used to analyze the physical process of surface water runoff and groundwater recharge and system
hydraulics and controls, while daily, weekly or monthly data should be used to analyze groundwater systems. A
temporal scale must be selected for the water budget assessment that characterizes the physical response of
the system.
Figure 2-4, for example, shows the estimated annual trend in the water budget components expected for typical
Ontario climatic conditions. Figure 2-5 shows the annual groundwater level trends and the water budget surplus
within the Halton Till at a site near Stouffville; although the water-level fluctuation trends shown are typical for
much of Ontario, the magnitude and timing of the fluctuations depend on the location within the flow system and
the geologic deposits. Figure 2-6 illustrates observed streamflow and estimated baseflow for Duffins Creek at
Ajax for 2007.
The hydrologic patterns shown in Figure 2-4, Figure 2-5 and Figure 2-6 can be subdivided into four general
periods. The actual length of each period can change at a particular location on an annual basis depending on
climate.


Period 1 occurs from about mid-December to the end of February, where typically precipitation is snow
with the thickness of the snowpack increasing; temperature is below freezing; evaporation from the
snowpack is minimal; recharge is almost zero except for periodic melting events; groundwater storage
is depleting as evidenced by declining groundwater levels; and subsequently streamflow is declining.



Period 2 is from February to April, where increasing temperature to above freezing means that most
precipitation is rain with snowpack melting leading to high streamflow and floods, and significant
groundwater recharge. Streamflow is generally the highest in April (Sangal, 1984). In this period
percolating water exceeds the soil field capacity, as suggested by a rise in the water table (Figure 2-4),
and evapotranspiration is limited because the temperature is low and plant growth minimal.



Period 3 occurs from May to September and is characterized by high temperatures and
evapotranspiration. Rain, typically retained by the soil to satisfy moisture deficiency, recharges only
during large storms when the soil field capacity is exceeded. Recharge can also occur through fractures
and from runoff collected in ditches (or dry kettles and swales) (Rushton and Ward, 1979). The water
table steadily declines as groundwater discharge to streams is greater than recharge to groundwater.



Period 4 occurs from September to mid-December, where precipitation is rain and some snow,
evapotranspiration is low as the growing season is finished and the soil moisture has returned to field
capacity. This is the second major period of the year when groundwater recharge exceeds discharge.
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Figure 2-4. Annual variation in water budget components, Duffins Creek Watershed
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2

Duffins Creek at Ajax (02HC049; 251 km )
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Figure 2-6 Observed total streamflow and groundwater discharge estimate from hydrograph separation
Water availability within the hydrologic cycle components also varies at larger temporal scales (e.g., from year to
year). Figure 2-7shows annual average water levels and the five-year moving average of water levels in Lake
Ontario at Toronto since 1906 and the annual total precipitation and a five-year moving average of total
precipitation since 1847. Although flow through Lake Ontario is regulated to some degree, the five-year moving
averages for both Lake Ontario levels and annual precipitation suggest that there have been three major drought
periods over the last 100 years; these include the early to mid-1920s, the 1930s, and the late1950s to 1970.
Studies using data between 1970 to the early 1990’s represent above-average moisture conditions.
Water management decisions will be more effective if the water budget is considered within a temporal climatic
framework; as such, consideration of whether the climate information used for water budgeting purposes is
representative of a drought period, average conditions or a moisture surplus period is necessary.
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Figure 2-7 Long-term annual total precipitation and annual average Lake Ontario water level at Toronto
(HYDAT for Lake Ontario water levels Canadian Climate Data for Toronto precipitation)

2.2

WATERSHED CHARACTERIZATION

Each Source Protection Area completed a Watershed Characterization as part of the Assessment Report. It
included the collection of data and maps needed for the Conceptual Water Budget, and the Tier One, Tier Two,
and Tier Three Water Budgets. The information most relevant to the water budget studies includes hydrological
and hydrogeological mapping and monitoring data, land use, population data, and water use data.
Part II – Watershed Characterization of the Technical Rules outlines the watershed characterization
requirements. The Technical Rules describe those requirements and are included below:
Part II – Watershed Characterization
16. The following shall be included in a characterization of a watershed, where the information is available:
(1)

The boundaries of the watershed.

(2)

The following areas within the watershed:
a.

(3)

Subwatersheds.

b.

Areas of settlement, as defined in the Places to Grow Act, 2005.

c.

Municipal boundaries, and their population and population density.

d.

Reserves as defined in the Indian Act (Canada), and their population and population density.

e.

Federal lands.

With respect to drinking water systems,
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a.

the location and area served by a system,

b.

the classification of the system into the following classifications as defined by O. Reg. 170/03 (Drinking Water Systems)
made under the Safe Drinking Water Act, 2002:
i.

Large municipal residential system.

ii.

Small municipal residential system.
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(4)

iii.

Large municipal non-residential system.

iv.

Small municipal non-residential system.

v.

Non-municipal year-round residential system.

vi.

Non-municipal seasonal residential system.

vii.

Large non-municipal non-residential system.

viii.

Small non-municipal non-residential system.

c.

the number of users served by the system,

d.

the location of surface water intakes and wells that are part of the system, and their average annual and average monthly
pumping rates, and

e.

the location of monitoring wells related to the system.

The location and types of natural vegetative cover, including wetlands, woodlands and vegetated riparian areas, and the percentage of
land coverage of each type.

(5)

The location and types of aquatic habitats, including coldwater, mixed, and warm water fisheries, and macroinvertebrate communities.

(6)

A comparison of the communities described in clause (5) to similar communities not impacted by anthropogenic factors.

(7)

A description of Species within the source protection area that are on the Species at Risk in Ontario List as defined in the Endangered
Species Act, 2007, if the source protection committee is of the opinion that the watershed characterization should include a discussion for
the purposes of informing the public about species at risk in the source protection area.

(8)

Surface water quality and groundwater quality across watersheds.

(9)

One or more maps of the percentage of managed lands within,
a.

a significant groundwater recharge area;

b.

a highly vulnerable aquifer;

c.

each of the following areas within a vulnerable area:
i.

WHPA-A.

ii.

WHPA-B.

iii.

WHPA-C.

iv.

WHPA-C1, if any.

v.

WHPA-D.

vi.

WHPA-E.

vii.

IPZ-1.

viii.

IPZ-2.

ix.

IPZ-3, if any;

If two or more areas in an area referred to in clause (a) to (c) have different vulnerability scores, the percentage of managed land may be
determined for each of those areas. Mapping the percentage of managed lands is not required for any area in an area mentioned in
clause (a) to (c) where the vulnerability scores for that area are less than those necessary for the following activities to be considered a
significant, moderate or low drinking water threat in the Table of Drinking Water Threats: the application of agricultural source material to
land, the application of non-agricultural source material to land and the application of commercial fertilizer to land. Each map prepared in
accordance with this subrule shall be labelled the "managed land map”.
(10) One or more maps of livestock density for each area referred to in subrule (9). Livestock density shall be determined by dividing the
nutrient units generated in each area by the number of acres of agricultural managed land in that area where agricultural source material
is applied. If two or more areas in an area referred to in subrule (9) (a) to (c) have different vulnerability scores, the livestock density may
be determined for each of those areas. Mapping livestock density is not required for any area in an area mentioned in clause (9)(a) to (c)
where the vulnerability scores for that area are less than those necessary for the following activities to be considered a significant,
moderate or low drinking water threat in the Table of Drinking Water Threats: the application of agricultural source material to land, the
application of non-agricultural source material to land and the application of commercial fertilizer to land. Each map prepared in
accordance with this subrule shall be labelled the "livestock density map".
(11) For each vulnerable area, one or more maps of the percentage of the impervious surface area where road salt can be applied per square
kilometre in the vulnerable area. Mapping the percentage of impervious surface area is not required for an area in a vulnerable area
where the vulnerability scores for that area is less than the vulnerability score necessary for the application of road salt to be considered a
significant, moderate or low threat in the Table of Drinking Water Threats. Each map prepared in accordance with this subrule shall be
labelled the "total impervious surface area map".
17. For the purposes of subrule 16(11), the location of a square kilometre in a vulnerable area shall be determined by overlaying a 1 kilometre
by 1 kilometre grid over the vulnerable area with a node of the grid centred on the centroid of the source protection area.
18. Parameters used to assess the quality of groundwater and surface water across the watershed shall be selected with consideration given
to the natural features and land uses within the source protection area.
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2.3

CONCEPTUAL WATER BUDGET

The Conceptual Water Budget includes:


Mapping of the various watershed hydrologic elements (e.g. soils, aquifers, rivers, lakes);



Assessment of processes in a study area (precipitation, recharge, runoff, evapotranspiration, etc.) and
an estimate of average values and trends for the watershed;



Understanding the geologic system and consideration of surficial features, such as wetlands and large
impervious areas; and,



A preliminary inventory of all water takings.

The Conceptual Water Budget requirements are outlined in Part III – Conceptual Water Budget of the MOE
Technical Rules. The Technical Rules included below, details those requirements of the Conceptual Water
Budget. Guidance for the Conceptual Water Budget follows in this section of this report.
Part III.1 - Conceptual Water Budget
19. Subject to rule 24, a conceptual water budget shall include an assessment of the following:
(1)

Physiography.

(2)

Geology.

(3)

Surface water bodies and their flows and water levels.

(4)

Surface water control structures, including any dams within the meaning of section 1 of the Lakes and River Improvement Act, and any
plans that govern operations of the structure.

(5)

Groundwater aquifers, their direction of flow, and mapping of the water table and potentiometric surface(s).

(6)

Wells and surface water intakes.

(7)

Interactions between groundwater and surface water.

(8)

In respect of every surface water intake and well for which a permit to take water has been issued under the Ontario Water Resources
Act the maximum annual quantity of water that a person is permitted to take under the permit and the purpose for which water is being
taken.

(9)

How land cover across the area affects groundwater and surface water.

(10) In respect of every surface water intake and well for which a permit to take water has not been issued under the Ontario Water
Resources Act, the annual quantity of water taken and the purpose for which water is being taken, including whether water is being taken
for a domestic use, agricultural use, commercial use, industrial use or any other specified use.
(10.1)In respect of the water takings described in subrules (8) and (10), where available, the actual amounts of water taken annually and the
projected annual takings of water.
(11) Aquatic habitat dependant upon water depth, flow and temperature.
(12) Trends related to any items listed in subrules (3) to (11).
(13) The climate of the area, including historical trends and existing projections related to changes in the climate of the area.

2.3.1 Physiography
Physiography, or physical geography, is the study of the physical features of the earth’s surface. A
physiographic study begins with the delineation of subwatersheds that reflect changes in topography and
hydrology across the watershed. The watershed may also be delineated into areas of high, medium, and low
runoff potential (e.g., high runoff potential would occur over clay plains, clay/silt till plains, medium runoff potential
would occur sandy till plains, and low runoff potential would occur over hummocky terrain, gravel and sand
terraces and outwash plains), and areas of high, medium, and low infiltration potential. This information,
together with the surface water flows and the fisheries data will provide preliminary indications of the extent of
groundwater-surface water interaction.
The data collected and illustrated as part of the physiography study depends on the watershed, and may
include:


Significant topographic features (e.g., the Niagara Escarpment);



Physiographic regions and features (e.g., the Oak Ridges Moraine); and,
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Hummocky topography.

2.3.2 Geology
Overburden and bedrock geology are important to both human water needs and ecological needs. Knowledge
of the geology of a source water protection area is needed to understand how water moves on the ground
surface and beneath the ground surface in both the saturated and the unsaturated zones. The understanding of
the three-dimensional geologic framework is necessary to construct regional watershed cross-sections. A
conceptual geologic cross-section is shown in Figure 2-8. A description of the processes that shaped the
ground surface, the bedrock surface, and any subsurface sediment in between the ground and the bedrock is
also needed; this should explain the distribution of coarse and fine materials, faults in the rock terrain, erosion,
and drainage patterns coupled with surficial geology.

Figure 2-8 Conceptual Geologic Cross-Section
The data collected and illustrated as part of the geology investigation should include soils, surficial geology,
bedrock topography (elevation), overburden thickness, bedrock geology and graphic cross sections illustrating
watershed scale aquifer units.
2.3.3 Surface Water Bodies, Flows and Water Levels
This section includes data collection, documentation and interpretation of all surface water bodies and
monitoring data. Mapping and data will be analyzed to estimate water budget parameters across the watershed.
The data compiled and interpreted will also be used in subsequent tiers of the Water Budget Framework.
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The surface water investigation must include the following:


Maps of all surface water bodies including lakes, ponds, rivers, streams, and wetlands;



Maps of streamflow gauging stations;



Fisheries mapping (cold water versus warm water);



Written description and mapping of surface water points of interest for watershed/sub-watershed
delineation;



Hydrographs of average monthly flow and long-term annual flows;



Hydrograph baseflow separation analysis with the estimation of groundwater discharge and recharge;



Description of the preliminary estimation of evapotranspiration, surface runoff, and infiltration;



Qualitative discussion of the influence of land cover, soils, and physiography on runoff, recharge, and
evapotranspiration on surface water flow; and,



Description of the nature of the surface water system, including the influence of storage features such
as wetlands, lakes and reservoirs.

The interpretation and analysis of surface water touches upon other components identified in the Technical
Rules for surface water, as follows:


Trends. Analysis and documentation of surface water trends is also required. Sources for historical
stream flow data used to characterize these trends include both the stream gauge networks and the
monitored dam operations.



Interactions with groundwater. The surface water assessment will estimate baseflow which may be
used as the basis for estimating groundwater recharge rates across the watershed. The analysis may
also identify areas of high groundwater discharge which tends to buffer extreme flow events.



Influences on surface water flow. Physiography, geology, landscape, and infrastructure may influence
surface water flows (average flow, low flows, and high flows).



Influence of large extractions or discharges. This may include wastewater treatment plant effluent.



Water Reserve. The assessment should identify areas having significant anthropogenic and ecological
water needs.

2.3.4 Surface Water Control Structures
This section relates to the surface water bodies section, but refers specifically to surface water infrastructure
including dams, reservoirs and urban stormwater systems. All structures should be mapped together with a
description of the reservoir control objectives, the operations and maintenance requirements, the permitting
requirements, monitoring data, and qualitative description of the effect of the surface water control structures on
surface water flows.
2.3.5 Groundwater Systems
Groundwater systems should be emphasized when municipalities located within the Source Protection Area rely
on groundwater to meet domestic water supply requirements.
The water budget conceptualization for groundwater requires an understanding of the three-dimensional
geological setting governing the watershed. This conceptualization builds on the work completed for the
geology, physiology, and surface water sections to develop knowledge of the conceptual structure (thickness,
extent, and associations) of aquifer and aquitard units and their hydraulic parameters. These parameters
influence how groundwater moves through the geological framework.
Mapping of the water table and the potentiometric surfaces of deeper aquifers illustrates movement of
groundwater through the watershed, showing groundwater flow direction and helping to identify groundwater
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recharge and discharge areas. Figure 2-9 illustrates the municipal wells and the simulated water table for the
Credit River Watershed (CVC 2009).

Figure 2-9 Municipal wells and simulated water table for the Credit River Watershed
(CVC, 2009)
The assessment of groundwater systems should identify areas with high groundwater recharge potential,
including moraine (hummocky terrain) and karst (fractured bedrock at shallow depth) topography. The relative
influence of physiographic areas on recharge can be illustrated by calculating percentages of major surficial
geology units (e.g., gravels, sands, silts and clays) in watersheds; this delineation represents the initial stage of
defining the significant groundwater recharge areas. The groundwater investigation should also include
mapping of other groundwater features such as seeps and springs, or areas of coldwater and warm water
stream flow.
The groundwater data collected, evaluated and illustrated for the Conceptual Water Budget must include the
following:


Aquifer extents including potentiometric surface with groundwater flow directions (must include stream
network);



Groundwater recharge and discharge zones;



Depth to the water table (with discussion);



Groundwater monitoring network locations; and



A description of the groundwater flow system, including how the distribution of parameters (e.g.
permeability) at surface and in the subsurface influences water movement.
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2.3.6 Municipal Wells and Surface Water Intakes
An accurate inventory of municipal wells and surface water intakes is required for the Conceptual Water Budget.
Table 2-2 summarizes the required information for municipal wells and surface water intakes.
Table 2-2 Summary of Information Collected for Municipal Wells and Surface Water Intakes
Municipal Well

Surface Water Intake






















Map showing well location
Municipal name of well
Water Well Record ID (if available)
Permit-to-Take-Water Number
Well completion information (e.g., well screen extent
depth)
Pumped aquifer unit
Permitted Pumping Rate Information (i.e. maximum rate,
average rate)
Actual pumping rate information (i.e., annual average and
maximum day)
Observed water levels (or depth to water) in municipal well
Maintenance requirements
Operation history
Reported/estimated transmissivity or specific capacity





Map showing intake location
Name of Intake
Name of Surface Water Body
Depth of Intake
Permit-to-Take-Water Number
Permitted Pumping Rate Information (i.e.
maximum rate, average rate)
Actual pumping rate information (i.e., annual
average and maximum day)
Maintenance requirements
Operation history

2.3.7 Groundwater and Surface Water Interactions
Surface water and groundwater systems are interconnected; changes within one system could impact the other.
Figure 2-10 illustrates a three-dimensional groundwater modelling analysis showing simulated pathlines of
groundwater travelling from groundwater recharge areas to discharge into rivers.
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Figure 2-10 Example of Surface Water and Groundwater Interaction
(GRCA, 2009)
The description of groundwater and surface water interactions for the Conceptual Water Budget should include:


Maps showing the location of cold water fisheries;



Summary of baseflow monitoring data or other previously completed analysis or modelling relating to
significant groundwater discharge areas; and



Identification of municipal wells identified as GUDI (Groundwater Under Direct Influence of surface
water)

2.3.8 Water Demand
The Technical Rules Part III.1 relate to the information needed for the permitted and non-permitted water
demand within a watershed. The Rules indicate that with respect to the water takings, the actual amounts of
water taken annually and the future annual takings of water should be used where they are available.
The following information should be presented for permitted water demand:


Mapped locations of all active Permits-to-Take-Water;



All relevant permitting data tabulated, including the maximum annual quantity of water that can be taken
by each surface water intake and well, and the purpose for which that water is taken; and,



A discussion of both the spatial trends of water use within the watershed, and the use of water within
various sectors of the economy (e.g., agricultural, commercial, etc.).

The analysis for non-permitted water demand depends on the watershed, but should include the following:


An estimate of the number of non-serviced domestic households and farms;
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An estimate of the total non-serviced domestic and non-permitted livestock water use; and



Identification of other known non-permitted water users (e.g., irrigation).

The Technical Rules Part III.1 requires the estimation of non-permitted water demand including the existing and
future uses of water, including drinking water, wastewater treatment, agriculture, livestock, domestic use,
industrial use, commercial use, or any other specified use.
2.3.9 Land Cover
The Conceptual Water Budget should describe and provide maps of land cover within a watershed. Land cover
should be classified with as much detail as possible using existing data sources that may include wetland and
forestry maps, urban development and servicing maps, transportation maps, and agriculture maps. Many
conservation authorities have developed new land cover maps by classification of high-resolution satellite
imagery. Figure 2-11 is an example of a designated land cover map for the Toronto and Region Source
Protection Authority (TRCA, 2009)
The Conceptual Water Budget should describe how land cover across the assessment area affects groundwater
and surface water. Land cover influences the distribution of surface runoff, evapotranspiration and infiltration.
Other land cover features have more complicated effects on hydrologic processes; for example, wetlands retain
water that might be slowly released as stream flow or groundwater recharge.

Figure 2-11 Growth Plan Land Use Designations
(TRCA, 2009)
The data collected, analyzed and illustrated for the land cover investigation should include the following:


Current and anticipated future land use cover map;



Statistics of land cover distribution in the watershed (e.g., 20% urban, 40% agricultural); and,
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A description of the influence of land cover on hydrology and hydrogeology with references to
monitoring data showing those influences where available.

2.3.10 Aquatic Habitat
The Conceptual Water Budget should address aquatic habitat and discuss the relationships between aquatic
habitat and hydrology and hydrogeology. Relevant components should include:


Coldwater Fisheries. Maps should illustrate coldwater and coolwater streams. The report should
describe the types of fisheries present and discuss relevant monitoring or anecdotal data for these
streams relating to influence of hydrology and hydrogeology on these fisheries.



Wetlands. Wetlands have intricate relationships with hydrology and hydrogeology and may play
significant roles with respect to groundwater discharge and streamflow buffering. Some wetlands may
be within groundwater recharge areas or may switch between being groundwater recharge and
discharge zones depending on seasonal conditions. The Conceptual Water Budget should provide
mapping of wetlands and wetland classification and describe hydrological relationships, wherever
possible, based on monitoring data or previously completed studies.

The discussion and description of aquatic habitat may be integrated with the sections on surface water,
groundwater, and surface water and groundwater interactions.
2.3.11 Climate
The Technical Rules require a climate investigation for the assessment area, including historical trends and
existing projections related to climate changes.
Tasks completed when developing the Conceptual Water Budget should include collecting and analyzing
existing climate records representing the watershed. These records may include hourly or daily data
documenting rainfall, snowfall, and temperature. Existing data should be used to make assessments of longterm average precipitation and variability of precipitation across the watershed.
Additional data requirements are determined by analyzing the spatial and temporal gaps in the climate data.
Observed climatic patterns and distribution should be explained; these patterns would include, for example, lake
effects, physiographic influence, effects of urbanization and historic climate trends. Should a sufficient number
of climate stations exist, the watershed could be delineated into geographic areas with similar climatic conditions
or zones of uniform meteorology.
While the impacts of future climate change are not specifically evaluated at this time as part of the Water Budget
Framework, the historical climate records must be assessed to identify periods of low (drought), average
precipitation, and high soil moisture conditions.
The data collected, analyzed, and illustrated as part of the climate investigation should include maps showing
the following:


Climate stations with average annual precipitation;



Precipitation distribution;



Climate station representative areas (e.g. Theissen polygons);



Meteorological zones;



Evapotranspiration; and



An outline (plot) of long-term climate trends and averages with deviations

A database containing climate data records across Ontario is available from Land Information Ontario (LIO).
This database includes data gap estimates for daily reported maximum/minimum temperature, daily
precipitation, and hourly rainfall depths. An example of spatial distribution of snowfall is illustrated on Figure 2-12
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and was created as part of the conceptual water budget climate analysis for the Grand River Watershed (GRCA,
2009).

Figure 2-12 Spatial Distribution of Annual Snowfall
(GRCA, 2009)
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3.0

Tier One and Tier Two Water Budgets

A water budget estimates hydrologic and hydrogeologic flow parameters that represent a watershed, a
subwatershed, or a local area. A water budget balances the inputs, outputs, and changes in water storage
associated with these parameters. Inputs include precipitation, surface water inflows, groundwater inflows, and
anthropogenic inputs such as wastewater treatment plant effluent. Outputs include evapotranspiration, surface
water and groundwater outflows, and consumptive water takings. Changes in water storage may be estimated
for surface water and for groundwater, and will depend on the established time scale.
A Tier One Water Budget builds on data compilation and mapping completed for the Conceptual Water Budget.
It is a simplified, yet structured, means to estimate water supply volumes to compare to the consumptive water
demand. Tier One Water Budgets are developed using simple hydrologic and hydrogeologic calculations based
on observed or interpreted data.
Likewise, a Tier Two Water Budget builds on the Tier One Water Budget and uses more detailed
characterization and more complex tools providing an increased level of water budget understanding; it is
completed for every subwatershed with a moderate or significant Tier One water quantity stress level or where
the water source has historical issues meeting water demand. A calibrated continuous surface water flow model
and a three-dimensional groundwater flow model are developed.
The Tier One and Tier Two Water Budgets are used to complete a Subwatershed Stress Assessment as
described in Section 4 of this document. The Subwatershed Stress Assessment estimates Percent Water
Demand as a measure of the hydrologic stress in a subwatershed.
The Water Budget Framework develops an appropriate scope of work for a subwatershed’s hydrologic stress.
Part III.2 – Subwatershed Water Budgets Technical Rules 20 through to and including 25, outlines the
requirements of a Tier One and Tier Two subwatershed water budget, as shown below:
Part III.2 – Subwatershed water budgets
20. Subject to rule 24, prepare a Tier One water budget for every subwatershed in the source protection area.
21. Subject to rule 24, using the data underlying the Tier One water budget for the subwatershed, assign every subwatershed in the source
protection area a surface water stress level and a groundwater stress level in accordance with Part III.3.
22. Subject to rule 24, prepare a Tier Two water budget that,
(1)

assigns a surface water stress level for every subwatershed in the source protection area that was assigned a significant or moderate
surface water stress level in accordance with rule 21 and from which an existing or planned type I, II or III system takes or will take water
from a surface water supply; and

(2)

assigns a groundwater stress level for every subwatershed in the source protection area that was assigned a groundwater stress level of
significant or moderate in accordance with rule 21 and from which an existing or planned type I, II or III system takes or will take water
from a groundwater supply.

23. Subject to rule 24, using the data underlying the Tier Two water budget for the subwatershed, assign every subwatershed in the source
protection area for which a Tier Two water budget has been prepared a surface water stress level and a ground water stress level in
accordance with Part III.4.
24. Rules 19, 20, 21, 22 and 23 do not apply if a water budget was prepared for every subwatershed in the source protection area and those
water budgets meet the requirements of a Tier Two water budget and include an assessment of the elements listed in rule 19.
25. Where rules 19, 20, 21, 22 and 23 do not apply as a result of the application of rule 24, using the data underlying the equivalent Tier Two
water budgets described in rule 24, assign every subwatershed in the source protection area from which an existing or planned type I, II or III
system takes water a surface water stress level and a ground water stress level in accordance with Part III.4.

3.1

CONSUMPTIVE WATER DEMAND ESTIMATION

Consumptive water demand is a key component of the water budget framework; it is estimated in both Tier One
and Tier Two Water Budgets. Consumptive water demand is the net amount of water that is taken from a water
source and not returned locally to the same source of water within a reasonable amount of time. For example,
an aggregate resources operator may be permitted to pump large quantities of water from a pond for washing
aggregate, but may return the same quantity of water to the pond after the aggregate washing process. In this
case, the consumptive water demand may equate only to the evaporation from the constructed pond surface
and the water removed with the aggregate. Conversely, all water pumped from a municipal well is considered to
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be consumptive because the water is not returned to the aquifer within a short period of time. Figure 3-1
illustrates the graphical representation of consumptive groundwater demand in the Credit River Watershed
(CVC, 2009).
It is important to note that consumed water is a local concept and that there are varying definitions of
consumptive use depending on the scale of analysis. In the broader context, because of the earth's hydrologic
cycle, water is never "consumed". All water, whether it is incorporated into a product, or evaporated, will at some
point return to the hydrologic cycle, although perhaps outside the basin from which it was originally “consumed”.
This local nature requires that a spatial area of consideration be incorporated into the definition of consumed
water. To understand the water quantity impact of consumptive water uses on a basin/river/aquifer, the location
and timing of return flows must be considered. Appendix B provides additional information for estimating
consumptive water demand.
Consumptive demand is estimated for the following:


Municipal Water Demand.
Municipalities should be
contacted directly to obtain
records of historical pumping
rates.



Non-Municipal Permitted Water
Demand. Information provided
by the Province relating to the
Permits-to-Take-Water can be
used to estimate consumptive
water demand, as described in
Appendix B.



Non-Permitted Water Demand.
Various methods can be used to
estimate non-permitted water
demand for a subwatershed. In
most cases, non-permitted
Figure 3-1 Consumptive Water Demand
water demand will be small but
(CVC 2009)
should be included for
completeness in the Tier One and the Tier Two Water Budget.

The following sections provide additional considerations for consumptive water demand.
3.1.1 Municipal Water Demand
In many cases, municipal water demand represents a large portion of consumptive water demand for a
subwatershed; therefore, the most accurate municipal pumping data should be used for the Tier One and the
Tier Two Water Budgets. Operators of municipal drinking water systems maintain strict records of pumping
rates and volumes and they should be contacted directly to obtain the following information:


Locations of existing wells and intakes;



Locations of planned wells and intakes;



Permits-to-Take-Water (pumping rates, restrictions, monitoring) for existing wells and intakes;



Historical pumping for existing and out-of-service wells and intakes;



Average, monthly, and maximum day demands; and,



Future demands.
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3.1.2 Non-Municipal Permitted Water Demand
Non-municipal permitted water demand includes commercial, industrial, agricultural, institutional, and
recreational water uses. Most of the non-municipal consumptive demand for a subwatershed can be estimated
using information provided by the PTTW program. The Province must issue a PTTW for any user wanting to
pump more than 50,000 L/day.
To determine consumptive water demand, all permitted uses within the PTTW database must be reviewed.
Data includes permitted pumping rates, reported (measured) pumping rates, estimates of consumptive water
demand, and monitoring programs. The data provided by the PTTW database may not include details relating to
a permit holder’s site-specific operations; however, these details may be needed to increase the confidence of
consumptive water demand estimates. For example, a PTTW may identify two water taking sources, when in
practice only one source is used and the other source is maintained as a backup. For the Tier Two Water
Budget, copies of the permits should be obtained, particularly for the larger permit holders that could influence
the results of the Subwatershed Stress Assessment.
The permitted water taking rate is generally recorded as a maximum pumping rate and frequency over a period
of time; however, it is typically much higher than what is normally pumped. Consequently, initial estimates of
water demand using data provided from the PTTW database are conservatively high and are typically reduced
after accounting for reported pumping rates and other site-specific operations.
3.1.3 Non-Permitted Water Demand
Consumptive Water Demand from non-permitted water use sectors should be estimated for each subwatershed.
These include livestock, agricultural irrigation and rural domestic water uses. Appendix B provides some
examples of how to complete these estimates. De Loe (2002) also provides guidance on how to estimate nonpermitted water demand.
3.1.4 Consumptive Water Demand Calculations
Records of permitted or reported water taking may not reflect the amount of water that is actually removed from
the hydrologic system. For example, a water user may pump a large amount of water from a stream or a pond,
and return most of the water back to the stream or pond directly after it is used. As this water is not lost from the
stream or pond, it has a smaller impact than a taking that did not return any water to the original source. This
consumptive water use is very important to the water budget. The amount of consumed water may be a small
percentage of the quantity of water pumped.
While some water takers have large extraction rates associated with their permits, they consume very little of
that water. For example, dams and reservoirs typically have large maximum permitted rates, associated with
the water taken into storage during high flows; however, only a small percentage of that water is lost to
evaporation. The remaining water is typically discharged downstream. Such takings are considered to be nonconsumptive at the scale of the watercourse.
Other water users may consume very little water at the
subwatershed scale, but may have significant impacts locally at
the water source. Dewatering operations, where groundwater is
pumped to lower the water table then discharged to a nearby
creek, can impact the aquifer but have a negligible impact on the
water balance of the subwatershed as a whole. In this case,
while the taking is not consumptive with respect to the
subwatershed, it is completely consumptive with respect to the
aquifer.

Monthly pumping and consumption
factor estimates must be reviewed
for all permits within the
watershed. Pumping rates and/or
consumption factors should be
overwritten with observed values
where available.

Additional water users may take water from one subwatershed, and discharge it to an adjacent subwatershed.
As the water is not returned to the source subwatershed or watercourse or aquifer, it is considered to be
completely consumptive at the scale of both the subwatershed and the watercourse or aquifer.
Whenever possible, observed or reported pumping rates should be used when estimating consumptive demand;
however, when reported rates are not available consumptive water demands must be estimated. Estimating
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consumptive water demand requires consideration of the point of discharge and consideration of the physical
water taking operation.
The estimates of monthly consumptive demand are based on generalizations made through work completed by
GRCA (2005) and AquaResource (2005). GRCA established methodologies for estimating seasonally variable
demand for all permitted purposes and AquaResource established methodologies for estimating consumption
factors based on the recorded purpose for each permit.
The consumption factor is defined as follows:

Consumptio n Factor 

Q Pumped  QRe turned
Q Pumped

Where consumptive demand factors are unknown, the default parameters should be used. The monthly
consumptive demand estimate is the product of the monthly pumping estimate and the prescribed consumption
factor. All permits must be reviewed within the watershed to refine demand values.
The methodology for estimating consumptive use, described in Appendix B, is simplified as follows:
1) Estimate maximum pumping rates. These estimates are made using the best available information
which may including the Permit-to-Take-Water or reported pumping from the permit holder.
2) Estimate Consumptive Use Factor. The portion of water that is not returned to the source can be
estimated from Table 3-1, using information provided on the Permit, or using a detailed analysis of site
information. If water is returned to the same source the water is pumped from, these factors would
apply. If discharging to another source, then the consumptive factor would be equal to one.
3) Assign Monthly Use Coefficients. Many water users do not require the water supply throughout the
year.
4) Table 3-2 provides a list of initial recommended values for monthly pumping coefficients that can be
adjusted based on site-specific information where available.
5) Estimate Monthly Consumptive Use. Monthly consumptive use can be estimated by multiplying values
for the above three steps for each month.
6) Estimate Average Annual Consumptive Use. Average annual consumptive use can be estimated by
averaging the estimates for each month.
Table 3-2 includes monthly demand factors which can be adjusted where permit-specific information is provided.
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Table 3-1 Consumptive Use Factors
Great Lakes
Sub-Category
Commission Category
1. Public Water Supply
2. Self-Supply Domestic

3. Self-Supply Irrigation
4. Self-Supply Livestock
5. Self-Supply Industrial

6. Self-Supply Thermoelectric
Power (fossil fuel plants)
7. Self-Supply Thermoelectric
Power (nuclear plants)
8. Self-Supply Hydroelectric
Power
9. Self-Supply - Other

None
Self-Supplied Residential
Self-Supplied Institutional
Self-Supplied Commercial
Self-Supplied
Snowmaking
Self-Supplied Recreational
None

Types of Operations
Municipal Water Supplies
Private or Communal Residential Takings
Schools, Correctional facilities, hospitals other government
buildings not on a municipal supply
Motels, Restaurants, Office buildings, not on municipal supply
Ski hills

12
15
10

Amusement parks, water parks
Irrigation of agricultural lands, golf course, parks/sports fields, tree
nurseries
Livestock watering/washing
Fish hatcheries

35
85

Livestock
Aquaculture
Generalized Industrial Sector
Mining
Metal Ore Mining
Heating & Cooling
Heat Pumps
Cooling (Once through cooling)
Cooling (closed loop)
Sand, Gravel Mining and
Aggregate wash operations
Quarrying
Stone Mining and
Dewatering to access quarried materials
Quarrying
Food Manufacturing
Food processing, including dairy products, grain milling
Beverage Manufacturing
Breweries, distillers
Water bottlers, wineries, soft drinks
Textile Mills
Fiber, Yarn, Thread and Fabric Mills, Textile and Fabric Finishing
Textile Product Mills
Textile Furnishing Mills – Carpet, Curtain, Rope, Canvas Mills
Wood Product
Sawmills, Engineered Wood Products, Millwork, Pallet, Prefab
Manufacturing
Building Panels
Paper Manufacturing
Pulp, Paper, Paperboard Mills. Converted Paper Manufacturing
Petroleum and Coal
Petroleum Refineries, Asphalt, Roofing Materials Manufacturing
Products
Chemical Manufacturing
Basic Chemicals, Resins, Synthetic Fibers, Pesticide / Herbicide /
Fertilizer, Pharmaceuticals, Paints, Cleaning Products
Plastics and Rubber
Plastic Pipe, Packaging, laminated plastic manufacturing.
Products
Tire, Rubber hose and belting Manufacturing
Non-Metallic Mineral
Clay and Refractory Products, Glass Products,
Product Manufacturing
Cement, Concrete, Lime and Gypsum Manufacturing
Primary Metal
Iron and Still Mills, Alumina Production, Nonferrous Metal
Manufacturing
Production, Foundries
Fabricated Metals
Forging and Stamping, Cutlery and Hand tool Manufacturing,
Architectural and Structure Metal Manufacturing, Hardware
Manufacturing
Transportation Equipment
Motor Vehicle and Parts Manufacturing, Aerospace Manufacturing,
Manufacturing
Ship and Boat Building, Railroad Manufacturing
Miscellaneous
All other manufacturing
Manufacturing
Heavy and Civil
Construction Dewatering, Utilities construction, Pipeline testing
Construction
Dust Suppression
None
Coal or natural gas power plants (Once through cooling)
Coal or natural gas power plants (closed loop cooling)
None
Nuclear power plants (Once through cooling)
Nuclear power plants (closed loop cooling)
None
Dams & Reservoirs generating hydro
Environmental Needs
Remediation

Coefficient
(%)

Constructed wetlands, low flow augmentation, assimilative
capacity, navigation purposes
Groundwater Remediation, Leachate Collection

9
10

62
0.8
10
10
0.9
0.9
80
15
0.8
20
50
80
16
14
25
5
12
28
8 Rubber
9 Plastic
12
80
15
6
4
13
0.8
85
0.9
80
0.9
80
0
0
0.9

Note: Minor errors for several consumptive use factors were identified and updated in March 2013

October 2011

35

DRINKING WATER SOURCE PROTECTION
WATER BUDGET AND WATER QUANTITY ASSESSMENT TECHNICAL GUIDANCE

Table 3-2 Monthly Demand Adjustments
General Purpose

Specific Purpose

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Agricultural

Field and Pasture Crops

0

0

0

0

0

1

1

1

1

0

0

0

Agricultural

Fruit Orchards

0

0

0

0

0

1

1

1

1

0

0

0

Agricultural

Market Gardens / Flowers

0

0

0

0

0

1

1

1

1

0

0

0

Agricultural

Nursery

0

0

0

0

0

1

1

1

1

0

0

0

Agricultural

Other - Agricultural

0

0

0

0

0

1

1

1

1

0

0

0

Agricultural

Sod Farm

0

0

0

0

0

1

1

1

1

0

0

0

Agricultural

Tender Fruit

0

0

0

0

0

1

1

1

1

0

0

0

Agricultural

Tobacco

0

0

0

0

0

1

1

1

1

0

0

0

Commercial

Aquaculture

1

1

1

1

1

1

1

1

1

1

1

1

Commercial

Bottled Water

1

1

1

1

1

1

1

1

1

1

1

1

Commercial

Golf Course Irrigation

0

0

0

0

0

1

1

1

1

0

0

0

Commercial

Mall / Business

1

1

1

1

1

1

1

1

1

1

1

1

Commercial

Other - Commercial

1

1

1

1

1

1

1

1

1

1

1

1

Commercial

Snowmaking

1

1

0

0

0

0

0

0

0

0

0

1

Construction

Other - Construction

1

1

1

1

1

1

1

1

1

1

1

1

Construction

Road Building

1

1

1

1

1

1

1

1

1

1

1

1

Dewatering

Construction

1

1

1

1

1

1

1

1

1

1

1

1

Dewatering

Other - Dewatering

1

1

1

1

1

1

1

1

1

1

1

1

Dewatering

Pits and Quarries

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Aggregate Washing

0

0

0

0

1

1

1

1

1

1

1

0

Industrial

Cooling Water

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Food Processing

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Manufacturing

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Other - Dewatering

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Other - Industrial

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Pipeline Testing

1

1

1

1

1

1

1

1

1

1

1

1

Institutional

Other - Institutional

1

1

1

1

1

1

1

1

1

1

1

1

Institutional

Schools

1

1

1

1

1

1

0

0

1

1

1

1

Miscellaneous

Dams and Reservoirs

1

1

1

1

1

1

1

1

1

1

1

1

Miscellaneous

Heat Pumps

1

1

1

1

1

1

1

1

1

1

1

1

Miscellaneous

Other - Miscellaneous

1

1

1

1

1

1

1

1

1

1

1

1

Miscellaneous

Pumping Test

1

1

1

1

1

1

1

1

1

1

1

1

Miscellaneous

Wildlife Conservation

1

1

1

1

1

1

1

1

1

1

1

1

Missing

Missing

1

1

1

1

1

1

1

1

1

1

1

1

Recreational

Other - Recreational

1

1

1

1

1

1

1

1

1

1

1

1

Recreational

Wetlands

1

1

1

1

1

1

1

1

1

1

1

1

Remediation

Groundwater

1

1

1

1

1

1

1

1

1

1

1

1

Remediation

Other - Remediation

1

1

1

1

1

1

1

1

1

1

1

1

Water Supply

Campgrounds

0

0

0

0

1

1

1

1

1

0

0

0

Water Supply

Communal

1

1

1

1

1

1

1

1

1

1

1

1

Water Supply

Municipal

1

1

1

1

1

1

1

1

1

1

1

1

Water Supply

Other - Water Supply

1

1

1

1

1

1

1

1

1

1

1

1

(Ministry of Natural Resources, 2008)
A graphical illustration of subwatershed consumptive water demand is shown in Figure 3-2. This figure was
developed as part of the Integrated Water Budget Report - Tier Two Credit Valley Source Protection Area (CVC
2009).
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Figure 3-2 Consumptive Groundwater Demand, by Subwatershed for the Credit River Watershed
(CVC, 2009)
3.2

WATER RESERVE

Water reserve represents the quantity of water in a watershed that is needed to support ecosystem components
and other water uses. These other uses may include anthropogenic uses of water within the watershed such as
low flow augmentation for assimilative capacity, recreation, or hydro power. While it may be difficult to estimate
the amount of water required by such uses, it is necessary to locate them, describe the significance of their
water needs and identify where they obtain their water.
The uses that rely on water reserve are described below.
Natural ecosystem water dependency uses:


Rivers and Streams Requirements. Sufficient flows and water levels are required to sustain healthy
ecosystems; this includes consideration of flow variability and the duration of low flow conditions to
maintain healthy fish habitat (as prescribed by the Federal Department of Fisheries and Oceans). The
ecological needs relate to the processes and functions of the river ecosystem which in turn are based
on the hydrology, biology, geomorphology, water quality and connectivity of the riverine system. In an
ecosystem context, the flow and water level should emulate the natural flow regime, taking into account
both the biotic and abiotic processes (IFC, 2002).



Springs and Wetland Requirements. Similar to the rivers and streams requirements, water levels must
be maintained close to significant wetlands or discharge springs to sustain healthy ecosystems.



Lakes. Direct discharge to lakes from groundwater sources must also be maintained to sustain healthy
shoreline ecosystems.
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Other human uses:


Assimilative Capacity. The volume of water necessary to provide assimilation capacity in waters
receiving municipal wastewater treatment plant effluent and other surface water discharges.



Power Production. The volume of water required to maintain flow for the production of hydroelectric
power at power plant locations.



Navigation. The water flow required to maintain inland navigation.



Recreation. The water flow required by the tourism industry to maintain water levels for recreational
purposes.

As with the Water Budget Framework where higher levels of analysis require more sophistication and more data
leading to greater certainty, the assessment of ecological water dependencies should increase from the Tier
One analysis to the Tier Two assessments.
Tier One and Tier Two Water Budgets should identify the water reserve uses in each subwatershed and
describe how the amount of water required can be represented within the water budget. For example, a waste
water treatment plant may depend on minimum streamflow at an outfall; this could be represented as a statistic
of streamflow in the water budget analysis. Similarly, a coldwater fishery may depend on a constant supply of
groundwater discharge along a stream or river.
Where model boundaries and water budget assessments permit, the amount of groundwater that discharges to
streams, wetlands and lakes should be evaluated and included in the estimate of the water reserve.
3.2.1 Environmental Flow Requirements
The scientific community is actively developing methods to better estimate the hydrologic requirements
associated with ecological resources such as fisheries or wetlands. Current research indicates that estimating
the exact amount of water required to sustain an ecological resource is not possible because of the resiliency of
these resources and the natural variability of hydrologic and hydrogeological systems.
An adaptive environmental management process for determining ecological water dependencies is presented in
the report Establishing Environmental Flow Requirements (Conservation Ontario, 2005). The report presents
three levels of assessment:
1) Screening: assess the potential that water takings may exceed ecological thresholds.
2) Detailed Evaluation: undertake limited field investigations and possibly simulation modelling to further
refine ecological thresholds and confirm water taking effects.
3) Full Ecological Flow Assessment: a detailed analysis of the full range of ecological flow requirements
and a sensitivity analysis to confirm the relationship of key variables to different levels of water taking.
Source Water Protection regions are encouraged to increase the level of certainty regarding reserve quantities
with each subsequent tier of assessment. Wherever a detailed assessment is required, the assessment should
focus on those stream/river reaches that are known to contain sensitive aquatic ecosystems.

3.3

TIER ONE WATER BUDGET

A Tier One Water Budget is completed for every watershed in each
source protection region in the Province; where water supply
volumes are estimated and compared to consumptive water
demand, then a Tier One Subwatershed Stress Assessment is
completed as described in Section 4 of this document.

Tier One Water Budgets use
simplified, yet structured means
to estimate groundwater and
surface water flows and demands
for each subwatershed.

The Tier One Water Budget relies on simple models (e.g.
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spreadsheet, GIS, streamflow separation, etc.) to quantify the surface water and the groundwater flow through
the subwatershed. Where more complicated water budget tools exist (e.g. groundwater and surface water flow
models), then output from these models should be used for Tier One.
3.3.1 Water Budget Components
The Tier One Water Budget and Subwatershed Stress Assessment identifies subwatersheds where there is a
potential for hydrologic stress; this assessment is based on an estimate of consumptive water demand as a
proportion of water supply.
Section 2.1 introduces the water budget parameters. The Tier One Water
Budget estimates the components of the hydrologic cycle including
precipitation, evapotranspiration, recharge, and runoff. Using simplified
methodologies, these parameters are estimated for each subwatershed
and consider land cover, surficial geology, streamflow measurements, and
knowledge from adjacent watersheds and subwatersheds. Consumptive
water demand should be estimated for each subwatershed using the best
information available. Geographic information systems are used to facilitate
this process.

The water budget peer
review team should be
consulted to review water
budget parameter
estimates.

It is challenging to measure and to characterize each component and process in a watershed; however, the rate
of water entering a subwatershed should equal the volume leaving the system assuming that the change in
storage is negligible. While relatively simple approaches are considered adequate to determine the
subwatershed stress at Tier One, suitably calibrated groundwater and surface water flow models should be used
where they are available as they will likely yield the best estimates of the water budget.
Depending on the available data sources in any subwatershed, an estimation of the water supply could be
determined from some or all of the following steps:


Estimate Precipitation (QP). The estimate may be for the entire watershed or for regions within the
watershed where climate records allow.



Analyse Streamflow (QSW). The analysis will include estimates of streamflow statistical parameters (i.e.
QP90, QP50, Qavg) where continuous records exist, analysis of spot flow measurements or pro-rating of
data from nearby gauges. The analysis may also include baseflow separation at gauged surface water
stations.



Estimate Evapotranspiration (QE); Runoff (QRO); and Recharge (QR) for each subwatershed using
streamflow records and the best available hydrological or hydrogeological analysis techniques that are
appropriate given the information available for the watershed.



Groundwater inflow (QIN) and Groundwater outflow (QOUT) may be estimated at the Tier One level only
where the data and existing analytical tools are sufficient to use with confidence.



Consumptive Water Demand. Estimate consumptive surface water and groundwater demand for each
subwatershed using best available information.

Water Supply – Surface Water
The Technical Rules define monthly surface water supply as the monthly median flow of a surface water body.
Where median flow conditions cannot be determined, best available monthly baseflow measurements or
estimates should be used.
The available drinking water supply in a river or a stream is limited to the instantaneous flow rate. The
recommended approach for surface water supply is to estimate average median, monthly mean and median
flow. Where continuous daily streamflow data is not available for Tier One, average monthly streamflow may be
estimated from spot flows, prorating of streamflow from nearby subwatersheds, or using a calibrated continuous
surface water flow model, if one is available.
Table 3-3 lists the recommended methods to estimate monthly surface water supply. The method chosen
should be based on an assessment of which provides the highest level of confidence. Multiple methods may be
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used to support estimates. Flow measurements from a calibrated continuous surface water model are not
required at Tier One but should be used if it is available.
Table 3-3 Surface Water Supply Estimation Methods
Available Data Source

Monthly Water Supply Calculation

Calibrated Continuous
Surface Water Model

The calibrated continuous surface water model should be configured to output average daily
streamflow based on hourly climate data at a subwatershed’s outlet. The model parameters
(e.g., imperviousness) should be calibrated to current conditions. Mean and median monthly
flows should be calculated from the calibrated daily estimated streamflow.

Streamflow Monitoring
(HYDAT)

Mean and median monthly flow can be estimated from historical daily streamflow records.

Spot Streamflows
(Manual)

In the absence of a streamflow gauge, the team may carry out a series of monthly baseflow
estimates. These measurements may be completed on monthly or bi-monthly basis to develop
an understanding of seasonal baseflow variability.

Prorated Streamflow
Monitoring

A prorated streamflow dataset can be made from that of a nearby gauge or alternatively from
manual baseflow measurements in basins with similar physiography and land use.

Ontario Flow
Assessment Technique
(OFAT)

The 30Q2 flow provided by OFAT is an estimate of average annual baseflow (Pryce, 2004). This
flow should be considered as the water supply for each month, as the tools in OFAT cannot
provide monthly low-flow estimates. OFAT cannot account for flow augmentation and regulation
controls. Therefore the team must understand its limitations in estimating baseflow.

Figure 3-3 illustrates monthly streamflow statistics for the Credit River at Norval Gauge for time period of 1988 to
2005. The figure includes mean and median flow as well as the 10th percentile and 90th percentile exceedances
as statistics of high and low flow.

Figure 3-3 Water Supply, Surface Water
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Water Supply - Groundwater
The Technical Rules define groundwater supply as the estimated annual groundwater recharge rate plus the
annual estimated groundwater inflow into a subwatershed.
For the Tier One Water Budget, groundwater inflow should be estimated only where sufficient confidence in
monitoring data and analysis techniques exist.
For Tier One groundwater supplies, aquifer storage is not considered; as such the subwatershed’s water supply
terms are assumed to be average steady-state values and the applied recharge estimation methods should
determine recharge estimates in average annual rates. Table 3-4 lists the calculation methods recommended,
in order of preference, to estimate groundwater recharge (QR).
Table 3-4 Recharge Rate (QR) Estimation Methods
Available Data Source
Baseflow separation /
water balance

Recharge Rate Calculation
Groundwater recharge rates for a watershed or subwatershed can be estimated from the
results of baseflow separation analyses provided that there is no appreciable groundwater flow
into or out of the basin and there are no significant streamflow regulation structures in the basin.
If groundwater pumping with the watershed is significant, this amount should be factored into
the analysis when estimating groundwater recharge from baseflow separation results. Further
discussion on this topic is found in Bellamy et al (2003). Once a total recharge rate is
estimated for a subwatershed using this technique, it might also be generally applicable to
adjacent ungauged subwatersheds if the surficial geology or soil types are similar.

Calibrated Continuous
Surface Water Model or
Calibrated 3-D
Groundwater Model

Simulation results from a calibrated continuous surface model long-term simulation or from a
steady state calibrated groundwater model are the preferred source for estimating groundwater
recharge rates. However, this information may not be reliable at the Tier One level and where
estimates are used from modelling the recharge rate should be compared against that
estimates using baseflow separation techniques. Surface water models should include a
multiple soil-layer soil moisture balance (i.e. GAWSER, HSPF, MikeSHE), run on an hourly
timestep and calibrated to daily, monthly and annual conditions with specific attention towards
low-flow conditions at a subwatershed outlet. This approach is required to appropriately
separate runoff and infiltration to estimate groundwater recharge.

Calibrated Soil Moisture
Balance Methods

Soil moisture balance methods are appropriate for estimating recharge rates but when used
the estimated recharge volumes should be compared against estimated groundwater
discharge / baseflow rates as determined from baseflow separation. The estimation
methodology should include a soil moisture budget or climate estimating procedure using
established methods (e.g. Penman, Thornthwaite, etc.). The soil moisture budget calculations
should be conducted on at least a daily basis (Howard and Lloyd, 1979) to allow for monthly
and annual summations and averages to be used in the Tier One stress assessment.

Experience

Where calibrated recharge rates or stream gauges are unavailable, estimated values would be
appropriate for Tier One. These estimated values should be accepted by the peer review team.

Calibrated continuous surface water model or groundwater model estimates should be used if they are available
and are reasonable. Unless major land use changes are anticipated, it is reasonable to apply recharge rates
calculated above for both current and future scenarios.
Consumptive Demand Estimation
The methodology for estimating consumptive water demand is described in Section 3.1 and Appendix B. The
Tier One Water Budget is based on the most reliable water demand information available and may rely on
PTTW information; however, municipalities should be contacted for actual municipal pumping records. Tier Two
Water Budgets refine the Tier One consumptive water demand estimates only for those subwatersheds
identified as having a potential for hydrologic stress in Tier One or where the water source has historical issues
meeting water demand. .
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The PTTW regulation (384/04) requires all permit holders to record actual daily water takings and annually report
the data (phased in over 3 years from 2005-2008). These data, where available, should be used in the
estimation of consumptive water demand in Tier One. Future consumptive demand in Tier One is estimated by
accounting for population growth in municipal water demand and leaving non-municipal water demand constant.
Water Reserve – Surface Water
The Technical Rules define surface water reserve as the lower decile stream flow (QP90) on a monthly basis. The
lower decile stream flow is the stream flow value that is exceeded 90% of the time. Where measured or modeled
stream flow data is not available, the Tessmann method or
equivalent may be used.
The Tier One Water Budget estimates water reserve as a portion of
water that is needed to meet other ecological or anthropogenic
water requirements, as described in Section 3.2 of this document.
The water reserve quantity is subtracted from the total water source
supply prior to evaluating the Percent Water Demand.

Percent Water Demand is the ratio of
the water demand (water taking) to
the quantity of water that is available
in the subwatershed.

The water reserve estimate for a surface water system in Tier One
is based on the maximum of a statistical measure of low flow or a known anthropogenic need (i.e. wastewater
effluent assimilation). Table 3-5 lists recommended statistical methods, in order of preference, to estimate water
reserve for the surface water stress assessment.
Table 3-5 Tier One Surface Water Monthly Water Reserve Estimation Methods
Reserve Flow Method
th

Description

10 Percentile

When a continuous stream gauge is available, the reserve may be calculated for each
month as the lower decile flow (QP90), or the flow that is exceeded 90% of the time for
each month. Pryce (2004) provides a detailed and relevant discussion of low flow
indices, including QP90, that are accepted in Ontario.

Tessman

The Tessman method for estimating instream flow requirements can be calculated from
the estimated mean annual flow. Care should be taken when using the Tessman
method, as it may be larger than the Water Supply term calculated or measured for
summer low flows. Mean annual flow can be calculated by prorated values from nearby
gauges.

Anthropogenic
Needs

Where anthropogenic needs can be described quantitatively (i.e., streamflow target for
wastewater assimilation), those values can be used as the basis for water reserve
estimates in a subwatershed.

Water Reserve – Groundwater
The Technical Rules define groundwater reserve as 10% of the estimated average annual groundwater
discharge rate, if the groundwater recharge rate is available; or, if such information is not available then the
groundwater reserve is estimated at 10% of the estimated annual groundwater supply.
While it is recognized that groundwater discharge to streams must be maintained to sustain baseflow throughout
a watershed, the required water reserve along any individual stream segment is difficult to estimate. The
discharge can be determined either through a groundwater flow model (if available), a baseflow separation
exercise (if gauged data is available), or from spot flow measurements (if there is no other data available).
The available water supply should always be greater than the water reserve for any given subwatershed; it
should be a realistic proportion of the water supply. For the future demand scenario, the water reserve may
remain constant because the water supply may not change due to minimal changes in land development.
3.3.2 Field Observations
The source water protection program relies on an adequate monitoring network and the associated field data.
The Tier One Water Budget should include a compilation and evaluation of field observations representing
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varying hydrologic conditions across a watershed. While it may not be feasible to analyze all available data,
long-term monitoring locations should be analyzed to identify potential trends. Both long-term and short-term
monitoring data will be considered when estimating water budget parameters in support the Subwatershed
Stress Assessment, described in Section 4.
Some data may illustrate that a subwatershed is potentially under hydrologic stress. Examples of observed or
field data that might indicate a stressed situation include the following:


Municipal (or other designated system) wells that have historically met demands are now experiencing
periods where they cannot meet demand;



Groundwater levels dropping to historically low values or exhibiting a statistically significant downwards
trend;



Streams experiencing low flows that are outside historical bounds; and



Private wells going dry or experiencing decreasing water levels that affect supply.

The Tier One Water Budget should use existing field observations to understand broad hydrologic processes
and longer term trends. The extent and quality of available data should be considered when planning future
monitoring efforts; ideally, monitoring programs should be in place to understand varying physiographic and
hydrologic conditions across each watershed.
3.4

TIER TWO WATER BUDGET

Tier Two Water Budgets are only completed in subwatersheds meeting the following criteria:


The subwatershed contains a type I, II, or III drinking water system, and was assigned a significant or a
moderate surface water or groundwater stress level in Tier One; or



The subwatershed has a documented historical water source issue related to a type I, II, or III system.

Additional data will be required to improve the representation of surface and subsurface conditions throughout
the subwatershed. This data will include information on all aspects of the Conceptual Water Budget and may
include additional streamflow measurements, hydraulic conductivity estimates from historic pumping tests, more
detailed pumping rates, improved climate data, and other data as required. The Tier Two Water Budget also
builds upon the analysis of hydrological data completed in the Tier One Water Budget.
Building upon the mapping and reporting completed for the Conceptual and Tier One Water Budgets, Tier Two
should include revised estimates of all water budget components, including discussion of groundwater / surface
water interaction at both the subwatershed and watershed scale. Figures are often used to illustrate inputs and
outputs for each subwatershed and flow from recharge to discharge areas in local and regional groundwater flow
systems.
3.4.1 Water Budget Components
The difference between a Tier One Water Budget and a Tier Two Water Budget is that for Tier Two a more
detailed assessment is required using numerical groundwater and surface water flow models, requiring the
following:


Consideration of spatial and temporal scales. Are the subwatershed boundaries used for the Tier One
Water Budget appropriate given new information that may have been collected or derived?



Consideration of modelling methods. What is the most appropriate modelling method given previous
work and the types of hydrological processes?



More detailed and refined water budget estimates. Where is the greatest uncertainty in the Tier One
Stress Assessment and where might that uncertainty impact the results?



More reliable stress calculation. The Tier One Subwatershed Stress Assessment may have identified
areas where the stress calculation is uncertain and this uncertainty can be reduced in Tier Two.
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Tier Two requires additional data, obtained from monitoring or additional data compilation, to improve the
representation of surface and subsurface conditions throughout the area of interest; more detailed
characterization than Tier One; and the use of numerical modelling tools. Additional data is needed on all
aspects of the Watershed Characterization and Conceptual Water Budget (Section 2.0) and may include
additional streamflow measurements, hydraulic conductivity estimates from historic pumping tests, more detailed
pumping rates and better climate data (as well as other data as required). The peer review committee will assist
both in assessing data needs and selecting numerical models.
The Tier Two water budget models will be used for the Tier Two Subwatershed Stress Assessment required for
the Clean Water Act; however, they can also be used for other types of applications and assessments, a few of
which are listed below:


Groundwater and surface water vulnerability assessments under the Clean Water Act;



Ability to study the impacts of water allocation scenarios to enable a better understanding of the
potential impacts of both water demands on the water availability for ecological needs, and new permit
applications outside of Source Water Protection activities;



Water resources management and planning activities. The Tier Two models could be used by
conservation authorities and municipalities conducting these types of studies.

The Tier Two Water Budget models are built upon a continuous surface water model and a three-dimensional
groundwater model to provide insight into the interaction between the surface water and groundwater flow
systems.
Water Supply - Surface Water
A continuously calibrated surface water model simulating daily streamflows is required for the Tier Two surface
water analysis. This model should incorporate hourly precipitation and temperature data; estimate partitioning of
precipitation into depression and interception storage, runoff, infiltration, and evapotranspiration (ET); and route
runoff and streamflow through the watershed. The model should compute hydrologic processes at one hour, or
smaller, timestep.
An existing watershed surface water flow model could be refined within the subwatersheds estimated to have
either a moderate or a significant hydrologic stress in the Tier One Subwatershed Stress Assessment or where
the water source has historical issues meeting water demand. If a model is not available, then a surface water
model for the watershed would need to be developed, and refined for the necessary subwatersheds. Modelling
the watershed is necessary for an assessment of the cumulative demand on source water supply and stress
levels throughout the watershed. Many conservation authorities have flood forecasting and water management
models that may be adapted for this purpose.
When developing and calibrating a Tier Two water budget
model for surface water the following points should be
considered:

The Tier Two surface water flow model
should be calibrated to the available
streamflow record and be able to
simulate daily streamflow conditions.



The surface water model must incorporate surface
water and groundwater takings whenever possible,
since they may affect the surface water source
supply.



The surface water flow model should be developed to simulate hourly computational timesteps. The
model may be calibrated to daily streamflows, but hourly timesteps are required to properly simulate
hydrologic processes (e.g., runoff, evapotranspiration, infiltration).



The conceptual model derived to build the surface water flow model should account for watershed-scale
and subwatershed-scale hydrologic and hydrogeologic processes that have a significant impact on the
streamflow hydrology of the area.



Calibration and verification of the surface water flow model should follow the standards accepted by the
water resources industry; and include matching total monthly discharge volume, runoff event volume
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and timing, and low flow rates typical of summer and fall conditions. For example, Figure 3-4 illustrates
the comparison of simulated and observed median monthly flows along the Saugeen River. The
illustration of median monthly flows is useful to demonstrate that the model represents typical seasonal
conditions. Figure 3-5 illustrates the comparison of ranked daily flows for Carrick Creek. The ranked
flow curve illustrates the range of flows observed and simulated in a stream but does not communicate
seasonality of these flows.

Figure 3-4 Example of Surface Water Model Calibration Figures – Median Month Flow
(AquaResource, 2010b)
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Figure 3-5 Example of Surface Water Model Calibration Figures – Ranked Daily Flow
(AquaResource, 2010b)
Once calibrated, the model can be used to estimate surface water supply in each subwatershed as needed to
complete the Subwatershed Stress Assessment.
Water Supply - Groundwater
A calibrated groundwater flow model is required for the Tier Two groundwater analysis. The groundwater flow
model will simulate both the groundwater flow through discrete aquifer units and the interaction with the surface
water flow system. The model must simulate saturated groundwater flow at a watershed scale and calculate
water levels throughout the subsurface. The simulations should be performed in steady-state; however, a
transient simulation is required to address drought scenarios. Particle tracking capabilities are also advised,
since particle traces can be used to better understand groundwater flow paths from recharge to discharge areas.
The Tier Two groundwater flow model should encompass the subwatersheds with moderate to significant stress
levels determined in Tier One and include regions that contribute significant groundwater flow to these
subwatersheds. A single model may be used to simulate groundwater flow across all subwatersheds or
alternatively, multiple models could be used depending on the subwatershed locations requiring a Tier Two
analysis. Inclusion of areas outside of the stressed subwatersheds is required to simulate the response of the
groundwater system to pumping, particularly if the pumping is located close to subwatershed divides.
Subwatershed sizes and boundaries may be modified in Tier Two to form a better conceptual understanding of
the area. For example, several small subwatersheds may be combined or larger subwatersheds divided based
on demand and other variables unique to each area. In addition, the modelling methodology should account for
the potential for groundwater flow across subwatershed boundaries, as it cannot be assumed that subwatershed
boundaries are physical groundwater flow boundaries.
The model should include estimated spatial distributions of groundwater recharge, three-dimensional
hydrostratigraphic layering and three-dimensional distributions of hydraulic conductivity through each
subwatershed. To develop the three-dimensional hydrostratigraphic layering, geologic/hydrogeologic crosssections should be completed. Please refer to the three-dimensional geologic modelling technique developed
by the Geological Survey of Canada (Logan et al., 2006) for additional information. The groundwater flow model
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must also incorporate individual groundwater pumping (and return) quantities throughout the domain. Surface
water features, seeps, drains, external flow exchange are also often included, if warranted by the natural field
observations.
Figure 3-6 is a profile illustrating the bedrock hydrogeological layers that existing within the Tier Two
groundwater flow model for the Grand River Watershed. The Tier Two groundwater flow model represents
aquifers in both overburden and bedrock and simulates the response in these aquifers to municipal and nonmunicipal groundwater demands in the watershed.

Figure 3-6 Tier Two - Detailed Bedrock Geology Cross-Section
(GRCA, 2009)
A Tier Two groundwater flow model will discretize the watershed into small cells, either rectangles or triangles
depending on the modelling methods. These modelling methods estimate groundwater levels at locations
controlled by the discretization. The discretization should be smaller than the distance between significant
features controlling groundwater flow (stream discharge locations or major pumping centers). Figure 3-7
illustrates the finite element mesh designed for the Grand River Watershed Tier Two groundwater flow model.
This figure shows that the finite element nodes are refined along streams and rivers and in the vicinity of
pumping wells to provide for a greater level of simulation detail in those areas.
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Figure 3-7 Finite Element Mesh
(GRCA, 2009)
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Model Calibration involves matching simulated and observed average annual water levels and estimates of
baseflow discharges throughout the watershed. In general, the sources of water level observations will be as
follows:


Water Well Records. The Ministry of Environment’s database
of water well records includes static water levels reported for
many domestic water wells. While this database provides for a
high degree of coverage across the province, there are a
number of sources of uncertainty within this dataset that should
be considered. Sources of uncertainty may include the
location reported for these wells in the database and the static
water levels themselves. In spite of this uncertainty, the benefit
of this data source is the widespread coverage of calibration
targets within the modelling area.

Tier Two three dimensional
groundwater flow model
should be calibrated to
available well water levels and
stream baseflow conditions.



Municipal Groundwater Monitoring Wells. Many municipalities that rely on groundwater supplies
maintain a groundwater monitoring network; the respective groundwater monitoring wells are often the
most accurate source of calibration data.



Provincial Groundwater Monitoring Network. While it is sparse, the provincial groundwater monitoring
network (PGMN) includes well-maintained groundwater monitoring wells that have generally been
located to represent varying types of hydrogeologic conditions within a watershed.



Other Monitoring Wells. Other sources of groundwater monitoring data include monitoring wells
installed by land developers and aggregate operations or research institutions.

When working with groundwater monitoring wells there is often large amounts of data over varying time periods.
When calibrating a steady-state groundwater flow model, these datasets must be reviewed to identify water level
targets that are temporally representative of climate and pumping rates used for the steady-state model.
Calibration to multiple stressed conditions (e.g., pumped and non-pumped conditions) will generally result in a
better-calibrated model.
The pumping rates selected for the calibration period should include average municipal pumping records for
municipal water supplies and actual reported water takings or the consumptive permit-to-take-water values for
non-municipal wells with active permits. These values will represent the best estimate of groundwater takings
during the period of simulation. Pumping well screen elevations should be reviewed during model development
to ensure that pumped water is drawing from the correct unit. This is done by cross checking reported pumping
well transmissivities with the spatial unit and hydraulic conductivity in the model.
Figure 3-8 illustrates the simulated water table for the Credit River Watershed Tier Two groundwater flow model.
The boundaries for this model extend outside of the watershed boundaries to accommodate for groundwater
flow across those boundaries. The simulation results also illustrate the influence of the Niagara Escarpment on
groundwater levels within the middle area of the model.
The Tier Two assessment will require that the groundwater model be run in transient mode to evaluate the
impacts of drought conditions on water levels at municipal wells. In preparation of completing this scenario, the
team should estimate the monthly variability of recharge rates through the drought period, and develop the
groundwater model so that it is capable of simulating drought conditions with monthly variations in groundwater
recharge rates. If possible, the model should also be calibrated to simulate long-term trends in groundwater
levels. However, data limitations may limit the ability for this task to be completed.
Tier Two groundwater quantity stress estimation requires a calibrated three-dimensional groundwater flow model
to determine source water supply. If a calibrated model was used in Tier One, this model would be refined
(parameter distributions/values, boundary conditions, geological conceptual model) to incorporate all pertinent
data before the completion of the Tier Two Water Budget and Subwatershed Stress Assessment.

October 2011

49

DRINKING WATER SOURCE PROTECTION
WATER BUDGET AND WATER QUANTITY ASSESSMENT TECHNICAL GUIDANCE

Figure 3-8 Simulated Groundwater Level
(CVC, 2009)
Consumptive Demand Estimation
Tier Two water budgets require consumptive surface water and groundwater demand to be estimated for
permitted and non-permitted users. The Subwatershed Stress Assessment relies on the consumptive demand
estimates to identify subwatersheds under water quantity stress; consequently, it is necessary to reduce the
uncertainty of these estimates, as subwatersheds identified with moderate or significant water quantity stress in
Tier Two will proceed to a Tier Three Water Budget and Local Area Risk Assessment. Recognizing the
importance of permitted demand on the subwatershed stress assessment, details of all permits should be
verified where possible (pumping and return locations, volumes, and seasonality). If warranted, estimates must
be included for unregulated demand, including agricultural, rural residential, and others water uses. This process
should build upon efforts completed during previous groundwater protection studies.
The following sources of information should be explored to refine the consumptive water demand:


Refined PTTW Database. Paper copies of all major permits should be obtained and their owners
surveyed to review reported “actual” pumping values and water return rates.



Municipal Reporting. Monthly and annual summaries of all surface water and groundwater pumping
should be obtained from municipalities. This is necessary as historical municipal pumping is often
“grandfathered” from having a permit-to-take-water.



Water Return / Recycle. Estimates of water quantity returned must be reviewed for each permit and
adjusted as reported through the conducted survey.



Agriculture. In watersheds with significant agricultural irrigation, a refined estimate of agricultural
demand is required to understand both the seasonal water demand and the water demand during
drought conditions. A methodology has been developed by GRCA (2005a and 2005b) to address this
circumstance.
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Unregulated Demand. In some cases (including pumping < 50,000 L/d), individual water demands may
not require a permit-to-take-water. Where this use is considered significant, non-permitted water
demand should be estimated using the best available information. Unregulated water uses are
generally estimated on a per unit basis, as established from trends found in surveys. These
unregulated sources may include private domestic water use, farming practices, or minor industrial and
commercial processes.



Future Demand. Future demand within a subwatershed should only be considered for municipal
sources.

Water Reserve Estimation
An assessment of water reserve is required for both the surface water and groundwater regimes in Tier Two.
Compared to Tier One which likely maps out the areas where water reserves are important, the Tier Two water
budget models should be calibrated where possible to simulate flows and water levels in areas where water
reserves are important.
3.4.2 Field Observations
The Tier Two water budget model relies on field observations and field data for the following purposes:
1) To identify and characterize seasonal and long-term trends, and to understand hydrologic processes
across a watershed;
2) To calibrate the surface water and groundwater flow models; and
3) To find indications of hydrologic stress. Examples of observed or field data that might indicate
hydrologic stress may include the following:


Municipal (or other designated system) wells and intakes that have historically met demands
are now experiencing periods where the source of water is insufficient to meet demand;



Groundwater source levels are dropping to historically low values or exhibiting a statistically
significant downwards trend; and



Source water streams experiencing low flows that are outside historical bounds.

Figure 3-9 illustrates groundwater levels at a provincial groundwater monitoring well. Such figures can support
all of the above three needs: to characterize trends, to calibrate models and to identify potential hydrologic
stresses.

Figure 3-9 Field Observation, Trends
(GRCA, 2009)
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One of the major themes underlying the source water protection program is the reliance on an adequate
monitoring network and the field data obtained from such a network. This monitoring network, which might take
years to establish at an effective level, will track water quality and quantity over time. These data will help to
validate the estimated stress conditions and to assess the uncertainty in model predictions.
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4.0

Tier One and Tier Two Subwatershed Stress Assessments

Subwatershed stress assessments identify subwatersheds where there is a potential for hydrologic stress. A
subwatershed stress assessment is completed following the comparison of consumptive water demand to water
supply for both Tier One and Tier Two water budgets; these assessments estimate the cumulative hydrologic
stresses placed on a subwatershed. Tier One and Tier Two stress assessments are designed to ensure that
source protection committees complete studies with the necessary complexity as they progress through the
higher tiers of the Water Budget Framework to identify municipalities that have potential water supply issues.
The Technical Rules Part III.2, identifies where Tier One and Tier Two water budgets and stress assessment
should be completed. These rules are included below:
Part III.2 – Subwatershed water budgets
20. Subject to rule 24, prepare a Tier One water budget for every subwatershed in the source protection area.
21. Subject to rule 24, using the data underlying the Tier One water budget for the subwatershed, assign every subwatershed in the source
protection area a surface water stress level and a groundwater stress level in accordance with Part III.3.
22. Subject to rule 24, prepare a Tier Two water budget that,
(1)

assigns a surface water stress level for every subwatershed in the source protection area that was assigned a significant or moderate
surface water stress level in accordance with rule 21 and from which an existing or planned type I, II or III system takes or will take water
from a surface water supply; and

(2)

assigns a groundwater stress level for every subwatershed in the source protection area that was assigned a groundwater stress level of
significant or moderate in accordance with rule 21 and from which an existing or planned type I, II or III system takes or will take water
from a groundwater supply.

23. Subject to rule 24, using the data underlying the Tier Two water budget for the subwatershed, assign every subwatershed in the source
protection area for which a Tier Two water budget has been prepared a surface water stress level and a ground water stress level in
accordance with Part III.4.
24. Rules 19, 20, 21, 22 and 23 do not apply if a water budget was prepared for every subwatershed in the source protection area and those
water budgets meet the requirements of a Tier Two water budget and include an assessment of the elements listed in rule 19.
25. Where rules 19, 20, 21, 22 and 23 do not apply as a result of the application of rule 24, using the data underlying the equivalent Tier Two
water budgets described in rule 24, assign every subwatershed in the source protection area from which an existing or planned type I, II or III
system takes water a surface water stress level and a ground water stress level in accordance with Part III.4.

Tier One subwatershed stress assessments are completed for each subwatershed in a source protection area
unless a Tier Two water budget has been completed for that subwatershed. As part of the Tier One stress
assessment, the percent water demand, or the percentage of water supply demanded by water users, is
estimated. Watersheds where the percent water demand is above a prescribed threshold value are identified as
moderately or significantly stressed and require more detailed study in Tier Two. Watersheds calculated as
having a low percent water demand are termed ‘low stress watersheds’ and do not require additional water
budget requirements.
Tier Two water budgets are completed in subwatersheds that have a type I, II, or III system and were assigned a
significant or a moderate surface water or groundwater stress level in the Tier One subwatershed stress
assessment. The goal of a Tier Two water budget is to confirm the stress assignment established in Tier One
using computer based three-dimensional groundwater flow models and/or continuous surface water models.
Additional data will be required to improve the representation of surface and subsurface conditions; some of this
data may not be available and may need to be collected. This data will include information on all aspects of the
conceptual water budget and may include additional streamflow measurements, hydraulic conductivity estimates
from historic pumping tests, more detailed pumping rates, improved climate data, or other data as required.
Tier One and Tier Two stress assessments follow four steps:
1) Water Budget. The water budget, as outlined in the previous section of this report, estimates the water
supply, the water demand, and the water reserve for surface water and groundwater flow systems. Tier
One assessments use the current water supply to evaluate the future demand scenario. Tier Two
assessments use complex modelling tools to re-evaluate the water supply in additional scenarios that
include planned and future water demand, future land use and drought conditions;
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2) Percent Water Demand. The percent water demand, detailed in the following section, is the ratio of
estimated consumptive demand to the difference between groundwater or surface water source availability
and water reserve (based on an average annual and a monthly basis for surface water and groundwater
flow systems);
3) Stress Thresholds. The percent water demand threshold is used to classify the subwatershed level of
stress; and,
4) Subwatershed Stress Level. The overall subwatershed stress level is the maximum stress level in either the
surface water or the groundwater system.
More detailed information is used in the Tier Two stress assessment; Tier Two is refined based on the following:

4.1



The subwatershed delineation may be refined from the Tier One level to focus on areas with higher
potential stresses;



Surface water and groundwater flow models are used in the Tier Two Water Budget resulting in a
higher level of certainty in estimated water supply;



Estimates of consumptive water demand will have a higher level of certainty at the Tier Two level;



The Tier Two Stress Assessment evaluates planned drinking water systems and drought conditions;
and,



The Tier Two Stress Assessment considers uncertainty in the stress assessment results.
BACKGROUND

4.1.1 Percent Water Demand
Percent Water Demand is an integral part of the Water Budget Framework
and Water Quantity Stress Assessment. The stress assessment
assumes that subwatershed water quantity stress can be inferred by
examining the Percent Water Demand: the ratio of the water demand
(water taking) to the quantity of water that is available in the
subwatershed.

The Percent Water Demand is an
indicator of hydrologic stress. It is
not an indicator of the reliability of
a water supply source.

While the percent water demand equation is the same for both
groundwater and surface water supply sources, the terms and definitions
differ.
Equation 4-1 Groundwater Percent Water Demand
Percent Water Demand

=

QDEMAND
QSUPPLY- QRESERVE

x 100

The terms for the groundwater percent water demand calculation are defined below in Table 4-1.
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Table 4-1 Groundwater Percent Water Demand Terms
Term

Definition

Calculation

QDEMAND

Groundwater
Consumptive Use

Groundwater consumptive use is calculated as the portion of
estimated average annual and monthly rate of groundwater takings in
a subwatershed that is not returned to the aquifer that is the source of
the water taking.

QSUPPLY

Groundwater Supply

Groundwater supply is calculated as the estimated annual
groundwater recharge rate plus the annual estimated groundwater
inflow into a subwatershed. Recharge can be estimated by
multiplying the average subwatershed recharge rate by the area of a
subwatershed.

QRESERVE

Groundwater Reserve

Groundwater reserve is calculated as 10% of the estimated average
annual groundwater discharge rate, if available, or if such information
is not available to make such a calculation, 10% of the estimated
annual groundwater supply.

Note: The use of consistent units is necessary.

The estimates for water supply, water demand and water reserve are derived from the Tier One and Tier Two
water budgets. For example, Figure 4-1 illustrates the predicted mean annual groundwater recharge rates for
subwatersheds located in the Grey Bruce and Saugeen Valley watersheds estimated as part of a Tier One
Water Budget. These groundwater recharge rates can be used to calculate the water supply term when
completing the subwatershed stress assessment.
The percent water demand for surface water is based on monthly flows, rather than based on annual flows like
the groundwater percent water demand. The definitions for the surface water percent water demand are
included in Table 4-2.
Table 4-2 Surface Water Percent Water Demand Terms
Term

Definition

Calculation

QDEMAND

Surface Water
Consumptive Demand

Surface Water Consumptive Use is calculated as the portion of
estimated monthly surface water takings in a subwatershed that is not
returned to the surface water body that is the source of the water
taking.

QSUPPLY

Surface Water Supply

Monthly surface water supply is calculated by determining the monthly
median flow of a surface water body. Where median flow conditions
cannot be determined, best available monthly baseflow measurements
or estimates should be used.

QRESERVE

Surface Water Reserve

Surface water reserve is calculated by determining the lower decile
stream flow (Qp90) on a monthly basis. The lower decile stream flow is
the stream flow value that is exceeded 90% of the time. Where
measured or modeled stream flow data is not available, an equivalent
method may be used.
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Figure 4-1 Predicted Mean Annual Groundwater Recharge Rates
(AquaResource, 2010b)
The percent water demand is an indicator of hydrologic stress in a subwatershed. For groundwater flow
systems, the percent water demand is calculated using groundwater recharge as a primary input into the water
supply term (QSUPPLY). The Tier One and Tier Two subwatershed stress assessments are not intended to
assess the sustainability or reliability of drinking water supplies; this assessment is completed in Tier Three for
municipal systems located in subwatersheds where the Tier Two stress assessment indicates that there is a
potential for hydrologic stress.
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4.1.2 Stress Assessment Thresholds
Tier One and Tier Two water quantity stress thresholds for both surface water and groundwater are included in
Table 4-3 and Table 4-4 respectfully. A moderate or significant stress assignment is an indicator of hydrologic
stress. These assessments provide a guide for decision makers to focus efforts on subwatersheds with higher
levels of potential stress to complete more detailed water budget analysis.
Table 4-3 Surface Water Quantity Stress Thresholds
Surface Water Quantity
Stress Level Assignment

Maximum Monthly
Percent Water Demand

Significant

> 50%

Moderate

20% - 50%

Low

<20%

Table 4-4 Groundwater Quantity Stress Thresholds
Groundwater Quantity
Stress Level Assignment

Average Annual Percent
Water Demand

Monthly Maximum
Percent Water Demand

Significant

> 25%

> 50%

Moderate

> 10%

> 25%

0 – 10%

0 – 25%

Low

The surface water quantity stress thresholds are used to estimate the stress level on a monthly basis as surface
water flow conditions vary significantly throughout the year. Groundwater stress assessments are completed for
both average annual and monthly conditions to reflect changes in monthly water demand. Groundwater supply
is kept constant for both the average annual and monthly scenarios as groundwater supplies do not often
change significantly from month to month.
The water quantity stress thresholds were designed to be conservative, as described below:
1) A “factor of safety” is provided to ensure that watersheds with a potential for stress are evaluated at a higher
level to better understand the surface water and groundwater flow systems.
The identification of stressed watersheds from a water quantity perspective takes into account a margin of
safety. The difference between the low and the significant stress assignments makes it statistically unlikely
that random error in either the water supply or water demand calculations would result in a significantly
stressed watershed falling into the low category. The moderate category also contributes to this factor of
safety; watersheds identified as having a moderate water quantity stress are considered in the same
manner as those identified as having significant stress.
The thresholds are intended to be conservative to ensure that areas potentially under hydrologic stress will
be recognized and identified for additional study.
2) Monthly calculations of percent water demand reflect Ontario’s climate.
Water supply and water demand are examined on a monthly basis for the surface water thresholds analysis;
this incorporates the summer peak water demand in Ontario. Since groundwater supply sources do not
typically demonstrate much seasonal variability, annual water supply values are used for the groundwater
threshold analysis. Peak monthly groundwater demand is calculated to predict if the groundwater source
could be over-stressed during the summer months in Ontario.

October 2011

57

DRINKING WATER SOURCE PROTECTION
WATER BUDGET AND WATER QUANTITY ASSESSMENT TECHNICAL GUIDANCE

3) The thresholds are consistent with other water management values within the MOE and the MNR.
The low threshold for average annual percent groundwater demand (i.e., 10%) is consistent with some
thresholds specified in Permits to Take Water (10% Rule Stream / Pond / Dam / etc.) and some ‘rules of
thumb’ used by environmental practitioners and regulators; including the assumption that there is a 10%
margin of error in streamflow measurements. On a monthly basis, the threshold is raised to 25% for the
maximum percent water demand, recognizing that the water source can likely accept a higher short-term
percent water demand. Having a different standard for evaluation of summer low flow and average annual
conditions is consistent with the Ontario Low Water Response program; the difference in thresholds
recognizes nature’s ability to adapt, compensate, and rebound from short-term low flow conditions.
The significant stress threshold for average annual groundwater percent water demand (i.e., 25% ) was
designed to be similar to the threshold for a Level I drought condition under the Ontario Low Water
Response program; this program uses a 30% reduction from the average annual low flow as the threshold
for a Level I drought (MNR, 2003). The Level I drought threshold is established to give enough time for
corrective action to be taken, but to not be so sensitive as to activate when problems are not likely to occur.
When considering the Water Budget and Water Quantity Stress Assessment application, the 25% threshold
for significant groundwater quantity stress reflects the ideal that groundwater flow systems in such
watersheds should be more fully understood and any implications of additional takings on the overall system
should be recognized. Similarly for surface water, the monthly percent water demand threshold value is
raised to 50%.
4.2

TIER ONE SUBWATERSHED STRESS ASSESSMENT

Part III.3 Subwatershed Stress Levels - Tier One Water Budget of the MOE Technical Rules issued under the
Clean Water Act (2006) outlines the stress assessment requirements and the circumstances in which a
subwatershed will be classified as having a moderate or significant water quantity stress. The Technical Rules
included below, detail the requirements for the Tier One stress assessment including the stress thresholds and
the scenarios required for both surface water and groundwater.
Part III.3 – Subwatershed stress levels – Tier One Water Budget
32. For the purposes of rule 21, a subwatershed shall be assigned a surface water stress level of significant, moderate or low in
accordance with the following:
(1)

Significant, if during scenario A or B in Table 1 the maximum monthly percent water demand for surface water for the subwatershed
would be greater than or equal to 50%.

(2)

Moderate, if a stress level was not assigned by subrule (1) and one or more of the following circumstances exist:
a.

During scenario A or B in Table 1 the maximum monthly percent water demand for surface water for the
subwatershed would be less than 50% but greater than 20%.

b.

At any time after January 1, 1990, in relation to a type I, II or III system within the subwatershed,

c.

(3)

i.

any part of a surface water intake was not below the water’s surface during normal operation of the intake,
or

ii.

the operation of a surface water intake pump was terminated because of an insufficient quantity of water
being supplied to the intake.

Both of the following are true:
i.

The result of one or more maximum monthly percent water demand calculations made in accordance with
clause (a) of subrule (2) is between 18% and 20%, inclusive.

ii.

A sensitivity analysis of the data used to prepare the Tier One Water Budget suggests that the stress level
for the subwatershed could be moderate.

Low, if a stress level was not assigned by either subrule (1) or subrule (2).

33. For the purposes of rule 21, a subwatershed shall be assigned a groundwater stress level of significant, moderate or low in accordance
with the following:
(1)

(2)

Significant, if during scenario A or B in Table 1 one or both of the following circumstances exist:
a.

The annual percent water demand for groundwater for the subwatershed would be greater than or equal to 25%.

b.

The maximum monthly percent water demand for groundwater for the subwatershed would be greater than or equal to
50%.

Moderate, if a stress level was not assigned by subrule (1) and one or more of the following circumstances exist:
a.
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b.

During scenario A or B in Table 1 the maximum monthly percent water demand for groundwater for the subwatershed
would be less than 50% but greater than 25%.

c.

At any time after January 1, 1990, in relation to a type I, II or III system within the subwatershed,

d.

e.

(3)

i.

the groundwater level in the vicinity of the well was not at a level sufficient for the normal operation of the
well, or

ii.

the operation of a well pump was terminated because of an insufficient quantity of water being supplied to
the well.

Both of the following are true:
i.

The result of one or more annual percent water demand calculations made in accordance with clause (a) of
subrule (2) is between 8% and 10%, inclusive.

ii.

A sensitivity analysis of the data used to prepare the Tier One Water Budget suggests that the stress level
for the subwatershed could be moderate.

Both of the following are true:
i.

The result of one or more maximum monthly percent water demand calculations made in accordance with
clause (b) of subrule (2) is between 23% and 25%, inclusive.

ii.

A sensitivity analysis of the data used to prepare the Tier One Water Budget suggests that the stress level
for the subwatershed could be moderate.

Low, if a stress level was not assigned by either subrule (1) or subrule (2).

The Rules make reference to two scenarios; they are described in the following table.
Table 4-5 Part III.3, Table 1 - Subwatershed Stress Level Scenarios, Technical Rules Assessment Report,
Clean Water Act 2006.
Scenario

Description of
the Scenario

A

existing system –
average

B

existing system future demand

Data Restrictions

Data Restrictions

Demand

Supply and Reserve

Data Related to the study period

Data related to climate and stream flow shall be
the historical data set for climate and stream flow.

Data related to demand associated with the
system within the subwatershed shall be reflective
of the future development in the subwatershed.

Data related to climate and stream flow shall be
historical data set for climate and stream flow.
Data related to land cover shall be reflective of the
future development in the subwatershed.

4.2.1 Scenarios for the Tier One Stress Assessment
The Tier One Stress Assessment is completed for scenarios A and B only:
Scenario A: Existing System – Average Current Water Demand
Scenario A calculates percent water demand based on average climate conditions and estimated current
consumptive water demand. Existing consumptive water demands are calculated on both an annual basis and
a monthly basis for surface water and groundwater supplies.
Scenario B: Existing System - Future Water Demand
Scenario B is not required if the scenario A results are moderate or significant for that subwatershed.
Scenario B calculates percent water demand based on average climate conditions and estimated future
consumptive water demand conditions. The future water demand should be consistent with the estimated water
demand associated with the surface water or groundwater sources needed to meet a municipality's official plan.
If an official plan is not available, the future water demand can be estimated using a population projection based
on the historical population growth and the current per-capita water demands. Future non-municipal water
demands may be assumed to be equal to existing conditions. In subwatersheds where water demand is not
expected to increase, this scenario is equivalent to scenario A and will not be completed.
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4.2.2 Consumptive Water Demand Estimates
Consumptive water demand is a key component of the Tier One subwatershed stress assessment. The
methodology for estimating consumptive water demand is included in Section 3.1 of this report, with additional
detail provided in Appendix B. Consumptive water demand is the net amount of water that is taken from a water
source and not returned locally to the same source of water within a reasonable amount of time. For example,
an aggregate resources operator may be permitted to pump
large quantities of water from a pond for washing aggregate,
Consumptive Water Demand is the net
but returns the same quantity of water to the pond following
amount of water that is taken from a
the washing process. In this case, the consumptive water
water
source and not returned locally to
demand may be equal to just the evaporation from the pond
the
same source of water within a
surface and the water removed with the aggregate.
reasonable amount of time.
Conversely, all water pumped from a municipal well is
considered to be consumptive water use because the water
is not returned to the aquifer in a short period of time.
Tier One estimates of consumptive water demand are generally made using the Province’s Permit-to-TakeWater (PTTW) database and supplemented using reported municipal water pumping rates. Permitted pumping
rates should only be used where actual pumping rates are not reported and cannot be estimated. The
consumptive water demand estimates are usually the most uncertain component of the Tier One subwatershed
stress assessment; however, these estimates are also typically conservatively high.
4.2.3 Calculations of Surface Water Stress
The Tier One surface water stress assessment requires monthly estimates of streamflow statistics, including
median monthly and annual flows. The recommended approach for predicting the surface water quantity stress
considers Ontario’s seasonal variability in streamflow by using an estimate of expected monthly values in the
percent water demand calculation. Water supply for Tier One is estimated using the best available method for
each subwatershed; these methods would also have been incorporated into the Tier One water budget. Table
4-6 tabulates the methods used for predicting surface water supply in the Tier One water budget, in order of
priority.
Table 4-6 Surface Water Supply Estimation Methods
Available Data Source

Monthly Water Supply and Reserve Calculation

Calibrated Continuous
Surface Water Model

Where available, a calibrated continuous surface water model should be configured
to output average daily streamflow based on hourly climate data at a
subwatershed’s outlet. The model parameters (e.g., imperviousness) should be
calibrated to current conditions. Median monthly flows can be calculated from the
calibrated daily estimated streamflow.

Streamflow Gauges
(HYDAT or Conservation
Authority)

Mean and median monthly flow can be estimated from historical daily streamflow
records. Care should be taken to ensure that stream gauge data are corrected for
winter or ice conditions.

Spot Streamflows
(Manual)

In the absence of a streamflow gauge, a monthly spot flow estimates may be used
to estimate surface water supply. These measurements may be completed on
monthly or bi-monthly basis to develop an understanding of seasonal baseflow
variability. It is understood that spot streamflows may not be available in all
seasons; however, they should be obtained where possible in periods with the
largest surface water stress.

Prorated Streamflow
Monitoring

A prorated streamflow dataset can be made from the data from a nearby gauge or
alternatively from manual baseflow measurements in basins with similar
physiography and land use.
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Available Data Source

Monthly Water Supply and Reserve Calculation

Ontario Flow
Assessment Technique
(OFAT)

The 30Q2 flow provided by OFAT is an estimate of average annual baseflow
(Pryce, 2004). This flow could be considered as the water supply for each month,
as the tools in OFAT cannot provide monthly low-flow estimates. OFAT cannot
account for flow augmentation and regulation controls. Therefore the team must
understand its limitations in estimating baseflow.

Water reserve is estimated using the best available information in a Tier One subwatershed stress assessment,
as summarized in Table 4-7.
Table 4-7 Tier One Surface Water Monthly Water Reserve Estimation Methods
Reserve Flow Method

Description

10th Percentile

When a continuous stream gauge is available, the surface water reserve may be
calculated for each month as the monthly lower decile flow (QP90), or the flow that is
exceeded 90% of the time for each month.

Tessman

The Tessman method for estimating instream flow requirements can be calculated from
the estimated mean annual flow. Care should be taken when using the Tessman
method, as it may be larger than the water supply term calculated or measured for
summer low flows. Mean annual flow can be calculated by prorated values from nearby
gauges.

Anthropogenic
Needs

Where anthropogenic needs can be quantified (i.e., streamflow target for wastewater
treatment effluent assimilation), those values may also be used as the basis for water
reserve estimates in a subwatershed.

The Tier One surface water stress assessment involves calculating the percent water demand for each month in
every subwatershed; selecting the largest monthly percent water demand in each subwatershed; and comparing
this monthly maximum percent water demand with the MOE threshold criteria (Table 4-3) to select a Tier One
surface water stress level. This approach is completed for both
scenario A and scenario B, the current and future conditions
listed in Table 4-5. The resulting subwatershed surface water
Subwatersheds where a surface water
stress level is the higher level of stress predicted for either the
intake has had difficulty meeting the
current or the future scenarios.
municipal water quantity needs will
be assigned a Moderate level of
The Technical Rules incorporates historical observations of
stress, independent of the threshold
stress into the stress level. Water supplies will be identified that
analysis.
have had difficulty meeting their production requirements by
either the intake being above the water surface or by the
termination of the pump operation because of insufficient water
quantity. These water supplies will be identified by gathering and analyzing production information for all
municipal surface water supply intakes. All subwatersheds with municipal drinking water intakes having difficulty
meeting their production requirements are assigned a moderate surface water quantity stress level; this is
independent of the surface water stress assignment established through the scenario analysis.
The documentation necessary for the Tier One subwatershed stress assessment include maps illustrating the
location of subwatersheds with significant and moderate surface water stress levels and the location of the
corresponding municipal drinking water intakes.
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4.2.4 Calculations of Groundwater Stress
The Tier One groundwater water quantity stress assessment requires estimates of average annual recharge,
average annual groundwater flow into a watershed, groundwater reserve, and groundwater consumptive
demand. It may not be possible to confidently estimate the rate of groundwater flow into a watershed in the Tier
One analysis; therefore, groundwater supply may be estimated to be equal to groundwater recharge.
Groundwater recharge estimates for Tier One will be made using one of the methods summarized in Table 4-8.
Table 4-8 Recharge Rate (QR) Estimation Methods
Available Data Source

Recharge Rate Calculation

Baseflow separation /
water balance

Groundwater recharge rates for a watershed or subwatershed can be estimated from
the results of baseflow separation analyses or from spot baseflow estimates provided
that there is no appreciable groundwater flow into or out of the basin and there are no
significant streamflow regulation structures in the basin. If groundwater pumping in
the watershed is significant, this amount should be factored into the analysis when
estimating groundwater recharge from baseflow separation results. Where baseflow
estimates or measures are assumed to be equal to groundwater discharge rates,
groundwater recharge can then be assumed to be equal to groundwater discharge.
It might also be appropriate to prorate groundwater recharge rates to adjacent
subwatersheds without stream gauges if the surficial geology or soil types are similar.

Calibrated Continuous
Surface Water Model
and Calibrated 3-D
Groundwater Model

Long-term simulation results from a calibrated continuous surface model are the
preferred source of groundwater recharge rate estimates. Estimates produced from
modelled recharge rates should be compared to estimates produced using baseflow
separation techniques. Surface water models should include a multiple soil-layer soil
moisture balance (i.e. GAWSER, HSPF, Mike SHE), run on an hourly timestep and
calibrated to daily, monthly and annual conditions with specific attention towards lowflow conditions at a subwatershed outlet. This approach is required to estimate
runoff and infiltration and develop confident recharge estimates.
The calibrated 3D groundwater flow model will be used to verify that the estimated
groundwater recharge rates are appropriate with respect to observed groundwater
levels and measured or estimated baseflows.

Calibrated Soil
Moisture Balance
Methods

Soil moisture balance methods are appropriate for estimating recharge rates but
when used the estimated recharge volumes should be compared against estimated
groundwater discharge / baseflow rates as determined from baseflow separation.
The estimation methodology should include a soil moisture budget or climate
estimating procedure using established methods (e.g. Penman, Thornthwaite, etc.).
The soil moisture budget calculations should be conducted on at least a daily basis
(Howard and Lloyd, 1979) to allow for monthly and annual summations and
averages to be used in the Tier One stress assessment.

Experience

Where calibrated recharge rates or stream gauges are unavailable, estimated values
would be appropriate for Tier One. These estimated values should be reviewed by
the peer review team.

The approach for predicting the subwatershed water quantity stress for groundwater involves:


Calculating the average annual and the maximum monthly percent water demand for each
subwatershed;



Selecting the largest percent water demand; comparing this value with the Groundwater Water Quantity
Stress Thresholds (Table 4-4); and



Assigning the subwatershed groundwater stress level.
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This is completed for both scenario A and B listed in Table 4-5. The resulting subwatershed groundwater stress
level is the highest level of groundwater quantity stress predicted for either the current or the future scenarios for
both the average annual and maximum monthly conditions.
Similar to the surface water stress assessment, the Technical Rules incorporates historical observations of
stress into the stress level determination. All municipal well information must be analyzed to determine if, after
January, 1, 1990, any type I, II or III system has had difficulty meeting its pumping requirements either by the
groundwater level being too low for normal pump
operation, or the operation of the pump terminated
because of an insufficient quantity of water being supplied
The surface water stress of Moderate shall
to the well. All subwatersheds that contain a municipal
be assigned if both of the following are
supply well which have had issues meeting pumping
true:
requirements are assigned a moderate groundwater stress
(i) the result of one or more maximum
level, independent of the threshold analysis.
monthly percent water demand calculations
is between 18% and 20%, inclusive; and
The documentation required for the Tier One groundwater
(ii) a sensitivity analysis of the data used to
stress assessment includes maps illustrating locations of
prepare the Tier One Water Budget suggests
subwatersheds with significant or moderate groundwater
that the stress level for the subwatershed
hydrologic stress levels and the location of the
could be Moderate.
corresponding municipal (or other designated system)
drinking water wells.
4.2.5 Sensitivity Analysis and Uncertainty
The percent water demand calculation relies on estimates of consumptive water demand, water supply, and
water reserve. There is a potential for uncertainty in any of these parameter estimates; consequently, this
uncertainty can affect the water quantity stress level assigned to a subwatershed. Sources of uncertainty
include the quality of the input data (e.g. stream flow data, climate data, groundwater well records, etc.); the
prediction of land cover and soils necessary for estimating recharge and evapotranspiration; and the prediction
of soils and geology between the known geological information at well locations. This uncertainty is of concern
where the subwatershed is assigned a low stress level and
the Percent Water Demand estimate is near the threshold
of moderate hydrologic stress.
The groundwater stress level is assigned
as
Moderate if both of the following are
Consumptive water demand estimates, particularly for Tier
true:
One, have greater uncertainty when there are no records
(i)
the
result
of
one
or
more
annual
of actual pumping rates or when it is difficult to estimate
percent water demand calculations is
consumptive use coefficients for large water users.
between 8% and 10% inclusive; and
Similarly, estimation of groundwater recharge rates or
(ii) a sensitivity analysis of the data used
streamflow can be uncertain at Tier One.
to prepare the Tier One Water Budget
suggests that the stress level could be
The Technical Rules provide instruction on how to address
Moderate.
uncertainty for both surface water and groundwater stress
evaluations, respectively. The subwatershed stress level
is elevated to moderate if a) the percent water demand
calculations approach the moderate threshold value, and b) a sensitivity analysis of the data used to prepare the
Tier One Water Budget suggests that the stress level for the subwatershed could be moderate.
The sensitivity analysis is only completed under the following conditions; any of the calculated monthly percent
water demands for surface water are between 18% and 20% and the subwatershed is classified as having a low
stress, the annual percent water demand is between 8% and 10% and the subwatershed is classified as having
a low stress, or any of the monthly percent water demands for groundwater are between 23% and 25% and the
subwatershed is classified has having a low stress.
The sensitivity analysis consists of the following steps:
1) Estimate the range in uncertainty in measured and estimated hydrologic parameters contributing to the
percent water demand; these parameters include recharge, stream flow, and cross-boundary flow. As
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an example, the water demand analysis for a subwatershed might indicate that the estimate
consumptive water demand is between 4,000 m3/day and 4,500 m3/day.
2) If the final stress assignment changes from a low to a moderate based on the sensitivity analysis, the
stress level for that subwatershed is classified as moderate and the subwatershed advances to a Tier
Two Water Budget and Subwatershed Stress Assessment.
4.3

TIER TWO SUBWATERSHED STRESS ASSESSMENT

Tier Two subwatershed stress assessments are undertaken in subwatersheds assigned a significant or
moderate degree of hydrologic stress in Tier One and contain municipal drinking water wells or surface water
intakes. The goal of the Tier Two subwatershed stress assessment is to re-evaluate the stress level assigned in
Tier One by using detailed and calibrated models. Tier Two stress assessments rely on the use of consumptive
water demand estimates that reflect actual reported pumping rates. Where reported pumping rates are not
available, consumptive use estimates should be based on reasonable estimates of pumping rates, a review of
the PTTW, and professional judgement.
Municipal water supplies located within subwatersheds determined to have a significant or a moderate level of
hydrologic stress in Tier Two will proceed to a Tier Three water budget and local area risk assessment. The Tier
Two subwatershed stress assessment determines the percent water demand using the same approach as in
Tier One; it also introduces drought scenario analyses which identifies municipal wells and intakes that may be
impacted by drought conditions.
Part III.4 Subwatershed Stress Levels – Tier Two Water Budgets of the Technical Rules details the requirements
for the Tier Two subwatershed stress assessment including the stress thresholds, the required scenarios for
both surface water and groundwater, and the associated uncertainty analysis. Technical Rules No. 34 and 35
are included below:
Part III.4 – Subwatershed stress levels – Tier Two Water Budgets
34. For the purposes of rule 23 or 25, a subwatershed shall be assigned a surface water stress level of significant, moderate or low in
accordance with the following:
(1) Significant, if one or both of the following circumstances exist:
a.

During scenario A or B in Table 1 the maximum monthly percent water demand for surface water for the
subwatershed would be greater than or equal to 50%.

b.

Where there is a planned type I, II or III system proposed to be located within the subwatershed, during scenario C in
Table 1 the maximum monthly percent water demand for surface water for the subwatershed would be greater than or
equal to 50%.

(2) Moderate, if a stress level was not assigned by subrule (1) and one or more of the following circumstances exist:
a.

During scenario A or B in Table 1 the maximum monthly percent water demand for surface water for the
subwatershed would be less than 50% but greater than 20%.

b.

Where there is a planned type I, II or III system proposed to be located within the subwatershed, during scenario C in
Table 1 the maximum monthly percent water demand for surface water for the subwatershed would be less than 50%
but greater than 20%.

c.

At any time after January 1, 1990, in relation to a type I, II or III system within the subwatershed,
i. any part of a surface water intake was not below the water’s surface during normal operation of the intake, or
ii. the operation of a surface water intake pump was terminated because of an insufficient quantity of water
being supplied to the intake.

d.

In relation to a type I, II or III system within the subwatershed, one or both of the circumstances described in clause (c)
would occur during scenario D, E or F,

e.

In relation to a planned type I, II or III system proposed to be located within the subwatershed, one or both of the
circumstances described in clause (c) would occur,
i. during scenario D, E or F, and
ii. during scenario G, H or I.

f.
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i. The result of one or more maximum monthly percent water demand calculations made in accordance with
this subrule is between 18% and 20%, inclusive.
ii. The uncertainty associated with the percent demand calculations required by this rule, when evaluated to be
high or low considering the factors set out in rule 36, is high.
iii. A sensitivity analysis of the data used to prepare the Tier Two Water Budget suggests that the stress level
for the subwatershed could be moderate.
(3) Low, if a stress level was not assigned by either subrule (1) or subrule (2).

35. For the purposes of rule 23 or 25, a subwatershed shall be assigned a groundwater stress level of significant, moderate or low in
accordance with the following:
(1) Significant, if one or more of the following circumstances exist:
a.

During scenario A or B in Table 1 the annual percent water demand for groundwater for the subwatershed would be
greater than or equal to 25%.

b.

Where there is a planned type I, II or III system proposed to be located within the subwatershed, during scenario C in
Table 1 the annual percent water demand for groundwater for the subwatershed would be greater than or equal to
25%.

c.

During scenario A or B in Table 1 the maximum monthly percent water demand for groundwater for the subwatershed
would be greater than or equal to 50%.

d.

Where there is a planned type I, II or III system proposed to be located within the subwatershed, during scenario C in
Table 1 the maximum monthly percent water demand for groundwater for the subwatershed would be greater than or
equal to 50%.

(2) Moderate, if a stress level was not assigned by subrule (1) and one or more of the following circumstances exist:
a.

During scenario A or B in Table 1 the annual percent water demand for groundwater for the subwatershed would be
less than 25% but greater than 10%.

b.

Where there is a planned type I, II or III system proposed to be located within the subwatershed, during scenario C in
Table 1 the annual percent water demand for groundwater for the subwatershed would be less than 25% but greater
than 10%.

c.

During scenario A or B in Table 1 the maximum monthly percent water demand for groundwater for the subwatershed
would be less than 50% but greater than 25%.

d.

Where there is a planned type I, II or III system proposed to be located within the subwatershed, during scenario C in
Table 1 the maximum monthly percent water demand for groundwater for the subwatershed would be less than 50%
but greater than 25%.

e.

At any time after January 1, 1990, in relation to a type I, II or III system within the subwatershed, one or both of the
following circumstances occurred:
i. The groundwater level in the vicinity of the well was not at a level sufficient for the normal operation of the
well.
ii. The operation of a well pump was terminated because of an insufficient quantity of water being supplied to
the well.

f.

In relation to an existing type I, II or III system within the
subwatershed, one or both of the circumstances described in clause (e) would occur,
i. during scenarios D and G, or
ii. during scenarios E and H.

g.

In relation to a planned type I, II or III system proposed to be located within the subwatershed, one or both of the
circumstances described in clause (e) would occur during scenarios F and I.

h.

All of the following are true:
i. The result of one or more annual percent water demand calculations made in accordance with subclause
(a) or (b) of this subrule is between 8% and 10%, inclusive.
ii. The uncertainty associated with the percent demand calculations required by this rule, when evaluated to be
high or low considering the factors set out in rule 36, is high.
iii. A sensitivity analysis of the data used to prepare the Tier Two Water Budget suggests that the stress level
for the subwatershed could be moderate.

i.

All of the following are true:
i. The result of one or more maximum monthly percent water demand calculations made in accordance with
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clause (c) or (d) of subrule (2) is between 23% and 25%, inclusive.
ii. The uncertainty associated with the percent demand calculations required by this rule, when evaluated to
be high or low considering the factors set out in rule 36, is high.
iii. A sensitivity analysis of the data used to prepare the Tier Two Water Budget suggests that the stress level
for the subwatershed could be moderate.
(3) Low, if a stress level was not assigned by either subrule (1) or subrule (2).

Subwatersheds assigned a moderate or a significant level of stress under the current and the drought scenarios
will be subject to a Tier Three water budget and local area risk assessment.
Updating data and maintaining databases and collecting watershed information is a valuable part of the water
budget process that should be continued to be collected. Maintaining and continually updating information is
important should future conditions change leading to the need to re-examine the stress level of the
subwatershed.
4.3.1
Percent Water Demand Scenarios
The stress assignment for both surface water and groundwater takings is based on nine Tier Two scenarios as
listed in Table 4-9. The nine scenarios are based on a combination of water demand estimates, land cover
scenarios, average climate conditions, and drought conditions.
Table 4-9 Part III.3, Table 1 - Subwatershed Stress Level Scenarios, Technical Rules Assessment Report.
Scenario

Description of
the Scenario

Data Restrictions

Data Restrictions

Demand

Supply and Reserve

existing system –
average

Data related to the study period

Data related to climate and stream flow shall be
the historical data set for climate and stream flow.

existing system future demand

Data related to demand associated with the
system within the subwatershed shall be reflective
of the future development in the subwatershed.

Data related to climate and stream flow shall be
historical data set for climate and stream flow.

Data related to demand associated with a type I, II
or III system within the subwatershed shall be
reflective of the demand that would exist in the
year that the planned system will be operational.

Data set related to climate and stream flow shall
be the historical data set for climate and stream
flow.

existing system two year drought

Data related to the study period

Data related to climate and stream flow shall be
reflective of the two year drought period.

E

existing system future two year
drought

Data related to demand associated with an
existing type I, II or III system within the
subwatershed shall be reflective of the future
development in the subwatershed.

Data related to climate and stream flow shall be
reflective of the two year drought period.

Data related to demand associated with a type I, II
or III system within the subwatershed shall be
reflective of the demand that would exist in the
year that the planned system will be operational.

Data related to climate and stream flow shall be
reflective of the two year drought period.

F

planned system
- operational year
- two year
drought

existing system ten year drought

Data related to the study period

Data related to climate and stream flow shall be
reflective of the ten year drought period.

existing system future ten year
drought

Data related to demand associated with an
existing type I, II or III system within the
subwatershed shall be reflective of the future
development in the subwatershed.

Data related to climate and stream flow shall be
reflective of the ten year drought period.

A

B

C

D

G

H
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planned system
demand –
operational year

Data related to land cover shall be reflective of the
future development in the subwatershed.

Data related land cover shall be reflective of the
year that the planned system will be operational.

Data related to land cover shall be reflective of the
future development in the subwatershed.

Data related to land cover shall be reflective of the
future development that would exist in the
subwatershed in the year that the planned system
will be operational.

Data related to land cover shall be reflective of the
future development in the subwatershed.
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Scenario

I

Description of
the Scenario
Planned system
– operational
year - ten year
drought

Data Restrictions

Data Restrictions

Demand

Supply and Reserve

Data related to demand associated with a type I, II
or III system within the subwatershed shall be
reflective of the demand that would exist in the
year that the planned system will be operational.

Data related to climate and stream flow shall be
reflective of the ten year drought period.
Data related to land cover shall be reflective of the
future development that would exist in the
subwatershed in the year that the planned system
will be operational.

Each scenario is described in more detail below. Where the hydrologic stress for a subwatershed is found to be
moderate or significant, no additional scenarios would be required to be assessed for that subwatershed.
Scenario A: Existing System - Average Demands
Scenario A calculates percent water demand based on average climate conditions and estimated current
consumptive water demand. Average current water demands are calculated on both an annual basis and a
monthly basis for surface water and groundwater supplies.
Scenario B: Existing System - Future Demands
Scenario B calculates percent water demand using average climate conditions and estimated future (i.e., Official
Plan) consumptive water demand. The future water demand should be consistent with the estimated water
demand needed to meet a municipality's official plan. If an official plan is not available, the future water demand
may be calculated using a population projection based on historical population growth and the current per-capita
water demands. Future non-municipal water demands may be assumed to equal existing demand. In areas
where the water demand is not expected to increase, this scenario will be equivalent to scenario A (Existing
System – Average Demands).
Scenario C: Planned System Demand – Operational Year
Scenario C is completed where there is a planned type I, II or III system proposed within the subwatershed. The
subwatershed stress levels are assigned in this scenario based on planned municipal water demand. In
addition, water demand should reflect the demand in the year that the planned system will be operational and
water supply should be based on historical climate and stream flow data should account for land cover reflective
of the year that the planned system will be operational.
Scenarios D, E, F, G, H, and I – Drought Scenarios
Scenarios D, E, F, G, H, and I are drought scenarios. These scenarios evaluate the potential for surface water
intakes and groundwater wells to experience problems meeting demand during these drought periods. Percent
water demand is not calculated for these scenarios; rather, an estimate of the decrease in water supply is made
at each municipal groundwater well or surface water intake. For municipal wells, potential drought issues are
identified by comparing the predicted drop in water levels to the estimated depth to well screen or pump intake.
For surface water intakes, predicted drops in streamflow or lake levels are compared to minimum conditions
required to sustain the municipal water supply.
Figure 4-2 illustrates both the annual precipitation measured in the Grand River watershed from 1961 to 2000
and the 10-year moving average of annual precipitation. As shown on the figure, the decade from 1961 to 1970
has the lowest (10-year moving average) precipitation during this period. As shown on this figure, the minimum
10-year (moving average) precipitation occurred at the end of the 1960’s. The drought scenarios for the GRCA
watershed focussed on the 1960’s decade.
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Figure 4-2 Annual Precipitation from the Grand River Watershed
The definitions that form part of the drought scenarios include the following:
1) “ten-year drought period” means the continuous ten year period for which precipitation records exist with
the lowest mean annual precipitation;
2) “two year or greater drought period” means:
a) in relation to an assessment of surface water quantity, the continuous period, consisting of at least
two years, for which precipitation records exist with the lowest mean annual precipitation, or
b) in relation to an assessment of groundwater quantity, a simulated period, consisting of at least two
years with no groundwater recharge.
The Technical Rules require the evaluation of scenarios D, E, F for surface water supplies and scenarios D, E,
F, G, H, and I for groundwater supplies. scenarios D, E, and F correspond to the two-year drought for existing,
future, and planned systems, respectively and scenarios F, H, and I correspond to the ten-year drought for
existing, future, and planned systems, respectively.
The stress level of a subwatershed will be assigned moderate if wells located within that subwatershed are
shown to have the potential of not meeting water demand during the two-year drought for surface water
scenarios and both the two-year and ten-year drought for the groundwater scenarios.
The interpretation of these Technical Rules can be further clarified with the following:


For groundwater supplies, if a two-year drought scenario (scenario D, E, or F) results in a moderate
subwatershed stress level, the ten-year drought scenario (scenario G, H, or I) would need to be
evaluated. A moderate subwatershed stress level can only be applied if both the two-year and the tenyear drought scenarios meet the criteria outlined in the Technical Rules.
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The transient groundwater and continuous surface water flow models provide the ability to estimate
water level or stream flow across the entire simulation period in response to variable hydrologic
parameters. For surface water drought scenarios, daily streamflow or water level estimates are required
during the drought period. An observation of a circumstance described in the Rules (i.e., insufficient
flow to meet supply) during this period would be classified as a drought issue. Similarly, simulated
groundwater drought conditions using monthly groundwater recharge rates are required over the
drought period. Any prediction of a circumstance described in the Rules (i.e., groundwater levels too
low to pump water) during this period would be classified as a potential drought issue.

The results of the drought scenario simulations and the assignment of subwatershed stress levels should be
reviewed with the peer review committee.
4.3.2 Surface Water Stress Assessment
The Tier Two surface water stress thresholds are the same as those used for the Tier One subwatershed stress
assessment; however, the stress assignment for the surface water supply is based on using a calibrated
continuous surface water flow model to estimate monthly water supply and water demand. This approach is
completed for both the current, future and planned scenarios.
Percent water demand is calculated on a monthly basis using refined estimates of water budget parameters.
These are described below:


Water Supply. Surface water supply is calculated as the monthly median surface water flow at the outlet
of the subwatershed. The Tier Two water supply estimate typically has more certainty than in Tier One
because of the use of a calibrated continuous surface water model that represents hydrologic conditions
of that subwatershed. The certainty of the Tier Two water supply estimate may be the same as the Tier
One where a reliable surface water gauge is located at the outlet of the subwatershed.



Water Demand. Monthly consumptive water demand is estimated following the approach described in
Chapter 3. The consumptive water demand estimates will have more certainty than in Tier One.
Practitioners should direct sufficient effort into this task to minimize the uncertainty of water demand
estimates to the greatest possible extent by using reported water taking data wherever it is available
and by referring to monitoring reports and consulting with permit holders for high water users where the
water use estimates may influence the percent water demand calculations.



Water Reserve. Surface water reserve is calculated as the monthly lower decile flow (Q90) at the outlet
of the subwatershed for Tier Two. The water reserve estimate may be the same in Tier One where a
reliable surface water gauge is located at the outlet of the subwatershed.

For the future and planned water demand scenarios, changes to the model may be limited to the expected
changes in municipal pumping and land use. In rare cases, it may be pertinent to include anticipated changes to
non-municipal demand (e.g., from trends in agricultural operations); however, in most cases to avoid speculation
of hydrological conditions, non-municipal demand should not be changed for the future or the planned scenarios.
Planned municipal water sources should include both existing intakes and intakes with proven quantifiable
sources identified in a municipal water supply strategy. Where there are no planned systems, the stress
assessment will be based on existing water intakes and their future water demand estimates. Model boundary
conditions (i.e. weir, reservoir operations) should be considered the same as those under existing operating
conditions.
Drought Scenarios
For surface water drought scenarios, the surface water flow model should be used to estimate daily hydrological
conditions at the existing and the planned intakes. The scenario will identify where stream flow conditions or
water level elevations are not suitable for meeting water supply requirements. A surface water intake would be
considered susceptible to drought if under a drought scenario one or both of the following circumstances are
met, as outlined in the Technical Rules:
(i)
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(ii)

the operation of a surface water intake pump was terminated because of an insufficient quantity of
water being supplied to the intake.

Appendix A contains a Technical Bulletin prepared by the Province to clarify some of the scenarios for the
surface water drought assessment.
4.3.3
Groundwater Stress Assessment
The Tier Two groundwater stress assessment relies on calibrated surface water and groundwater flow models to
calculate the percent water demand and to complete the drought scenarios. The percent water demand stress
thresholds for Tier Two are the same as those used in the Tier One Subwatershed Stress Assessment.
The percent water demand is calculated on an average annual and a monthly basis using refined estimates of
the following water budget parameters:


Groundwater Supply. Groundwater supply is estimated as the sum of the average annual groundwater
recharge and the groundwater flow into a subwatershed. The average annual groundwater recharge is
estimated using calibrated surface water and groundwater flow models; while the groundwater flow into
a subwatershed is estimated using only a calibrated groundwater flow model. The Tier Two
groundwater supply estimates are considered to be more certain than those estimated in Tier One
because of the higher level of characterization and refinement.



Groundwater Demand. Monthly consumptive water demand is estimated following the approach
described in Section 3. The Tier Two consumptive demand estimates will have more certainty than in
Tier One. It is expected that practitioners will direct sufficient effort into this task to minimize the
uncertainty of water demand estimates by using reported water taking data, referring to monitoring
reports and consulting directly with permit holders for high water users within a subwatershed,
confirming pumping rates and locations, using seasonal use and other factors that influence the final
consumptive water demand.



Groundwater Reserve. Groundwater reserve is estimated to be at least 10% of the existing groundwater
discharge in a subwatershed. Groundwater reserve does not represent all of the flow contributing to the
natural environment; rather, the 10% percent water demand threshold recognizes that most of the
groundwater recharge in a subwatershed may need to be reserved to maintain natural systems,
including cold water fisheries.

The calibrated groundwater flow model includes current consumptive water demands; however, similar to the
surface water stress assessment, the consumptive water demands should be removed from the model when
estimating water supply in a subwatershed to avoid double counting of water takings. The groundwater flow
model should account for water takings in upstream subwatersheds contributing water to the subwatershed
under consideration. For the future scenarios, the groundwater models’ boundary conditions (e.g., streams,
lakes and wetlands) should be unchanged from existing conditions. Groundwater recharge may be modified in
consideration of future land use changes (e.g., Official Plan) where those land use changes may reduce
groundwater recharge to a level that may influence the stress assessment results.
For the future and the planned water demand scenarios, changes to the model may be limited to the expected
changes in municipal pumping and land use. Similar to the surface water scenarios, future non-municipal water
demands should not be speculated.
Similar to the Tier One groundwater stress assessment, the approach for predicting the water quantity stress for
groundwater in Tier Two involves calculating the average annual and the maximum monthly percent water
demand for each subwatershed; selecting the largest percent water demand in each subwatershed; comparing
this to the provincial thresholds; and selecting the Tier Two water quantity stress level for groundwater. This
approach is followed for both the current and the future scenarios. The percent water demand equation is not
applied to the drought scenario.
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Drought Scenarios
The drought scenarios are used to estimate the potential for type I, II or III drinking water systems to have
difficulty meeting water demand under drought conditions. A groundwater well would be considered susceptible
to a drought if under a drought scenario one or both of the following circumstances are met, as outlined in
Technical Rules:
(i)

the groundwater level in the vicinity of the well was not at a level sufficient for the normal operation
of the well; or

(ii)

the operation of a well pump was terminated because of an insufficient quantity of water being
supplied to the well.

The drought scenario evaluates if the wells or intakes can meet their allocated rates during drought periods.
Before completing this evaluation, the safe water level at each well or intake needs to be established. For a
municipal well, this minimum elevation may be assigned as the top of a well screen or possibly some elevation
above the top of the well screen to account for seasonal water level fluctuations and additional well losses not
accounted for in the model. In situations where a pump intake is placed above a well screen, the well screen
may still be used as the safe water level elevation because the pump intake could be dropped in the future.
After determining a safe water level elevation, an estimate of the safe additional drawdown at a municipal well
may be made. Safe additional drawdown can be estimated by subtracting the safe water level elevation from
the lowest water level elevation in a pumping well.
Figure 4-3 illustrates the calculation of safe additional drawdown, in 2008, for a municipal well (AquaResource,
2011). The Tier Three Assessment for this well has identified 2008 to represent existing pumping conditions.
As shown on the figure, the safe water level elevation was established as 434.75 masl. This figure also
illustrates that the minimum pumped water level during the 2008 period is approximately 442.25 masl. The
difference between these two elevations is 7.5 m, and this is assumed to be the safe additional drawdown for the
municipal well with respect to 2008 pumping conditions. Drawdown at the municipal well for each of the Tier
Three scenarios will calculated with respect to 2008 conditions, and if it is greater than 7.5 m, the results might
suggest that the well may have difficulty in meeting its allocated rate for that scenario.

Figure 4-3 Calculation of Safe Additional Drawdown
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When completing the drought scenarios, groundwater storage parameters reflecting the conceptual geological
model may be estimated rather than having to calibrate the model to transient conditions. The initial conditions
for the drought analysis include the average existing conditions for pumping and recharge. If possible, the
groundwater flow model calibration task will assess the ability for the model to simulate long-term and seasonal
water level fluctuations. However, the ability to complete this task will be based on the availability of long-term
monitoring datasets.
The potential impacts to groundwater sources from the drought conditions in scenarios D, E, F, G, H and I are
evaluated using a transient groundwater flow model. If the drought scenarios suggest that a well may have
trouble sustaining its water supply, the encompassing subwatershed will be assigned a moderate water quantity
stress level requiring the municipality to complete a Tier Three water budget and local area risk assessment.
Evaluation of the drought scenarios estimates the influence of drought on drawdown during the drought periods
as described below:


The Two-Year Drought Period (Scenarios D, E, F) is a simulated two-year period with no
groundwater recharge. These drought scenarios are screening tests designed to test the resilience of
the water supply to extreme conditions, with the initial conditions for the transient groundwater flow
model equal to the steady-state calibrated conditions. The model should simulate the two-year period
using average pumping rates without any recharge. At the end of the two-year drought period, the
drawdown at municipal wells is compared to the well screens elevation to estimate if those wells would
be able to meet their demands. If the results of the two-year drought scenario indicate that the
municipality will be able to supply water during extreme drought, no further work would be required to
assess the ten-year drought scenarios. If the two-year drought analysis suggests that the municipal
wells cannot meet water demand for this period, then the ten-year drought period scenarios must be
evaluated.



The Ten-Year Drought Period (Scenarios G, H, I) is a continuous ten-year period having the lowest
mean annual precipitation over the period of climate record. The ten-year drought analysis involves
transient groundwater flow modelling using monthly recharge rates, estimated by the Tier Two water
budget continuous surface water flow model, and where applicable, variable monthly pumping rates
during the ten-year drought period. Similar to the two-year drought period analysis, the maximum
drawdown observed during the modelled drought scenario is compared to the well screen elevations at
the municipality’s water supply wells.

For both scenarios, simulated water levels at pumping wells may need to be corrected to account for other
conditions (e.g., well screen losses) that affect actual drawdown.
As discussed in the previous section, a moderate subwatershed stress level can only be applied if both the twoyear and the ten-year drought scenarios indicated that a municipal groundwater well is susceptible to a drought
as outlined in Technical Rule 35(2)(e) and summarized in Section 4.3.1 of this report.
The results of the drought scenarios are evaluated to identify periods of time where the simulated drawdown at a
well is greater than the available drawdown observed at the actual well. Where susceptibility to drought is
identified, the subwatershed will be assigned a moderate subwatershed stress level due to drought conditions.
For example, Figure 4-4 illustrates the change in monthly water levels simulated at a municipal well during a15year time period. This figure illustrates that the water level at the well is predicted to fall below the safe additional
drawdown threshold during the drought period for one of the scenarios.
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Figure 4-4 Example Drought Assessment, Groundwater
4.4

UNCERTAINTY

Uncertainty should be taken into consideration when completing a Tier Two subwatershed stress assessment.
The water budget modelling tools, used for the subwatershed stress assessment, are subject to the uncertainty
in representing natural systems. The Technical Rules require that the potential influence of uncertainty on the
stress assessment results be considered when assigning a final stress level to a subwatershed.
Uncertainty may be introduced into the subwatershed stress assessment as described below:


Consumptive water demand estimates are subject to greater uncertainty when there are no records of
actual pumping rates, or when it is difficult to estimate consumptive use coefficients for large water
users. Similarly, estimation of groundwater recharge rates influence both the stress assessment and
drought conditions for groundwater and can be very uncertain in some hydrogeological conditions.



The percent water demand calculation relies on estimates of consumptive water demand, water supply
and water reserve. Uncertainty may exist in any of these
estimates and this uncertainty can affect the assigned
subwatershed water quantity stress level. Sources of
Prior to moving beyond Tier Two,
uncertainty may include the quality of input data (e.g.
both the Project Team and the Peer
stream flow data, climate data, groundwater well records,
Review Team must be satisfied that
etc.); the prediction of land cover and soils necessary for
the technical analysis and the
estimating recharge and evapotranspiration; and the
calculated degree of stress are
prediction of soils and geology between known geological
realistic.
information at well locations. This uncertainty is of most
concern where the subwatershed is assigned a low stress
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level, but, the percent water demand estimate is near the threshold of moderate hydrologic stress.


The results of the drought scenarios assume that the surface water and groundwater flow models are
reasonably accurate in the prediction of water levels and/or stream flow under drought conditions.
However, the models may not be calibrated to extreme drought conditions and therefore there is
uncertainty in those results.

Instruction for handling uncertainty in surface water and groundwater stress evaluations, specifically with respect
to percent water demand, are provided in Technical Rules. The subwatershed stress level is elevated to
moderate if all of the following conditions are true:


The percent water demand calculations for groundwater are within 8% and 10% on an annual basis or
between 23% and 25% on a monthly basis, or the monthly percent water demand calculations for
surface water are within 18% and 20%;



The uncertainty of the percent demand calculations is high; and



A sensitivity analysis of the data used to prepare the Tier Two water budget suggests that the stress
level for the subwatershed could be moderate.

The Technical Rules provides a summary of the factors to be considered when evaluating the uncertainty of the
percent water demand calculations, as listed below:
Uncertainty analysis
36. The following factors shall be considered in an analysis of uncertainty required by subclauses 34(2)(f)(ii), 35(2)(h)(ii), 35(2)(i)(ii):
(1)

The distribution, variability, quality and relevance of the available input data.

(2)

The ability of the methods and models used to accurately reflect the hydrologic system.

(3)

The quality assurance and quality control procedures applied.

(4)

The extent and level of calibration and validation achieved for any groundwater and surface models used or calculations and general
assessments completed.

To consider uncertainty in the stress classification, the following verification steps are required:
1) Review the estimated water demand quantities to ensure realistic values are used.
2) Review trends within the existing local monitoring data to verify if the observed data supports the stress
calculation results.
3) Evaluate the realistic uncertainty in the predicted water supply and water reserve with the flow models.
The uncertainty considerations in Tier Two are more stringent than those in Tier One. Tier Two assessments
use more refined data to estimate consumptive water demand and water supply; therefore, there is less of a
need to be conservative.
To account for this uncertainty in the subwatershed stress assignment, an assessment and rating of the
uncertainty associated with each stress assignment must be provided; thereby, rating the uncertainty for each
subwatershed as high or low.
The uncertainty evaluation of the subwatershed hydrologic stress assessment consists of:


An evaluation of the uncertainty in the hydrologic parameters (i.e., recharge, runoff, cross-boundary
flow) that are part of the final percent water demand calculation. If the final percent water demand could
result in a different stress category based on the range of hydrologic parameter estimates, an
uncertainty value of high would be assigned since this uncertainty may impact the decision to proceed
to a Tier Three water budget and local area risk assessment.



An evaluation of the uncertainty in the consumptive water demand estimate that is part of the final
percent water demand estimate. Practitioners should use reasonable assumptions based on available
data for each subwatershed to calculate the minimum and maximum consumptive water demand. If the
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percent water demand could result in a different stress category, as calculated based on the range of
consumptive water demand estimates, an uncertainty value of high would be assigned.


An evaluation of field observation data to determine if those field observations confirm the results of the
Tier Two stress assessment. If field observations are not consistent with the results of the assessment,
the uncertainty surrounding the stress assignment is considered high. If field observations confirm the
results, the uncertainty is considered low.

Where the subwatershed water quantity stress is close to the low / moderate stress threshold and the
uncertainty is high, the key parameters must be reviewed to reduce the uncertainty if possible. The
subwatershed stress assignment must be reviewed by the peer review committee.
The groundwater stress assessment documentation should include maps illustrating both the location of
subwatersheds with significant and moderate groundwater stress levels for each scenario and the location of the
corresponding municipal drinking water wells; maps and description of municipal groundwater wells and
designated systems shown to be potentially impacted by drought conditions. Figure 4-5 illustrates an example
of subwatershed stress assessment results; it highlights those subwatersheds which have a moderate stress
level and overlays the locations of all municipal and non-municipal groundwater permits-to-take-water which
contribute to the subwatershed stress level.

Figure 4-5 Tier Two Subwatershed Stress Assessment Results
(CVC, 2009)
4.5

REPORTING

The Tier Two subwatershed stress assessment documentation must include a report detailing the subwatershed
stress level assignment determined by combining the hydrologic stresses for all scenarios for each surface water
and groundwater water supply system; outlining the stress assignment validation which considers historical and
monitoring information to assess the results of the stress assignment; and identifying the subwatersheds
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recommended for a Tier Three water budget and local area risk assessment. Table 4-10 provides an example
of a table summarizing a water budget across several subwatersheds (Credit Valley Conservation, 2009).
Table 4-10 Example of Water Budget Summary
(Credit Valley Conservation, 2009)

The Tier Two subwatershed stress assessment is finalized when both the project team and the peer review
committee are satisfied that the stress assessment calculations are reasonably accurate.
4.5.1 Detailed Assessments
The technical work and the modelling necessary for the Tier Two subwatershed stress assessment will provide
much more knowledge and insight into the potential hydrologic and hydrogeologic stresses within a
subwatershed or watershed than is required to meet the requirements of the Technical Rules. Upon the
completion of a Tier Two subwatershed stress assessment, calibrated models capable of addressing many
complex water management issues would be available for additional applications relating to hydrologic stress.
These applications may include the following:


Tier Two groundwater flow models can be used to estimate and illustrate both the rate of groundwater
discharge into specific wetlands and surface water bodies, and the estimated change in groundwater
discharge conditions under future pumping scenarios.
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The Tier Two surface water and groundwater flow models can be used to analyze the percent water
demand over time, as illustrated in Figure 4-6 and Figure 4-7. Figure 4-6, the analysis of temporal
water demand, illustrates the percentage of time that a subwatershed’s percent water demand is
greater than a threshold. Figure 4-7 outlines the number of months each year that a surface water
system is potentially stressed.



The methodology implemented to assess subwatershed stresses under future water demands can be
used to complete preliminary hydrologic and hydrogeologic impact assessments of increased water
demand and land development.

Figure 4-6 Analysis of Temporal Water Demand

Percentage of Years

Figure 4-7 Temporal Analysis of Percent Water Demand
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4.5.2 Data and Knowledge Gaps
If the uncertainty associated with the Tier Two surface water and groundwater flow model results is high and the
available information and observations can neither verify nor disprove the subwatershed water quantity stress
assignment, additional field data may need to be collected to reduce the uncertainty. It is anticipated that
portions of the Tier Two analysis will need to be repeated (including data collection and refinement of models) in
order to calculate a reasonably accurate stress level. In this case, modelling refinements should focus on areas
indicated to have a higher degree of stress. One of the outcomes of Tier Two will be a list of data gaps that will
require further assessment as part of Tier Three.
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5.0

Tier Three Water Budget and Local Area Risk Assessment

A Tier Three water budget and local area risk assessment (Tier Three) is completed to estimate the likelihood
that a municipality’s drinking water wells or surface water intakes will
be able to supply their allocated pumping rates considering
increased municipal water demand, projected land development,
In addition to identifying drinking
drought conditions, and other water uses.
water quantity threats, another
important outcome is the
According to the Technical Rules Part III.2 a Tier Three assessment
development of a Tier Three water
must be completed for all type I, II and III drinking water systems
budget model, which can be used for
where:
future water management activities
including environmental assessments,
1) There have been historical issues with water sources meeting
subwatershed studies, water supply
demand, or
strategies and climate adaptation.
2) The Tier Two subwatershed stress level is moderate or
significant.
A Tier Three water budget uses detailed groundwater and/or surface water numerical models on a more local
scale. These models should be developed with the accuracy and refinement needed to evaluate hydrologic or
hydrogeologic conditions directly at a water supply well or surface water intake and, whenever possible, should
be refined from the Tier Two models. These refined conceptual hydrologic or hydrogeologic models should be
developed with the appropriate scale to evaluate the potential impacts of future water demands on other water
uses (e.g., ecological water dependencies), and be calibrated to the best extent possible to represent drought
conditions.
The water budget models are used to delineate the ‘local area’ for groundwater wells or surface water intakes
which form the basis for the local area risk assessment. Water budget models are used to estimate the impact
to a well or surface water intake in response to a series of water
demand, climate, and land-use scenarios. Where these scenarios
A local area with a ‘Moderate’ or
identify a potential that wells or intakes will not be able to supply
‘Significant’ water quantity risk
their allocated rates, the local area is assigned a moderate or
implies
that there is a potential
significant water quantity risk level. Consumptive water uses and
for problems meeting allocated
reductions in groundwater recharge within the local area will be
water demands and/or a potential
identified as moderate or significant drinking water threats. The risk
for impacting other water uses.
scenarios, which evaluate committed and planned quantities of
water, consider the need to meet the water demand requirements of
other surrounding uses, particularly those required to be maintained
by Provincial or Federal law such as wastewater assimilation flows or the ecological flow requirements of a
coldwater fish habitat.
Municipalities usually implement physical solutions (e.g., storage reservoirs, peaking / backup intakes) and water
conservation measures to reduce the amount of instantaneous water demand required from a primary drinking
water source or to reduce the community’s overall water demand. These types of measures increase a
municipality’s ‘tolerance’ to short-term source water shortages. Tolerance is evaluated to determine whether an
existing system is capable of meeting peak demand.
Part III.2 – Subwatershed water budgets
26. Delineate a local area in respect of every surface water intake in the source protection area relating to an existing or planned type I, II or III
system that takes water from a subwatershed assigned a surface water stress level of significant or moderate in accordance with rule 23.
27. Delineate a local area in respect of every well in the source protection area relating to an existing or planned type I, II or III system that
takes water from a subwatershed assigned a groundwater stress level of significant or moderate in accordance with rule 23.
28. A local area delineated in accordance with rule 26 or 27 may be delineated in respect of one or more surface water intakes or wells
relating to one or more planned or existing type I, II, or III systems, but shall not be delineated to include the intakes and wells related to those
systems.
30. For every local area delineated in accordance with rule 26 or 27, prepare a Tier Three water budget for the local in accordance with Part IX
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for the purpose of determining if the local area should be assigned a risk level of significant, moderate or low.
30.1 If the information required to delineate a local area or to complete a Tier Three water budget in accordance with rules 30 cannot be readily
ascertained, the assessment report shall include,
(1)

a plan that includes a work schedule for ascertaining the information necessary to delineate the local area or complete the Tier Three
water budget, including any additional work that must be carried out under these rules as a result of ascertaining this information; and

(2)

if, after completing the work the source protection committee becomes aware that the assessment report is no longer accurate or
complete, an estimate of the date by which the source protection committee expects an updated assessment report would be submitted
to the Director under section 19 of the Act.

The term “local area’ is introduced in the MOE Directors Rules - Part III.2 - to focus the water budget
assessment around drinking water wells or intakes. For a surface water intake, the local area corresponds to
the drainage area that contributes surface water to the intake and the area that provides recharge to an aquifer
that contributes groundwater discharge to the drainage area.
The local area for a well is created by combining the following areas:
(i)

The cone of influence of the well;

(ii)

The cones of influence resulting from other water takings where those cones of influence
intersect that of the well; and

(iii)

The areas where a reduction in recharge would have a measurable impact on the cone of
influence of the well.

Some guidelines for the definition of the cone of influence are provided later in this section. For one or more
wells that draw water from an aquifer, the cone of influence is the area within the depression created in the water
table or potentiometric surface when the wells are pumped at their allocated pumping rate.
5.1

METHODOLOGY

The steps for completing a Tier Three water budget and local area risk assessment are listed below:
1) Develop the Tier Three water budget model. The surface water and groundwater models should be
based on conceptual models representing detailed conditions around wells and intakes. The models
should be calibrated to represent typical operating conditions under average and variable climate
conditions.
2) Characterize municipal wells and intakes. The Tier Three assessment requires a detailed
characterization of wells and intakes, specifically identifying the low water operating constraints of those
wells and intakes.
3) Estimate allocated quantity of water. This task compiles and describes existing, committed, and
planned pumping rates for municipal wells.
4) Identify and characterize drinking water quantity threats. Drinking water quantity threats should include
municipal and non-municipal consumptive water demands as well as reductions to groundwater
recharge.
5) Characterize projected land use. An evaluation of the potential impact of projected land use changes
on water supplies should be included; this involves a comparison of official plans with current land use
and incorporates assumptions relating to imperviousness of future developments.
6) Characterize other water uses. Identification of other water uses (e.g., provincially significant wetland)
that might be influenced by municipal pumping and their water quantity constraints.
7) Delineate vulnerable areas. The groundwater quantity vulnerable areas, WHPA Q1 and WHPA Q2,
should be delineated using the Tier Three water budget model. WHPA Q1 is delineated by computing
the drawdown cone for the municipal wells with existing plus committed plus planned rates. WHPA Q2
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identifies additional areas, over those in WHPA Q1, where recharge reductions in those areas results in
a measurable impact to water levels at municipal wells. The surface water quantity vulnerable area, IPZ
Q, includes both the drainage area that contributes surface water to the intake and the area that
provides recharge to an aquifer that contributes groundwater discharge to the drainage area.
8) Evaluate risk scenarios. These scenarios consider the allocated quantity of water for each well and
intake, average and drought conditions, and projected land use. The scenarios should be evaluated
both in terms of the ability to pump water at each well or intake and where required the impact to other
water uses.
9) Assign risk level. A risk ranking (low, moderate, significant) should be assigned to each of the
vulnerable areas based on the results of the risk scenarios. An uncertainty level (high, low) must
accompany each risk ranking.
10) Identify drinking water quantity threats and areas where they are significant and moderate. Drinking
water quantity threats, such as consumptive uses or reductions in recharge, within the vulnerable areas
must be identified.
The following sections of this chapter further describe the above tasks including reference to the relevant MOE
Technical Rules.
5.2

TIER THREE WATER BUDGET MODELS

The surface water and groundwater models should be based on conceptual models representing detailed
conditions around wells and intakes. The models should be calibrated to represent typical operating conditions
under average and variable climate conditions.
The selection of a water budget model and modelling approach should consider the following:


The model must be able to simulate steady-state and transient flow for both average and drought
conditions;



The model must be able to represent a detailed hydrologic and/or hydrogeologic conceptual model,
particularly near the well or intake;



If required, the modelling approach should attempt to integrate surface water and groundwater models
by considering shared hydrologic processes (e.g., groundwater recharge, baseflow); and,



Tier Two models may be used and refined for the Tier Three assessment if it can be shown that they
can accommodate for the above.

Figure 5-1 illustrates the integration of separate groundwater and surface water modelling efforts for a typical
Tier Three water budget. As shown in this figure the surface water models are each calibrated according to
different datasets and criteria. However, information is passed between the two modelling efforts to ensure that
each of the models represent shared hydrologic processes similarly. As an example, simulated steady state and
transient groundwater recharge rates from the surface water model are passed through to the groundwater
model. In addition, the simulated streamflow values from the surface water model and the groundwater
discharge values from the groundwater flow model are compared.
The following sections describe some of the specific considerations for surface water and groundwater model
development.
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Figure 5-1 Integration of Groundwater and Surface Water Models
(AquaResource, 2010a)
5.2.1 Surface Water
The objectives of the Tier Three assessment for surface water
sources include the estimation of the reliability of municipal surface
water intakes. The Tier Three modelling approach must simulate
The Tier Three surface water
flow and water elevations at an hourly time step, or smaller, at the
model will simulate continuous
location of an intake as accurately as possible given the amount
hydrologic conditions over a long
and quality of available data. The approach must consider existing
period of hourly climate record.
land use and projected land-use changes, as well as any hydraulic
flow controls upstream or downstream that might have an effect on
water flow or level at the intake; must simulate streamflow and water levels at any downstream other water user
locations; and must incorporate upstream water users posing a threat to the municipal water source.
The model will predict the reliability of surface water sources to meet average and peak daily requirements –
where reliability is defined as the percentage of days during a simulation period that allocated water demands
can be met from the source.
In addition to calibrating to average and peak flows, the model must have an acceptable low-flow calibration.
Simulating low-flow conditions may require additional effort to represent groundwater/surface water interactions,
drought conditions, wetland influence, and reservoirs, than is typically encountered in a surface water modelling
study.
For river-based municipal water sources, the water budget modelling should be able to simulate the hourly
streamflow as this dictates the ability of the intake to meet the municipal demand at any point in time. The model
will be used to estimate the number of occurrences that the municipality may not be able to meet its current or
planned demand from a river.
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For lake or reservoir municipal water sources, the model should simulate lake water levels in relation to the
elevation of an intake. The presence of a reservoir control structure may complicate the assessment due to
known or unknown operating conditions. The model should represent the water balance of a lake (i.e. inflows,
evaporation, groundwater / surface water interactions), and it should be able to simulate lake water level
response to drought conditions.
5.2.2 Groundwater
The Tier Three water budget for groundwater supplies will estimate if existing and planned groundwater wells
can sustain their allocated pumping rates. The water budget model must simulate both steady-state and
transient flow conditions.
A refinement of the Tier Two groundwater model may meet the
The Tier Three Models should be
calibrated to reflect typical
requirements for the Tier Three assessment; however, the Tier
average climate conditions as well
Two model may not have been developed and calibrated to the
as the response to historical
scale of wellfield conditions. Before undertaking Tier Three
climate variability.
modelling, a review of the work should be undertaken at the Tier
One and Tier Two levels to refine the conceptual understanding in
the local area of the water supply system. The adequacy of the
available monitoring data to meet the objectives of the Tier Three modelling study must also be assessed. If
there is insufficient data available for the Tier Three analysis (for example, to calibrate the water budget model) it
is advised that data gathering efforts be incorporated into the Tier Three workplan.
When assessing potential impacts of increased demands on other water uses a detailed conceptual model of
the processes effecting groundwater/surface water interactions will need to be developed. The model will need
the capability to represent the conveyance of water between the groundwater system and the surface water
system. Data requirements for calibration purposes may include baseflow observations, stream or wetland
piezometric levels, and geomorphic characterization of surface water substrate materials. Pumping tests
performed to identify linkages between deeper and shallow groundwater may also be useful to understand
potential interactions. The models may also be calibrated to longer-term pumping conditions to demonstrate
and validate the model’s ability to represent aquifer conditions under typical pumping and seasonal conditions.
The steady-state Tier Three modelling and calibration approach should focus on the accuracy of simulating
average daily pumping rate and drawdown at municipal wells. The modelling should also simulate impacts from
water takings, related to permitted water users and non-permitted water use where significant. The approach
must be able to consider land use and projected land use changes as they affect recharge to groundwater, and
should represent groundwater discharge to streams and any other relevant groundwater/surface water
interactions. The transient modelling approach builds upon the steady-state approach to estimate the response
of aquifers to long-term drought conditions and, therefore, the model’s ability to represent long-term climate and
seasonal conditions should be verified. The transient model will include monthly variability of groundwater
recharge and will also include monthly variability in municipal pumping where necessary to simulate operation of
the system.
To meet the above requirements, the calibration of a Tier Three water budget model for groundwater wells may
be more extensive than experienced in other types of groundwater studies. Typical groundwater model
calibration approaches focus on simulating average (steady-state) conditions. The groundwater model
calibration efforts should include transient conditions which may include long-term pumping tests as well as
aquifer response to seasonal and drought conditions. The transient calibrated model may also be required to
represent the seasonal variability of groundwater discharge and assess impacts to other water uses. The
following figures illustrate calibration results for the MNR Tier Three Pilot Project in the Orangeville area
(AquaResource, 2011). They show how the model was calibrated to a long-term pumping test and verified to
represent long-term aquifer response to varying climate and pumping rates.
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Figure 5-2 Groundwater Model Calibration Results from MNR Tier Three Pilot Project
(AquaResource, 2011)
5.3

CHARACTERIZE EXISTING AND PLANNED SYSTEMS

The Tier Three assessment requires that drinking water sources be characterized with the greatest level of detail
possible. There are two broad categories of intakes and wells; existing and planned, which can be further
classified as follows:
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Existing – Active / Operating. Existing active intakes and wells are used by municipalities to meet
typical water demands.



Existing – Backup or Peaking. Many municipalities maintain permitted intakes or wells for backup or
peaking purposes. The role of these intakes or wells in meeting committed or planned allocated
quantity of water needs to be considered when evaluating the scenarios. As an example, they may be
converted into full-time operating wells if possible to meet increase in demands.



Existing – Inactive Intakes / Wells. Municipalities may have intakes or wells which are currently
permitted but are inactive. Wells may be inactive for several reasons, which might include poor water
quality or a need for rehabilitation.



Planned – Constructed. This category refers to constructed water supply wells or intakes that have
been proven to supply water, but may or may not yet be permitted or connected to the municipality’s
distribution system. In order to be considered a planned system, the well or intake must be part of a
preferred solution as part of an environmental assessment.



Planned – Unconstructed. This category might refer to a location that has undergone some type of
hydraulic testing and been subject to an environmental assessment, but where there has not been a
suitable supply well drilled or constructed. As an example, only a test hole may have been drilled or
tested at the location. In order to be considered a planned system, the well or intake must be part of a
preferred solution as part of an environmental assessment.

The Clean Water Act provides specific instructions on the criteria that should be followed in order to consider an
intake or well as part of its planned system as defined below:
Definition of “planned”
In the Act and regulations, “planned” means, with respect to a drinking-water system, a drinking-water system that is to be established, or a
part of a drinking-water system that is to be established, if,
a)

approval to proceed with the establishment of the system or part has been given under Part II of the Environmental Assessment
Act,

b)

the establishment of the system or part has been identified as the preferred solution within a completed planning process conducted
in accordance with an approved class environmental assessment under Part II.1 of the Environmental Assessment Act and no
order has been issued under subsection 16 (1) of that Act, or

c)

the system or part would serve a reserve as defined in the Indian Act (Canada). O. Reg. 286/07, s. 1.

The above definition implies that for a well or intake to be included within the planned system, a municipality
must be confident that the well or intake can produce water as intended. The requirement to have included the
planned system within an Environmental Assessment provides further assurance of the viability of this well or
intake.
A detailed inventory of the physical construction data, operations, and monitoring of the municipal intakes and/or
wells should be completed. At a minimum, information must include the physical and operational constraints of
the intakes with respect to the maximum amount of water they can supply as summarized below:


Permit Details. Where possible, original copies of Permits to Take Water should be compiled;



Historical pumping records;



Water level monitoring;



Well completion details (i.e., open hole depth, well screen top and bottom depth, position of well screen
with respect to the aquifer, casing and screen construction, casing survey data);



Maintenance records (i.e., typical pre- and post-rehabilitation well yields, rehabilitation frequency);



Surface water intake details (i.e., elevation of intake, minimum water level or streamflow required to
operate intake);
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Safe Water Level Definition. The team must estimate or calculate the safe water level at each well or
intake. The safe water level corresponds to the minimum groundwater or surface water elevation that
can be sustained while pumping at the intake;



Maximum Yield or Sustainable Yield Estimate. Many municipalities have records or estimates of
maximum yield or sustainable yield for their wells, and this information should be compiled. These
estimates may be less than the permitted rates and therefore will be considered when defining the
allocated rate for each well. These estimates will be important for planned wells or intakes where
permits are not yet in place; and



Operational procedure and maintenance information.

Much of the information may have already been compiled as part of the watershed characterization report,
municipal water supply strategy, or vulnerability assessments; and coordination with these activities should be
considered to ensure consistent use of data.
The Tier Three Assessment evaluates if the wells or intakes can meet their allocated rates in a series of
scenarios. Before completing this evaluation, the safe additional drawdown at each well or intake needs to be
established. Safe additional drawdown is defined as the additional depth that the water level within an aquifer or
water body could fall and still maintain that well or intake’s allocated pumping rate. It refers to the additional
drawdown that is available over and above the drawdown created by the existing conditions pumping rate. The
safe additional drawdown for a municipal well or intake is the difference between the existing pumped water
levels and the safe water level elevation established by the municipality or the operators.
The following components need to be evaluated to calculate the safe additional drawdown for municipal wells:
1) Safe water level elevations. The lowermost elevation within the municipal pumping well that an
Operator can pump a well: this elevation may be related to the well screen elevation, pump intake
elevation or similar operational limitations. In situations where a pump intake lies above a well screen,
the top of the well screen may be used as the safe water level elevation because the pump intake could
be dropped in the future.
2) The elevation of the pumped water level within the pumping well from the existing conditions year. The
elevation can be determined by examining water level hydrographs derived from data loggers within the
municipal pumping well(s). Figure 5-3 illustrates an example of the derivation of the existing water level
elevation for a typical municipal supply well.
3) Estimated non-linear well losses at each well. In-well losses refer to the difference between the
theoretical drawdown in a well and the observed drawdown due to factors such as turbulence in the well
as water flows into the pump. These well losses need to be considered as the additional available
drawdown refers specifically to the water level in the well and not the average water level in the aquifer
outside the well. These in-well losses need to be calculated or considered for the incremental increase
in demand from the existing to the allocated rates. The two components of observed drawdown in a
given pumping well are described in the following equation (Jacob, 1947; Hantush, 1964; Bierschenk,
1963);
∆sin-well = BQ + CQ2
where s is drawdown, Q is the pumping rate, B is the aquifer loss coefficient, which increases with time
(Theis, 1935), and C is the well loss coefficient, which is constant for a given pumping rate. The first
term of the equation (BQ) describes the linear component of the drawdown (i.e., doubling the pumping
rate leads to a doubling of the drawdown). This term accounts for the head losses in the formation in the
vicinity of the well. The second term of the equation (CQ2) describes the non-linear well-loss
component of drawdown (Jacob, 1947) in the well itself: this is the additional component that was
quantified in this assessment.
Non-linear in-well losses can be estimated using step test results. Step tests are hydraulic tests where
a pumping well is pumped at a series of pumping rates and the drawdown throughout the test is
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recorded. Well loss coefficients can be calculated by plotting graphs of specific drawdown (drawdown
divided by pumping rate) against time for the individual step tests. Plotting the specific drawdown
against time (time since the start of the test) will yield observation points that lie along a straight line as
drawdown increases with increasing time. The slope of the line of best fit is equal to the well loss
coefficient (C), which can be used in the following equation (Jacob, 1947) to calculate the drawdown
due to in-well losses for the increased pumping from Existing to the Allocated Rates:

where Q2008 is the existing (2008) pumping rate, and ∆Q represents the increase in pumping from
existing to the allocated rates.
Alternately, the Kasenow (1998) method uses pumping rates and stabilized drawdown values for
consecutive steps in the test to calculate the constants B and C in the Jacob (1947) equation presented
above. For wells where step test data was unavailable, or where the safe additional drawdown is large,
rules of thumb could be used to estimate the well loss coefficients (see Walton, 1962, p.27).
Professional judgment should be used to assess the in-well losses and their contribution to the safe
additional drawdown. Well losses typically increase with the age of the well and decrease after well
rehabilitation. As the in-well losses vary through time, current step test data should be used whenever
possible in these assessments especially where the model predicted drawdown approaches the safe
additional drawdown.
In addition to in-well losses, convergent head losses should be assessed for those studies that use MODFLOW
groundwater flow models. MODFLOW groundwater flow models calculate the average water level in the grid
blocks that contain municipal pumping wells. Since the size of the well in the real world is small compared to the
typical grid block in the model, the drawdown at the pumping well will always be greater than the drawdown
predicted by MODFLOW in the model cell. Therefore, the model results need to be adjusted to compare
simulated drawdown at a well against safe available drawdown. The additional head losses that occur between
the average water level in a grid block and the pumping well are referred to as the convergent head losses. For
each municipal production well, the additional drawdown due to convergent head losses can be approximated
using the following equation (Peaceman, 1983):

where ΔQ is the increase in the pumping rate with respect to 2008 conditions, T is the cumulative transmissivity
of the model layers across which the well is screened, Δx is the MODFLOW grid spacing, and rw is the radius of
the pumping well.
Figure 5-3 illustrates the calculation of safe additional drawdown, in the existing conditions year (2008) for a
municipal well (AquaResource, 2011). As illustrated on the figure, the safe water level elevation was established
as 434.75 masl and the minimum pumped water level during the 2008 period was approximately 442.25 masl.
In this case, the in-well losses and convergent head losses were found to be negligible. The safe additional
drawdown for the municipal well relative to 2008 pumping conditions was estimated to be 7.5 m. If drawdown in
this municipal well under any of the Tier Three Risk Assessment model scenarios exceeds 7.5 m, the well may
have difficulty meeting its allocated rate for that scenario.
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Figure 5-3 Calculation of Safe Additional Drawdown
5.4

ALLOCATED QUANTITY OF WATER

The scenarios evaluated for the local area risk assessment requires that an allocated quantity of water be
specified for each existing and planned well or intake. The allocated quantity of water is estimated from the
committed and/or planned water demand that is in addition to existing pumping rates.
Figure 5-4 illustrates how the committed and planned demand relates to the allocated quantity of water assigned
to an existing or planned intake.
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Figure 5-4 Allocated Quantity of Water for an Intake or Well
Existing, committed, and planned demand are calculated as follows:


Existing Demand. Existing demand is estimated as the average pumping during the study period.
Maximum monthly and maximum daily demands should also be estimated for the study period based
on historical trends.



Committed Demand. As defined in the Technical Rules, Committed Demand refers to the increase in
the quantity of water provided by a drinking water system that would be required if the area served by
the system were developed in accordance with the official plans for the area to an extent that would
result in the greatest use of drinking water. Committed plus existing demand cannot be greater than the
permitted pumping rate or the water treatment plant certificate of approval.



Planned Demand. Planned demand is generally defined as the maximum quantity of water that can
lawfully be taken. On an average annual basis, planned demand may be lower than the Permitted Rate
as it is typically not sustainable to pump a well at its Permitted Rate on a continuous basis.
Furthermore, a municipality will typically need to pump at higher rates over a shorter period of time to
account for shorter term variations in demand. The planned demand may be higher than the permitted
rate in situations where a municipality expects approval to increase the permitted rate.

One of the following situations may be encountered when estimating the allocated quantity of water for a well or
intake:


No Committed and No Planned Demand. There will be many situations where an existing intake or
well is pumping water at or below its capacity, and the municipality has no intention of increasing
pumping at that intake or well in the future;



Committed Demand and No Planned Demand. The municipality expects to increase pumping at a
well or intake, and the increase in pumping is required to service new developments in the near future;



No Committed Demand and Planned Demand. The municipality expects to increase pumping at the
well or intake sometime in the future, but there are no immediate developments expected to rely on that
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water. In this situation, the allocated rate may be greater than the permitted rate if the municipality can
reasonably expect to get approval for an increase to their permitted rate.


Committed Demand and Planned Demand. The municipality expects to increase pumping at the
well or intake at some point in the future. A portion of this increase in pumping is required to service
new developments in the near future and the remainder will be used to meet water demands of the
official plan. In this situation, the allocated rate may be greater than the permitted rate if the municipality
can reasonably expect to get approval for an increase to their permitted rate.

It is recognized that when dealing with a large integrated municipal system it might be difficult to estimate
specific allocated rates for each well. There will be uncertainty when choosing the combinations, locations, and
well yields required to meet committed and planned demands. A series of optimization scenarios may be
required to estimate the most appropriate distribution of demands across wells or intakes.
The total allocated rate for all wells or intakes may be less than what the Municipality requires to meet its
population growth plans. Where this is the case, the Local Area Risk Assessment should identify the situation
where the Allocated Quantity of Water is not sufficient to meet the municipality’s growth plans.
5.5

IDENTIFICATION OF POTENTIAL DRINKING WATER QUANTITY THREATS

The Technical Rules identify two types of drinking water quantity threats as follows:


Consumptive water taking defined as an activity that takes water from an aquifer or a surface water
body without returning the water taken to the same aquifer or surface water body; and



Any activity that reduces recharge to an aquifer.

This stage of the assessment will identify all potential threats within the vulnerable areas, and these threats will
be incorporated into the Tier Three scenarios. Risk levels for these threats are assigned after the risk
assessment is completed.
These two types of threats are described in the following sections.
5.5.1 Consumptive Water Demand
The estimated consumptive water demand for permitted and non-permitted users should be carefully reviewed
and refined to ensure that the Tier Three Assessment represents the best understanding of water use. Nonmunicipal water users may include permitted and non-permitted water users. Official plans must be used to
identify projected land uses that will require water, and where possible reliable projected water demands might
be assigned to these future land uses. All consumptive water users, regardless of the amount of water used, will
be identified as a water quantity threat for the Water Quantity Risk Assessment. Appendix B provides a
recommended approach for practitioners to estimate consumptive water demand.
A database of the permitted water users should be maintained using an approach consistent with that discussed
in Appendix B. This database will also be used in the planning process to rank the significance of each of the
threats following the risk assessment.
For the Tier Three Assessment, the recommended approach will involve additional effort to collect and confirm
water demand estimates. Additional effort may include:


Review of the Ministry of Environment’s Water Taking Reporting System (WTRS) to incorporate actual
reported pumping rates for permit holders;



Review of monitoring reports and discussions with permit holders to ensure that site conditions and
operating practices are incorporated into the consumptive demand estimate, if possible; and



Site visits if warranted to better estimate consumptive water use.

Increases in anticipated non-municipal water demand should be estimated where there is sufficient information
available to do so. As an example, where there are areas within the study area which are designed for a specific
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land use with known water demands, those demands can be estimated and incorporated into the risk
assessment.
5.5.2 Projected Land Use
In addition to consumptive water uses, the Technical Rules identify reductions in groundwater recharge as being
potential water quantity threats. The Tier Three scenarios must consider the impact of existing and projected
land development on groundwater recharge and consequently the impact on water supplies.
The following steps to characterize potential recharge reductions are recommended:
1) Create a map of existing land use.
2) Create a map of projected land use (Official Plan).
3) Identify areas of land use change by comparing projected land use against existing land use.
4) Estimate the projected change in imperviousness for each of the areas of land use change. This will
require making assumptions relating to the imperviousness of land use categories.
5) Create a map of projected imperviousness changes for areas of land use change.
The potential impact of stormwater management measures and low impact developments should not be
accounted for when estimating imperviousness changes for future land use.
The following figure illustrates areas of future land use change for the MNR Tier Three Pilot project. The map
was prepared by assembling a composite Official Plan map for neighbouring municipalities and assigning
consistent land use codes for the map. The Official Plan map was then overlain in a GIS with current land use
map to identify areas where land use could change.
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Figure 5-5 Land Use Change
(AquaResource, 2011)
5.6

IDENTIFY AND ASSESS OTHER WATER USES

The Local Area Risk Assessment is carried out to assess not only if wells or intakes can meet their allocated
rates, but whether committed or planned demand can be met while maintaining the requirements of other water
uses in the area. The Tier Three Water Budget should identify all other water uses and compile or estimate
water quantity requirements for them where possible.
The Technical Rules identify these other uses as follows:
99. For the purposes of Part IX.2, a reference to “other water uses” means,
a.

waste water assimilation,

b.

other water takings including agricultural, commercial and industrial water takings,

c.

navigation,

d.

recreation,

e.

aquatic habitat, and

f.

a provincially significant wetland.

The Tier Three Water Budget should identify other water uses on a map, and provide supporting text and
analysis describing the nature of those uses and estimates of their water quantity requirements.
In a practical sense, it may not be possible or feasible to quantify the amount of water that may be required by
another use to maintain the viability of that use. As a result, the data gathering exercise may be semiquantitative and may also identify ranges of water quantities that may be associated with a viable use. For
example, a municipality may have drinking water wells in the vicinity of a coldwater fishery. It is understood that
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it may not be possible to estimate specific water quantity requirements for this fishery given the natural seasonal
and long-term variability in streamflow. However, historical streamflow trends in the vicinity of that fishery as well
as observed trends in the health of that fishery may be documented.
The Local Area Risk Assessment, where required, will need an assessment to determine whether or not the
impacts of increased pumping rates will have a negative impact on water uses.
5.7

DELINEATION OF THE VULNERABLE AREAS

5.7.1 Surface Water Quantity Vulnerable Areas (IPZ-Q)
A surface water intake protection zone shall include an area known as IPZ-Q if the related intake takes water
from a subwatershed assigned a surface water stress level of moderate or significant in accordance with a Tier
Two Subwatershed Stress Assessment. The Local Area and IPZ-Q is the drainage area that contributes
surface water to the intake and the area that provides recharge to an aquifer that contributes groundwater
discharge to the drainage area. Part VI.7 of the Technical Rules relates to the delineation of IPZ-Q.
Part VI.7 - Delineation of IPZ-Q
76. A surface water intake protection zone shall include an area known as IPZ-Q if the relating intake takes water from a subwatershed
assigned a surface water stress level of moderate or significant in accordance with Part III.4.
77. The boundary of the IPZ-Q described in rule 76 is the local area delineated in accordance with Part III.2 that relates to the surface water
intake.
78. The models required to be used by Part III in the preparation of the water budget for the local area shall be used to delineate IPZ-Q.

Figure 5-6 illustrates a fictitious IPZ-Q surface water quantity vulnerable area:

Figure 5-6 Example of IPZ-Q Surface Water Quantity Vulnerable Area
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The following considerations apply when delineating IPZ-Q.


Surface Water Drainage Area. The entire contributing surface water drainage area upstream of the
surface water intake is included in the IPZ-Q.



Additional Areas. In some cases, groundwater recharge entering an adjacent watershed may flow into
and discharge to the contributing area. Those areas contributing groundwater recharge are also
included in the IPZ-Q.

5.7.2 Groundwater Quantity Vulnerable Areas (WHPA-Q1 and Q2)
WHPA-Q1 and WHPA-Q2 are the Groundwater Quantity Vulnerable Areas and are the same as the local area
delineated for groundwater supplies. WHPA-Q1 and WHPA-Q2 are to be estimated if the related well takes
water from a subwatershed assigned a groundwater stress level of moderate or significant in the Tier Two
subwatershed stress assessment. The Technical Rules highlighted below, provide instruction on delineating
WHPA-Q1 and WHPA-Q2.
Part V.5 – Delineation of WHPA-Q1 or WHPA-Q2
53. A wellhead protection area shall include all of the following areas if the relating well takes water from a subwatershed assigned a
groundwater stress level of moderate or significant in accordance with Part III.4:
(1)

Area WHPA-Q1, being the combined area that is the cone of influence of the well and the whole of the cones of influence of all other
wells that intersect that area.

(2)

Area WHPA-Q2, being the area described in sub-rule (1) and any area where a future reduction in recharge would significantly impact
that area.

54. The model used in Part III to prepare the water budget for the local area that contains the well described in rule 53 shall be used to
delineate WHPA-Q1 and WHPA-Q2.

The following figure illustrates the WHPA-Q2 delineated to include the area with 1 metre or more of drawdown
and other areas where recharge reductions may influence water levels at municipal wells (AquaResource,
2011).

October 2011

94

TIER THREE WATER BUDGET AND LOCAL AREA RISK ASSESSMENT

Figure 5-7 Example of Groundwater Quantity Vulnerable Areas WHPA-Q2
(AquaResource, 2011)
The following considerations may apply when delineating WHPA-Q1 and WHPA-Q2.


Drawdown Cone. WHPA-Q1 is delineated by estimating the cone of influence for the existing land use
and existing plus committed plus planned pumping rates scenario. The cone of influence is estimated
by calculating the maximum water level drawdown for the scenario as compared to the aquifer
drawdown under non-pumping conditions. The drawdown cone used to delineate the WHPA-Q1
should be based on the existing plus committed plus planned pumping rates for the existing and
planned municipal wells. In addition, the drawdown cone will be intersected with the drawdown cone
from all other consumptive water users in the study area. Figure 5-7 above illustrates the drawdown
cone simulated for the MNR Tier Three Pilot Project (AquaResource, 2011) under the existing land use
scenario and existing plus committed plus planned pumping rates.



Drawdown Threshold. The extent of the cone of influence should be determined by selecting an
appropriate drawdown threshold. When estimating this threshold several factors should be considered
including: observed seasonal fluctuations of the water level in the aquifer, and any field observations of
the extent of the cone of influence based on monitoring. For the MNR Tier Three Pilot Project
(referenced above in Figure 5-7), the drawdown threshold was selected to be 1 meter, approximately
equal to the seasonal water level fluctuations in the water supply aquifer.



WHPA-Q2 Reductions in Recharge. By definition the WHPA-Q2 includes the WHPA-Q1 and any area
where a future reduction in recharge would significantly impact that area. When identifying an area
where a future reduction in recharge might occur, reference must be made to a municipality’s Official
Plan (OP) to identify lands where new development could occur. Furthermore, consideration must also
be given to the maximum amount of recharge reduction that might result from these developments
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without the influence of stormwater best management practices (e.g., Low Impact Development). In
order for an area to be delineated as WHPA-Q2 outside of the WHPA-Q1, it must be shown through the
scenarios that recharge reductions in that area might result in a measurable impact on water levels at
the municipal pumping wells.
5.8

EVALUATE RISK ASSESSMENT SCENARIOS

The Local Area Risk Assessment requires that a series of scenarios be evaluated to ensure that existing and
planned wells will be able to meet their Allocated Rates in average and drought conditions. These scenarios are
listed in the Technical Rules. Appendix A contains a technical bulletin that was (Part IX Local Area Risk Level,
April 2010) written to clarify the scenarios and provide additional guidance on how to evaluate the scenarios
while the technical rules were being updated.
The bulletin provided:


The assessment of the circumstances in which significant and moderate local area risk levels are
assigned, by providing tables that link the type of system, temporal and landscape scenarios and the
circumstances for each scenario;



The application and evaluation of “tolerance” and “other uses”, as part of the assessment of
circumstances. This method would clearly align with the method used to evaluate the risk of water
quality threats through an assessment of circumstances:
By undertaking the risk assessment following the tables provided in this technical bulletin, the tables
would clearly guide the application of tolerance only to existing municipal systems and only when
average demand can be met but peak demands cannot.
Also, the tables would clearly guide the consideration of “other uses” only for planned municipal
systems or existing municipal systems with committed demand for average conditions. Other uses
would not be considered for existing systems or drought scenarios.



The introduction of thresholds when considering “other uses” for the reduction of groundwater
discharge-surface water flows (because of increased groundwater pumping) for cold water fisheries in
headwaters of rivers and streams;



The introduction of professional judgement (unacceptable impacts or measurable but potentially
unacceptable impacts to regulated water levels and/or flows or permits, aquatic habitat of river systems
and provincially significant wetlands) to assist in assigning risk levels to local areas; and,



The clarification of terms used in the evaluation of Risk Level under Part IX of the Technical Rules, such
as allocated and committed demands

The result is an assigned level of risk to the local area thereby eliminating the term “exposure”, which becomes
irrelevant following the proposed alternative approach and tables of circumstances.
The following explanatory notes describe how the scenarios in sections 5.8.1 and 5.8.2 should be interpreted
and evaluated to assign a risk level to the local area.
Time Period: defines the period of time that each scenario is required to evaluate. The term ‘climate data
period’ refers to the entire period for which adequate climate and stream flow data are available for the local
area.
Land Cover of the Local Area: refers to the representation of land cover within the local area when
evaluating a scenario.
 ‘Existing’ indicates that the scenario should consider the existing amounts of impervious and nonimpervious areas in the local area.
 ‘Projected Demand and Reduction in Recharge’ indicates the scenario should consider changes in
impervious areas in the local area, as projected by the official plan
 ‘Reduction in Recharge’ should consider the amounts of impervious and non-impervious areas in the
local area assuming development occurred as projected in the municipality’s official plan.
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Allocated Quantity of Water: sets out how the ‘allocated quantity of water’ should be determined for each
scenario.
 ‘Existing Demand’ means the portion of the allocated quantity of water that is taken by the intake of
every existing type I, II, or III system in respect of which the local area has been delineated.
 ‘Committed Demand’ means the portion of the allocated quantity of water that is the ‘committed
demand’, for the intake of every existing type I, II, or III system in respect of which the local area has
been delineated.
 “Planned Demand’ means the portion of the allocated quantity of water that is the annual quantity of
water that is anticipated to be taken by a well or intake of every planned type I, II or III system in respect
of which the local area has been delineated.
Other Permitted Water Takings: sets out how other water takings in the local area should be considered
when evaluating a scenario. However, for the purposes of this column, only water takers that are required
to obtain a permit to take water under the Ontario Water Resources Act should be considered.
 ‘Existing’ means determining for each permitted water taker the actual or estimated amounts of water
taken.
 ‘Anticipated’ means determining for those permitted water takers, where possible, the estimated
committed amounts of water that the water taker will take in the near future.
Model Simulation: sets out the modelling mode and minimum climate and pumping time periods for the
surface and groundwater models. For surface water, the model should simulate long term daily flow using
hourly timesteps, hourly precipitation data, and monthly pumping. For groundwater, the model should
simulate both steady state (using average annual recharge and monthly pumping) and transient (using
monthly recharge and monthly pumping) conditions.
Determination of Significant Risk / Determination of Moderate Risk: The ‘determination of significant
risk’ column identifies the rules that set out the determinations for a risk level of ‘significant’ for the
corresponding scenario. The ‘determination of moderate risk’ column identifies the rules that set out the
determinations for a risk level of ‘moderate’ for the corresponding scenario. Where, after evaluating a
scenario, no determination has been made for that scenario in accordance with a rule referred to in either of
these columns, the local area that is the subject of evaluation must be given a risk level of low.
5.8.1 Surface Water Scenarios
occurred as projected in the municipality’s official plan.

Table 5-1 lists the scenarios that should be evaluated for surface water systems. The scenarios should be
occurred as projected in the municipality’s official plan.
Table 5-1 Surface Water Risk Scenarios
Scenario

Time
Period

Land Cover of
the Local Area

Allocated
Quantity of
Water

Other
Permitted
Water
Takings

Model Simulation

Determination
of Significant
Risk

A

Climate
data
period

Existing

Existing
demand

Existing

Long term daily flow
using hourly climate
and monthly pumping

R103 (1)

B

Two year
or
greater
drought
period

Existing

Existing
demand

Existing

Long term daily flow
using hourly climate
and monthly pumping

R103 (1)
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Projected
demand and
reduction in
recharge

Existing plus
committed plus
planned
demand

Existing

Existing plus
committed plus
planned
demand

Existing

E (3)

Reduction in
recharge

Existing

Anticipated

F (1)

Projected
demand and
reduction in
recharge

Existing plus
committed plus
planned
demand

Anticipated

Existing

Existing plus
committed plus
planned
demand

Existing

Reduction in
recharge

Existing

Anticipated

E (1)

E (2)

F (2)

Climate
data
period

Two year
or
greater
drought
period

F (3)

Anticipated

R105
Long term daily flow
using hourly climate
and monthly pumping

R103 (2) or (3)

Long term daily flow
using hourly climate
and monthly pumping

R103 (4)

R105

The surface water scenarios are further described as follows:
Scenario A. Surface Water - Existing Demand, Average Climate
Scenario A evaluates the ability for existing surface water intakes to maintain existing pumping rates under a
long-term transient scenario. This scenario should be simulated using a calibrated surface water flow model in
continuous transient mode. Time steps should be hourly or smaller with hourly precipitation input; however, the
model can be configured to output results on a daily basis. The time period of the simulation should be as long
as possible--running from before the 1960’s, if possible, until present. The model should be configured to predict
stream flow and/or water levels at the intake, whichever best reflect the ability for the intake to maintain allocated
pumping rates. The model should account for any existing upstream consumptive water demands that may
influence stream flow or water levels at the intake.
Figure 5- 8 illustrates the results of a Tier Three Assessment for a Surface Water Intake (AquaResource, 2010).
This surface water intake is situated in a lake, and a low water level threshold was estimated based on other
water uses to be 201.8 masl. Average water levels in the lake were estimated for each day over the 1975-2005
period and compared to the threshold. As illustrated on Figure 5-8, the average daily water level remained
above the threshold each day.
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Figure 5-8. Example of Surface Water Tier Three Assessment – Scenario A
(AquaResource, 2009)
Scenario B. Surface Water - Existing Demand, Drought Conditions
Scenario B evaluates the ability for existing surface water intakes to maintain existing pumping rates under
drought conditions. This scenario should be simulated using a calibrated surface water flow model in continuous
transient mode. Time steps should be hourly or smaller; however, the model can be configured to output results
on a daily basis. The time period of the drought scenario should be long enough to encompass the drought
period which results in the lowest simulated streamflow or water levels during the period of record.
Impacts to other uses are not considered in the drought scenario. The drought scenario only evaluates the
ability for the intake to meet its allocated pumping rate.
Figure 5-9 illustrates the results for scenario B of a Tier Three Assessment for a Surface Water Intake
(AquaResource, 2009). This surface water intake is situated in a lake, and a low water level threshold based on
the elevation of the intake is 190.3 masl. Minimum water levels in the lake were estimated for the drought period
and compared to the minimum operating level of the intake. As illustrated on in Figure 5-9, the minimum water
level remained above the threshold through the drought scenario period.
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Figure 5-9. Example of Surface Water Tier Three Assessment – Drought Scenario B
(AquaResource, 2009)
Scenario E. Surface Water – Existing Plus Committed Plus Planned Municipal Demand, Average Climate
Scenario E evaluates the ability for existing surface water intakes to maintain existing plus committed plus
planned pumping rates under a long-term transient scenario. The scenario also evaluates impacts to other
water uses. The time period of the scenario will be the same as scenario A.
It is recommended that scenario E is broken down into a subset of three scenarios which are designed to
evaluate specific threats on pumping and other uses as follows:


Scenario E(1). This scenario will evaluate the impact of both municipal and non-municipal pumping,
imperviousness due to projected land use changes, and the impacts on other water uses.



Scenario E(2). This scenario will evaluate existing plus committed plus planned municipal pumping and
the impacts on other water uses.



Scenario E(3). This scenario will evaluate the impact of increased imperviousness and anticipated nonmunicipal water use on the water supply.

The goal of the above subset of scenarios is to develop a better understanding of the threats that may influence
the system or other uses. For example, if scenario E(1) illustrates that there might be an impact to other water
uses, scenarios E(2) and E(3) are used to evaluate whether or not those impacts are due to municipal increases
in pumping or due to reduction in groundwater recharge. If those impacts to other uses are shown to be a result
of the reduction in recharge, then the results would indicate that increases in municipal system may not pose a
risk to those other uses.
In addition to the above subset of scenarios, the evaluation of additional scenarios might need to be conducted
to assess specific situations.
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Scenario F. Surface Water – Existing Plus Committed Plus Planned Demand, Drought Conditions
The purpose of scenario F is to evaluate the ability of existing surface water intakes to maintain existing plus
committed plus planned pumping rates under drought conditions. The drought scenario does not evaluate
impacts to other water uses. The time period of the scenario is the same as scenario B.
Similar to scenario E, this scenario may be subdivided into scenario F(1), F(2), and F(3) which are designed to
evaluate the relative contribution of each type of threat on stream flow or water levels at an intake during drought
conditions.
5.8.2 Groundwater Scenarios
Table 5-2 lists the scenarios that should be evaluated for groundwater systems.
Table 5-2 Groundwater Risk Scenarios

Scenario

Time
Period

C

Climate
data
period

D

Ten year
drought
period

Land Cover of
the Local Area

Existing

Allocated
Quantity of
Water

Existing
demand

Other
Permitted
Water
Takings

Model Simulation

Determination
of Significant
Risk

Existing

Steady state
groundwater model
should simulate water
levels and flows using
average annual
recharge and monthly
pumping

R104 (1)

Transient
groundwater model
should simulate water
levels and flows using
monthly recharge and
monthly pumping

R104 (1)

Existing

Existing
demand

Existing

Projected
demand and
reduction in
recharge

Existing plus
committed plus
planned
demand

Anticipated

Existing

Existing plus
committed plus
planned
demand

Existing

G (3)

Reduction in
recharge

Existing

Anticipated

H (1)

Projected
demand and
reduction in
recharge

Existing plus
committed plus
planned
demand

Anticipated

Existing

Existing plus
committed plus
planned
demand

Existing

Reduction in
recharge

Existing

Anticipated

G (1)

G (2)

H (2)

Climate
data
period

Ten year
drought
period

H (3)

Determination
of Moderate
Risk

R106

Steady state
groundwater model
should simulate water
levels and flows using
average annual
recharge and monthly
pumping

R104 (2) or (3)

Transient
groundwater model
should simulate water
levels and flows using
monthly recharge and
monthly pumping

R104 (4)

R106

Scenario C. Groundwater - Existing Demand, Average Climate
Scenario C evaluates the ability for existing wells to maintain existing pumping rates under average climate
conditions. This scenario should be simulated using the calibrated Tier Three groundwater flow model in steadystate mode using a groundwater recharge distribution that reflects the long-term average climate.
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The model should be designed to predict groundwater levels in the aquifer at the location of municipal pumping
wells. The model should also predict groundwater levels and/or groundwater discharge rates associated with
other uses.
Scenario D. Groundwater - Existing Demand, Drought Conditions
Scenario D evaluates the ability for existing wells to maintain existing pumping rates under drought conditions.
This scenario should be simulated using the calibrated Tier Three groundwater flow model in continuous
transient mode. Transient groundwater recharge rates should be applied to the model over the drought period.
Monthly recharge rates are recommended; however, shorter time periods may be used if desired. Where
applicable, monthly variability in municipal pumping should also be represented by the model.
The intent of this scenario is to evaluate if wells will be able to pump their allocated rates during the drought
period. It is recommended that the drought period be selected to represent a continuous ten year period for
which precipitation records exist with the lowest mean annual precipitation. However, other methods of
identifying the drought period may be appropriate. Instead of focusing on a specific period, a scenario may be
created that includes a much longer period of climate record (e.g., 50 years) and that period would therefore
include a series of droughts.
Impacts of municipal pumping on other uses are not considered in the drought scenario.
The following figure illustrates the results of a drought scenario completed for the MNR Tier Three Pilot Project
(AquaResource, 2011). The drought scenario for this project was based on a long-term period of climate record
(1960-2005). Monthly groundwater recharge rates for this period were estimated from a calibrated continuous
surface water model (HSPF) and used as input into the transient groundwater flow model. The model then
simulates groundwater levels in the aquifer at each of the municipal wells. The chart illustrates water levels
under scenario D (existing conditions) and also for scenarios H1 and H2 (planned demands). As shown by the
results for scenario H1, simulated drawdown in the aquifer at one of the municipal wells falls below the safe
water level established for that well. For this scenario, it was assumed that the increased pumping rate would
not result in additional drawdown not accounted for in the model (e.g., well screen loses). This assumption would
not be valid if the base case has no pumping, and in this situation, the simulated drawdown for each scenario
should be adjusted to account for these extra losses not represented by the model.
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Figure 5-10 Interpretation of Drawdown Results for Drought Scenarios (AquaResource, 2011)
Scenario G. Groundwater - Committed and Planned Demand, Average Climate
Scenario G evaluates the ability for existing and planned wells to maintain existing plus committed plus planned
pumping rates under average climate conditions. This scenario should be simulated using the calibrated Tier
Three groundwater flow model in steady-state conditions using groundwater recharge rates that reflect long-term
average climate.
It is recommended that scenario G is broken down into a subset of three scenarios which are designed to
evaluate specific threats on pumping and other uses as follows:


Scenario G(1). This scenario will evaluate the impact of both municipal and non-municipal pumping,
recharge reductions (i.e., imperviousness increases) due to projected land use changes, and the
impacts on other water uses.



Scenario G(2). This scenario will evaluate the impact of municipal pumping on the water supply and the
impacts on other water uses.



Scenario G(3). This scenario will evaluate the impact of anticipated non-municipal pumping and
recharge reductions.

The goal of the above subset of scenarios is to develop a better understanding of the threats that may influence
the system or other uses. For example, if scenario G(1) illustrates that there might be an impact to other water
uses, scenarios G(2) and G(3) are used to evaluate whether or not those impacts are due to municipal increases
in pumping or due to reduction in groundwater recharge. If those impacts to other uses are shown to be a result
of the reduction in recharge, then the results would indicate that increases in municipal system may not pose a
risk to those other uses.
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In addition to the above subset of scenarios, the evaluation of additional scenarios might need to be conducted
to assess specific situations.
Scenario H. Groundwater - Committed and Planned Demand, Drought Conditions
The purpose of scenario H is to evaluate the ability for existing wells to maintain existing plus committed plus
planned pumping rates under drought conditions. The drought scenario does not evaluate impacts to other
water uses. The time period of the scenario is the same as scenario D. This scenario will include monthly
transient recharge rates and where applicable, municipal variable monthly pumping rates.
Similar to scenario G, this scenario may be subdivided into scenario H(1), H(2), and H(3) which are designed to
evaluate the relative contribution of each type of threat on streamflow or water levels at a well during drought
conditions.
5.8.3 Sensitivity Analysis of Scenarios
As described previously, the predictions made by surface water or groundwater models will reflect uncertainties
in the model’s input parameters. Although a model may be calibrated, those calibrated model parameters reflect
only one possible subset of a potentially infinite combination of model parameters that may also result in an
acceptably calibrated model. In order to account for the possible influence of uncertainty on the results of the
scenario analysis, the practitioner is required to assess a range of viable parameter values to investigate the
potential that the results of the scenario analysis may change after considering the influence of uncertainty.
The following steps are recommended to carry out a sensitivity analysis of the scenario results:
1) Estimate a likely range of values for key model parameters. This range may be selected manually
based on experience gained in a manual calibration, or they may be determined through the use of
parameter estimation algorithms such as PEST (Doherty, 2009). When using PEST, the practitioner
may be able to determine a confidence interval (e.g., 95%) of the parameter estimates providing that
sufficient calibration data is available for the model.
2) Prepare multiple model input files, each containing parameters that are within the range of likely values.
Run the model scenarios for each of these parameter sets.
3) Evaluate the results of the sensitivity simulations. In some cases, the practitioner may find that each of
the datasets for a particular scenario predicts the same result (e.g., water levels fall below safe water
elevation). Where this is the case, the practitioner will conclude that there is low uncertainty of the
results; however, in other cases only half of the parameter datasets may predict conditions of a high-risk
result. Where this is the case, the practitioner may conclude that there is a potential for municipal
systems not to pump allocates rates (e.g., high risk), but those results may have high uncertainty.
The above process may be completed manually or may be completed using automated methods. As an
example, the PEST software (Doherty, 2009) provides an algorithm referred to as a ‘Null Space Monte Carlo’
technique which will be able to conduct a large number of sensitivity simulations resulting in an estimated
probability that a specific condition may occur.
The Null Space Monte Carlo technique is used to generate multiple sets of model input parameters that are
based on a calibrated model. Each of the sets of model input parameters are geologically reasonable,
consistent with the conceptual model of the area, and each model is calibrated according to the statistical
measures used. PEST is able to create these models as parameters that are identifiable (part of the solution
space) will have a range of acceptable values due to uncertainty and noise in the data. PEST determines how
far within this range the parameter can move without significantly reducing the quality of the model calibration.
Similarly, for those unidentifiable parameters (the null space), a wide range of values could be applied without
negatively impacting the model calibration. PEST uses these two components of parameter space (solution
space and null space) to create parameter fields that yield a well calibrated model. The advantage of using the
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Null Space Monte Carlo is that once a groundwater model is calibrated, PEST can be used to complete the
numerical burden of re-calibrating multiple models with unique parameter fields.
In the Orangeville Tier Three Water Budget and Local Area Risk Assessment Study, the Null Space Monte
Carlo technique was used to create one hundred calibrated models based on the initial model calibration, which
simulated the existing conditions land use, and municipal pumping (2008 rates). The first step in the Null Space
Monte Carlo technique was to estimate a high and low range for PEST to modify each of the model input
parameters. Constraining the upper and lower bounds of the input parameters, allows PEST to vary the model
input parameters within ranges that are consistent with the modeller’s understanding and conceptualization of
the Study Area. PEST was allowed to vary the horizontal hydraulic conductivity of the Orangeville Moraine
hydraulic conductivity zone from 1x10-3 m/s to 1x10-6 m/s in each of the model simulations, until a suitable
conductivity (together with other conductivity zones) produced a calibrated model. Each of the model input
parameters is updated in this fashion, with PEST working to end up with a set of parameters that will yield a
calibrated model. Producing each calibrated model may take hundreds of runs, so the highest number of model
iterations per model run was restricted to 50. Limiting the number of iterations allowed more parameter sets to
be assessed in a more efficient manner. The aim of the manual calibration and the PEST calibration was to
update the hydraulic conductivities and the recharge values (within 10% of those specified in the base case) until
the model predicted hydraulic head and baseflow values closely matched observed head and baseflow values
(CTC Source Protection Region & MNR, 2010).
5.8.4 Tolerance
A municipality’s existing water supply system may be designed such that the wells or intakes alone cannot meet
peak water demands, but existing storage systems are in place for this purpose. The Technical Rules (Part
IX.1) specify that if the municipality’s system is able to meet existing peak demands, the tolerance level for the
existing system is assigned as high; otherwise, the tolerance is low.
Part IX.1 – Local Area, Evaluation of Scenarios
100. For the purposes of evaluating the surface water scenarios A and B in Table 4A and the groundwater scenarios C and D in
Table 4B, a tolerance level shall be assigned to the existing type I, II or III system which the local area relates that is the subject of
evaluation in accordance with the following:
(1)

A tolerance level of high if the existing system is capable of meeting peak demand during all assessment periods.

(2)

A tolerance level of low if sub-rule (1) does not apply to the existing system.

When an existing Drinking Water system has a low tolerance level, it can be assumed that the municipality has
experienced one or more instances in which it could not meet peak demand. In this circumstance, the local area
will be assigned a risk level of significant. If updates have been made to the system to remedy the situation the
tolerance is subsequently assigned as being high.
5.9

RISK LEVEL CIRCUMSTANCES

5.9.1 Surface Water
The results of the surface water scenarios are evaluated to determine the significant risk level for the local area.
Table 5-3 lists circumstances where, if they are present in a scenario, the local area will be assigned a significant
risk level.
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Table 5-3 Significant Risk Circumstances - Surface Water
Local Area - Significant Risk
Scenarios
A- Existing – average annual

B- Existing – 2 year or greater drought
period

E- Planned system, existing system with
committed demand, or reduction in
recharge – average annual

Circumstance
(1) A period of time would exist where the quantity of water that can be taken from the
surface water bodies in the local area would be insufficient to meet the allocated quantity
of water of the intake.
(2) A period of time would exist where the tolerance level assigned to the drinking water
system in accordance with rule 100 would be low.
(1) In respect of scenarios E1, E2, and E3, it is determined in any of those scenarios that a
period of time would exist where the quantity of water that can be taken from the surface
water bodies in the local area would be insufficient to meet the allocated quantity of the
intake.
(2) In respect of scenarios E1 and E2, it is determined in any of those scenarios that a
period of time would exist where the allocated quantity of water of the intake would result
in a reduction to the flow or level of water that constitutes an unacceptable impact to other
water uses.

F- Planned system, existing system with
committed demand, or reduction in
recharge – 2 year or greater drought
period

a) In respect of scenarios F1, F2 and F3, it is determined in any of those scenarios that a
period of time would exist where the quantity of water that can be taken from the surface
water bodies in the local area would be insufficient to meet the allocated quantity of water
of the intake.

In summary, the local area for a surface water system will be assigned a significant risk level if any of the
following results are observed in the scenarios:


At any time in any of the scenarios, the existing or planned intakes are not able to meet their existing, or
existing plus committed plus planned demands. This circumstance might be identified by the violation
of an equipment threshold (i.e., water level falling below intake) or a threshold that is dictated in the
municipality’s Permit to Take Water. The Permit to Take Water may specify that the minimum
streamflow must be above a specific threshold for the municipality to be able to pump water from that
intake. Alternatively, the Permit may indicate a streamflow statistic (e.g., 7Q20) that has to be
maintained in order to draw water from the surface water body.



The Tolerance is low in the existing scenarios (A or B), meaning that the drinking water system is not
able to meet peak water demands. This circumstance would typically be present in situations where an
existing municipal system has had historical recorded issues meeting peak demands.



Under scenario E(1) and E(2) (existing plus committed plus planned demand), the municipal takings
result in unacceptable impacts to other uses. In some situations, unacceptable impacts would be
clearly identified where an existing permit or Certificate of Authorization specifies a water level of flow
threshold. In other situations, consultation with other experts (e.g., ecologists) will be necessary to
determine if an impact is unacceptable.

Table 5-4 lists circumstances where, if they are present in a scenario, the local area will be assigned a moderate
risk level.
Table 5-4 Moderate Risk Circumstances - Surface Water
Local Area – Moderate Risk
Scenarios
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E - Planned system, existing
system with committed
demand, or reduction in
recharge – average annual

a) When evaluating the surface water scenarios E1 and E2 for a local area, the local area shall be
assigned a risk level of moderate, if a determination is made in any of those scenarios that a
period of time would exist where the allocated quantity of water of the intake would result in a
reduction to the flow or level of water that constitutes a measurable and potentially unacceptable
impact to other water uses.

In summary, the local area for a surface water system will be assigned a moderate risk level if municipal
pumping in scenario E(1) and E(2) results in measurable and potentially unacceptable impacts to other uses.
This circumstance is intended to reflect the impact of uncertainty when trying to predict impacts to other uses. If
there is an unacceptable impact to other uses, and the uncertainty of this impact is low, the local area would be
assigned a risk level of significant according to the circumstances in Table 5-3.
5.9.2 Groundwater
The results of the groundwater scenarios are evaluated to determine the significant risk level for the local area.
Table 5-5 lists circumstances where, if they are present in a scenario, the local area will be assigned a significant
risk level.
Table 5-5 Significant Risk Circumstances - Groundwater
Local Area - Significant Risk
Scenarios
C - Existing – average annual

Circumstance
(1) A period of time would exist where the quantity of water that can be taken from the
groundwater in the local area would be insufficient to meet the allocated quantity of water
of the well.

D - Existing – 10 year drought period
(2) A period of time would exist where the tolerance level assigned to the drinking water
system in accordance with rule 100 would be low.
G - Planned system, existing system
with committed demand, or
reduction in recharge – average
annual

(1) In respect of scenarios G1, G2, and G3, it is determined in any of those scenarios that
a period of time would exist where the quantity of water that can be taken from the
groundwater in the local area would be insufficient to meet the allocated quantity of water
of the well.
(2) In respect of scenarios G1 and G2, it is determined in any of those scenarios that a
period of time would exist where,
(a) the allocated quantity of water of the well would result in a reduction to the flow
or level of water that constitutes an unacceptable impact to other water uses, or
(b) in relation to aquatic habitat that is classified as a cold water stream, the
allocated quantity of water of the well would result in a reduction in groundwater
discharge by an amount that is greater than,
(i) 20 percent of the existing estimated stream flow that is exceeded 80 per
cent of the time (Qp80), or
(ii) 20 percent of the existing estimated average monthly base flow of the
stream.

H - Planned system, existing system
with committed demand, or
reduction in recharge – 10 year
drought period

a) In respect of scenarios H1, H2 and H3, it is determined in any of those scenarios that a
period of time would exist where the quantity of water that can be taken from the
groundwater in the local area would be insufficient to meet the allocated quantity of water
of the well.

In summary, the local area for a groundwater system will be assigned a significant risk level if any of the
following results are observed in the scenarios:
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At any time in any of the scenarios, the existing or planned wells are not able to meet their existing, or existing
plus committed plus planned demands. This circumstance would be identified in a scenario where the water
levels at a well fall below the safe water level as shown on Figure 5-3.


Table 5-6 illustrates the results of a series of scenarios for the Tier Three Pilot Project (AquaResource,
2011). The table lists the estimated drawdown at each municipal well for each of the scenario, in
addition to the safe additional drawdown for each well. The table highlights those results where the
estimated drawdown for a well is greater than the safe additional drawdown. Those situations will result
in a high water quantity risk for the local area(s).



The Tolerance is low in the existing scenarios (C or D), meaning that the drinking water system is not
able to meet peak water demands. This circumstance would typically be present in situations where an
existing municipal system has had recorded historical issues meeting peak demands.



Under scenario G (existing plus committed plus planned demand), the municipal takings result in
measurable and unacceptable impacts to other uses. For coldwater streams, an unacceptable impact
is defined by a circumstance where groundwater discharge is reduced by more than 20% as compared
to the existing estimated monthly streamflow Qp80 (the flow that is exceeded 80 percent of the time) or
the average monthly baseflow of the watercourse or another threshold that has already been defined as
a condition in an existing permit. In situations where another threshold has been defined, that threshold
would be used to identify a significant risk.

Table 5-6: Example of Risk Assessment Scenario Results

(AquaResource, 2011)
Table 5-7 lists circumstances where, if they are present in a scenario, the local area for one or more
groundwater wells will be assigned a moderate risk level.
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Table 5-7 Moderate Risk Circumstances - Groundwater
Local Area – Moderate Risk
Scenarios
G - Planned system or existing
system with committed
demand – average annual

Circumstance
When evaluating the groundwater scenarios G1 and G2 for a local area, the local
area shall be assigned a risk level of moderate, if a determination is made in any
of those scenarios that a period of time would exist where,
(1) the allocated quantity of water of the well would result in a reduction to the
flow or level of water that constitutes a measurable and potentially unacceptable
impact to other water uses, or
(2) in relation to aquatic habitat that is classified as a cold water stream, the
allocated quantity of water of the well would result in a reduction in groundwater
discharge by an amount that is,
(i) at least 10 per cent but not greater than 20 per cent of the existing
estimated stream flow that is exceeded 80 per cent of the time (Qp80), or
(ii) at least 10 per cent but not greater than 20 per cent of the average
estimated monthly base flow of the stream

In summary, the local area for a groundwater system will be assigned a moderate risk level if municipal pumping
in scenario G results in measurable and potentially unacceptable impacts to other uses. For coldwater streams,
this circumstance occurs when groundwater discharge is reduced between a minimum of 10% but not greater
than 20% of existing monthly baseflow. Baseflow would be defined as the monthly Qp80 (the flow that is
exceeded 80 percent of the time) or by another method. In situations where another threshold has been
defined, that threshold would be used to assign the level of risk. This circumstance is intended to reflect the
impact of uncertainty when trying to predict impacts to other uses. If there is an unacceptable impact to other
uses, and the uncertainty of this impact is low, the local area would be assigned a risk level of significant
according to the circumstances in Table 5-5.
5.9.3 Accounting for Other Water Uses
In addition to evaluating the ability for existing or planned wells or intakes to pump allocated rates, the local area
risk assessment evaluates the potential that municipal pumping will affect the ability to which other water uses
can meet their water quantity requirements. Where there is the potential that other water uses will not be able to
meet their water quantity requirements due to municipal water use, the local area will be assigned a moderate or
significant risk level.
Impacts to other water uses are only assessed for planned systems or an existing system with committed
demand under the average climate scenario (e.g., scenarios E and G). Impacts to other uses are not evaluated
under existing and drought conditions.
The Technical Rules refer to the need for other water uses to have their required quantity of water maintained;
however, the measure of water required by these other uses is not always a flow rate of water. A wetland, for
example, may depend on the elevation of the watertable, and down-gradient water takings may also depend on
the groundwater level in the aquifer. The approach used to evaluate impacts to other water uses should be
based on the specific hydrological or hydrogeological need of that use.
In some cases there may be a very clear understanding of the water quantity requirements for other uses. As
an example, a municipality’s Certificate of Approval for a wastewater treatment plant may clearly specify
minimum streamflow rates required for wastewater assimilation. Another example where there is a clear
understanding of water quantity requirements pertains to the need to afford other permitted groundwater users
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and domestic well owners the ability to pump groundwater, and this would be measured by the groundwater
elevation at their well.
In many cases there may be a high level of uncertainty with respect to the minimum quantity of water required
for that use to be viable. As an example, the groundwater discharge requirements for coldwater aquatic habitat
are never known precisely, and the impacts of a reduction in groundwater discharge into the aquatic habitat
cannot be definitively predicted. For this reason, the province has introduced the use of thresholds by which to
assess reductions in groundwater discharge to coldwater streams. As described in the previous section, a risk
level of significant is assigned when groundwater discharge to a coldwater stream is reduced by more than 20%
of the monthly baseflow. A risk level of moderate is assigned when groundwater discharge is reduced by 10%
to 20%. The Figure 5-11 illustrates the impacts to groundwater discharge predicted for the MNR Tier Three Pilot
Project (AquaResource, 2011). These impacts are predicted under scenario G(2) which considers only the
impact of increased municipal water takings. As shown in the figure, groundwater discharge to Mill Creek, which
is categorized as a coldwater stream, is reduced by more than 20% in scenario G(2), and this results in a risk
level of significant being assigned to the local area.

10‐20%

>20%

0‐10%

10‐20%
Figure 5-11 Impacts to Groundwater Discharge, Scenario G(2)
(AquaResource, 2011)
The Local Area Risk Assessment will need to evaluate, where required whether or not the allocated pumping
rate will have a negative impact on water uses. The Technical Rules are written to account for uncertainty, and if
a sensitivity analysis shows that there is a potential that the water quantity requirements of other uses cannot be
met, then the risk level of the local area will be classified as significant. This implies that the sensitivity analysis
must definitively indicate that there will not be an impact to the uses if the risk level for the local area is to be low.
Section 5.9.4 provides further discussion on the handling of uncertainty in the Local Area Risk Assessment.
5.9.4 Uncertainty – Local Area
The Technical Rules are clear with respect to the intended influence of uncertainty on the assignment of a risk
level to the local area. As described in the Technical Rule below, the local area should be assigned a risk level
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of significant if the risk scenarios identify the potential that either a well or intake may not be able to pump the
allocated rate, or if there is an unacceptable impact to other water uses:

109. Despite rules 105 and 106, a local area that is assigned a risk level of moderate in accordance with those rules shall be assigned a risk
level of significant, if the uncertainty analysis conducted in accordance with rule 108 characterizes the uncertainty as high and a
sensitivity analysis of the data used to prepare the water budget for the local area suggests that the risk level for the local area could be
significant.

A methodology to complete a sensitivity analysis on the scenario was presented earlier in this chapter. In short,
the sensitivity analysis will involve preparing multiple input files for the model, each containing parameter values
that are varied within the range of possible values. The models will be simulated for each of these datasets, and
the results evaluated to identify if the scenarios would result in different risk classification results.
The Part IX.3 Technical Rule listed below requires the assignment of an uncertainty descriptor for each local
area.
Part IX.3 - Uncertainty and Sensitivity Analysis
108. After assigning a risk level to a local area, an uncertainty analysis shall be conducted that considers the following factors for the
purpose of determining if the uncertainty underlying the risk assignment should be characterized as high of low:
(1)

The distribution, variability, quality and relevance of the data used to evaluate the scenarios.

(2) The degree to which the methods and models used to evaluate the scenarios accurately reflects the hydrologic system of
the local area for both steady state and transient conditions.
(3)

The quality assurance and control procedures used in evaluating the scenarios.

The above factors listed in the Technical Rule need to be considered in the analysis of uncertainty. Each of the
sources of uncertainty and their implications to the final result should be fully documented as the high or low
uncertainty assigned to the risk levels relates to the final outcome of the Local Area Risk Assessment. Results
having a high level of uncertainty should lead to further data collection with the recommendation that the Tier
Three model is revised in the future to account for the new data and that the risk scenarios be re-evaluated.
By following the technical rules, the Team will not be estimating an exposure level and will only be estimating a
risk level to the local area. Therefore, the uncertainty classification will only apply for the risk level.
5.10

DRINKING WATER THREATS: WATER QUANTITY

When dealing with water quantity, the Technical Rules identify two broad activities which can be considered to
be Drinking Water Threats; consumptive water takings, and reductions in groundwater recharge. A key
objective in the Local Area Risk Assessment is the identification of these risks to water quantity and classifying
those threats as being moderate drinking water threats or significant drinking water threats. Identification of
water quantity threats is only required within those local areas that are classified as having a moderate or
significant risk.
The first steps in classifying water quantity threats is carried out as part of the Tier Three Water Budget Task,
identifying all current and potential future consumptive water uses and areas where groundwater recharge could
be reduced if unmitigated development proceeded according to the Official Plan. These consumptive water
uses will have been included within the risk scenarios.
After identifying the Drinking Water Threats, the Local Area Risk Assessment is completed and local areas are
classified as having a significant, moderate, or low water quantity risk. The next step is to classify the drinking
water threats according to the Technical Rules as shown below.
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Part X – Drinking Water Threats: Water Quantity
Part X.1 – Listing of drinking water threats
110. The activities prescribed to be drinking water threats for a vulnerable area in paragraphs 19 and 20 of subsection 1.1(1) of O. Reg.
287/07 (General) may be collectively listed in the assessment report as “the activities prescribed to be drinking water threats in paragraphs 19
and 20 of subsection 1.1(1) of O. Reg. 287/07 (General)”.
Part X.2 – Listing of significant and moderate drinking water threats
111. An activity listed in Column 1 of Table 5 is a significant drinking water threat in the circumstances and the areas within a vulnerable area
set out opposite to the activity in Columns 2 and 3 respectively.
112. An activity listed in Column 1 of Table 5 is a moderate drinking water threat in the circumstances and the areas within a vulnerable area
set out opposite to the activity in Columns 2 and 4 respectively.
113. For the purposes of Table 5, “existing taking” in respect of an activity means the historical average annual quantity of water taken by that
activity.

Table 5-8 Part X.2, Table 5, Water Quantity Drinking Water Threats and Significant Drinking Water Threats.
Technical Rules Assessment Report, Clean Water Act, 2006.
Activity

Circumstances

Area where Activity is a
Significant Drinking Water
Threat

Area where Activity is a
Moderate Drinking Water
Threat

(1) An activity that
takes water from an
aquifer or a surface
water body without
returning the water
taken to the same
aquifer or surface
water body.

An existing taking, an increase to an existing
taking or a new taking.

The local area from which
the water is or would be
taken if the area relates to
one or more surface water
intakes and it was assessed
to have a risk level of
significant in accordance with
Part IX.

The local area from which
the water is or would be
taken if the area relates to
one or more surface water
intakes and it was assessed
to have a risk level of
moderate in accordance with
Part IX.

(2) An activity that
takes water from an
aquifer or a surface
water body without
returning the water
taken to the same
aquifer or surface
water body.

An existing taking, an increase to an existing
taking or a new taking.

The local area from which
the water is or would be
taken if the area relates to
one or more wells and it was
assessed to have a risk level
of significant in accordance
with Part IX.

The local area from which
the water is or would be
taken if the area relates to
one or more wells and it was
assessed to have a risk level
of moderate in accordance
with Part IX.

(3) An activity that
takes water from an
aquifer or a surface
water body without
returning the water
taken to the same
aquifer or surface
water body.

An increase to an existing taking or a new taking.

(4) An activity that
takes water from an
aquifer or a surface
water body without
returning the water
taken to the same
aquifer or surface
water body.

An increase to an existing taking or a new taking.

(Drinking Water
Threat)

October 2011

The water is or would be taken from within an
IPZ-Q.

The water is or would be taken from within a
WHPA-Q1.

Section 34 of the Ontario Water Resources Act
requires a permit to take water in respect of the
increase or new taking.
The water is or would be taken from within an
IPZ-Q.
Despite the local area from which the water is or
would be taken having been assessed for the
purposes of the latest assessment report to have
a risk level of moderate in accordance with Part
IX, the local area would be assessed to have a
risk level of significant if the increase to the
existing taking or the new taking were factored
into the risk level assessment.
The water is or would be taken from within a
WHPA-Q1.
Section 34 of the Ontario Water Resources Act
requires a permit to take water in respect of the
increase or new taking.

The local area from which
the water is or would be
taken if the area relates to
one or more surface water
intakes and it was assessed
to have a risk level of
moderate in accordance with
Part IX.

The local area from which
the water is or would be
taken if the area relates to
one or more wells and it was
assessed to have a risk level
of moderate in accordance
with Part IX.

Despite the local area from which the water is or
would be taken having been assessed for the
purposes of the latest assessment report to have
a risk level of moderate in accordance with Part
IX, the local area would be assessed to have a
risk level of significant if the increase to the
existing taking or the new taking were factored
into the risk level assessment.
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Activity

Circumstances

Area where Activity is a
Significant Drinking Water
Threat

Area where Activity is a
Moderate Drinking Water
Threat

(5) An activity that
reduces recharge to an
aquifer.

An existing activity, a modified activity or a new
activity.

The local area from which
the water is or would be
taken if the area relates to
one or more surface water
intakes and it was assessed
to have a risk level of
significant in accordance with
Part IX.

The local area from which
the water is or would be
taken if the area relates to
one or more surface water
intakes and it was assessed
to have a risk level of
moderate in accordance with
Part IX.

(6) An activity that
reduces recharge to an
aquifer.

An existing activity, a modified activity or a new
activity.

The local area from which
the water is or would be
taken if the area relates to
one or more wells and it was
assessed to have a risk level
of significant in accordance
with Part IX.

The local area from which
the water is or would be
taken if the area relates to
one or more wells and it was
assessed to have a risk level
of moderate in accordance
with Part IX.

(7) An activity that
reduces recharge to an
aquifer.

A modified activity or a new activity.

(Drinking Water
Threat)

The activity is or would be wholly or partly located
within an IPZ-Q.

The activity is or would be wholly or partly located
within a WHPA-Q2.

The activity is or would be wholly or partly located
within an IPZ-Q.
Despite the local area from which the water is or
would be taken having been assessed for the
purposes of the latest assessment report to have
a risk level of moderate in accordance with Part
IX, the local area would be assessed to have a
risk level of significant if the modified activity were
factored into the risk level assessment.

(8) An activity that
reduces recharge to an
aquifer.

A modified activity or a new activity.
The activity is or would be wholly or partly located
within a WHPA-Q2.
Despite the local area from which the water is or
would be taken having been assessed for the
purposes of the latest assessment report to have
a risk level of moderate in accordance with Part
IX, the local area would be assessed to have a
risk level of significant if the modified activity were
factored into the risk level assessment.

The local area from which
the water is or would be
taken if the area relates to
one or more surface water
intakes and it was assessed
to have a risk level of
moderate in accordance with
Part IX.

The local area from which
the water is or would be
taken if the area relates to
one or more wells and it was
assessed to have a risk level
of moderate in accordance
with Part IX.

Activities (1) and (2) in the above table pertain specifically to existing, increased, or new consumptive water uses
within an IPZ-Q or WHPA-Q1. These takings are significant drinking water threats if the local area has a
significant risk, and are moderate drinking water threats if located in local areas having a moderate risk. The
rules do not place a minimum restriction on the size of the taking.
Activities (3) and (4) in the above table refer specifically to new or increased takings that would require a permit
to take water where these new or increased takings would result in the risk level for a local area being changed
from moderate to significant. If this is the case, those takings are significant drinking water threats.
Activities (5) and (6) in the above table refer to activities that reduce recharge to an aquifer and are wholly or
partially located within a WHPA-Q2. These takings are significant drinking water threats if located in local areas
with a significant risk, and are moderate drinking water threats if located in local areas having a moderate risk.
The rules do not place a minimum restriction on the amount of reduction in groundwater recharge.
Activities (7) and (8) in the above table refer specifically to activities that reduce recharge to an aquifer and are
wholly or partially located within a WHPA-Q2. These activities are identified as significant drinking water threats if
they are located in a local area having a risk level of moderate and the activity would change the risk level of the
local area to significant.
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6.0

Significant Groundwater Recharge Areas

The Technical Rules require that significant groundwater recharge areas (SGRAs) be delineated for each
source protection area. SGRAs are one of four types of vulnerable areas; the other vulnerable areas include
wellhead protection areas, intake protection zones, and highly vulnerable aquifers. SGRAs are used in water
quality vulnerability assessments.
The Province requires SGRAs be delineated as part of Tier One, Tier Two and Tier Three Water Budgets as
long as the later water budget tiers will produce results that are different than the previous tiers. This section
provides background on groundwater recharge and instruction on delineating SGRAs as part of the water
budget studies.
6.1

DESCRIPTION OF GROUNDWATER RECHARGE

Groundwater recharge (recharge) describes the movement of water from the unsaturated soil zone into an
aquifer. While most natural recharge originates as precipitation that infiltrates into the soil and the unsaturated
zone, other sources of recharge include seepage from streams and lakes or movement of water from one
aquifer into another. Recharge also can be human induced; examples of artificial recharge include water that
moves from irrigated fields or canals back into an aquifer and water that leaks from water mains, septic tanks,
sanitary sewers or drainage ditches. Artificial recharge can also refer to the deliberate use of water to replenish
an aquifer. Figure 6-1 illustrates the role of groundwater recharge in the hydrologic cycle.

Figure 6-1 Groundwater Recharge in the Hydrologic Cycle
(Sophocleus and Buchanan, 2003)
Recharge is measured the same as precipitation, often in millimetres of water per year (mm/yr). In Ontario,
recharge is not constant and varies from year to year and from season to season.

Groundwater recharge is influenced by the following factors:
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Climate. The amount of precipitation that falls on a watershed plays a major role in the amount of
recharge; however, precipitation is not the only climatic factor affecting recharge. The timing, type of
event, and seasonal distribution of rainfall and snowfall is also important. Accumulation of moisture in
the soil is necessary for groundwater recharge, as water will only percolate deeper when moisture is
greater than field capacity, which is the minimum soil water content required for water to move through
the soil. The greatest amount of recharge, therefore, usually occurs following early spring rains when
soils are at their wettest following snowmelt. Frequent rainfall events and small evaporation and plant
transpiration losses during the spring months also build up soil-moisture levels enhancing spring
recharge. During the summer months, recharge to aquifers is lower because short-duration, heavy
rains or thunderstorms do not usually contribute to recharge; plants need more water to grow and
survive, causing them to remove water from the soil before it has a chance to replenish the aquifer; and
hot and windy weather conditions causes water to evaporate before it has a chance to percolate deep
into the soil.



Soils and Geology: To recharge an aquifer, water has to move through the root zone and down into
the aquifer. Pervious soils such as sands and gravels, allow water to move more quickly through the soil
profile than other less pervious soils, such as those that are high in clay. The geologic make-up of an
area also affects recharge. Water may reach the aquifer more quickly through fractures than through
the interconnected space of porous materials.



Vegetation and Land Use: Types of vegetation and land-use practices also influence recharge.
Evapotranspiration rates are highest in areas having dense forests and wetlands. These plants have a
greater ability to extract moisture from the soil than other plants. In agricultural areas, different types of
crops require vastly different amounts of soil moisture, and this can have a significant impact to the
amount of groundwater recharge. Urban development may reduce recharge amounts because
impervious surfaces (such as roads, buildings, and paved areas) often drain to storm sewers, a
situation that increases surface runoff and reduces infiltration. These processes may significantly alter
groundwater conditions in many urban settings by "short-circuiting" to streams and lakes water that
would have percolated to the water table.



Topography: For the most part, areas of relatively steep topography have lower rates of recharge.
Water runs off steeper slopes more quickly with less infiltration into the ground, and thus produces less
recharge than flatter areas where water has more time to soak into the ground.



Depth to Ground Water: In general, the depth to an aquifer can influence the amount of recharge.
When the watertable is near ground surface, soils may be saturated, not allowing for additional water to
infiltrate.

Recharge estimation is an important component of a water budget assessment in terms of overall quantity,
spatial distribution, and temporal variability. Estimations of the quantity of groundwater recharge are necessary
as part of a water budget for groundwater which seeks to understand the total amount of water that enters
aquifers and leaves the aquifer to support drinking water supplies, coldwater streams, and wetlands. Estimating
the spatial distribution of recharge is important to be able to understand linkages between groundwater recharge
on specific land areas and where that water migrates through an aquifer. The temporal variability of
groundwater recharge is important in understanding the impact of droughts on aquifers, coldwater streams, and
some wetlands.
Environmental and water resources regulatory agencies throughout the world recognize the importance of
identifying important groundwater recharge areas and implementing land use planning practices and
management techniques. Many Ontario municipalities have developed planning policies which seek to protect
groundwater recharge areas. The Technical Experts Committee, formed to help support the development of the
Clean Water Act, recognized the importance of recharge to the groundwater system in putting forward
Recommendation 66 of their report:
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Recommendation 66
Significant recharge areas must be delineated through the source water plans and will be considered
vulnerable from both a quality and quantity perspective. Source protection plans will consider these
areas as: vulnerable to urbanization which can restrict recharge to subsurface aquifers; and vulnerable
to cumulative contaminant loading impacts.
6.2

DELINEATION OF SIGNIFICANT GROUNDWATER RECHARGE AREAS

This section describes the recommended approaches for delineating significant groundwater recharge areas
(SGRAs) in technical studies completed in support of the Clean Water Act. SGRAs are used by both the water
quality and water quantity studies completed in support of the Clean Water Act, but are produced as part of the
water budget process.
6.2.1 Technical Rules
SGRAs are delineated through the development of Tier One, Tier Two and Tier Three water budgets (relating to
groundwater wells) as per the Director’s Technical Rules.
It is recommended that the water budget results from the Tier One, Tier Two, or Tier Three Water Budget
studies be used to delineate SGRAs. Following the logical progression of the three tiers, it is expected that the
SGRAs delineated in higher Tiers will have a higher degree of certainty than those in lower tiers, and that
SGRAs delineated at a higher tier will supersede those delineated at a lower tier.
The Technical Rules in Part V.2, described below, provide instruction on the delineation of SGRAs.
Part V.2 - Delineation of significant groundwater recharge areas
44. Subject to rule 45, an area is a significant groundwater recharge area if,
(1)

the area annually recharges water to the underlying aquifer at a rate that is greater than the rate of recharge across the whole of the
related groundwater recharge area by a factor of 1.15 or more; or

(2)

the area annually recharges a volume of water to the underlying aquifer that is 55% or more of the volume determined by subtracting the
annual evapotranspiration for the whole of the related groundwater recharge area from the annual precipitation for the whole of the
related groundwater recharge area.

45. Despite rule 44, an area shall not be delineated as a significant groundwater recharge area unless the area has a hydrological connection
to a surface water body or aquifer that is a source of drinking water for a drinking water system.
46. The areas described in rule 44 shall be delineated using the models developed for the purposes of Part III of these rules and with
consideration of the topography, surficial geology, and how land cover affects groundwater and surface water.

To help source protection committees delineate significant groundwater recharge areas in accordance technical
rules 44, 45 and 46, a supporting technical bulletin was provided by the province. The technical bulletin
contained the following interpretation of these technical rules:
Rule 44 (1):


The method outlined in this technical rule was developed for areas where the recharge rates within the
source protection areas are homogenous. This method can assist in distinguishing between high versus
low recharge even when narrow ranges in recharge rates exist across an area.



The method outlined in the technical rule is dependent on scale. This means that considerable
differences can occur in the delineation of SGRAs depending on the scale (e.g.
subwatershed/watershed/source protection area/region) at which this method is applied.



If the method outlined in the technical rule is applied at smaller spatial scales it will likely lead to greater
variation in SGRA delineation between adjacent areas and a much higher likelihood of boundary issues
occurring between the different areas where it is applied.

Rule 44 (2):


The method outlined in the technical rule was developed for areas where the recharge rates are
heterogeneous throughout the watershed.
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This method is less dependent on scale. This means that it can be applied across a broader range of
spatial scales (e.g. subwatershed/watershed/source protection area/region) with fewer differences
occurring in SGRA delineation between the scales.

Rule 45


The Clean Water Act defines drinking water systems as having the same meaning as defined under the
Safe Drinking Water Act (SDWA). The SDWA defines a drinking water system as “any system of works,
excluding plumbing, that is established for the purpose of providing users of the system with drinking
water…” This means that any system that provides drinking water, whether it is regulated under the
SDWA or not, is a drinking water system for this rule. This includes domestic wells and intakes.



Rule 45 is an exception rule. It states that you cannot delineate an SGRA as per rule 44 unless there is
a hydrological connection to a surface water body or aquifer that is a source of drinking water for a
drinking water system as defined under the SDWA. Therefore, it excludes any area that does not
provide drinking water to someone.



Using available information, drinking water systems are to be overlaid onto the delineated SGRA per
rule 44. Using this information, knowledge of the area and professional judgement establish whether
there is a hydrologic connection to a surface water body or aquifer. A groundwater recharge area is only
‘significant’ for the purposes of the Clean Water Act if it has a hydrologic connection to a drinking water
system.

Rule 46


This rule provides the flexibility to apply engineering judgement to refine SGRAs delineated as per rules
44 and 45. The province expects the technical experts (e.g. P.Eng, P.Geo, etc.) and peer reviewers to
use professional judgement in the assessment, delineation, and review of SGRAs.



In applying professional judgement, consideration must be given to the physiographic/geologic setting
to which the SGRA methods are applied. If refinement in spatial scale is desired for delineating SGRAs
then it is likely more appropriate to subdivide a Source Protection Area by physiographic/geologic region
rather than subwatershed. When moving to this scale, additional work will be required to address edge
mapping and to ensure there is a logical flow between the different physiographic regions.

Rule 46 in the Technical Rules specifies that the areas shall be delineated using the models developed for the
respective Tier of the Water Budget Framework, with consideration of the topography, surficial geology, and how
land cover affects groundwater and surface water. However, professional judgment is necessary both when
delineating SGRAs and when refining the threshold used to delineate areas of higher recharge from areas of
lower recharge. The province recognizes that the delineation of SGRAs to date has been primarily based on the
technical guidance and requests that all source protection committees review the methods used to ensure
consistency with the Technical Rules.
6.3

UPDATES TO SGRAS

Source Protection Committees may update SGRAs through the progression of Tier One, Tier Two and Tier
Three Water Budgets. When updating SGRAs, the committees will have to develop a methodology to integrate
the refinements into existing mapping. As an example, a source protection region may initially delineate SGRAs
for the entire watershed as part of a Tier One water budget. SGRAs may then be refined in several
subwatersheds as part of the Tier Two water budget. Finally, SGRAs may be defined for areas studied in Tier
Three water budgets, and these new Tier Three areas may span several subwatersheds.
When refining the SGRAs for smaller areas of the watershed, source protection committees will be required to
delineate the area that the refinements apply to, and to implement appropriate procedures so that municipalities
and water managers understand the context of these refinements.
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6.4

EXAMPLES OF SGRA DELINEATION

This section provides some examples of the SGRAs prepared for Tier One and Tier Two Water Budget studies
in the Province.
6.4.1 Tier One Water Budget – Mississippi-Rideau SPR
As described in Section 3 of this document, Tier One Water Budget studies may rely on a combination of
simplified or existing modelling tools, analysis of monitoring data (e.g., baseflow separation), and professional
judgment to derive estimates of water budget parameters. At the Tier One level, recharge rate estimates are
likely to coincide with surficial or bedrock geology mapping. It is not likely technically practical to include the
influence of topography (i.e., hummocky drainage), vegetation, and land use on groundwater recharge.
The Mississippi-Rideau Source Protection Region (MRSPR, 2009) estimated groundwater recharge rates and
delineated SGRAs as part of their Tier One Water Budget. The following primary aquifers were identified and
mapped in the region:


An Upper Precambrian bedrock aquifer located in the western portion of the region;



A sandstone bedrock aquifer located in the central portion of the region; and,



Sand and gravel aquifers located along the eastern and northern portions of the region.

The MRSPR chose to use the method described by Technical Rule 44(2) and completed the following process
to delineate SGRAs for their region:
1. Determine Annual Water Surplus. Water surplus for the region was estimated based on the following
equation:
Water Surplus = (Precipitation – Evapotranspiration)
2. Determine Groundwater Recharge. Calculations were performed on 25 m x 25 m areas (or cells) to estimate
groundwater recharge. The calculations considered soil type, surface slope and vegetation to cover and used
the water surplus estimate.
3. Identify Preliminary SGRAs. Using Method 2, a cell where groundwater recharge is greater than 55% of the
average regional water surplus could be an SGRA. The average water surplus value for the region was
calculated as 346 mm/year. Any cell where infiltration was estimated to be greater than 190 mm/year (346 x
0.55 = 190) was identified as a preliminary SGRA.
Figure 6-2 illustrates the preliminary SGRAs along with the recharge rates estimated for all cells.
4. Refine Preliminary SGRAs. Final SGRAs were delineated based on a set of criteria that included land areas
including; areas needed to be greater than 25 hectares, all areas identified as eskers, and areas where the
Nepean formation is at ground surface. Figure 6-3 illustrates the final SGRAs.
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Figure 6-2 Preliminary SGRAs, Mississippi-Rideau Source Protection Region

October 2011

119

DRINKING WATER SOURCE PROTECTION
WATER BUDGET AND WATER QUANTITY ASSESSMENT TECHNICAL GUIDANCE

Figure 6-3 SGRAs, Mississippi-Rideau Source Protection Region
6.4.2 Tier Two Water Budgets - Grand River SPA
Tier Two Water Budgets will take into account a greater number of factors when estimating groundwater
recharge rates including soils and surficial geology, land cover, vegetation, and potentially slope. The Tier Two
Water Budget models will be calibrated against long-term continuous streamflow data which will provide greater
assurance that the magnitude of the estimated recharge rates reflects local climate and hydrology.
The Grand River Watershed encompasses large regions of different physiographic, hydrologic, and
hydrogeologic conditions. The Grand River Conservation Authority has developed and calibrated a continuous
hydrologic model, GAWSER, and AquaResource (2009a) describes the model and modelling approach, in
detail. The model takes into account surficial geology, hummocky features, vegetation, and urbanization. The
model is developed based on hydrologic response units (HRUs) which represent areas of similar geology and
land cover across the watershed. Climate conditions across the watershed vary significantly and the model has
been calibrated to account for this.
Figure 6-4 illustrates average annual groundwater recharge rates for the watershed. The highest groundwater
recharge rates are mapped in the central area of the watershed which is composed mainly of higher permeability
sand and gravel moraines. The upper watershed is dominated by lower permeability till plains, and the lower
watershed is covered by low permeability clay, and therefore has lower estimated recharge rates.
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Figure 6-4 Groundwater Recharge
(GRCA, 2009).
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The calibrated hydrologic model provides much more information relating to predicted groundwater recharge
rates than is provided at the Tier One level. For example, the GRCA water budget assessment provides daily
estimates of groundwater recharge for each HRU over a 40 year simulation period. Figure 6-5 illustrates the
monthly variability of estimated groundwater recharge for a sand and gravel area with high vegetation. As
shown on this figure, the model predicts recharge rates as being typically highest in April in response to snow
melt conditions and lowest in July and August and soil moisture is depleted. The long-term hydrologic simulation
is also useful to develop a better understanding of the amount of recharge during drought periods when soil
moisture is depleted.

Figure 6-5 Recharge Variability
In accordance with Technical Rule 44(1), the GRCA Tier Two Water Budget identifies SGRAs as areas that
annually recharge water to the underlying aquifer at a rate that is greater than the rate of recharge across the
whole of the related groundwater recharge area by a factor of 1.15 or more. The following table shows the
Significant Groundwater Recharge Area threshold calculated for the Grand River Watershed. This threshold is
calculated based on the spatially averaged annual recharge rate for the entire Watershed, multiplied by 115%.
Table 6-1 Significant Groundwater Recharge Area Threshold for the Grand River Watershed
Related Groundwater Recharge Area
Grand River Watershed

Average Annual
Recharge Rate (AARR)
(mm/y)
179

Threshold Recharge
Rate (AARR *115%)
(mm/y)
206

Figure 6-6 illustrates the total volume rate of recharge associated with the recharge rates estimated for HRUs
across the watershed. The figure also illustrates the cumulative volume and area exceeding each recharge rate
for the Grand River Watershed. The cumulative exceedance curves are calculated as follows:
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% Volume Exceeding Recharge Rate. This curve is calculated as the sum of the total recharge flux for
all hydrologic response units with a recharge rate equal to or above the value on the horizontal axis,
divided by the total recharge flux;



% Area Exceeding Recharge Rate. This curve is calculated as the sum of the area associated with all
hydrologic response units having a recharge rate equal to or above the value on the horizontal axis,
divided by the total area;

Figure 6-6 SGRA Threshold – Grand River Source Protection Area
(GRCA, 2009)
Using these calculations, these figures illustrate how much volume or area would be identified as exceeding a
given recharge rate. Inflections in these curves may illustrate natural divisions within the distribution and reflect
the variation in surficial geologic and land use within the Watershed.
As illustrated on Figure 6-6, the computed threshold value lies within an approximate “plateau” of the % volume
and % area curves and results in identifying approximately 36% of the area of the Watershed and 73% of the
recharge volume as significant. For the Grand River Watershed, it was concluded that the threshold was
reasonable and practical for defining SGRAs since the threshold value encompasses much of the land within the
central moraine area as well as portions of the lower permeability regions (upper and lower Watershed) that may
be significant compared to its surrounding physiography. Furthermore, the figure also suggests that at the value
of the recharge threshold, the resulting land area is relatively insensitive to the recharge rate. As an example, if
the recharge threshold were increased to 275 mm/year, the land area affected would be 30% of the Watershed
as opposed to 36%.
Based on this evaluation of the recharge distribution and threshold values, it was concluded that the SGRA
threshold is appropriate, as it represents a large proportion of the total recharge into the Watershed while being
applicable to only one third of the land area.
Figure 6-7 illustrates the SGRAs delineated for the Grand River Source Protection Area. Only isolated areas
greater than 1 km2 were included within the SGRA delineation. As shown in this figure, SGRAs are
concentrated within the central moraines. SGRAs within the upper and lower Watershed correspond to surficial
soils with relatively higher permeability as well as climate conditions (e.g., snowfall) and land cover (e.g., forest)
that would tend to increase estimated groundwater recharge rates. In addition, the Technical Rules require that
SGRAs must contribute water to drinking water systems. The SGRAs delineated in this figure contribute water
either to aquifers supplying municipal wells or to domestic drinking water wells.
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Figure 6-7 Significant Groundwater Recharge Areas
(GRCA, 2009)
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8.0

Glossary

The following definitions are included in Part I.1 (1) of the Technical Rules.

The following definitions apply:

Part I.1 - Definitions
1. In these rules,
(1) the following definitions apply:
“Act” means the Clean Water Act, 2006;
“agricultural managed land” means managed land that is used for agricultural production purposes including
areas of cropland, fallow land and improved pasture where agricultural source material (ASM), commercial
fertilizer or non-agricultural source material (NASM) is applied or may be applied;
“agricultural source material” has the same meaning as in section 1 of O. Reg 276/03 (General) made under
the Nutrient Management Act, 2002;
“allocated quantity of water” means,
a) in respect of a planned surface water intake or planned well, the annual mean quantity of water that
is anticipated to be taken by the intake or well; and
b) in respect of an existing surface water intake or well, the lesser of A and B:
A. The maximum annual quantity of water that can lawfully be taken by the intake or well;
B. The sum of the mean annual quantity of water taken by the intake or well and any additional
quantity of water that would have to be taken annually by the intake or well to meet the
committed demand of the system;
“committed demand” means the increase in the quantity of water provided by a drinking water system that
would be required if the area served by the system were developed in accordance with the official plans for
the area to an extent that would result in the greatest use of drinking water;
“cone of influence” means,
a) in respect of one or more wells that draw water from a unconfined aquifer, the area within the
depression created in the water table when the wells are pumped at a rate equivalent to their
allocated quantity of water; and
b) in respect of one or more wells that draw water from a confined or semi-confined aquifer, the area
within the depression created in the potentiometric surface when the wells are pumped at a rate
equivalent to their allocated quantity of water;
“connecting channel” means the St. Lawrence River, St. Mary’s River, St. Clair River, Detroit River, Niagara
River and the Welland Canal;
“Conservation Authority Regulation Limit” means the areas delineated in accordance with O. Reg. 97/04
(Content of Conservation Authority Regulations Under Subsection 28(1) of the Conservation Authorities Act:
Development, Interference with Wetlands and Alterations to Shorelines and Watercourses) for the purpose
of describing the areas where development is prohibited unless a person obtains a permission under section
28 of the Act;
“consumptive activity” means an activity that takes water from an aquifer or a surface water body without
returning the water taken to the same aquifer or surface water body;
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“Director” means a director appointed for the purpose of section 107 of the Act;
“drinking water” has the same meaning as in the Safe Drinking Water Act, 2002;
“extreme event” means,
a) a period of heavy precipitation or winds up to a 100 year storm event;
b) a freshet; or
c) a surface water body exceeding its high water mark;
“farm unit” has the same meaning as in section 1 of O. Reg 267/03 (General) made under the Nutrient
Management Act, 2002;
“future development” means the development of an area in accordance with the official plans applicable to
the area to an extent that would have the most significant impact on the quality of water used for drinking
water purposes and the quantity of water available from sources of drinking water;
“geographic information system” means a computer based system that has the capability to input, store,
retrieve, manipulate, analyze, and output geographically referenced data;
“Great Lakes agreement” means an agreement to which subsection 14(1) of the Act applies;
“land cover” means the physical and biological cover on the land, including vegetation and anthropogenic
features;
“local area” means,
a) in respect of a surface water intake, the drainage area that contributes surface water to the intake
and the area that provides recharge to an aquifer that contributes groundwater discharge to the
drainage area; and
b) in respect of a well, the area that is created by combining all of the following areas:
i.

the cone of influence of the well;

ii.

the cones of influence resulting from other water takings where those cones of influence
intersect that of the well; and

iii.

the areas where a reduction in recharge would have a measurable impact on the cone of
influence of the well;

“managed land” means land to which agricultural source material, commercial fertilizer or non-agricultural
source material is applied;
”non-agricultural source material” has the same meaning as in section 1 of O. Reg 276/03 (General) made
under the Nutrient Management Act, 2002;
“nutrient unit” has the same meaning as in section 1 of O. Reg 267/03 (General) made under the Nutrient
Management Act, 2002;
“Nutrient Management Protocol” has the same meaning as in section 1 of O. Reg. 267/03 (General), made
under the Nutrient Management Act, 2002;
“official plan” means an official plan prepared in accordance with part III of the Planning Act;
“Ontario Drinking Water Quality Standards” means O. Reg 169/03 (Ontario Drinking Water Quality
Standards) made under the Safe Drinking Water Act, 2002;

October 2011

128

GLOSSARY

“Regulation Limit” Removed and replaced with “Conservation Authority Regulation Limit”;
“river” includes a creek, stream, brook and any similar watercourse but does not include a connecting
channel;
“Soil, Ground Water and Sediment Standards” means the Ministry of the Environment publication entitled
“Soil, Ground Water and Sediment Standards for Use under Part XV.1 of the Environmental Protection Act”
dated March 9, 2004;
“study period” means the period during which data is available in relation to the representative water
demand for an existing water system;
“subwatershed” means an area that is drained by a tributary or some defined portion of a stream;
“surface soil” means soil that is no more than 1.5 metres beneath the soil surface but does not include soil
beneath any non-soil surface treatment including asphalt, concrete or aggregate;
“Tables of Drinking Water Threats” means the Ministry of the Environment publication "Table of Drinking
Water Threats: Clean Water Act, 2006" dated December 12, 2008, as amended from time to time;
“Technical Support Document for Ontario Drinking Water Standards, Objectives and Guidelines” means the
Ministry of the Environment publication of that name dated June 2003 as amended June 2006;
“ten year drought period” means the continuous ten year period for which precipitation records exist with the
lowest mean annual precipitation;
“Tier One” in respect of a water budget means a water budget developed using a geographical information
system or equivalent to assess groundwater flows and levels, surface water flows and levels, and the
interactions between them;
“Tier Two” in respect of a water budget means a water budget developed using computer based three
dimensional groundwater flow models and computer based continuous surface water flow models to assess
groundwater flows and levels, surface water flows and levels, and the interactions between them;
“Tier Three” in respect of a water budget means a water budget developed using computer based three
dimensional groundwater flow models and computer based continuous surface water flow models to assess
groundwater flows and levels, surface water flows and levels, and the interactions between them, and that
includes consideration of the following circumstances:
a) current and future land cover within the area;
b) hydraulic flow controls within the area;
c) water taken by the surface water intakes and wells related to the area;
d) other uses of water within and downstream of the area;
e) steady and transient states in groundwater;
f)

drought conditions;

g) the average daily supply and demand for surface water within the area; and
h) average monthly supply and average monthly demand for groundwater within the area;
“time of travel” means,
a) in respect of groundwater, the length of time that is required for groundwater to travel a specified
horizontal distance in the saturated zone; and
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b) in respect of surface water, the length of time that is required for surface water to travel a specified
distance within a surface water body;
“total impervious surface area” means the surface area of all highways and other impervious land surfaces
used for vehicular traffic and parking, and all pedestrian paths;
“two year or greater period” means,
a) in relation to an assessment of surface water quantity, the continuous period, consisting of at least
two years, for which precipitation records exist with the lowest mean annual precipitation, or
b) in relation to an assessment of groundwater quantity, a simulated period, consisting of at least two
years with no groundwater recharge;
“type I system” means a drinking water system described in subclause 15(2)(e)(i) of the Act;
“type II system” means a drinking water system described in subclause 15(2)(e)(ii) of the Act;
“type III system” means a drinking water system described in subclause 15(2)(e)(iii) of the Act; and
“water taking” has the same meaning as in the Ontario Water Resources Act;
(2) the following equation shall be used where these rules require the calculation of a percent water demand in
relation to groundwater:
% Water Demand
(Groundwater)

=

QDEMAND
QSUPPLY- QRESERVE

x 100

QDEMAND - Definition: Groundwater Consumptive Use; Calculation: Groundwater consumptive use is
calculated as the portion of estimated average annual and monthly rate of groundwater takings in a
subwatershed that is not returned to the aquifer that is the source of the water taking;
QSUPPLY - Definition: Groundwater Supply; Calculation: Groundwater supply is calculated as the groundwater
recharge plus the groundwater inflow into a subwatershed. Recharge can be estimated by multiplying the
average subwatershed rate by the area of a subwatershed.
QRESERVE - Definition: Groundwater Reserve; Calculation: Groundwater reserve is calculated as 10% of the
estimated average annual groundwater discharge rate, if available, or if such information is not available to make
such a calculation, 10% of the estimated annual groundwater supply (Q SUPPLY);
(3) the following equation shall be used where these rules require the calculation of a percent water demand in
relation to surface water:
% Water Demand
(Surface Water)

=

QDEMAND
x 100
QSUPPLY- QRESERVE

QDEMAND - Definition: Surface Water Consumptive Use; Calculation: Surface Water Consumptive Use is
calculated as the portion of estimated monthly surface water takings in a subwatershed that is not returned to the
surface water body that is the source of the water taking;
QSUPPLY - Definition: Surface Water Supply; Calculation: Monthly surface water supply is calculated by
determining the monthly median flow of a surface water body. Where median flow conditions cannot be
determined, best available monthly baseflow measurements or estimates should be used;
QRESERVE - Definition: Surface Water Reserve; Calculation: Surface water reserve is calculated by
determining the lower decile stream flow (Qp90) on a monthly basis. The lower decile stream flow is the stream
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flow value that is exceeded 90% of the time. Where measured or modeled stream flow data is not available, an
equivalent method may be used.
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Appendix A: Technical Bulletins
The following technical bulletins were issued by the Province to provide additional guidance while the technical
rules were being updated. The technical bulletins are available on the Ministry of the Environment’s website.


Technical Bulletin: Delineation of Significant Groundwater Recharge Areas, issued April 2009.
o



Technical Bulletin: Water Budget and Water Quantity Risk Assessment, Tier Two Subwatershed Stress
Assessment, Groundwater Drought Scenarios, issued July 2009.
o



http://www.ene.gov.on.ca/environment/en/resources/STD01_076255.html

Technical Bulletin: Water Budget and Water Quantity Risk Assessment, Tier 2 Subwatershed Stress
Assessment and Tier 3 Local Area Risk Assessment, Surface Water Drought Scenarios, March 2010
o



http://www.ene.gov.on.ca/environment/en/resources/STD01_076250.html

http://www.ene.gov.on.ca/environment/en/resources/STD01_076247.html

Technical Bulletin: Part IX Local Area Risk Level, issued April 2010
o
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Appendix B: Permit To Take Water Demand Assessment
The estimation of consumptive demand is a critical element of each of the water budget and water quantity
assessment tiers. Within the current methodology, demand refers to the consumptive measure of water taken
as a result of anthropogenic activities (e.g. municipal supply water takings, private water well takings, as well as
other permitted takers). Consumptive demand refers to water taken from groundwater or surface water and not
returned locally in a reasonable time period.
This document provides a summary of the data sources and framework recommended to estimate demands for
water budgets completed under the Province of Ontario’s Drinking Water Source Protection program. Water
budget teams are encouraged to develop their understanding of demands using a watershed-based approach
that refines the estimation accuracy using a tiered approach, consistent with the three water budget tiers.
The demand estimation approach requires teams to build upon the knowledge maintained in the Province’s
Permit to Take Water (PTTW) database. The document provides instruction on the use of the PTTW
Management Database which supplements the Province’s raw PTTW database. The PTTW Management
Database is developed to refine estimates of demand by account for consumptive use and seasonal variability.
In addition, the Database can manage actual reported pumping rates for each permit, and can therefore act as
a long-term tool to track water use changes throughout a watershed.
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1.0 Introduction
The estimation of consumptive demand is a critical element of each of the water budget and water quantity
assessment tiers. Within the current methodology, demand refers to water taken as a result of anthropogenic
activities (e.g. municipal supply water takings, private water well takings, other permitted takers).
Demand shall be calculated as the ‘consumptive’ water for the water budget
and stress assessments. As an example, an aggregate resources operator
may be permitted to pump water from a pond for aggregate washing, and the
permitted pumping rate may be very high. However, the operator may be
returning all wash water to the same pond, resulting in very little consumptive
water demand.

Consumptive demand
refers to water taken
from groundwater or
surface water and not
returned locally in a
reasonable time period.

This document provides an overview of the framework in which Conservation
Authorities are expected to estimate demand in support of Tier 1, Tier 2, and Tier 3 water budgets. The
document also provides support on using the Permit to Take Water (PTTW) Management Database, which is
distributed to source protection teams in support of their water budget efforts.

1.1 OVERVIEW OF DEMAND ESTIMATION
Sources of data recommended to support demand estimation are summarized below:
1. PTTW Database. The primary source of information for estimating demand is the Permit to Take
Water (PTTW) database. The database is maintained by the Ministry of Environment to regulate large
users of water (i.e., greater than 50,000 litres/day). The quantities of permitted water taking in this
database are generally presented as a maximum taking over a permitted period of time and generally
overestimate the actual taking. Consequently, using permitted water taking to estimate demand and
calculate the degree of stress would generally overestimate the actual stress conditions. The current
PTTW regulation (387/04) requires all permit holders to record actual daily water takings and report the
data annually (phased in over 3 years from 2005-2008). These data, where available, should be used
to quantify demand. Actual pumping records may not reflect consumptive use, and as a result,
consumptive use factors should be applied.
2. Municipal Pumping Records. In addition to the PTTW database, Conservation Authorities are
required to obtain records of actual pumping data for municipal drinking water supplies. Operators of
municipal drinking water supplies maintain detailed records of pumping rates and volumes, and should
make these data available for water budget activities.
3. Non-permitted use. If considered substantial within the watershed, demand from other non-permitted
water use sectors should also be estimated. Non-permitted water uses are generally estimated from
population or agricultural surveys and typical per capita water use rates. These uses may include
private domestic water use, farming practices, or minor industrial and commercial processes.
Tier 1 water budgets will use the PTTW database and adjust the maximum rates on a monthly basis to estimate
consumptive demands. Adjustment factors will include estimated monthly usage factors consistent with GRCA
(2005) and a consumptive use factor consistent with the MOE methodology for determining high use
watersheds (‘A Method for Assessing Water Use in Ontario Watersheds’, AquaResource Inc., 2005). For Tier
1, the database should be supplemented with actual municipal pumping records. The Tier 2 Stress
Assessment and Tier 3 Risk Assessment will refine water use estimates through local surveys of large water
users. All assessments will provide estimates for recycling and consumptive use for both regulated and
unregulated sources.
The consumption factor is defined as follows:
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Consumption Factor 

Q Pumped  Q Re turned
Q Pumped

The team will use the cumulative consumptive demand estimates from permitted and non-permitted users as
the total demand within a subwatershed. Ultimately, any available non-consumptive returns should be
incorporated into a Tier 2 or 3 analysis where practical and appropriate. Examples of non-consumptive returns
would be individual septic tile beds and Sewage Treatment Plant (STP) discharge.
For future scenarios, water demand is adjusted by increasing (or decreasing) the municipal demand, taking into
account population growth estimates. The municipal water supply strategy will assist in assessing future
demand. For Tier 1, it may be assumed that the non-municipal permitted demands will remain constant in the
future. Future water demands for non-municipal users should be estimated for Tier 2 and Tier 3 assessments.

2.

Sources of Water Use Information

The following sections summarize the data sources recommended for use by water budget teams when
estimating demands. Electronic copies of referenced datasets can be obtained from Conservation Ontario’s
document repository.

2.1 MINISTRY OF ENVIRONMENT - PERMITS TO TAKE WATER
The MOE’s Permit to Take Water (PTTW) Program has been in place since the early 1960’s. The MOE
requires that any person taking more than 50,000 L/day into storage, on any given day in a year, is required to
hold an active PTTW. Exceptions are granted for domestic water use, livestock watering and water taken for
firefighting purposes. Information such as geographic location of the source, maximum permitted volumes, and
the general and specific purpose of the water taking, are stored within the PTTW database.
Originally designed to manage the fair sharing of water, some of the data collected in support of the program
can be used to estimate current demands. Although the program is currently adapting to collect records of
actual water takings, the datasets provided by the MOE only include maximum permitted water takings, and
must be manipulated to estimate realistic demands. Using the PTTW database to estimate actual demands
must consider the following:
1. When specifying the amount of water required for their specific use, Permit holders will often request a
volume of water that exceeds their requirements. This may be done to ensure compliance in dry years,
or to secure sufficient water for possible future expansion of the operation;
2. The database does not maintain a record of seasonal water use;
3. Multiple wells or sources may be included on a particular permit, and the permitted rate refers to the
total for all sources associated with that permit. As an example, two nearby municipal wells may
operate under one permit but the wells may never operated simultaneously. In this case, each well
source could pump at the maximum permitted rate, but not at the same time. To estimate total
demand, the total permitted rate should be logically divided amongst the active source locations;
4. The spatial location of water taking sources is not always accurate;
5. The PTTW database is not current with respect to the MOE’s actual permitting activities (recent permit
numbers may not be included within the database);
6. The source of water may be characterized in the PTTW database by either “S” for surface water, “G”
for groundwater, or “B” where both groundwater and surface water are used. There are no
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standardized fields which indicate whether a specific source is taking water from surface water or
groundwater; and
7. Historic municipal water wells, which can be significant, are often “grandfathered” and do not require a
permit. As such that demand will not be reflected in the PTTW database.

2.2 STATISTICS CANADA – CENSUS DATA
There are a number of water uses for which no PTTW is required. Where these uses may be significant,
alternative datasets should be used to estimate demand. Statistics Canada Census data is the most
appropriate data source to estimate rural and agricultural demand. In addition to providing the population and
dwelling count for a geographic area, StatsCan census data provides information about the demographic, social
and economic characteristics of a specific area.
Census of Population data can be used to estimate the non-serviced domestic demand supplied from privately
owned and operated wells. Non-serviced domestic demand typically includes rural properties, but may include
a small segment of the population within urban boundaries that still rely on private wells. Non-serviced
population can be combined with referenced per capita water use rates to estimate demand.
In addition to the Census of Population, Statistics Canada conducts a separate Census of Agriculture every 5
years. The questionnaire is completed by any person who operates an agricultural operation defined as a farm,
ranch, or operation that produces agricultural products for sale. The Census of Agriculture is a detailed
questionnaire, with 184 required fields on such farm related information as farm receipts and expenses, farming
practices, crop type and acreage, animal type and population, pesticide and herbicide use, and employed best
management practices.
Data for both the Population and Agriculture Census is available from Statistics Canada for the 2001 Census.
Data from the 2006 Census will not likely be released until mid to late 2007.

2.3 REPORTED ACTUAL WATER USE
Reported values of actual water use should always be acquired for municipal supplies, and whenever possible
for larger water users. Since specific permit holder information has been withheld from the most recent
distribution of the PTTW database due to privacy concerns, it may not be possible to complete a broad survey
of all permit holders.
The team should attempt to collect accurate water use information directly from municipalities. Most
municipalities have such information well organized, including monthly totals, peak daily use, well or river intake
coordinates, serviced population, and wastewater flows and discharge locations.
Recent revisions to the PTTW program now require permit holders to submit actual water use information. This
requirement is being phased in, with all sectors being required to report by 2008. Certain sectors, such as
municipalities, large industrial and water bottlers were required to submit actual water use rates to the MOE for
the 2005 year, and this information may be available for use in current studies.

2.4 ENVIRONMENT CANADA
Environment Canada may also be used as a source of data when compiling water use estimates. Environment
Canada maintains two important water use surveys; 1) Municipal Water Use Database (MUD); and 2) Industrial
Water Use Surveys Database.
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The MUD was designed to provide easy access to basic data on municipal water and wastewater systems and
to develop broad estimates of municipal water use across the country. The first data capture took place in
1975, and has since been updated with 1986, 1989, 1991, 1994, 1996, 1999 and 2001 surveys. The survey is
focused on municipalities with populations in excess of 1000.
All information contained within MUD is organized on a municipality basis and aggregates water use across a
municipality. Due to this limitation, the MUD is primarily aimed at the production of summary statistics and may
not be useful when estimating demand for municipalities with multiple water sources. As a result, the MUD is
not ideal for water budget requirements. Where feasible, Conservation Authorities are recommended to acquire
detailed water source characterization data and pumping records directly from municipalities as opposed to
using the MUD. The MUD information should be used in instances where direct information is not available.
In additional to MUD, Environment Canada has specifically targeted establishments in the manufacturing,
mineral extraction and thermal power sectors with the aim to collect water usage information. Up until 1996, this
survey was completed every 5 years since 1972. The survey has not been carried out since 1996. The main
purpose of this survey was to provide information regarding the volume of water use, end uses, water treatment
and cost of water in Canada for industrial users.
In documenting industrial water use, Environment Canada focused on 5 basic parameters. All five of the
following parameters have been captured in all industrial water use surveys.


Total Water Intake



Re-circulated Water



Gross Water Use



Water Consumption



Wastewater Discharge

While this database could be valuable in creating Water Budgets and determining water quantity related stress,
without a more current survey the usefulness is limited. However, this database may be useful for determining
historical water usage for certain industrial sectors and confirming PTTW estimates of demand. Conservation
Authorities are recommended to estimate industrial demands using the PTTW database with user surveys
where possible.

3.

Demand Estimations

3.1 PERMITS TO TAKE WATER
This section provides an overview of the considerations needed to estimate permitted consumptive demand.
The recommended process for estimating consumptive use from the PTTW database is shown on Figure 8.
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No

Is Permit Valid?

Exclude

Yes
Are Reported Actual Water Use Volumes Available?
No

Distribute Permitted
Volume to Multiple
Sources (if needed)

Yes

Obtain Reported Values, and
Relate Volumes to Permit and
Source

Assign Seasonality
Factors Based on
Taking Type

Calculate Total Water Taken

Apply Consumptive Use
F t
Calculate Total Water Consumed

Figure 8 - Process for Determining Consumptive Use from PTTW Database
Details regarding specific elements of the process are provided in the following sections.

3.1.1. Permit Validity
Each of the permits should be reviewed to determine if a permit is valid. An initial evaluation of the validity of
each permit is provided in the PTTW Management Database associated with this document. Permits that have
been identified within the MOE PTTW database as being cancelled or expired for greater than 5 years should
not be considered in the Stress Assessment. Additionally, permits that do not represent sustained water
takings, such as pipeline testing, hydrogeological testing, or construction dewatering are transient in nature and
should not necessarily be included in the demand analysis.

3.1.2. Grandfathered Takings
A small number of large water users have been in existence since before the initiation of the PTTW Program
and were therefore assigned a “grandfathered” status. Most often, these takings may correspond to older
municipal drinking water supply sources. Where water budget teams have knowledge of such takings, the
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water user should be contacted and surveyed to determine the water taking characteristics and volumes. This
information should be appended to the PTTW Management database and used for the demand analysis.

3.1.3. Handling of Multiple Sources
As described in Section 2.1, many permits have multiple sources intended to operate alternatively and
sometimes the total permitted volume is assigned to each source. If the demands
Conservation
for each of the related sources are combined, the total demand for the permit would
Authorities are
be over-estimated. To better handle permits with multiple sources, a demand
encouraged to review
multiplier is provided in the PTTW Management database to represent the fraction
the demand multipliers
of total permitted water taken from each source associated with a single permit.
assigned to each
This modification should only be done for permits with multiple sources.
source.
It should be noted that there may be some permits with multiple sources, which are
permitted to take water simultaneously. Should the teams have local knowledge
that would indicate certain permits have multiple sources that do in fact take water simultaneously, the demand
multipliers should be revised to reflect this.

3.1.4. Seasonal Use
Many water permit holders do not require the use of water at a constant rate throughout the year. As an
example, golf courses will not use water during the winter and ski resorts will not use water during the summer.
The PTTW Management Database provides the ability to represent seasonal water use for unique water use
purposes.
GRCA (2005) had previously characterized the seasonality of water takings based on the specific purpose of
each water taking. Within the Grand River Water Use Study, the GRCA identified typically active months for
takings as shown in Table 2.
Table 2 - Default Monthly Demand Adjustments
General
Purpose

Specific Purpose

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Agricultural

Field and Pasture Crops

0

0

0

0

0

0

1

1

0

0

0

0

Agricultural

Fruit Orchards

0

0

0

0

0

0

1

1

0

0

0

0

Agricultural

Market Gardens /
Flowers

0

0

0

0

0

0

1

1

0

0

0

0

Agricultural

Nursery

0

0

0

0

0

0

1

1

0

0

0

0

Agricultural

Other - Agricultural

0

0

0

0

0

0

1

1

0

0

0

0

Agricultural

Sod Farm

0

0

0

0

0

1

1

1

1

0

0

0

Agricultural

Tender Fruit

0

0

0

0

0

0

1

1

0

0

0

0

Agricultural

Tobacco

0

0

0

0

0

0

1

1

0

0

0

0

Commercial

Aquaculture

1

1

1

1

1

1

1

1

1

1

1

1

Commercial

Bottled Water

1

1

1

1

1

1

1

1

1

1

1

1

Commercial

Golf Course Irrigation

0

0

0

0

0

1

1

1

1

0

0

0

Commercial

Mall / Business

1

1

1

1

1

1

1

1

1

1

1

1

Commercial

Other - Commercial

1

1

1

1

1

1

1

1

1

1

1

1

Commercial

Snowmaking

1

1

0

0

0

0

0

0

0

0

0

1
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General
Purpose

Specific Purpose

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Construction

Other - Construction

1

1

1

1

1

1

1

1

1

1

1

1

Construction

Road Building

1

1

1

1

1

1

1

1

1

1

1

1

Dewatering

Construction

1

1

1

1

1

1

1

1

1

1

1

1

Dewatering

Other - Dewatering

1

1

1

1

1

1

1

1

1

1

1

1

Dewatering

Pits and Quarries

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Aggregate Washing

0

0

0

0

1

1

1

1

1

1

1

0

Industrial

Cooling Water

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Food Processing

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Manufacturing

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Other - Dewatering

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Other - Industrial

1

1

1

1

1

1

1

1

1

1

1

1

Industrial

Pipeline Testing

1

1

1

1

1

1

1

1

1

1

1

1

Institutional

Other - Institutional

1

1

1

1

1

1

1

1

1

1

1

1

Institutional

Schools

1

1

1

1

1

1

0

0

1

1

1

1

Miscellaneous

Dams and Reservoirs

1

1

1

1

1

1

1

1

1

1

1

1

Miscellaneous

Heat Pumps

1

1

1

1

1

1

1

1

1

1

1

1

Miscellaneous

Other - Miscellaneous

1

1

1

1

1

1

1

1

1

1

1

1

Miscellaneous

Pumping Test

1

1

1

1

1

1

1

1

1

1

1

1

Miscellaneous

Wildlife Conservation

1

1

1

1

1

1

1

1

1

1

1

1

Missing

Missing

1

1

1

1

1

1

1

1

1

1

1

1

Recreational

Other - Recreational

1

1

1

1

1

1

1

1

1

1

1

1

Recreational

Wetlands

1

1

1

1

1

1

1

1

1

1

1

1

Remediation

Groundwater

1

1

1

1

1

1

1

1

1

1

1

1

Remediation

Other - Remediation

1

1

1

1

1

1

1

1

1

1

1

1

Water Supply

Campgrounds

0

0

0

0

1

1

1

1

1

0

0

0

Water Supply

Communal

1

1

1

1

1

1

1

1

1

1

1

1

Water Supply

Municipal

1

1

1

1

1

1

1

1

1

1

1

1

Water Supply

Other - Water Supply

1

1

1

1

1

1

1

1

1

1

1

1

By default, the monthly demand adjustment is equal to 1; this assumes users are pumping constantly during
each month. By default, the demand is specified to be active during typical operating periods only.
Users may further wish to vary seasonal use coefficients, as appropriate for their region. These seasonal use
coefficients are valid for Tier 1 and Tier 2 water budgets, but a shorter time scale may be needed for some Tier
3 assessments. As an example of developing seasonal water uses estimates, the GRCA modified a
modification to the demand calculations for irrigation was made by the GRCA. Instead of assuming that
irrigation takings were active every day during a particular month, an estimate was made of the number of days
that crop irrigation would be required. The average number of irrigation events that occur in sandy, well drained
soil was estimated to be 4 (Bellamy, Boyd, 2005). This can vary significantly, with up to 10 irrigation cycles
required in extremely dry years, and a minimum of none required in a wet year. The length of time the average
irrigator requires to apply an irrigation event to the full crop is uncertain. OMAFRA staff has indicated that a
farmer may take 4 to 7 days to fully irrigate their crop (Rebecca Shortt, pers comm. 2006). Based on these
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estimates, a conservative assumption was made that for each irrigation event, a water taking will be active for 7
days. With 4 irrigation events occurring during the average year, this translates into 28 days in which the water
taking would be active, over the two month period of July and August. To simulate this effect the seasonal
demand coefficients during July and August could be reduced to a value less than 1 (say 0.5 for each month).

3.1.5. Reported Actual Demands
Whereas earlier sections discussed how actual water use can be estimated using the PTTW database, reported
actual water use rates should be incorporated into the water budget wherever possible. Such reported water
use rates can be obtained directly from municipalities, from previous surveys that were carried out within certain
Provincial Groundwater Studies, or previous PTTW surveys.
Recent revisions to the PTTW program will require all users to report actual water takings to the MOE by 2008
(phased in between 2005 and 2008). Where possible, water budget teams should use this data, rather than
manipulation of the PTTW Management database to estimate actual water use. Water users falling into the
following sectors were required to submit actual water taking volumes for the 2005 year by March 2006:








Large and small municipal drinking water systems as defined in the Drinking-Water Systems
Regulation (O. Reg. 170/03);
beverage manufacturing, including the manufacturing or production of bottled water or water in other
containers;
fruit or vegetable canning or pickling;
ready-mix concrete manufacturing, not including concrete manufactured at a portable ready-mix
concrete manufacturing facility;
aggregate processing, if the aggregate and the water that is taken are incorporated into a product in the
form of a slurry;
product manufacturing or production if, in the normal course of the manufacturing or production, more
than 50,000 litres of the water taken may be incorporated in a single day into the products being
manufactured or produced; and
the operation of a facility governed by any of the following regulations, made under the Environmental
Protection Act:
o O. Reg. 560/94 (Effluent Monitoring and Effluent Limits – Metal Mining Sector)
o O. Reg. 215/95 (Effluent Monitoring and Effluent Limits – Electric Power Generation Sector)
o O. Reg. 561/94 (Effluent Monitoring and Effluent Limits – Industrial Minerals Sector)
o O. Reg. 64/95 (Effluent Monitoring and Effluent Limits – Inorganic Chemicals Sector)
o O. Reg. 214/95 (Effluent Monitoring and Effluent Limits – Iron and Steel Manufacturing Sector)
o O. Reg. 562/94 (Effluent Monitoring and Effluent Limits – Metal Casting Sector)
o O. Reg. 63/95 (Effluent Monitoring and Effluent Limits – Organic Chemical Manufacturing
Sector)
o O. Reg. 537/93 (Effluent Monitoring and Effluent Limits – Petroleum Sector)
o O. Reg. 760/93 (Effluent Monitoring and Effluent Limits – Pulp and Paper Sector)

In addition to total water taken, information on seasonality, MOE Well Log ID (if a groundwater taking), and
wastewater returns should be obtained from the water user if possible.
While reported rates from users can give a more accurate estimate of the total amount of water taken, it should
be noted that it is the amount of water taken that is being reported, not the amount of water consumed. To
estimate consumptive use, the consumptive factors discussed in following sections must be applied to the
reported water use. Alternatively, returned water volumes could be directly subtracted from pumped water
volumes, where the return water volume is known.

3.1.6. Consumption Definition (scale)
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In the context of a source water protection water budget, water consumption refers to the amount of water
removed from a hydrological system and not returned back to the same system in a reasonable time period. As
discussed previously, all estimates of demand must consider consumptive use, as opposed to the total amount
of water that may be pumped from a system.
Estimating consumptive demand requires a proper consideration of temporal scale as well as the physical water
taking operation. Some water takers may have large extraction volumes associated with their permits while
actually consuming very little of that water. An example of this is aggregate washing operations where large
volumes of water are circulated between washing and settling ponds, and a relatively small percentage is lost to
evaporation, or is removed offsite within the washed material. Another example is a dewatering activity where
groundwater that is pumped to lower the water table is discharged to a nearby creek. At the scale of a
subwatershed very little of this water is actually consumed; however, this water taking would be fully
consumptive with respect to the pumped aquifer.
Understanding that consumptive use is dependant on the scale of the assessment, the following three
consumptive factors were created:
1. Consumptive with respect to the source – if water is removed from a source and not returned to the
same unit as it was taken, the taking is assumed to be 100% consumptive with respect to the source.
Groundwater takings usually fall into this category, where it is common for water to be taken from a
deep groundwater aquifer and returned to a surface water feature. An opposite situation would exist
where a small hydroelectric dam has a very high permitted rate along a river (source), but doesn’t
consume any water from that river. In this situation the taking is assumed to have a low consumption
rate (minor loses due to enhanced evaporation only). Table 3 provides a list of default consumptive
use factors (AquaResource, 2005) that should be used for water takings where water is returned to the
same source from which it is taken. These default values correspond to the ‘Specific Purpose’
assigned by the MOE to each permit.
2. Consumptive with respect to the Subwatershed – if water is taken and not returned to a water body
within the same sub-basin it is assumed to be 100% consumptive at the scale of the sub-basin.
Municipal supply wells or river intakes, drawing water from one particular sub-basin, and discharging
via wastewater effluent to another sub-basin would be considered 100% consumptive at this scale. If
the water is returned within the same sub-basin, the purpose specific consumptive factor is used (Table
3). Dewatering operations, which extract groundwater to lower local water levels, then discharging this
water to the local surface water system, would be assigned a consumptive factor specific to dewatering
operations.
3. Consumptive with respect to the Watershed – where a water taking removes water from the
watershed and does not return it within the watershed, it is assumed to be 100% consumptive at that
scale. Water bottling operations and other operations that place water into commercial products fall
into this category. All other types of water taking operations would be assigned consumptive factors
according to their specific purpose (Table 3).
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Table 3 - Default Consumptive Use Factors
Specific
Consumptive
Category
Purpose
Factor

Category

Specific
Purpose

Consumptive
Factor

Agricultural

Field and Pasture
Crops

0.8

Institutional

Hospitals

0.25

Agricultural

Fruit Orchards

0.8

Institutional

Other Institutional

0.25

Agricultural

Market Gardens /
Flowers

0.9

Institutional

Schools

0.25

Agricultural

Nursery

0.9

Miscellaneous

Dams and
Reservoirs

0.1

Agricultural

Other - Agricultural

0.8

Miscellaneous

Heat Pumps

0.1

Agricultural

Sod Farm

0.9

Miscellaneous

Other Miscellaneous

1

Agricultural

Tender Fruit

0.8

Miscellaneous

Pumping Test

0.1

Agricultural

Tobacco

0.9

Miscellaneous

Wildlife
Conservation

0.1

Commercial

Aquaculture

0.1

Recreational

Aesthetics

0.25

Commercial

Bottled Water

1

Industrial

Manufacturing

0.25

Commercial

Golf Course Irrigation

0.7

Industrial

Other - Industrial

0.25

Commercial

Mall / Business

0.25

Industrial

Pipeline Testing

0.25

Commercial

Other - Commercial

1

Industrial

Power
Production

0.1

Commercial

Snowmaking

0.5

Recreational

Fish Ponds

0.25

Construction

Other - Construction

0.75

Recreational

Other Recreational

0.1

Construction

Road Building

0.75

Recreational

Wetlands

0.1

Dewatering

Construction

0.25

Remediation

Groundwater

0.5

Dewatering

Other - Dewatering

0.25

Remediation

Other Remediation

0.25

Dewatering

Pits and Quarries

0.25

Water Supply

Campgrounds

0.2

Industrial

Aggregate Washing

0.25

Water Supply

Communal

0.2

Industrial

Brewing and Soft
Drinks

1

Water Supply

Municipal

0.2

Industrial

Cooling Water

0.25

Water Supply

Other - Water
Supply

0.2

Industrial

Food Processing

1

While the above factors are generalized, they provide a more reasonable estimate of the consumptive demand
for water takings where water is returned to the same source from which it is taken. The factors can be
modified when detailed information is gathered from surveys or through review of individual permits. Unique
consumptive use factors can be assigned for each permit and source where information is available.

3.2 NON-PERMITTED WATER TAKINGS
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3.2.1. Non-Serviced Residential Demand
Non-serviced domestic water use is calculated by combining population density estimates with typical per-capita
water use rates. The preferred method of estimating population density is by using Statistics Canada Census
enumeration data, but the MOE water well record database can also be used to estimate the location and
density of rural dwellings.
Census of Population data is distributed on the Enumeration Area basis, which are based largely on political
boundaries, or sub-areas of political units. The spatial discretization of Enumeration Areas is based on the
population density, with higher populated areas having a finer discretization. Municipally serviced areas must
be removed from the enumeration area maps.
Once the population distribution is mapped, demand can be estimated using a typical per-capita water usage
rate. A recommended water usage rate is 335 L/d/person (Environment Canada, Water Use Website).

3.2.2. Non-Permitted Agricultural Demand
Non-permitted agricultural use can be estimated in a similar manner to non-serviced domestic by combining
farming practices, crop type and animal populations with water use coefficients. Such a procedure and water
use coefficients have been documented by de Loë (2001), and can be used to estimate agricultural water use.
Figure 9 below illustrates the agricultural water use determined by de Loe for Quaternary watersheds
throughout Ontario; an electronic GIS layer (Shapefile) containing this information is available from
Conservation Ontario.
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Figure 9 - Agricultural Water Use (after de Loe, 2001)
Since these water use estimates were determined based on total agricultural requirements independent of
permitted use, they would include users that may also be represented within the PTTW database. Since
permitted agricultural water taking is generally for irrigation purposes, non -permitted, agricultural water use may
be estimated by subtracting the Irrigation (IRR_ALL) from the total demand. This approach is valid where
irrigation water is allocated as permitted water takings. If subtracting, IRR_ALL from TOTAL to estimate nonpermitted agricultural demand, the team should ensure that the IRR_ALL value does not exceed the permitted
irrigation demand. Additionally, the de Loë estimates are based on total annual water requirements, and should
be distributed to appropriate months where irrigation would be active.
Due to confidentiality concerns, Census of Agriculture data is reported at larger scale than Census of
Population. The spatial unit used is based on political boundaries, and is at a scale similar to lower tier
municipalities. Due to broader scale of reporting, it may not be valid for one to assume an even distribution of
reported agricultural practices over the spatial unit. The individual practitioners should consider the validity of
assuming even distribution of agricultural practices within the spatial unit reported for the Census of Agriculture
data.

4.

Permit to Take Water (PTTW) Management Database
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This section provides instruction on the use of the Permit to Take Water (PTTW) Management Database. The
primary goal of this database is to develop a refined estimate of consumptive demand in watersheds across the
Province, and to capture reported actual water takings and large non-permitted takings wherever possible. The
database relies on the PTTW Database distributed to Conservation Authorities by the Province in addition to
supplemental database tables designed to better define actual water use.

4.1 DATABASE DESIGN (EXISTING MOE PTTW DATABASE)
The Province has developed and distributed a Microsoft Access database containing tables listing all permits
and their water sources. Figure 10 shows the relationship diagram for this database, which contains two main
primary tables; PermitT and PermitTSourceT. Also shown on this Figure are the supplemental tables added for
use in Source Water Protection efforts.
A permit may have more than one water source. For example, an agricultural operation may have one permit
with multiple intakes (wells, dugout pond and river taking) and a municipality may have several nearby
groundwater supply wells included within a single permit. The PermitT table contains the information that is
unique to the permit, whereas the PermitTSourceT table contains information that is specific to each of the
intakes.
Summaries of the key data fields for the PermitT and PermitTSourceT tables are provided in Table 4 and Table
5, respectively. For a full list of fields contained within these tables, the reader is referred to the respective
tables contained within the PTTW database.
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Figure 10 - PTTW Revised Database Design
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Table 4 - Selected Fields from Table PermitT
Field Name
Description
PermitNo

The permit number associated with this permit to draw water.

ClientId

The client to whom permission to draw water is granted. (Client
information not distributed to water budget teams)
Type of water source - Surface Water, Ground Water or both
Name of the lake, river or stream being taken from (if
applicable)
Name of the Watershed being taken from (if applicable)
Number of wells water taken from.
Number of wells water taken from.
Number of wells water taken from.
Type of pond: e.g. Dugout/Bypass/On-Stream/Pit or Quarry
Type of Well: e.g. dug/drilled/bored/sandpoint/other
Major category of the client's purpose water taking (see Table
6)
Specific purpose for water taking (see Table 6)
Details of water taking.
The date this permit expires.
The date this permit was issued.
The date this permit is to be renewed.
Completed if the permit been revoked or amended upon
renewal.
Any additional comments regarding this permit.
The Total Quantity per year per permit specified on the permit
application in cubic metres/year
Date on which drawing will begin
Date on which drawing will end

SurfaceOrGroundOrBoth
LakeRiverStreamName
WatershedName
HowManyWells
HowManySprings
HowManyPonds
PondType
WellType
GeneralPurpose
SpecificPurpose
PurposeDetails
ExpiryDate
IssuedDate
RenewalDate
Revoked
Comments
SourceComments
SeasonalStart
SeasonalEnd

Table 5 - Selected Fields from Table PermitTSourceT
Field Name
Description
SourceId
PermitNo
SourceName
SourceDescription
MaxLitresPerDay
DaysTakingPerYear
HoursPerDayMax
HoursPerDayAvg
LitresPerMinute
Easting
Northing
UTMZone

October 2011

A unique number identifying this water source for this permit.
The permit number associated with this permit to draw water.
The name of this source.
A description of the source of the taking
The maximum number of liters of water taken per day.
The number of days in a year that water is taken from this
source.
The maximum number of hours in a day that water is allowed
to be drawn from this source.
The average number of hours in a day that water is being
drawn from this source.
The maximum number of litres of water permitted to be taken
per minute.
What is the easting coordinate of this location?
What is the northing coordinate of this location?
What is the UTM Zone of the northing coordinate of this
location?
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Table 6 - Specific Water Use Categories Associated with Each General Purpose
Agricultural

Commercial

Construction

Dewatering

Industrial

Institutional

Miscellaneous

Recreational

Remediation

Water Supply

Field and Pasture
Crops

Aquaculture

Construction

Construction

Aggregate
Washing

Hospitals

Dams and
Reservoirs

Aesthetics

Groundwater

Campgrounds

Fruit Orchards

Bottled Water

Dewatering
Construction

Other Dewatering

Brewing and Soft
Drinks

Other Institutional

Heat Pumps

Fish Ponds

Other

Communal

Market Gardens /
Campgrounds
Flowers

Other Commercial

Other Industrial

Cooling Water

Schools

Other Miscellaneous

Groundwater

Other Remediation

Golf Course
Irrigation

Nursery

Golf Course
Irrigation

Other Construction

Pits and
Quarries

Food Processing

Pits and Quarries

Other Recreational

Municipal

Other Agricultural

Mall / Business

Road Building

Pumping Test

Manufacturing

Power
Production

Wetlands

Other - Water
Supply

Other - Industrial

Other Commercial

Other - Industrial

Pumping Test

Other Miscellaneous

Snowmaking

Pipeline Testing

Tobacco

Power
Production

Wildlife
Conservation

Sod Farm
Tender Fruit
Tobacco
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4.1.1. Design of Supplemental Database
As shown on Figure 10, a number of supplemental database tables were created to represent the information
required to characterize permitted water demand following the framework established in Section 3.2. These
tables are referred to as ‘Supplemental’ database tables and are summarized below in Table 7 .
Table 7 - Supplemental Tables

Table Name

Table
Type

PermitActiveT

Primary

SourceDetailsT

Primary

ActualRatesT

Primary

SourceWellsT

Primary

SourceReturnT1

Primary

SourceRiskClassificationT1
MonthlyUseR

Primary
Reference

ConservationAuthorityR

Reference

SourceClassR
Notes: 1Table not currently used.

Reference

Description
Additional information relating to the main
permit (Field definitions in Table 8).
Additional information relating to the
sources contributing to each permit (Field
definitions in
Table 9).
Actual reported pumping rates for each
source (if available). (Field definitions in
Table 10).
Well completion information for
groundwater sources. (Field definitions in
Table 11).
Information relating to the water
return/recycle locations
Risk classification for each source.
Reference table containing default
monthly use factors presented in Table 2.
List of each conservation authority or
source protection region.
List of valid source classifications.

Field definitions for each of the above tables are provided as identified in the Description column in Table 7.
Table 8 - Field Definitions for Supplemental Table PermitActiveT
Field Name
Description
PermitNo
AltPermitNo
NewPermit
Active
Permitted
Comment
ConservationAuthority

MOE Permit Number (may include text). A unique value may be
created where the team needs to add new water users to the
database.
Alternative permit number, used to reference a historical value.
‘True’ if the permit has been added to the database by the
Conservation Authority and was not included within the original
database supplied by MOE.
‘True’ if the permit is active. ‘False’ if the permit is inactive.
‘True’ if the PermitNo refers to an offically permitted water use.
‘False’ if the PermitNo has been added by the team to represent
a non-permitted water user (i.e. grandfathered municipal well).
Generic Comment
Conservation Authority responsible for jurisdiction of the permit.
Source Protection Region to be used where a Conservation
Authority does not exist.

Table 9 - Field Definitions for Supplemental Table SourceDetailsT
Field Name
Description
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Field Name

Description

SourceID

MOE unique SourceID

SourceType
SourceClass

Valid values include ‘Ground, Surface, Unknown’.
Classification of the source (i.e. Pond_Dugout, or Well_Drilled).
Valid values are contained within the SourceClassR reference
table.
Proportion of the total permitted rate attributed to the source.
Less than ‘1’ when there are multiple sources for a permit, and
unique permitted rates are not assigned to each source.
Consumptive use factor for the hydrological unit. Default values
are assigned, but should be reviewed by CA.
Consumptive use factor for the subwatershed.
Consumptive use factor for the watershed.
User comments to support consumptive factors assigned to the
source.
Unique ID referring to the water return location (related to table
SouceReturnT)
Update if the value in PermitTSourceT is incorrect.
Update if the value in PermitTSourceT is incorrect.
Update if the value in PermitTSourceT is incorrect.

Demand_Prop
Con_Unit
Con_Subwat
Con_Wat
Con_Comment
ReturnID
NewEasting
NewNorthing
NewUTMZone

Table 10 - Field Definitions for Supplemental Table ActualRatesT
Field Name
Description
SourceID

MOE SourceID

Datasource
Year
Current
AnnualAverage
Measurement_Method
Monthly_type
[Jan]-[Dec]

Name of Datasource (i.e. 2004 Monitoring Report)
Calendar year of reported rate
‘True’ if the record should be used to represent current demands
Average annual pumping rate (m3/day)
Flow measurement method (if known)
Average pumping rate for each month (m3/day)

Table 11 - Field Definitions for Supplemental Table SourceWellsT
Field Name
Description
SourceID

MOE SourceID

MOEID
Municipal
AlternateID
Depth_TopScreen
Depth_BottomScreen
Elev_Reference
ProvincialAquifer_Unit

MOE Water Well Record Number
‘True’ if a municipal water supply well.
Alternate well name (i.e. Municipality’s reference name)
Depth top of well screen or open hole (m)
Depth bottom of well screen or open hole (m)
Reference Elevation for well screen depths (mAMSL)
Valid values include ‘Upper Overburden, Lower Overburden,
Bedrock’
Local reference name for aquifer (i.e. Greenbrook Aquifer, Yonge
Street Aquifer)
Additional comments on well

LocalAquifer_Unit
Comment
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Table 12 - Field Definitions for Supplemental Table SourceReturnT

(Note: use of this table is not mandatory)
Field Name

Description

ReturnID

Unique identification number of water return/recycle location

Name
Easting
Northing
UTMZone
Rate
Depth_Discharge
Elev_Reference
Elev_Datum
ReceivingWater
Comment

Name of water return location (i.e. Springtown WTP Outfall)

Average discharge rate (m3/day)
Depth of discharge location from reference point.
Elevation of reference point.
Elevation datum of reference point.
Name of receiving water body (i.e. Big Fish River)
Additional comments about return location.

4.2 USING THE PROGRAM
4.2.1. System and File Requirements
The PTTW Management Database has been designed to run with Microsoft® Access 2003 and has not been
verified with other versions of the software.
The complete database program is comprised of three Access database files (*.MDB) as summarized in Table
13. Each of these files should be placed in the same windows folder before use.
Table 13 - Required Database Files

ACCESS File Name
PTTW_Manager_VerX.mdb
PTTW_Supplemental_VerX.mdb
OntarioPTTWdat3b.mdb

Purpose
This is the primary application file, and contains the graphical
user interface forms, code, and reports.
This database contains each of the supplemental data tables. It
is recommended that this file be renamed with a unique name
to protect new data as it is added.
This database contains the original PTTW database tables
maintained and distributed by MOE. It is recommended that
this file be renamed with a new unique name to protect edits
and updates to this database.

Starting the Program
The PTTW Management Database is initiated by opening the ‘PTTW_Manager_VerX.mdb’ database using
Microsoft Access. The form shown on Figure 11 should be displayed when this database is opened. The
purpose of this form is to guide the user in identifying the proper name and location of the original MOE PTTW
database and the supplemental data tables. Click on either of the ‘Change’ buttons to select the appropriate
database files.
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Figure 11 - Initialization Form
Database management features available to the user are shown on the main application menu (Figure 12). In
order to proceed with any of the built-in forms or reports, the user is required to select a Conservation Authority
name and enter their user name.

Figure 12 - Main Application Menu
The forms available to the user have been designed to support the management of permits and demand data to
ultimately make refined estimates of demand. The purpose of each of the main menu options is described in
Table 14.
Table 14 - Software Functions

Main Menu Button
Permits Information
Source Information
Groundwater Well
Information
Actual Pumping Rate
Information
Monthly Use Factors

Purpose
Allows user to review table of MOE Permits. Users may add new
permits or edit/modify data. Users may modify ‘NewPermit’, ‘Active’,
and ‘Permitted’ flags for permits.
Allows user to review table of sources for selected permit. User may
add information to the SourceDetailsT table.
Allows users to add/modify basic well completion information.
Allows users to add/modify actual pumping rates.

Allows users to review and modify the monthly water use factors applied
to all permits / sources that do not have recorded monthly pumping.
Allows users to choose from a list of predefined water demand and
View Reports
water use summary queries.
The following sections provide additional details on each of the above functions.

Reviewing/Editing Permits
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The Permit Management Form (Figure 13) provides the ability to add or modify permit information.

Figure 13 - Permit Management Form
Typical tasks completed using this form are summarized below:
1. Flag Permits as Active. Most MOE permit IDs ending with a T (Temporary) or C (Cancelled) should
not be flagged as ‘Active’. In addition, permits that have expired on or before 2001 should not be
flagged as ‘Active’. It is important to note that there may be a large number of permits that have expired
prior to the release of the MOE PTTW database, but the database may not be updated to reflect
renewal activities. As a result, care should be taken when removing the ‘Active’ flag from permits that
appear to be expired.
2. Add Permits. The ‘Add New Permit’ button should be pressed to add a new permit. This may also be
completed to handle ‘grandfathered’ municipal water takings, or other large demands, that do not
actually have a permit. A unique and identifiable PermitNo should be assigned to any new permits
assigned. It is recommended that the team apply a consistent naming convention for new permits or
non-permitted users added to the database. As an example, the new permit number could be prefaced
by a CA identifier (i.e. NVCA_001). Users should flag the ‘NewPermit’ field as ‘True’ whenever adding
new permits to facilitate sorting of new permits. The ‘Permitted’ field should always be flagged when the
permit corresponds to an official permit. It may not be flagged in situations where the water taking is a
grandfathered taking, for example.
3. Review Specific Purpose and General Purpose. These fields have a considerable impact on final
estimated demands and should be reviewed and verified whenever possible.
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Microsoft Access provides some built-in tools to facilitate the sorting and review of data presented in a tabular
format. The filter tools, shown on Figure 14, can be accessed by clicking on the right mouse button over a cell in
a table. This tool allows the user to filter all records meeting specific criteria.

Figure 14 - Example Use of MS Access Filter Tool

4.2.2. Reviewing/Editing Sources
Users of the PTTW Management Database will spend a considerable amount of effort reviewing and modifying
data relating to the water taking sources. Source information is modified using the form shown on Figure 15.
Typical tasks completed using this form are summarized below:
1. Review Permitted Rates. Each of the sources should be assigned a MaxLitresPerDay permitted rate.
In some cases, this field will not be populated for a source, and the user should review the rate in the
Permit table. In other cases no permitted rates are available and the user may have to rely on reported
information or attempt to find the original permit.
2. Assign a SourceType. Each source should be assigned a value of ‘Ground’ or ‘Surface’.
3. SourceClass. The water source classification (i.e. Pond_Dugout) should be assigned for each source.
4. Assign Demand Proportion (Demand_Prop). In situations where there are multiple sources and the
permitted source rate is the same as the overall permitted rate, the total permitted rate should be
apportioned to each of the sources. As an example, if there are 2 ponds, each of the ponds may be
assigned a Demand_Prop equal to 0.50.
5. Assign Consumptive Use Factors. Consumptive use factors for the hydrologic unit and
subwatershed should be assigned. Default values are automatically populated in the database but may
be overwritten where specific knowledge of the permit is available.
6. Updated Coordinates. Updates to the coordinates of a permitted source should be made into the
SourceDetails table using the NewEasting and NewNorthing fields.
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Figure 15 - Permit Source Management Form

Well Information
If developing a groundwater model or gathering detailed information for municipal groundwater users, users of
the database may wish to utilize the Well Information form to manage information for each municipal
groundwater well. Key information managed on this form include:
1. MOEID. The number of the MOE water well record can be linked directly to its permit.
2. Municipal Wells. The ‘Municipal’ field should be flagged if a well is a municipal water supply well.
3. AlternateID. For cross-referencing, it is recommended that users enter alternate well names (names
familiar to local users).
4. ProvincialAquifer_Unit. All wells should be identified as ‘Overburden’, ‘Upper Overburden’, ‘Lower
Overburden’, or ‘Bedrock’ water supply wells.
5. LocalAquifer_Unit. It may be helpful to record a reference to a local aquifer (i.e. Greenbrook Aquifer’
Well information can be associated with a groundwater source by entering data for the well into the bottom area
of the form.
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Figure 16 - Well Construction Data Form

4.2.3. Actual Pumping Rates
Utilizing actual reported pumping rates is the most accurate method of estimating demand. Data requirements
needed to record actual water use are shown on Figure 17. These data include average annual rates (m3/day)
as well as average monthly values. Note that average monthly values must always be entered, even if they are
constant and equal to the average annual values.
The ‘Current’ field should be checked for a single record identified to be representative of current demands.
This provides the ability to store multiple actual pumping rates records for each source, but having only one of
those record represent ‘current’ rates.
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Figure 17 - Actual Pumping Rate Form

4.2.4. Monthly Use Factors
The monthly use table (MonthlyUseR) is used to identify the estimated fraction of each month that permits of a
‘specific purpose’ are active. This table can be modified using the form shown on Figure 18; it is used by the
reports to determine monthly demand estimates where actual values are not recorded.
Note that the default monthly use factors should only be modified when there is specific watershed analysis
carried out to support the estimates, and these modifications should be documented. Since these coefficients
are applied to all permits associated with a specific purpose, any modifications will affect the predicted monthly
pumping for all associated permits.
To override the monthly use factors for a specific permit / source, monthly demand can be recorded in the actual
pumping rate form (see Figure 17). Where this data is recorded, the monthly use factors will not be applied.
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Figure 18 - Monthly Use Factor Form

4.3 REPORTS/QUERIES
When the ‘Show Report’ button is selected the user will be presented with a list of reports that are designed to
summarize water use for their watershed (see Figure 19).

Figure 19 - Report Execution Form
Details for each of the reports provided are summarized in Table 14
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Table 15 - Summary of Default Reports

Report Name
Summary of Permitted Groundwater Takings
Summary of Volume of Groundwater Taken
Summary of Volume of Groundwater
Consumed (Unit Scale)
Summary of Permitted Surface Water Takings
Summary of Volume of Surface Water Taken
Summary of Volume of Surface Water
Consumed (Unit Scale)

5.

Purpose
Creates table of all maximum permitted groundwater
takings
Creates table of estimated annual and monthly
groundwater pumping
Creates table of estimated annual and monthly
consumptive groundwater demand.
Creates table of all maximum permitted surface water
takings
Creates table of estimated annual and monthly surface
water pumping
Creates table of estimated annual and monthly
consumptive surface water demand.

Summary

The information contained in this appendix provides the following:
 an outline of the recommended approach to characterizing demand for source water protection efforts. A
large component of the demand is typically from permitted water takings, but should also consider nonpermitted pumping;
 instructions for application of the PTTW Management Database tools which are supplied to facilitate
permit to take water management and consumptive demand estimates for source water protection efforts.
Realistic estimation of consumptive demand is a critical task of the source water protection stress assessment;
in many cases it will be as important as characterizing the available water supply. Consequently, water budget
teams are encouraged to utilize the tools provided to thoroughly review permitted water takings and record
estimates of non-permitted water takings within their jurisdiction.
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Appendix C: Water Budget & Water Quantity Risk Assessment:
Guidance and Technical Rules Road Map
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Water Budget & Water Quantity
Risk Assessment Technical Rules Road Map
This Road Map was created in order to assist practitioners to undertake the Water
Budget & Water Quantity Assessment process. The road map is a series of work flow
diagrams that illustrate the processes or activities involved in completing Water Budget
and Water Quantity Assessments. Where applicable, the Technical Rule numbers
corresponding to the work flow have been noted. Please use this document with the
“Technical Rules: Assessment Report” and the “Water Budget and Water Quantity Risk
Assessment Guide”.

Legend
Technical Rule
Number

AR Data
Input or
Output
Other Input or
Output

Process
or Activity
Map

Question or
Decision

Source: Water Resources Information Program, wrip@ontario.ca

Document

October 2011

Overview of Water Budget and Water Quantity Assessment Framework

Part III.1 Rules 3,
4, 9, 19, 24, 25

SPA Boundaries
Drinking Water Systems

«Map»
Conceptual Maps

«GeoSpatial»
WBSubwatershed

3.1 Conceptual Water
Budget

ToR Water System
«Tabular»
Refined Water Takings

Assemble Refined Water
Takings

«Map»
Tier 1 Maps

3.3 Subwatershed Stress
Levels - Tier 1 WB

«Tabular»
Stress Assessment (&
associated tables)

Is subwatershed
stress moderate
to significant?

[No]
Water Quantity
Asssessment
Done

Part III.2 Rules 20, 21, 24, 25, 31
Part III.3 Rules 32, 33, Table 1
Part V.2 Rules 44, 45, 46

[Yes]

3.4 Subwatershed
Stress Levels - Tier 2
WB

«GeoSpatial»
SGRA

«Tabular»
Water Budget (&
associated tables)

To Vulnerability
Part III.2 Rules 22, 23, 24, 25, 31
Part III.4 Rules 34, 35, 36, Table 1
Part V.2 Rules 44, 45, 46

«Map»
Tier 2 Maps

«GeoSpatial»
Planned Drinking
Water System

Is subwatershed(s)
stress moderate to
significant or there
have been historical
source water issues
meeting demand

[Yes]

[No]
Water Quantity
Asssessment
Done

«GeoSpatial»
Model Boundary
«GeoSpatial»
Local Area

9.0 Risk Level Assignment to
Local Area - Tier 3 WB
«Map»
Tier 3 Maps
«GeoSpatial»
IPZ-Q
To Vulnerability
«GeoSpatial»
WHPA-Q1
Water Quantity
Asssessment
Done

To Vulnerability
«GeoSpatial»
WHPA-Q2

«GeoSpatial»
RechargeReductionThreat

«GeoSpatial»
ConsumptiveThreat

To Vulnerability
«Tabular»
Risk Assessment &
Scenario Results

Part
Part
Part
Part
Part
Part
Part
Part
Part

III.2 Rules 26, 27, 28, 30
V.2 Rules 44, 45, 46
V.5 Rules 53, 54
VI.7 Rules 76, 77, 78
IX.1 Rules 97, 98, 99, 100
IX.2 Rules 101, 102, 103, 104, 105, 106,107, Table 4
IX.3 Rule 108, 109
X.1 Rule 110
X.2 Rule 111, 112, 113, Table 5

3.1 Conceptual Water Budget

Assess Climate

TR 19 (13), (12),
9 (2) (e)
Assess Geology

TR 19 (2)

TR 3 (1), 4, 24, 25
Assess Physiography
«GeoSpatial»
Source Protection
Area

TR 19 (1)

Geographically
scope the
assessment area

Create WB
SubWatersheds

Assess Land Cover

«GeoSpatial»
WBSubwatershed

Start

Assess Surface Water

TR 19 (9)

«GeoSpatial»
Watershed

Assess Groundwater

TR 19 (3), (4),
(11), (12)

TR 19 (5), (7),
(12)
Assess SW and GW
Takings

TR 19 (6), (8),
(10), (10.1), (12)

Create a report
summarizing the
conceptual understanding
integrating the water
budget characteristics of
the SPR or SPA

Conceptual
Water
Budget
Finish

«Document»
Integrated
Conceptual
Understanding

TR 9 (1) (b), 9 (2) (d)

Assess Climate

Start

Use best available data
«Tabular»
CA Gauge Stations

«Tabular»
EC Climate Data
«Map»
Climate Stations with
average annual precipitation
«Tabular»
Private/Municipal
Gauges

MNR Ont In-Filled
Climate Data (LIO)

Assimilate climate data
sources and georeference
where necessary

Assess quality and quantity
of climate data for water
budgets

«raster»
Interpolated
Precipitation Surface

«GeoSpatial»
Climate Stations Precipitation /
Temperature

«Map»
Precipitation Distribution
«GeoSpatial»
Representative Areas
for Climate Stations

Summarize Climate Data to
Average Annual Precipitation and
Temperature (30 Year or 15 Year
because of data gaps)

«Tabular»
MNR WISKI-SODA
«Document»
Desciption of quality
and quantity of data
available
«Tabular»
MNR DFOSS –
Seasonal Stations

«Tabular»
Climate - Precipitation /
Temperature Annual Averages

Create climate data
derivatives in and beyond
SPA boundary for mapping
and analysis

«GeoSpatial»
Uniform Zones of
Meteorology

Map Climate Stations with
Annual Precipitation
Averages, Precipitation
Distribution, Representative
Areas for Stations,
Meteorological Zones, and
Evaporation in and beyond
SPA boundary

«Map»
Representative Areas for
Climate Stations

«Map»
Meteorlogical Zones

«raster»
Evapotranspiration
«Map»
Evapotranspiration

«Document»
Written description of
projections related to
changes in climate

Provide written description
and plots

Climate
Summary
Finish

«Document»
Plot of Long Term
Temperature Trends and
Averages

«Document»
Plot of Long Term
Precipitation Trends and
Averages

Assess Geology

Start

«Map»
Overburden
Thickness

Use best available data
«GeoSpatial»
Bedrock geology of
Southern Ontario

«GeoSpatial»
Bedrock Area at 250K
«Map»
Bedrock Geology

«GeoSpatial»
Soil Survey Complex (ON
Soils) (LIO)

«GeoSpatial»
CANSIS - Ontario Soil
Surveys

«GeoSpatial»
Surficial Geology of GTA /
ORM

«GeoSpatial»
MRD 126: Surficial
Geology of Southern
Ontario

Quaternary Geology of
Ontario 1:1M

«GeoSpatial»
NOEGTS (Northern Ontario
Engineering Geology Terrain
Studies) (LIO)

«raster»
Overburden Thickness of
Southern Ontario (GW
Studies)

«raster»
Overburden Thickness of
SPA Area

Map Overburden Thickness, Bedrock
Geology, Soils, and Surficial Geology
classified by infiltration and runoff
potential with SPA boundary
«Map»
Soils

«Raster»
Interpolated Bedrock
Surface Elevation

«Map»
Surficial Geology

«GeoSpatial»
Borehole (ON Database)
(LIO)

«Raster»
Bedrock Topography of
Southern Ontario

Provide written description
and cross sections

«Document»
Graphic Cross Sections of
watershed scale aquifer units

«Raster»
Bedrock Topography
(GTA/ORM)

«Raster»
Provincial DEM - Tiled
(Version 2)

«Document»
Written description of how the
permeability distribution at surface
and subsurface influences runoff and
infiltration/recharge trends.

Geology
Summary
Finish

Assess Physiography
Start

Use best available data
«GeoSpatial»
Borehole (ON
Database) (LIO)
«Map»
Bedrock Topography

Physiography of
Southern Ontario
(Chapman/Putnam)

«Raster»
Provincial DEM - Tiled
(Version 2)

«GeoSpatial»
Hummocky
Topography (LIO)

«GeoSpatial»
MRD 126: Surficial
Geology of Southern
Ontario
«Raster»
Bedrock Topography
(GTA/ORM)

«Raster»
Bedrock Topography
of Southern Ontario

«Raster»
Interpolated Bedrock
Surface Elevation

«Map»
Physiographic Regions
Map Bedrock Topography,
Physiographic Regions, Ground
Surface Topography, and
Hummocky Topography with SPA
boundary

Physiography
Summary
Finish

«Map»
Ground Surface
Topography

«Map»
Humocky Topography
(moraine complexes)

Assess Land Cover

Start

Use best available data
«GeoSpatial»
SOLRIS (LIO)

«GeoSpatial»
Ecological Land
Classification (ELC)
of Ontario (LIO)

Map Land Cover with SPA
Boundary

«Map»
Land Cover Map
(current conditions)

«raster»
Provincial Land
Cover 28

«raster»
Provincial Land
Cover 2000

«GeoSpatial»
Official Plan (Future
Development)

«GeoSpatial»
Various Planning /
Development
Studies

Provide written
description

Land
Cover
Summary
Finish

«Document»
Written description of how
land cover across the area
affects groundwater and
surface water

Assess Surface Water

Start

Use best available data
«GeoSpatial»
OHN - Waterbody
(LIO)

«GeoSpatial»
Water Survey of
Canada (WSC) /
HYDAT - daily

«GeoSpatial»
Water Virtual Flow Seamless Provincial
(LIO)

Assess long term
monthly and annual
surface water flows

Assess surface water
control structures

Assess aquatic habitat
dependent upon water
depth, flow and
temperature

Compile Streamflow
gauging data

«GeoSpatial»
CA Gauge Stations
«Map»
Streamflow Gauging
Stations

«GeoSpatial»
Private/Municipal
Gauges
«GeoSpatial»
Baseflow
(CA’s/Private)
«GeoSpatial»
Low Flow Stream
Survey Data
«GeoSpatial»
Private Dam
Inventory

Map Streamflow Gauging Stations,
Dams&Diversions&Crossings,
Fisheries, and Other Aquatic Habitats
with SPA Boundary

«GeoSpatial»
Dam

«GeoSpatial»
Water Structure

«GeoSpatial»
Transport Point
«GeoSpatial»
Structure Details

«GeoSpatial»
Flowing Waters
Information System
(FWIS)

«GeoSpatial»
Local aquatics
habitat information

«Map»
Dams, Channel
Diversions, Water
Crossings

«Map»
Fisheries - Cold Water
Versus Warm Water

«Map»
Aquatic Habitats
Dependent on Water
Depth, Flow, and Temp

«GeoSpatial»
Transport Line

«GeoSpatial»
Aquatic Resource
Area (ARA)

«GeoSpatial»
Streamflow gauging
stations

Provide written
description, tables, and
graphs

Surface
Water
Summary
Finish

«Document»
Written Description,
Tables, and Graphs of
Long Term Monthly and
Annual SW Flows

Assess Groundwater
Start

Use best available data
«Map»
Depth to Water Table

«Raster»
Provincial DEM Tiled (Version 2)
«GeoSpatial»
SOLRIS (LIO)
«raster»
Water Table Depth

«GeoSpatial»
Borehole (ON
Database) (LIO)
«raster»
Provincial Land Cover
2000

«raster»
Provincial Land Cover
28

«GeoSpatial»
MRD 126: Surficial
Geology of Southern
Ontario

«raster»
Groundwater
Elevation (GW
Studies)

«GeoSpatial»
Provincial
Groundwater
Monitoring Network
Data

«GeoSpatial»
Local Data - eg.
Baseflow

Create GW data derivatives for
mapping and analysis

«GeoSpatial»
Aquifer Extents

«raster»
Potentiometric
Surface

«Map»
Aquifer extents including
potentiometric surface with
groundwater flow directions

Evaluate groundwater flow
directions

«GeoSpatial»
Groundwater Flow
Direction

Evaluate GW discharge
areas

«GeoSpatial»
Discharge Areas

Map Depth to Water Table,
Aquifer Extents, GW Discharge
Areas, GW Recharge Areas, and
GW Monitoring Locations with
SPA Boundary

«Map»
GW Discharge Areas

«Map»
GW Recharge Areas

Evaluate GW recharge
areas

«GeoSpatial»
Recharge Areas

Assess interactions
between GW and SW

«Map»
GW Monitoring Locations

«GeoSpatial»
Surficial Geology of
GTA / ORM
«GeoSpatial»
Aquatic Resource
Area (ARA)
«GeoSpatial»
NOEGTS (Northern
Ontario Engineering
Geology Terrain
Studies) (LIO)

Provide written description

«GeoSpatial»
Local Municipal
Information
Groundwater
Summary
Finish

«GeoSpatial»
Karst features of
southern Ontario
«raster»
CA Mapped Aquifer
Recharge/Discharge
Areas

«Document»
«Document»
Written Description of
groundwater systems and their
flows and levels including wells
and interacations between GW
and SW

Assess SW and GW Takings

Start

Use best available data

«GeoSpatial»
MOE Permit To
Take Water (PTTW)
Dataset (LIO)

MOE Water Taking
and Reporting
System

«Tabular»
Municipal Pumping
Records - surveyed

«Tabular»
Consumptive Use
Factors

«GeoSpatial»
Borehole (ON
Database) (LIO)

«GeoSpatial»
Local Municipal
Information

«Tabular»
Municipal Water
Use Database
(MUD)

Assess existing and projected uses
of water including drinking water,
waste water treatment, agriculture,
livestock, domestic use, industrial
use and commercial use

Assess the maximum annual
quantity of water that can be
lawfully be taken by each intake
and well

«Map»
Municipal SW
Takings

«Map»
Municipal GW
Takings
Map Municipal and
Non-municipal SW and GW
Takings with SPA Boundary

«GeoSpatial»
Agricultural Water
Use by Watershed

«Map»
Non-Municipal
SW Takings

«Map»
Non-Municipal
GW Takings

«Tabular»
Seasonal Use
Factors
Provide written
description and
tables

Water
Takings
Summary
Finish

«Document»
Written Description and
Tables of SW & GW
Takings

Create WB SubWatersheds

Start

Using the data underlying the
previous conceptual water budget
processes, assess the strategic
locations for WB subwatershed
outlet points

Create WBsubwatershed
outlet point dataset

«GeoSpatial»
WBSubwatershed
Outlet Points

«raster»
Enhanced Flow
Direction Grid Provincial (LIO)

Create WB subwatersheds
polygon dataset

«GeoSpatial»
WBSubwatershed

Map WB Subwatersheds and
Outlet Points with SPA
boundary

WB
Subwatershed
Finish

«Map»
WB Subwatersheds with
Outlet points

3.3 Subwatershed Stress Levels - Tier 1 WB
Start
TR 20, 24, 25

«GeoSpatial»
WBSubwatershed

«Tabular»
ToR Water System

Determine Spatially
Distributed Recharge
Rates for SPA

«Tabular»
Refined Water
Taking

TR 31

Determine Tier 1
Water Reserve

Determine Tier 1
Water Supply

Determine Tier 1
Consumptive Demand

«GeoSpatial»
Spatially Distributed
Recharge Rates

5.2 Determine Tier 1
SGRAs

«GeoSpatial»
Drinking Water
System

«GeoSpatial»
SGRA

Populate Reserve, Supply,
Consumptive Demand and
Remaining Tier 1 WB
Components in WB Model
Run Info

3.3.32 Assess Tier 1
Subwatershed Stress
for SW

«Tabular»
Water Budget (&
associated tables)

3.3.33 Assess Tier 1
Subwatershed Stress
for GW

TR 9, 21, 31, 32, Table 1

TR 9, 21, 31, 33, Table 1
«Tabular»
Stress Assessment (&
associated tables)

TR 9 (2)

TR 44, 45, 46

Refine the Integrated
Conceptual Understanding
integrating the water budget
components of the SPR or
SPA

«Document»
Refined Integrated
Understanding and
Subwatershed Stress
Levels

Subwatershed Stress
Levels Tier 1 WB
Finish

Determine Tier 1 Water Supply
Start

«GeoSpatial»
WBSubwatershed

Determine monthly SW Supply for
Scenario A (Existing System) using
historical climate and streamflow
information

Use best available data
«GeoSpatial»
Climate Stations Precipitation /
Temperature

Determine monthly SW Supply for
Scenario B (Existing System Future Demand) using historical
climate, streamflow, and future
landcover information

«GeoSpatial»
SPA Stream Gauge
data

TR 9 (2), (3)

«Tabular»
Water Budget (&
associated tables)

«GeoSpatial»
Official Plan (Future
Development)

«Document»
Written description of
methods used to calculate
SW and GW supply

Provide written
description and
summary tables

Determine monthly GW Supply for
Scenario A (Existing System) using
historical climate, recharge, and GW
inflow information

«GeoSpatial»
Spatially Distributed
Recharge Rates

«Document»
Summary table of monthly
GW supply values
Supply
Finish

Determine average
annual recharge and
GW inflow for each
subwatershed

Determine monthly GW Supply for
Scenario B (Existing System Future Demand) using historical
climate, recharge, GW inflow, and
future landcover information

«Document»
Summary table of monthly
SW supply values

Determine Tier 1 Water Reserve

Start
«GeoSpatial»
WBSubwatershed

Use best available data

Determine monthly SW
Reserve

«Document»
«Document»
«Document»
Written description of GW
and SW reserve values and
methods used

TR 9 (2), (3)

«GeoSpatial»
SPA Stream Gauge
data
Determine monthly GW
Reserve
«Tabular»
Baseflow
Measurements

«Tabular»
GW Recharge

«Tabular»
Water Budget (&
associated tables)

Provide written
description and
summary tables

«Document»
Summary table of SW
reserve values

Determine annual GW
Reserve
Reserve
Finish

«Tabular»
GW Discharge

«Document»
Summary table of GW
reserve values

Determine Tier 1 Consumptive Demand

Start

«GeoSpatial»
WBSubwatershed

Determine monthy SW Consumptive Demand
for Scenario A (Existing System) for the study
period

Determine monthly SW Consumptive Demand
for Scenario B (Existing System - Future
Demand) for future development

«Document»
Written description of
methods used to
calculate SW and GW
consumptive demand

TR 9 (2), (3)

«Tabular»
ToR Water System

«Tabular»
Refined Water Taking

Determine monthly GW Consumptive Demand
for Scenario A (Existing System) for the study
period

Determine monthly GW Consumptive Demand
for Scenario B (Existing System - Future
Demand) for future development

«Tabular»
Water Budget (&
associated tables)

Provide written description
and summary tables

«Document»
Summary table of monthly
GW consumptive demand
values

Determine annual GW Consumptive Demand
for Scenario A (Existing System) for the study
period
Consumptive
Demand
Finish
Determine annual GW Consumptive Demand
for Scenario B (Existing System - Future
Demand) for future development

«Document»
Summary table of monthly
SW consumptive demand
values

3.3.32 Assess Tier 1 Subwatershed Stress for SW
«Tabular»
Water Budget (&
associated tables)

Start

«GeoSpatial»
WBSubwatershed
SW Max. Monthly Stress Levels
Water Demand >=50% --->Significant
Water Demand >20% --> Moderate
Water Demand 0-20% --> Low

«Tabular»
ToR Water System

Run
Scenario A

TR 32 (1)

% Water
Demand
>=50?

Set subwatershed
stress level to
Significant

YES

NO
Run
Scenario B

% Water
Demand
>=50?

YES

«Tabular»
Stress Assessment (&
associated tables)

NO

% Water
Demand
>20 and
<50 for A
or B?

TR 32 (2)

Set subwatershed
stress level to
Moderate

YES

Populate values in
Stress Assessment
tables

Produce
subwatershed
stress level
maps

NO

Historical
water
quantity
issue?

TR 9 (1)(c)(v)
YES

TR 32 (2) (c) (ii)

NO

Any max
monthly %
water demand
between 18%
and 20%?

YES

Do
sensitivity
analysis

YES

Provide written
description, summary
tables, and historical
issues

«Map»
Map maximum monthly SW
subwatershed stress levels
with surface water systems

«Map»
Map future maximum
monthly SW subwatershed
stress levels with surface
water systems

«Document»
Table identifying maximum
stress levels, municipal
systems, and decision to
advance to Tier 2

«Document»
Document any historical
issues for SW

Stress level
could be
moderate?
TR 32 (3)

NO

NO
Set subwatershed
stress level to Low

Done

TR 9 (2), 9 (3) (b,d)

3.3.33 Assess Tier 1 Subwatershed Stress for GW
«Tabular»
Water Budget (&
associated tables)

GW Max. Monthly Stress Levels
Water Demand >=50% --> Significant
Water Demand >25% --> Moderate
Water Demand 0-25% --> Low

«GeoSpatial»
WBSubwatershed

Start

GW Annual Stress Levels
Water Demand >=25% --->Significant
Water Demand >10% --> Moderate
Water Demand 0-10% --> Low

«Tabular»
ToR Water System

Run
Scenario A

TR 33 (1)
Max monthly %
Water Demand
>=50 or Annual %
Water Demand
>=25?

Set subwatershed
stress level to
Significant

YES

NO
Run
Scenario B

Max monthly %
Water Demand
>=50 or Annual %
Water Demand
>=25?

YES
«Tabular»
Stress Assessment (&
associated tables)
TR 33 (2)

NO

Max monthly % Water
Demand >25 and <50
or Annual % Water
Demand >10 and <25?

Set subwatershed
stress level to
Moderate

YES

Populate values in
Stress Assessment
tables

Produce stress
level maps

«Map»
Map annual GW
subwatershed stress levels

«Map»
Map future annual GW
subwatershed stress levels
YES
«Document»
Table identifying maximum
stress levels, municipal
systems, and decision to
advance to Tier 2

TR 33 (2) (e) (ii)

NO

YES
Any max monthly %
water demand
between 23-25 or
Annual % water
demand between
8-10?

«Map»
Map future maximum
monthly GW subwatershed
stress levels with wells

TR 9 (1) (c) (v)

NO

Historical
water
quantity
issue?

«Map»
Map maximum monthly GW
subwatershed stress levels
with wells

YES

Do
sensitivity
analysis

TR 33 (3)

Stress level
could be
moderate?

Provide written
description, summary
tables, and historical
issues

«Document»
Document any historical
issues for GW

NO

NO
Set
subwatershed
stress level to
Low

Done

TR 9 (2), 9 (3) (b,d)

5.2 Determine Tier 1 SGRAs

«Map»
Spatially Distributed
Recharge Rates
TR 44 (1)
«GeoSpatial»
Drinking Water
System

Start
«GeoSpatial»
Spatially Distributed
Recharge Rates

Use appropriate factor to determine
Map average annual recharge
rates for the Area

Multiply the area's average
annual rate of recharge by
1.15
Map the chosen
factor 1.15 or 55%
with DWS

«GeoSpatial»
Topography
Map precipitation and
evapotranspiration for the
Area

Multiply the area's average
annual precipitation minus
evapotranspiration by 55%

«GeoSpatial»
Surficial Geology

«Map»
Chosen factor (with
DWS)

TR 45

Delineate recharge areas
hydrologically connected to a
surface water body or aquifer
that is a source of drinking
water for a drinking water
system

«GeoSpatial»
SGRA
TR 46

TR 44 (2)
«GeoSpatial»
Landcover

«Map»
Evapotranspiration

«Map»
Precipitation

Apply professional
judgement

Map Tier 1 SGRAs

Tier 1
SGRAs
Finish

«Map»
SGRAs (without DWS)

3.4 Subwatershed Stress Levels - Tier 2 WB
«GeoSpatial»
WBSubwatershed

«Tabular»
ToR Water System

TR 22, 24, 25

«GeoSpatial»
Planned Drinking
Water System

Start
«iterative»

Loop for each Tier 1 WB Subwatershed of Moderate or Significant Stress Level and from which a system, existing or planned, takes water.
Only refine for the source water that is stressed (GW or SW).

«Tabular»
Refined Water
Taking

TR 31

Refine Tier 2 Water
Reserve

Refine Tier 2 Water
Supply

Refine Tier 2
Consumptive
Demand

«GeoSpatial»
Drinking Water
System

5.2 Determine Tier 2
SGRAs
«GeoSpatial»
SGRA

Populate Reserve, Supply,
Consumptive Demand, and
Remaining WB Components in
WBModelRunSummarys for Tier 2
subwatersheds using complex
models

3.4.34 Assess Tier 2
Subwatershed Stress
for SW

«Tabular»
Water Budget (&
associated tables)

3.4.35 Assess Tier 2
Subwatershed Stress
for GW

TR 9 (1) (c) (v),
23, 31, 34, 36,
Table 1

TR 9 (1) (c) (v),
23, 31, 35, 36,
Table 1
«Tabular»
Stress Assessment (&
associated tables)

TR 9 (2)

Refine the Tier 1 Integrated
Understanding summarizing
the water budget
components of the WB
Subwatershed

Subwatershed Stress
Levels Tier 2 WB
Finish

«Document»
Refined Understanding
and Subwatershed Stress
Levels

TR 44, 45, 46

Refine Tier 2 Water Supply
Start
Refine monthly SW Supply for
Scenario A (Existing System)
using historical climate and
streamflow information

«GeoSpatial»
WBSubwatershed

Refine monthly SW Supply for
Scenario B (Existing System Future Demand) using historical
climate, streamflow, and future
landcover information

«GeoSpatial»
Climate Stations Precipitation /
Temperature

«Document»
«Document»
Written description of SW and
GW supply values refinement
and methods used
TR 9 (2), (3)

Refine monthly SW Supply for
Scenario C (Planned System)
using historical climate,
streamflow, and future landcover
information

«GeoSpatial»
SPA Stream Gauge
data

«GeoSpatial»
Official Plan (Future
Development)

«Tabular»
GW Model outputs

«Tabular»
SW Model outputs

«Tabular»
Water Budget (&
associated tables)

Provide written
description and
summary tables

Refine monthly GW Supply for
Scenario A (Existing System) using
historical climate, recharge, and
GW inflow information

Refine average
annual recharge
and GW inflow

Refine monthly GW Supply for
Scenario B (Existing System Future Demand) using historical
climate, recharge, GW inflow, and
future landcover information

Refine monthly GW Supply for
Scenario C (Planned System)
using historical climate,
streamflow, and future landcover
information

«Document»
Summary table of refined
monthly SW supply values

«Document»
Summary table of refined
monthly GW supply values
Supply
Refinement
Finish

Refine Tier 2 Water Reserve

Start
«GeoSpatial»
WBSubwatershed

«GeoSpatial»
SPA Stream
Gauge data

«Tabular»
Baseflow
Measurements

Refine monthly SW
Reserve
TR 9 (2), (3)

Refine monthly GW
Reserve

«Tabular»
GW Discharge

«Tabular»
GW Recharge

«Tabular»
GW Model outputs

«Tabular»
SW Model outputs

«Tabular»
Water Budget (&
associated tables)

Provide written
description and
summary tables

«Document»
Written description of SW
and GW reserve values
refinement and methods
used

«Document»
Summary table of refined
GW reserve values

«Document»
Summary table of refined
SW reserve values

Refine annual GW
Reserve

Reserve
Refinement
Finish

Refine Tier 2 Consumptive Demand

Start

Refine monthly SW Consumptive
Demand for Scenario A (Existing
System) for the study period

«GeoSpatial»
WBSubwatershed
Refine monthly SW Consumptive
Demand for Scenario B (Existing
System - Future Demand) for future
development
«Tabular»
Refined Water Taking

«Tabular»
ToR Water System

Refine monthly SW Consumptive
Demand for Scenario C (Planned
System) for the operational year

«Document»
«Document»
«Document»
«Document»
«Document»
Written description of SW and GW
consumptive demand values
refinement and methods used
TR 9 (2), (3)

Refine monthly GW Consumptive
Demand for Scenario A (Existing
System) for the study period

Refine monthly GW Consumptive
Demand for Scenario B (Existing
System - Future Demand) for future
development

Refine monthly GW Consumptive
Demand for Scenario C (Planned
System) for the operational year

Refine annual GW Consumptive
Demand for Scenario A (Existing
System) for the study period

Refine annual GW Consumptive
Demand for Scenario B (Existing
System - Future Demand) for future
development

Refine annual GW Consumptive
Demand for Scenario C (Planned
System) for the operational year

«Tabular»
Water Budget (&
associated tables)

Provide written
description and
summary tables

Consumptive
Demand
Refinement
Finish

«Document»
Summary table of refined
monthly SW consumptive
demand values

«Document»
Summary table of refined
monthly GW consumptive
demand values

3.4.34 Assess Tier 2 Subwatershed Stress for SW
SW Max. Monthly Stress Levels
Water Demand >=50% --->Significant
Water Demand >20% --> Moderate
Water Demand 0-20% --> Low

«Tabular»
Water Budget (&
associated tables)

«Tabular»
ToR Water System

«GeoSpatial»
WBSubwatershed

Start
Run
Scenario A

«GeoSpatial»
Planned Drinking
Water System

TR 34 (1)

% Water
Demand
>=50?

YES

Set subwatershed
stress level to
Significant

NO
Run
Scenario B

% Water
Demand
>=50?

YES
YES

«Tabular»
Stress Assessment (&
associated tables)

NO

Is Planned
System
Proposed?

YES

«Map»
Map maximum monthly SW
subwatershed stress levels
with surface water systems

% Water
Demand
>=50?

Run
Scenario C

NO

Populate values in
Stress Assessment
table

NO

TR 34 (2)
% Water
Demand >20
and <50 for A,
B or C?

YES

Set subwatershed stress
level to Moderate
Provide written
description, summary
tables, and historical
issues

«Document»
Table identifying maximum
stress levels, municipal
systems, and decision to
advance to Tier 3
«Document»
Document any historical
issues for SW

YES

Done

NO

Run 2 Year
Drought
Scenarios

«Map»
Map future maximum
monthly SW subwatershed
stress levels with surface
water systems

TR 9 (1) (c) (v)

NO

Historical
water
quantity
issue?

Produce
subwatershed
stress level
maps

Would water
quantity issue
result?

YES

YES
TR 34 (2) (f)

Do
sensitivity
analysis

NO

Stress level
could be
moderate?

YES
NO
Any max
monthly %
water demand
between 18%
and 20%?

YES

Uncertainty
high?

NO
NO
Set
subwatershed
stress level to
Low
TR 34 (3)

TR 9 (2), 9 (3) (b,d)

3.4.35 Assess Tier 2 Subwatershed Stress for GW

«Tabular»
WB Model Run Info

GW Max. Monthly Stress Levels
Water Demand >=50% --> Significant
Water Demand >25% --> Moderate
Water Demand 0-25% --> Low

«Tabular»
ToR Water System

GW Annual Stress Levels
Water Demand >=25% --->Significant
Water Demand >10% --> Moderate
Water Demand 0-10% --> Low

«GeoSpatial»
WBSubwatershed
Start
Run
Scenario A

«GeoSpatial»
Planned Drinking
Water System

TR 35 (1)
Max monthly %
Water Demand
>=50 or Annual %
Water Demand
>=25?

Set subwatershed
stress level to
Significant

YES

NO
Max monthly %
Water Demand
>=50 or Annual %
Water Demand
>=25?

Run
Scenario B

YES

YES

NO

Is Planned
System
Proposed?

YES

«Tabular»
Stress Assessment (&
associated tables)

Max monthly %
Water Demand
>=50 or Annual %
Water Demand
>=25?

Run
Scenario C

NO

Populate values in
Stress Assessment
table

NO

TR 35 (2)
Max monthly %
Water Demand >25
and <50 or Annual %
Water Demand >10
and <25?

YES

Produce
subwatershed
stress level maps

TR 9 (1) (c) (v)

Historical water
quantity issue?

YES

«Map»
Map future maximum
monthly GW stress levels
with water well systems

«Map»
Map annual GW stress
levels with water well
systems

«Map»
Map future annual GW stress
levels with water well systems

Set subwatershed
stress level to
Moderate

YES

NO

«Map»
Map maximum monthly
GW stress levels with
water well systems

Provide written
description, summary
tables, and historical
issues

«Document»
Table identifying maximum
stress levels, municipal
systems, and decision to
advance to Tier 3
«Document»
Document any historical
issues for GW

NO

Run 2 Year
Drought
Scenarios

Run 10 Year
Drought
Scenarios

TR35 (2) (h)
Done

Would water
quantity
issue result?

Do
sensitivity
analysis

YES

Stress level
could be
moderate?

NO

NO
YES
Any max monthly
% water demand
between 23-25 or
Annual % water
demand between
8-10?

YES

Uncertainty
high?

NO
NO

Set
subwatershed
stress level to
Low

TR 35 (3)

TR 9 (2), 9 (3) (b,d)

5.2 Determine Tier 2 SGRAs

Start
«GeoSpatial»
WBSubwatershed

«Map»
Average Annual
Recharge Rates

«GeoSpatial»
Topography

«GeoSpatial»
Drinking Water
System

Use appropriate factor to determine

Map average annual
recharge rates for the Area
«GeoSpatial»
Surficial Geology

«GeoSpatial»
Landcover

TR 44 (1)

Map precipitation and
evapotranspiration for the
Area

Multiply the area's average
annual rate of recharge by
1.15

«Map»
Evapotranspiration

«Tabular»
SW Model outputs

«Map»
Precipitation

Map the chosen
factor 1.15 or
55% with DWS

Delineate recharge areas
hydrologically connected to a
surface water body or aquifer
that is a source of drinking
water for a drinking water
system

«Map»
Chosen factor (with
DWS)

«GeoSpatial»
SGRA

Multiply the area's average
annual precipitation minus
evapotranspiration by 55%

«Tabular»
GW Model outputs

TR 45

TR 46
TR 44 (2)

Apply professional
judgement

Map Tier 2 SGRAs
connected to DWS's

Tier 2
SGRAs
Finish

«Map»
SGRAs (without
DWS)

9.0 Local Area Risk Level - Tier 3 WB

«Tabular»
Stress Assessment (&
associated tables)

«iterative»

Start

«Tabular»
ToR Water System

«GeoSpatial»
Planned Drinking
Water System

Loop for each Tier 2 WB Subwatershed of Moderate or Significant Stress Level

3.2 Prepare Local Area
Tier 3 WB
TR 30

«Tabular»
Water Budget (&
associated tables)

«Tabular»
Refined Water
Takings

«GeoSpatial»
Model Boundary

«GeoSpatial»
WHPA-Q1

«GeoSpatial»
WHPA-Q2

5.5 & 6.7 Delineate
Vulnerable Area and
Local Area - Tier 3
TR 26, 27, 28
TR 53, 54
TR 76, 77, 78

«GeoSpatial»
IPZ-Q

«GeoSpatial»
Local Area

«GeoSpatial»
RechargeReductionThreat

«GeoSpatial»
Drinking Water
System

5.2 Determine Tier 3
SGRAs

9.1 Determine
Local Area Risk
Level for SW

9.1 Determine
Local Area Risk
Level for GW

10.2 List Water
Quantity Drinking
Water Threats - Tier 3

«GeoSpatial»
ConsumptiveThreat

«GeoSpatial»
SGRA
TR 44, 45, 46

Local Area Risk
Level Tier 3 WB
Finish

«Tabular»
Risk Assessment &
Scenario Results

TR 97, 98, 99, 100
TR 101, 102, 103, 104, 105, 106, 107, Table 4
TR 108, 109

TR 110, 111, 112, 113, Table 5

3.2 Prepare Local Area Tier 3 Water Budget

«information»
Tier 2 Models
TR 99

Determine model extents
Start

«GeoSpatial»
Model Boundary

Refine and/or update
consumptive water takings
within the model extents for
GW and SW

«Tabular»
Refined Water
Taking

Determine and estimate
other uses

«Map»
Other Water Uses

TR 9 (2)

Refine the Tier 2 Integrated
Understanding summarizing
and populating the WB
components in the
WBModelSummary tables

«Tabular»
Water Budget (&
associated tables)

«Document»
Refined Integrated
Understanding

TR 30, 54, 78

Develop GW and/or SW
model using historical
climate and allocated
quantities of water

«information»
Continuous SW
Model - existing
conditions

«information»
3D GW Model existing conditions

Local Area
Tier 3 WB
Finish

5.5 & 6.7 Delineate Vulnerable Area and Local Area - Tier 3

Start

Determine the cone of
influence of the municipal
well(s)

«Tabular»
ToR Water System

«GeoSpatial»
Model Boundary

TR 53 (1)

«GeoSpatial»
Cone of Influence
Municipal Well(s)

Combine the areas that is the cone of
influence of the municipal well and the
whole of the cones of influence of all
other wells that intersect that area

TR 54
Determine the cone of
influence of non-municipal
well(s)

«GeoSpatial»
Cone of Influence
Non-municipal Well(s)

Are there recharge
reduction areas that
have a measureable
impact on the
WHPA-Q1?

«information»
Continuous SW
Model - existing
conditions

«information»
3D GW Model existing conditions

«GeoSpatial»
Official Plan (Future
Development)

TR 53 (2)

Determine areas of
reductions in recharge
within the model boundary

Apply seasonal variation in the
aquifer level to refine the
boundaries of the cone of
influence of the wells

TR 27, 28

«GeoSpatial»
WHPA-Q1

«Tabular»
Water Budget (&
associated tables)

«Tabular»
Refined Water
Takings

«GeoSpatial»
Cone of Influence
All Wells

«GeoSpatial»
Recharge Reduction

Use as the groundwater
Local Area

no

yes

Combine them to
create WHPA-Q2

Map the WHPA-Q1 and
WHPA-Q2 highlighting the
Recharge Reduction areas
«GeoSpatial»
WHPA-Q2
Water Quantity Vulnerability Maps

Determine areas that
provide recharge to an
aquifer that contributes
groundwater discharge to
the drainage area

«GeoSpatial»
Local Area

Combine them to create IPZ-Q

«GeoSpatial»
IPZ-Q

Use as the surface water
local area

TR 76

«Map»
WHPA-Q2

Map the IPZ-Q highlighting
the Recharge Reduction
areas

Determine the drainage area
that contributes surface water
to the intake

TR 78

«Map»
WHPA-Q1

TR 26, 28, 77

«Map»
IPZ-Q

Delineate
Vulnerable Area
and Local Area
Finish

9.1 Determine Local Area Risk Level for SW
TR 100
TR 103(1), 107

Run
Scenario A
and B

No

Meet the
allocated
quantity
of water?

Yes

Is the
Tolerance
High?

Risk level = Significant

No

Yes

Risk level = Low
Perform
Uncertainty
Analysis

TR 97, 101
Start
Is there a
planned
system or
committed
demand?

Yes

Run
Scenario E

Meet the
allocated
quantity of
water?

No

Uncertainty
Outcome?

High

Perform Sensitivity
Analysis to confirm
Moderate Risk Level

TR 108, 109

Yes

No

Unacceptable

TR 99, 103(2),
103(3), 107

Impact to other water uses
under scenario E(1) or E(2)
only?

ActivityFinal

Risk Level = Significant

Potentially
unacceptable

Acceptable

Run
Scenario F

TR 99, 103(4),
107

Meet the
allocated
quantity of
water?

Risk Level = Moderate

Low

Assign and populate
Uncertainty and Risk
Level values

«Tabular»
Risk Assessment &
Scenario Results

Risk Level = Low

No
Risk Level = Significant

Yes
Risk Level = Low

Map the highest risk level
with the local area
boundary

Determine Local
Area Risk Level
Finish

«Map»
Local Area Risk
Level

9.1 Determine Local Area Risk Level for GW
TR 100
TR 104(1),
107

No

Evaluate
Scenario C
and D

Meet the
allocated
quantity of
water?

Is the
Tolerance
High?

Yes

Yes

TR 98, 102

Start

Is there a
planned
system or
committed
demand?

Yes

No

Run
Scenario G

Meet the
allocated
quantity of
water?

Risk level = Significant

Risk level = Low

Perform
Uncertainty
Analysis

No
Uncertainty
outcome?

High

Perform Sensitivity
Analysis to confirm
Moderate Risk Level
TR 108, 109

No

TR 99, 104(2),
104(3), 106,
107

Yes
Risk level = Significant

Unacceptable
Impact to other water uses
under scenario G(1) or G(2)
only?

ActivityFinal

Potentially
unacceptable

Yes, >20%
Yes, 10-20%
No

Run
Scenario H

TR 99, 104(4),
107

Meet the
allocated
quantity of
water?

No

Yes

Low

Assign and populate
Uncertainty and Risk
Level values

«Tabular»
Risk Assessment &
Scenario Results

Map the highest risk level
with the local area
boundary

«Map»
Local Area Risk
Level

Risk level = Low

Acceptable

GW discharge reduction
for coldwater fisheries
exceeds threshold?

Risk level = Moderate

Risk level = Significant
Risk level = Moderate
Risk level = Low

Risk level = Significant

Risk level = Low

Determine
Local Area
Risk Level
Finish

10.2 List Water Quantity Drinking Water Threats - Tier 3

Start
«GeoSpatial»
Local Area

«Tabular»
ToR Water System
«GeoSpatial»
IPZ-Q

«GeoSpatial»
WHPA-Q1

«GeoSpatial»
WHPA-Q2

«Tabular»
Refined Water
Taking

«GeoSpatial»
Official Plan
(Future
Development)

List the water quantity threats within the
vulnerable area and record the location and
circumstances of the site of the activity

TR 110, 9 (1) (ix)

TR 111, 112, 113

«Tabular»
Risk Assessment &
Scenario Results

Determine water quantity drinking
water threat level for each threat
activity based on the corresponding
risk level for the local area

«GeoSpatial»
RechargeReductionThreat

«GeoSpatial»
ConsumptiveThreat

List Water
Quantity
Drinking Water
Threats Finish

«Document»
List of water
quantity threats

5.2 Determine Tier 3 SGRAs

Start
«GeoSpatial»
Local Area

«Map»
Average Annual
Recharge Rates

TR 44 (1)

Use appropriate factor to determine

«GeoSpatial»
Topography

«GeoSpatial»
Surficial Geology

Map average annual
recharge rates for the Area

Multiply the area's average
annual rate of recharge by
1.15

Map the chosen
factor 1.15 or
55% with DWS
Map precipitation and
evapotranspiration for the
Area

Multiply the area's average
annual precipitation minus
evapotranspiration by 55%
«Map»
Chosen Factor (with
DWS)

«GeoSpatial»
Landcover

«Tabular»
GW Model outputs

TR 45

«GeoSpatial»
Drinking Water
System

Delineate recharge areas
hydrologically connected to a
surface water body or aquifer
that is a source of drinking
water for a drinking water
system

«GeoSpatial»
SGRA

TR 46
«Map»
Evapotranspiration

«Map»
Precipitation

TR 44 (2)

Apply professional
judgement

«Tabular»
SW Model outputs
Map Tier 3 SGRAs
connected to DWS's

Tier 3
SGRAs
Finish

«Map»
SGRAs (without
DWS)

