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With approximately 33% of water mains in the U.S. over 50 years old and the
average failure age of water pipes being 53 years, water utilities today are
facing an uphill battle in maintaining service reliability. The challenge is further
compounded by the incomplete data available, which forces many utilities to
rely on institutional knowledge and gut feelings when assessing which pipes
need replacement or repair. The result? An estimated 6 billion gallons of clean
water are lost daily in the U.S. due to leaks and main breaks.

This article explores how water utilities can leverage Al to proactively predict
and prevent pipe failures, resulting in reduced water loss, lower repair costs and
improved service reliability.

The Problem of Incomplete Data

One of the most significant hurdles water utilities face is the lack of
comprehensive data. Much of the data required to assess the condition of pipes
accurately—such as historical failure rates, environmental factors and pipe
material—is either incomplete or outdated. This often forces utilities to rely on
institutional knowledge and gut feelings when deciding which pipes to replace.



Consequently, utilities might replace pipes that still have years of service left or,
worse, miss pipes on the brink of failure. This inefficient allocation of resources
not only wastes money but also risks service disruptions that can damage the
utility’s reputation and customer trust. This dilemma highlights the need for a
more accurate, data-driven approach to asset management and pipe
replacement planning.

How AI and Machine Learning Transform Pipe Failure Prediction

Artificial intelligence (Al) and machine learning (ML) offer a way forward by
addressing the challenges posed by incomplete data and the inherent uncertainty
in traditional asset management approaches. By analyzing vast amounts of
historical data, environmental factors and real-time sensor information, Al can
provide utilities with a much clearer picture of the health of their infrastructure.

Data Integration and Analysis

Al platforms can aggregate data from various sources, including geographic
information systems, maintenance records and even satellite data. This data is
then analyzed to identify patterns and correlations that human analysts could
overlook. For instance, Al can detect how environmental factors like soil
composition, weather patterns and proximity to tree roots influence pipe
degradation. By continuously learning from new data, these systems refine their
predictions over time, increasing accuracy.

Predictive Modelling

ML algorithms can create predictive models that estimate the likelihood of pipe
failure based on historical data and current conditions. These models can assess
the remaining useful life of each pipe segment, allowing utilities to prioritize
maintenance and replacement efforts more effectively. For example, a model
might indicate that a particular segment of cast iron pipe, installed 70 years ago
in a corrosive soil environment, has a high probability of failing within the next
five years.

Real-time Monitoring

Al-driven systems can also incorporate real-time data from sensors placed
throughout the water network. These sensors monitor parameters like
pressure, flow rate and temperature, which can provide early warning signs of
potential failures. For instance, a sudden drop in pressure might indicate a leak,



prompting immediate inspection and repair. This real-time analysis enables
utilities to act proactively rather than reactively, preventing minor issues from
escalating into major failures.

Benefits of Al-driven Predictive Maintenance

Implementing Al-driven predictive maintenance strategies offers numerous
benefits for water utilities:

« Reduced Water Loss: By predicting and addressing pipe failures before
they occur, utilities can significantly reduce the amount of water lost due
to leaks and breaks. This not only conserves a vital resource but also
reduces the financial losses associated with non-revenue water.

« Lower Repair Costs: Proactive maintenance is generally less expensive
than emergency repairs. By replacing or repairing pipes based on
predicted failures, utilities can avoid the higher costs associated with
sudden main breaks, which often require more extensive and urgent
intervention.

o Improved Service Reliability: Predictive maintenance minimizes the
risk of unexpected service disruptions, ensuring that customers have a
consistent and reliable water supply. This can enhance customer
satisfaction and trust, which are critical for utilities facing public
scrutiny and regulatory pressure.

« Optimized Resource Allocation: Al allows utilities to allocate their
limited resources more efficiently by focusing on the pipes most at risk
of failure. This targeted approach ensures that maintenance funds are
spent where they will have the greatest impact, prolonging the lifespan
of the water distribution network.

Ultimately, the shift to Al-driven predictive maintenance not only mitigates the
immediate risks associated with aging infrastructure but also lays the
groundwork for a more sustainable and resilient water management strategy.

Embracing AI: A necessary evolution for sustainable water management

As water utilities continue to face the dual challenges of aging infrastructure
and growing demand, the ability to predict and prevent pipe failures with Al
will become increasingly critical. By moving beyond speculation and embracing
data-driven decision-making, utilities can not only extend the lifespan of their
assets but also improve service delivery, reduce costs and conserve valuable
water resources.



Key Take-Aways

Embracing Al and data-driven decision-making is necessary for water utilities
to address the challenges of aging infrastructure and growing demand
effectively.

Al Enables:

* Data integration and analysis from multiple sources
* Predictive modelling to estimate pipe failure likelithood
* Real-time monitoring using sensor data

Benefits of Al-driven predictive maintenance:

* Reduced water loss

* Lower repair costs
 Improved service reliability

* Optimized resource allocation
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