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T H E  S P I G O T
from the NORTH DAKOTA RURAL WATER SYSTEMS ASSOCIATION

By Daniel Overmoe Training Specialist, 
North Dakota Rural Water Systems Association

Water Treatment and Distribution
Water is the lifeblood of communities, yet managing 

it effectively has always been a daunting challenge. From 
ensuring safe drinking water to treating wastewater 
before it reenters the environment, utilities face mounting 
pressures due to aging infrastructure, rapid urbanization, 
climate variability, and rising operational costs. Artificial 
intelligence (AI) is emerging as a transformative force in 
this sector, offering predictive insights, real-time monitoring, 
and smarter resource recovery. Traditionally, water quality 
assurance relied on manual sampling and periodic laboratory 
testing. This approach, while reliable, often left long gaps 
between measurements.

AI now enables continuous, high‑frequency monitoring 
by analyzing sensor data on pH, turbidity, chlorine levels, 
conductivity, and emerging contaminants. AI-driven 
anomaly detection identifies contamination events within 
seconds rather than hours. Machine learning models can 
now correlate multiple sensor readings simultaneously, 
reducing false alarms and improving accuracy. This shift from 
periodic testing to real-time surveillance allows operators to 
intervene before contamination spreads, protecting public 
health more effectively.

Treatment plants depend on pumps, filters, membranes, 
and valves that are prone to wear and tear. AI systems 
trained on historical performance data can forecast failures 
days or even weeks in advance.

Utilities using predictive maintenance have reported up to 
30% reduction in unplanned downtime and 20–40% longer 
equipment life in early pilot programs. AI models can now 
detect subtle vibration or pressure anomalies that human 
operators often miss. This reduces emergency interventions, 
lowers repair costs, and improves overall system reliability.

AI also helps balance pumping schedules and treatment 
processes to minimize energy consumption. By aligning 
operations with demand forecasts, utilities can deliver clean 
water more sustainably. AI‑optimized pumping schedules 

AI and the Future of Water Management
How Artificial Intelligence is Reshaping Treatment, 

Distribution and Wastewater Recovery
can reduce energy use by 10–25%, especially during peak 
electricity pricing periods. Demand forecasting models allow 
utilities to align operations with real-time consumption 
patterns. By integrating energy data with operational data, 
utilities can deliver clean water more sustainably.

Water loss through leaks is a global problem with some 
cities losing more than 40% of treated water before it reaches 
consumers. AI-powered algorithms analyze pressure and 
flow variations to pinpoint leaks quickly, even in complex 
networks. Early detection conserves water and reduces repair 
costs. Modern AI leak detection systems can identify leaks as 
small as 0.25 gallons per minute, far below the threshold of 
traditional acoustic sensors. Utilities using AI have reported 
20–50% reductions in non-revenue water within the first 
year of deployment.

Consumption patterns are influenced by weather, 
population growth, and seasonal changes. AI models 
predict demand with remarkable accuracy, allowing utilities 
to optimize storage and pumping schedules. AI demand 
forecasting models now achieve 95–98% accuracy in short-
term predictions. Integration with weather data helps 
utilities prepare for heat waves, droughts, or sudden demand 
spikes. This ensures a reliable supply while reducing waste.

Wastewater Collection and Treatment
Wastewater systems must handle variable inflows and 

industrial discharges. AI models predict pollutant removal 
efficiency and adjust aeration, chemical dosing, and sludge 
handling in real time. 

Aeration optimization alone can reduce energy 
consumption by up to 40%, as aeration is typically the most 
energy-intensive step in wastewater treatment. AI can now 
model biological activity in activated sludge systems with 
unprecedented precision. This ensures compliance with 
environmental standards while lowering operational costs.

By integrating with IoT sensors—specialized electronic 
devices that detect and measure physical conditions 
like temperature, motion, humidity, and pressure—AI 
continuously tracks parameters such as chemical oxygen 
demand (COD), biochemical oxygen demand  (BOD), 
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total dissolved solids (TDS), 
ammonia, and nitrate levels.

AI-driven early warning 
systems can detect stormwater 
surges 15–30 minutes before 
they overwhelm the system, 
giving operators critical time 
to respond. Sensor networks 
now provide sub-minute data 
resolution, enabling highly 
granular analysis. When 
abnormal inflows occur, 
AI-powered alerts prevent 
overloads and environmental 
damage.

Wastewater is no longer 
just waste. AI is helping 
utilities unlock their hidden 
value and support a circular 
economy.

Biogas Production: AI 
predicts optimal conditions 
for anaerobic digestion, maximizing energy recovery from 
sludge. AI-optimized digesters can increase biogas yield by 
10–20%. Predictive models help maintain stable microbial 
communities, reducing process failures.

Nutrient Recovery: Machine learning guides the 
extraction of nitrogen and phosphorus, turning them into 
fertilizers. AI-controlled nutrient recovery systems can 
reduce chemical use by up to 35%. Recovered phosphorus 
can offset fertilizer production costs, creating new revenue 
streams. These innovations support a circular economy, where 
waste is transformed into resources that benefit agriculture 
and energy systems.

Despite its promise, AI integration faces hurdles. Data 
quality is critical; faulty sensor inputs can undermine 
decision-making. Upgrading legacy infrastructure to 
support AI-enabled systems requires significant investment. 
Cybersecurity risks must also be addressed, as smart 
water systems are vulnerable to hacking and require 
robust protection. Cyberattacks on water systems have 
increased fourfold in the past five years, underscoring 
the need for stronger digital defenses. Finally, utilities 
need skilled staff who can interpret AI outputs and 
manage advanced technologies effectively. More than 
60% of utilities report that a lack of staff training is a 
major barrier to AI adoption.

The future of water management lies in combining 
AI with IoT, digital twins, and advanced analytics. 
Together, these technologies can build resilient 
infrastructure that adapts to rapid urbanization and 
climate pressures. Digital twins can simulate entire 
water networks with millisecond-level accuracy, 
enabling scenario planning and stress testing. AI 
enables sustainable operations that minimize energy 
use, maximize resource recovery, and enhance public 
trust through transparent, data-driven assurance. AI-
driven optimization could reduce global water losses by 
up to 20 billion cubic meters annually if widely adopted. 
AI enables sustainable operations that minimize energy 
use, maximize resource recovery, and enhance public 
trust through transparent, data-driven assurance.

Artificial intelligence is revolutionizing water 
treatment, distribution, wastewater collection, and 
recovery. By shifting from reactive to predictive 
management, AI empowers utilities to deliver cleaner 
water, reduce waste, and recover valuable resources. 
As societies strive for sustainability, AI is no longer 
optional. It is becoming essential for securing resilient 
communities and providing quality water to everyone.
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