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THE EXPANDING ROLE OF Al IN

WATERSHED & UTILITY OPERATIONS
Al Impacts---Are You Ready?

ARTIFICIAL INTELLIGENCE IS RAPIDLY
TRANSFORMING WATERSHED MANAGEMENT
AND UTILITY OPERATIONS, ENHANCING REAL
TIME MONITORING, HYDROLOGICAL
FORECASTING, TREATMENT OPTIMIZATION,
AND DISTRIBUTION NETWORK OVERSIGHT—
BUT GROWING DEPENDENCE ON THESE
SYSTEMS INTRODUCES NEW RISKS TIED TO
MODEL DRIFT, DATA DEGRADATION, CYBER
INTERFERENCE, AND SERVICE OUTAGES. THIS
WHITE PAPER EXAMINES WHERE Al
INSTABILITY MOST THREATENS OPERATIONAL
RELIABILITY, OUTLINES THE REGULATORY,
FINANCIAL, AND PUBLIC TRUST
CONSEQUENCES OF FAILURE, AND
PRESENTS A RESILIENCE FRAMEWORK BUILT
ON HUMAN GUIDANCE AND PARTNERSHIP.
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Al’s Expanding Role in Water Management

Utilities increasingly rely on artificial intelligence to support real-time water quality
monitoring, hydrological forecasting, treatment plant optimization, and distribution
network management. These systems improve efficiency, regulatory performance, and
operational awareness by processing data at a scale and speed beyond human capacity.

Emerging Vulnerabilities

As Al becomes embedded in mission-critical operations, new risks arise. Instability can
result from model drift, corrupted or low-quality data, cyber interference, flawed updates,
or cloud outages. When Al systems fail, utilities may experience missed contamination
events, incorrect treatment adjustments, unreliable flood forecasts, or undetected leaks—
leading to regulatory violations, higher operating costs, and diminished public trust.

Programs at Highest Risk
Several operational areas are particularly sensitive to Al instability:

¢ Real-time monitoring: Loss of situational awareness and undetected
contamination.

¢ Treatment optimization: Incorrect dosing or pump control affecting water quality
and energy use.

¢ Flood and stormwater forecasting: Inaccurate predictions delaying emergency
response.

e Leak and pressure anomaly detection: Missed leaks or false alarms impacting
system integrity.

Building Resilience

This white paper outlines a comprehensive framework to strengthen reliability and reduce
dependence on any single Al system:

¢ Redundant non-Al systems to ensure continuity during outages.

¢ Continuous model validation to detect drift and performance degradation.
« Robust data quality controls to prevent faulty inputs from propagating.

« Explainable Al to improve operator understanding and oversight.

« Digital twins for safe testing, scenario modeling, and staff training.



¢ Cybersecurity hardening across sensors, data pipelines, and cloud interfaces.
e Operator training for both Al-assisted and manual operational modes.
Governance for Long-Term Stability
To ensure transparency, accountability, and preparedness, the paper recommends:
e Establishing cross-functional Al oversight committees.

¢ Maintaining documentation of model decisions, data lineage, and update
histories.

e Conducting annual Al stress tests simulating failures and cyberattacks.

e Implementing Al incident response protocols for rapid recovery and clear
communication.

The Path Forward

Al will continue to transform water management, but resilience depends on pairing
advanced automation with strong governance and human expertise. The future of utility
operations will be hybrid—Al-enhanced for speed and scale, yet firmly human-governed to
ensure safety, reliability, and public confidence.



Kimberly Rooks — CEO/Chief Strategist

Since 2001, Kimberly has worked with water and wastewater teams in business
development and client management roles for multi-discipline engineering entities. Her
project exposures focused on projects included focuses on CSO tunnels, plants (existing
and new), environmental sustainability, SCADA systems, community engagement.

In 2010, Kimberly performed her first operational assessment of a major department of
watershed management entity that serviced the watershed needs in a system that
supports over 760K residents and countless businesses and multiple educational
institutions. In 2015 and again in 2019/2020 she performed operational assessments
focusing on human impact for a nationally award-winning watershed authority that
services the needs of over 241K residents and multiple businesses.

Shadowing activities allowed Kimberly to be able to experience firsthand the importance of
human, mechanical and technological interfacing. She also witnessed firsthand system
upgrades and the impacts of when those integration processes went well and when
challenges occurred.

As with every other Al interfacing solution, it is imperative that human guidance remain
front and center. As Al is not a replacement to human knowledge, intuition, and the ability
to rapidly respond with appropriate solutions when challenges present themselves. And as
good as Al technology is, challenges and disruptions are real.
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Al is now integrated across four major operational domains:

1.1 Real-Time Water Quality Monitoring

Al interprets high-frequency sensor data to detect:

Nutrient spikes
Pathogens

Chemical contaminants
Harmful algal blooms

Industrial discharge anomalies

1.2 Hydrological Forecasting and Climate Modeling

Al supports:

Flood prediction
Drought forecasting
Reservoir release planning

Stormwater surge modeling

1.3 Treatment Plant Optimization

Al improves:

Chemical dosing
Filtration cycles

Pump scheduling
Energy efficiency

Predictive maintenance

1.4 Distribution Network Management

Al identifies:

Leaks.

Pressure anomalies.



Backflow risks.

Pipe failure likelihood.

These systems enhance efficiency and safety — but they also create new dependencies.

Al instability can arise from:

Model drift (environmental conditions change faster than the model adapts)
Data corruption (faulty sensors, missing data, or noise)

Algorithmic malfunction (bugs, miscalibration, or flawed updates)

Cyber interference (data poisoning, spoofing, or model manipulation)

Cloud or computing outages (loss of access to Al services)

When Al becomes unstable, the system may produce:

Incorrect predictions.

False alarms.

Missed contamination events.

Unreliable optimization recommendations.

Conflicting outputs that confuse operators.

3.1 Real-Time Monitoring Systems

Immediate risk: loss of situational awareness

Impact: contamination events may go undetected.

3.2 Treatment Optimization Systems

Immediate risk: incorrect dosing or pump control

Impact: water quality violations, increased energy use.

3.3 Flood and Stormwater Forecasting

Immediate risk: inaccurate flood predictions

Impact: delayed emergency response, public safety risks.

3.4 Leak and Pressure Anomaly Detection



Immediate risk: undetected leaks or false positives
Impact: water loss, pressure drops, contamination intrusion.

4.1 Regulatory Non-Compliance
Al failures can cause:
¢ Missed sampling anomalies.
¢ Incorrect treatment adjustments.
¢ Violations of drinking water or wastewater standards.
4.2 Increased Operational Costs
Without Al optimization:
e Chemicaluseincreases.
e Energy consumptionrises.
e Maintenance becomes reactive instead of predictive.
4.3 Slower Emergency Response
Manual analysis cannot match Al’s speed in processing:
e Sensor networks
o Satellite imagery
e Hydrological data
4.4 Erosion of Public Trust

Any service disruption or quality issue can damage credibility, especially if Al is perceived
as the cause.

5.1 Maintain Redundant Non-Al Systems
Every Al-dependent function should have:
e A manualfallback.

¢ Anon-Al automated backup.



e Clear operators override authority.
This ensures continuity even during Al outages.
5.2 Implement Continuous Model Validation
Agencies should monitor:
e Model drift
e Performance degradation
e Dataanomalies
¢ Unexpected output patterns
Automated validation pipelines can detect instability early.
5.3 Strengthen Data Quality Controls

Al is only as reliable as its inputs.
Agencies should:

o Validate sensor data.

¢ Useredundant sensors.

o Flag outliers before they reach the Al layer.
5.4 Adopt Explainable Al (XAl)
Explainable models help operators:

¢ Understand why Al made a decision.

¢ Identify when outputs appear abnormal.

¢ Maintain trust without blind reliance.
5.5 Build Digital Twins
Digital twins allow agencies to:

e Test Al updates safely.

o Simulate failure scenarios.

o Validate model behavior.

o Train staff.



5.6 Enhance Cybersecurity for Al Pipelines
Protect:

e Sensor networks

e Dataingestion pipelines

¢ Model storage

o Cloud interfaces
Cyber interference is one of the most serious Al risks.
5.7 Train Staff for Al-Assisted and Al-Absent Modes
Operators should be able to:

¢ Recognize Al malfunction.

e Switch to manual mode.

¢ Maintain operations without Al.

Human expertise remains the ultimate safeguard.

6.1 Establish Al Oversight Committees
Include:

o IT

e Operations

¢ Water quality

e Emergency management

e Legaland compliance
6.2 Require Documentation of Al Decision Paths
Agencies should maintain:

o Model version histories

e Datalineage records

e Update logs



e Performance reports
6.3 Conduct Annual Al Stress Tests
Simulate:

e Sensor failures

e Data corruption

e Cloud outages

e Model drift

e Cyberattacks
6.4 Develop Al Incident Response Protocols
Define:

Who is notified?

How systems revert to manual mode.

How data is validated.

How public communication is handled.

Al offers transformative benefits for watershed management and utility operations---but
only when deployed with resilience, transparency, and robust fallback systems. By
understanding the risks and implementing the mitigation strategies outlined in this white
paper, agencies can ensure that Al strengthens their mission rather than becoming a point
of vulnerability.

The future of water management will be hybrid:



