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Water Budget Studies Water Budget Studies –– Module 7Module 7
• Purpose: to provide a technically sound methodology for managing the 

quantity of existing and future sources of water.

• Analysis will address the following questions:
• Where is the water? (i.e., where are the various watershed 

hydrologic elements (e.g. soils, aquifers, streams, lakes, located?)
• How does the water move between these elements? (i.e., what are 

the pathways through which the water travels?);
• What and where are the stresses on the availability of water? (i.e., 

where are the takings?); and
• What are the trends? (i.e., are levels declining, increasing, or

remaining constant over time?).
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Water Budgets Water Budgets –– Understand the Hydrologic CycleUnderstand the Hydrologic Cycle
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Objectives of Objectives of CVC’sCVC’s Groundwater Groundwater ModellingModelling EffortsEfforts

Tier 3 water demand and stress assessment being undertaken for   
the Town of Orangeville in Subwatershed 19
• begun in April 2007, scheduled for completion in October 2008

Tier 3 water demand and stress assessment to be undertaken for   
the Town of Halton Hills in Subwatersheds 10, 11
• to begin in March / April 2008
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Specific Objectives of Specific Objectives of CVC’sCVC’s Water Budget StudiesWater Budget Studies

• Enhance understanding of the function of groundwater within the 
hydrologic and ecologic system.
• Coldwater fisheries and wetlands
• Sustaining low flows to support wastewater assimilation

• Application in the prediction of impacts related to
• Development and landuse changes
• Drought and climate change

• Support Provincial and Municipal Source Water Protection Efforts
• Water budget assessment
• Water quantity risk assessment
• Groundwater vulnerability (provide support to municipalities)
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Water Quantity Risk AssessmentWater Quantity Risk Assessment

• Objectives: 
• Develop a framework to evaluate the sustainability of current 

and future water demands.  Evaluates surface water intakes 
and wellheads in the context of the local watershed.  

• Help municipalities estimate the risk that their drinking water 
sources may not be able to meet current or future demands

• Approach
• First estimate hydrologic stress for subwatersheds using a 

screening technique
• Then, apply detailed water budget tools for municipal water 

supplies situated within stressed subwatersheds
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MultiMulti--Tiered ProcessTiered Process

• Intended to minimize technical water budget efforts for areas and 
water supplies that are not under hydrologic stress.

• Study Tiers
• Conceptual Water Budget – All source protection areas
• Tier 1 (Simple) Water Budget and Stress Assessment – All 

source protection areas
• Tier 2 (Complex) Water Budget and Stress Assessment –

Identification of Subwatersheds under hydrologic stress
• Tier 3 (Local, complex) Water Budget and Water Quantity Risk 

Assessment – Municipal water supplies under a moderate or 
high level of hydrologic stress

• CVC entered the process at Tier 2 with provincial consent 
based on previously accumulated knowledge
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2000 20062002 20042003

Phase 2:Phase 2:
Model Implementation Model Implementation 

and Impact Analysis and Impact Analysis 
(Land Use Impact (Land Use Impact 

Simulations and Mgmt Simulations and Mgmt 
Alternatives); Alternatives); 

Phase 3:Phase 3:
Transient Simulations Transient Simulations 
and Drought Scenariosand Drought Scenarios

Phase 4Phase 4::
Groundwater Groundwater 
Model Update, Model Update, 

refinementsrefinements

Phase 1:Phase 1:
Development of Development of 
Conceptual and Conceptual and 

Numerical Numerical 
Models, and Models, and 

Numerical Model Numerical Model 
CalibrationCalibration

History of CVC Groundwater Modeling EffortsHistory of CVC Groundwater Modeling Efforts
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Tier 2 Water Demand and Stress AssessmentTier 2 Water Demand and Stress Assessment

• Recommended Modeling Approach
• Continuous surface water model (daily streamflow)- HSPF
• Three-dimensional groundwater flow model – Finite element Flow

• Outputs / Deliverables
• Calibrated models
• Maps/tables summarizing key hydrologic parameters, processes
• Understanding of groundwater / surface water interactions
• Significant recharge areas
• Refined water demand estimates
• Develop understanding of instream flow requirements in 

‘stressed’ areas
• Tier 2 Stress Assessment
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Stress AssessmentStress Assessment

• Screening-level estimate of water quantity stress calculated as:
• % Water Demand =     Demand

Supply – Reserve
• Demand 

• Estimated average annual and monthly consumptive 
water demand

• Supply
• GW - Average annual recharge, lateral in-flow 
• SW – Median monthly streamflow

• Reserve
• GW - Calculated as a % of groundwater discharge rate 
• SW – Lower decile monthly streamflow
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Stress Assessment continuedStress Assessment continued

• % Water Demand calculated:
• Separately for surface water and groundwater
• Average annual and monthly demands
• Forecasted Demand Scenarios

• Current, 10-Year, 25-Year

Final subwatershed stress is calculated based on maximum % 
Water Demand and predefined thresholds
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Water Demand EstimationWater Demand Estimation

• Estimate consumptive water demand. 
• Water taken from groundwater or surface water and not returned 

locally in a reasonable time period
• Water budget guidance includes framework and database to 

adjust PTTW rates based on seasonal usage and consumptive 
use factors.

• Tier 2, 3
• Refinement of PTTW database to estimate consumptive water 

demand
• Reported municipal pumping rates
• Surveys of water users

• Refined estimation of non-permitted demand (i.e. rural domestic, 
agricultural)

• Refined estimation of future demands
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Drought ScenarioDrought Scenario

• Designed to estimate impacts to municipal water supplies from 
extreme drought conditions

• Groundwater
• Eliminate recharge and run transient model for two year period –

estimate impacts to municipal supplies

• Surface Water
• Identify extreme drought period and calculate % Water Demand 

during the period
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Tier 2 Stress Assessment – % Water Demand Thresholds (Predetermined)

0-25%25-50%>50%Monthly

0-10%10-25%>25%Average Annual

LowModerateSignificantScenario

1 Technical Assessments – All subwatersheds having municipal water supplies with some history of 
having issues meeting water supply quantity requirements will be assigned at least a moderate stress 
level.  Further, if in professional opinion there is potential of water supply shortages, the stress level 
would be assigned at least a moderate stress level.

Subwatershed Stress Level

0-20%20-50%>50%Monthly

LowModerateSignificantScenario

Subwatershed Stress Level

Groundwater

Surface Water
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Water Budget Analysis Water Budget Analysis -- CVSPACVSPA
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Stress Assessment Calculations (Groundwater)Stress Assessment Calculations (Groundwater)
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Results : Tier Results : Tier 22 Water demand and Stress AssessmentWater demand and Stress Assessment
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CVSPA Tier 2 Water Demand and Stress Assessment :        CVSPA Tier 2 Water Demand and Stress Assessment :        
Results and RecommendationsResults and Recommendations

Results

• low stress assessment for all surface water systems

• low stress assessment for all groundwater systems except in 
Subwatersheds 19 (Orangeville), 10 (Black Creek), and 11(Silver 
Creek), where moderate stress levels have been inferred, 
Subwatershed 5 (Fletchers Creek, no municipal water supplies).

Recommendations

• Under guidance documentation, Tier 3 Water Quantity Risk 
Assessment required for: Subwatersheds 19, 10 and 11
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Tier 3 Tier 3 –– Water Demand and Stress AssessmentWater Demand and Stress Assessment

• Local - based assessment for municipal sources located within 
subwatersheds assigned a Tier 2 moderate or significant degree of stress 

• Objective 
• To assess water use and impacts from water demands
• Evaluate the risk that a community may not be able to meet its current

or future water demands from a water source.

• Complex groundwater and/or surface water numerical models.  
• These models should be developed with the accuracy and refinement 

needed to evaluate hydrologic or hydrogeologic conditions directly at a 
water supply well or intake.  

• The scope of these models must also be developed with sufficient
spatial scale to evaluate the potential impacts of   increased future 
water demands on external water quantity receptors
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CVSPA’sCVSPA’s Tier 3 Pilot StudiesTier 3 Pilot Studies

• Town of Orangeville in Subwatershed 19
• Began in April 2007, scheduled for completion in October 2008

• Town of Halton Hills (Subwatersheds 10 and11)
• Scheduled to commence in March / April 2008 with expected 

completion in August 2009.
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Report Status and Next StepsReport Status and Next Steps

• Earlier draft underwent an internal review

• Current draft is now being distributed for external / independent peer 
review

• Report revision beased on external peer review expected end of 
March 08

• Report will then be brought back to SPC for “acceptance” as a 
foundation document.


