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'Water Loss In
Ccanada

10 to 30% In Large cities

Canadian Infrastructure
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! Prioritization
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AWWA Manual M7/7
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* Risk Analysis

¢ Leak Detection

* Acoustic Testing

e Spot Inspection
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» Pipe Coupon
» Soil

» Groundwater

* Monitoring

Adapted with permission from Laven (2014)
EM: electromagnetic, NDT: non-destructive technique

Figure 2-2 Progressive condition assessment and resulting actions



| Factors Leading
to Failure

Study of 13 Canadian Cities
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| Probability of
Failure

* Machine Learning
» XGBoost and LightGBM

» Time-based model testing

important for reliable results



! XGBoost
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Extreme Gradient Boosted Trees

Ensemble decision tree

Boost = Sequence of trees

Extreme = Efficient
parallel construction of single
trees by evaluating optimal splits
Penalize complex trees

Early stopping :
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| Risk of Failure

Vulnerability

UrbanLinks
Research Group

© Carto © dpéﬁé&éetMap contributors

Risk rate
Very High

High

Medium

Low

-Very Low



Failure Rate

| Impact of Climate Change

e LSTM Model
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forget gate

input gate ‘

Sigmoid

Sigmoid

output gate

Sigmoid

Z<t>

UrbanLinks
Sy  Research Group

Long Short-Term Memory

Type of Recurrent Neural Network

» Sequential processing but can
forget long-term dependencies

Long = long window of historical data

Short = Short time steps



| Leak Detection

« CUMSUM + genetic algorithms
to reduce search aread

« Leak events identified 70%
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| Leak Localization

- » Scenarios developed with

hydraulic model

Predicted e Convolutional Neural Network

and Long Short Term Memory

/\\ - Distance based hybrid loss
\
A function
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1 CNN

« Convolutional Neural Network

1o [1]o[1]o : 51 » Processes grids
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ol2l1lol 2l (Local receptive field) (filter) . . . .

oo il S matrix of weights to identify features

« Pattern recognition
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'Smart &
Sustainak

 Lifecycle view of operations

» Impact of operations decisions
on maintenance needs

« Greenhouse gas emissions of

underground construction and

rehabilitation
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