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A bit about York Region…
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 York Region is responsible for:

 Bulk Supply of water (i.e., treatment, pumping, transmission, storage)

 Sewage Disposal (i.e., trunk collection/conveyance, treatment)
 Many of these functions are delivered in conjunction with Toronto, Peel and/or Durham

 Local Municipalities are responsible for:

 Water distribution (including localized pumping, if/where needed)

 Sewage collection/conveyance to York Region trunk sewer system

Perspectives differ!

Context
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 Local municipality design 
criteria generally less 
conservative than York’s

 Many reasons:

 Tackling different issues

 Size of infrastructure

 Timing for emplacement

Differing Perspectives → Differing Criteria
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 Apart from criteria being different, a one-size-fits-all is generally 
applied within each jurisdiction

 This leads to “differences in opinion” on sizing at these interfaces

 This project was spawned by an
example from practice:

 Design of drop structure upgrade

 Conveys flows from local sewer
to deep York Region trunk sewer

Jurisdictional Interfaces

York Region
Jurisdiction

Local Municipality
Jurisdiction

Design Flow

 650 L/s
Design Flow  350 L/s
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 Overarching industry trends (at least in York Region) relating to:

 Population + Employment growth expectations

 Significant growth and concentration (relative to historical patterns)

 Intensification/densification in (sub)urban areas

 More complicated/costly construction/disruption

 What we are seeing:

 In many cases, growth simply untenable with current criteria and without 
extensive infrastructure

 Projects can be downscaled, deferred and/or avoided sensible criteria

But that’s not all…
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 “In statistics, the theorem that, as the number of identically distributed, 
randomly generated variables increases, their sample mean (average) 
approaches their theoretical mean.” (Brittanica)

 Blah, blah, blah…let’s use the practical example of rolling a 6-sided die:

The Law of Large Numbers

Players* Mean Standard Deviation COV

1 3.63 1.70 0.47

5 3.47 0.78 0.23

10 3.49 0.56 0.16

20 3.50 0.31 0.09

50 3.51 0.20 0.06

100 3.50 0.14 0.04 1

2

3

4

5

6
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Mean Mean ±1 SD

*1000 rolls each
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 What drives hydraulic loading:  PEOPLE!

 Applies to both water and wastewater

 Information sources:  geospatially-referenced consumption & census data

 Other drivers:

 Water:  Supply data (SCADA) for peaking factors & NRW (along with consumption data)

 Wastewater:  Flow monitoring data for peaking factors, base infiltration & RDII

 Data from 250+ flow monitors across York Region available!

Now, let’s apply that thinking to 
the drivers of hydraulic loading
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Water Demand
(Only residential demand shown for illustration purposes)
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Alternate Water Criteria

Design Flow     =     ADD × Peaking Factor            +          NRW
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 Example from 
Vaughan Integrated Urban 
Water Master Plan

 Massive intensification planned

 Required projects:  $75M

 Using Alternate Criteria:

 Projects possibly NOT NEEDED!

 This is an ideal example of how 
scale effects make a big difference

Practical Implications

Vaughan 
Metropolitan 
Centre (VMC)

Disclaimer: The Vaughan Metropolitan Center (VMC) is presented as a case study to 

explore the effects of reducing the per capita water demand on the infrastructure needed 

to support the planned growth. It is important to note that the City of Vaughan has not 

endorsed this change, nor has it been thoroughly examined as part of the ongoing Urban 

Water Plan Study. The city intends to conduct an independent study to evaluate the cost-

benefit of implementing reduced per capita in infill and intensification areas.
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 Unit Generation Rate (Lpcd): 

 Unit water consumption rate used

 Does NOT include base infiltration (baseflow)

 Peaking Factor:

 Harmon (& Babbitt) formulas conservative 
relative to wastewater generation rate only

 New formula developed

 NOT applied to base infiltration (baseflow)

Wastewater
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 This is where things get interesting…

 York Region maintains a calibrated “all-pipes” 
InfoWorks model of its entire system including that of 
the local municipalies

 Model is calibrated to actual rainfall and runoff data
 For projections (e.g., 25-year), RDII frequency assumed to be 

equivalent to rainfall frequency based on standardized reality-
informed synthetic storm

 For this assignment, only flow monitoring data 
reviewed to DIRECTLY measure RDII frequencies

Rainfall-Derived Inflow & Infiltration (RDII)
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 Borrowing from the field of hydrology, 
statistical distributions fit to RDII

 Rudimentary analysis then followed by 
more formal and rigorous study by UofT 
student (Christopher Zuccaro)

 Academic supervisor:  Bryan W. Karney

 Industrial supervisor:  Fabian Papa, HydraTek

 Master’s thesis complete and available

RDII Frequency Analysis
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 Area-normalized 
criterion reviewed

 Variability
 Very wide

 Decreases with 
scale of sewershed

 Singular criterion 
(0.26 L/s/ha) 
suitable for large 
sewersheds (only?)

Once again…SIZE MATTERS



16

 Log-Pearson III 
Distribution found 
most suitable

 Can reliably assess risk 
independent of storms

 See thesis for details…
there are many!

RDII Frequency Analysis

Risk = Probability × Consequence
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 To reiterate:  Results derived DIRECTLY from REAL DATA

 Rather than indirectly through modelling of rainfall-RDII transformation

 Can use results for:

 Existing conditions:  Each sewershed’s performance characterized

 Future expansion:  Overall scale-dependency to inform design

 Estimation of various probabilities (return periods), depending on need, e.g.:

 York Region uses 25-year return period for its system

 Local municipalities often use up to the 100-year return period in theirs

RDII – Now what?
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 Hydraulic loading in water/wastewater systems is scale-dependent

 Alternative criteria developed which explicitly consider scale

 Expected to be helpful in:

 Resolving “differences in opinion” at jurisdictional interfaces

 Support large scale (e.g., master) infrastructure planning, via:

 Right-sizing, deferring and/or avoiding massive investments

 While RDII shown to be scale-dependent, the frequency analysis approach 

will require a shift in the way we think about this matter…

To Summarize
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 Alternative criteria being applied in particular circumstances in various 
municipalities within York Region for:

 Sensitivity analysis

 Large-scale development applications

 Master planning

 Sizing large-scale supply infrastructure
(with local infrastructure still using conservative criteria)

 For sizing specialty devices such as pumps, PRVs, flow meters, etc. since they 
can assist with predicting the practical low end of their operating ranges

Application to date…
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Data Sources & Analysis Flowchart
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Water | Peaking Factors & NRW
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Water | Back-Testing
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Alternate Criteria

1:1 Line

 1:1 Line = “Perfection”

 Alternate Criteria fit 
the data best with some 
conservatism everywhere
 i.e., Strong confidence

 Sample LM Criteria tends 
to overestimate demand, 
especially at larger scales
 Resulting estimates often 

2× to 3×  higher (!) than 
actual demands
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Wastewater | Base Infiltration (Baseflow)
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Alternate Dry Weather Flow (DWF) Criteria

DWF =        ADD × Peaking Factor            +      Baseflow

Unit Water Consumption Rate

Average Day Demand (ADD) used as proxy 
for average wastewater generation rate
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DWF | Back-Testing

 1:1 Line = “Perfection”

 Alternate Criteria fit 
the data best with some 
conservatism everywhere

 i.e., Strong confidence

 Sample LM Criteria tends 
to overestimate flow

 Sometimes significantly so
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