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SMART SPILLAGE MANAGEMENT:
AI-POWERED PREDICTIVE FLOW

MANAGEMENT

Abstract
The wastewater management practices of the UK's water companies are currently under
immense public and regulatory pressure, particularly with relation to the release of raw sewage
into rivers through Combined Sewer Overflow (CSO). While such discharges are permitted
during heavy rainfall to prevent system overload, data depicts that they are occurring
more frequently than necessary, even during dry weather. Regulatory agencies have urged
companies to now monitor and report all discharges, reduce overflow incidents, and invest in
system upgrades. This POV aims to address these concerns of water companies by providing
guidelines to build a smarter CSO network with focus on Al integrations. In response to
increasing regulatory pressure and potential heavy penalties, it proposes a smart spillage
management system that integrates advanced sensor technology, Al-driven analytics, and
next-generation GIS solutions. The advanced technological infrastructure will enable predictive
monitoring and dynamic flow management. In order to maximize network capacity, proactively
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reduce the risk of overflow, and guarantee intelligent wastewater redistribution across
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infrastructure components, it also makes use of Al-driven algorithms.
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Overview of spillage ecosystem

Across most of the UK, sewer networks are designed as combined
systems, meaning they carry both rainwater and wastewater
(originating from households such as toilets, bathrooms, and
kitchens) through the same pipelines. Under normal conditions,
this wastewater is treated at nearby sewage treatment facilities.
However, during periods of heavy rainfall, the volume entering the
system can exceed the treatment plant’s capacity. If this excess is
not managed, it can cause sewage to back up, leading to flooding
in homes, streets, and public areas. To prevent such situations, the
infrastructure is intentionally designed to release surplus flows

at times, diverting untreated or partially treated wastewater into
rivers and coastal waters through structures known as Combined
Sewer Overflows (CSOs). Nevertheless, the UK water regulator,
Ofwat, has highlighted concerns that some water companies
have been discharging sewage even in dry weather conditions,
rather than only during storms. This practice, which results from
inadequate management of treatment operations and breaches
of permit conditions, is referred to as “dry spilling.” An illustration
below outlines the different types of CSO spill events.

Illegal dry spill
This is when untreated wastewater spills straight out into rivers
and seas when there is no rain.

Storm drain —

Overflow pipe T

N |

Normal operation

When the system is functioning
normally, wastewater flows
smoothly through the system
to the sewage treatment plant.

Household wastewater

Rivers/sea
Treatment plant —

Legal spill

Water companies are allowed

to spill untreated wastewater

under certain conditions, such

as heavy or prolonged rainfall. [

Illustration 1: Types of spillage (Source : BBC News®)
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Implications of GSO on the water
companies

Water companies are faced with numerous challenges due to
issues with Combined Sewer Overflow (CSO). For large or unlawful
sewage releases, they risk severe financial penalties and fines.
Moreover, regulatory bodies mandate rigorous monitoring and
systematic reduction of wastewater overflow incidents. These
incidents often severely damage their public perception with
companies being held accountable for resulting ecological
damage.

This problem is further compounded by aging infrastructure
having insufficient capacity to handle combined stormwater and
wastewater during heavy rainfall which means that significant
capital expenditure is required for modernization that in turn
creates financial pressure. Currently, companies also struggle
with operational inefficiencies that hinder prediction, prevention,
and response to overflow events. Climate change has made
these challenges worse with increased frequency and intensity
of storms, making CSO events more difficult to manage. In the
meantime, growing public knowledge of the problems with water
pollution frequently results in political pressure for quick fixes.
Technical complexities of collecting, analysing, and reporting
comprehensive discharge data present additional logistical
hurdles to the already complex problem.?

Water businesses are now pursuing cost-effective solutions while
juggling operational efficiency and environmental compliance
requirements as a result of regulatory pressure and the possibility
of multimillion-pound fines.

Britain through the numbers

Britain is facing a major sewage pollution crisis, with water
companies reported to have discharged untreated sewage

for over 3.6 million hours in 2024, the highest on record.

This has intensified public anger as ageing infrastructure,
underinvestment, and poor performance continues to drive
widespread environmental damage. In response, regulator Ofwat
has approved an average 36% rise in water bills over the next
five years to support £104 billion in infrastructure upgrades.
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Smart Spillage Management System: Comprehensive Solution Overview

Advanced Integrated Technology Platform

The proposed smart spillage management system represents a cutting-edge approach to wastewater infrastructure management. It creates
a thorough framework for monitoring and control by smoothly integrating three essential technological components:

Advanced Sensor Technology Al-Driven Analytics Engine Next-Generation GIS Solution

The levers within these 3 technologies create a comprehensive solution that addresses all aspects of spillage management in a sewer

system. The resulting features include predictive rainfall monitoring, network capacity analysis, dynamic load balancing & automated flow
distribution.

Real-time monitoring
Advanced network Netwqu
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Technology Analysis
Environmental monitoring Low-power loT architecture
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lllustration 2: Technology levers for spillage management solution




A robust data architecture must be in place to ensure that the levers deliver the desired outcome
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lllustration 3: Data architecture for spillage management solution

The data architecture mentioned above uses sophisticated data collection, processing, and analysis to provide a thorough approach to

intelligent spillage management. Essential data is fed into the system from sources such as water loggers, GIS mapping tools, and smart

meters placed throughout the wastewater network. These sensors keep an eye on several variables including pollution levels, pipeline

conditions, water flow rates, and environmental effects.

The data acquisition strategy integrates diverse technological methodologies like batch processing for archival insights, real-time API-

driven event monitoring, and streaming mechanisms for instantaneous data capture. This multi-modal approach ensures comprehensive

documentation of wastewater system dynamics, preserving both historical context and immediate operational variations. By means of

networking tools and API gateways, the system converts unprocessed data into insights. Machine learning models are deployed on top

of this data layer to predict infrastructure maintenance needs, detect potential spillage risks, optimize treatment processes, and support

sustainable CSO management strategies.

The integrated infrastructure will form a wastewater management ecosystem characterized by predictive intelligence, adaptive infrastructure

optimization & proactive risk mitigation. By utilizing the four strategic capabilities listed below, the system will revolutionize conventional

CSO management.

Predictive Rainfall Monitoring

Network Capacity Analysis

Wastewater Management

Automated Flow Redistribution

Ecosystem

Capacity & investment planning

Illustration 4: Components of wastewater management ecosystem
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Predictive Rainfall Monitoring

Sensors will track rainfall, ground water saturation, & weather
patterns in real-time. The system then utilizes meteorological
data feeds and localized weather sensors to forecast precipitation
events with high spatial and temporal resolution. Al algorithms
are utilized to analyze weather patterns as per historical data to
predict the volume and intensity of rainfall in specific catchment
areas. These predictions incorporate seasonal variations and
climate change trends for improved long-term forecasting. Early
warning systems will then provide actionable alerts 12-48 hours
before significant precipitation events

Network Capacity Analysis

Sensors which are placed throughout the sewer network collect
data on sewer flow characteristics & its composition. There is
continuous assessment of current network capacity across all
system components and real-time monitoring of flow rates,
water levels, and pressure at critical junctions. This helps identify
capacity bottlenecks and vulnerability points during various flow
conditions along with historical performance analysis.

Automated Flow Redistribution

By dynamically assessing the state of the infrastructure, intelligent

wastewater management systems use sophisticated algorithmic
routing to optimize flow pathways in real-time. Through the use
of automated control mechanisms spanning pumps, gates, and
valves, these systems can intelligently reroute wastewater flows
to prevent potential capacity overloads. The flow redistribution
strategy uses intelligent prioritization, combining conservation
principles & regulatory compliance to create a robust mechanism
that maintains critical functionality, even under challenging
conditions such as power disruptions or network failures.

Capacity & investment planning

Cutting-edge geospatial technologies and artificial intelligence
are revolutionizing urban infrastructure planning by offering
intelligent predictions for sewer network capacity. Utilizing
sophisticated computational models that analyze population
dynamics, these tools generate precise forecasts of future

infrastructure requirements. The system employs a comprehensive

evaluation framework that ranks potential projects based on

strategic priorities, financial efficiency, and anticipated community

impact. As a result, conventional reactive maintenance is
transformed into a proactive, strategic capacity management
method that maximizes the limited public resources and best
matches infrastructure development with changing community
needs.
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Benefits of this solution

The intelligent spillage management system delivers multiple
significant benefits across operational, environmental and
compliance domains.

1.

Proactive management can reduce CSO spillage events by up
to 80% in properly configured systems, while simultaneously
enhancing environmental protection by minimizing the
discharge of untreated wastewater into natural waterways.6

By offering auditable data trails that show due diligence
in overflow prevention measures, the solution guarantees
regulatory compliance.

It is a cost-effective solution that extracts optimal operational
value from existing assets, thereby minimizing capital
expenditure and providing a financially prudent approach to
infrastructure management.

The scalable architecture allows for incremental
implementation across the CSO network, enabling the
organisation to prioritize critical areas first while developing

a long-term deployment strategy that aligns with budgetary
constraints and regulatory timelines.




Case Studies

In Hawthorne, California, real-time monitoring sensors were deployed across approximately 2.5% of the sewer
network, covering around 50 manholes. These sensors feed data into an analytics platform that continuously
tracks rising water levels within the pipelines. As a result, the city has been able to proactively manage potential
overflows, leading to estimated savings of $2 million in fines and remediation expenses associated with sewer
spill incidents.

In Ormond Beach, Florida, the city implemented Continuous Monitoring and Adaptive Control (CMAC)
technology to enhance flood management. Prior to the arrival of Hurricane Irma in 2017, the system enabled the
controlled release of approximately 70 acre-feet of water from the lake network, significantly reducing the risk
of flooding in surrounding areas. This optimization project cost around $200,000, whereas expanding system
capacity through traditional infrastructure upgrades was estimated to require nearly $8 million.

A Metropolitan Sewer District in Kentucky deployed a comprehensive smart sewer network across its system.
By introducing real-time controls (RTCs), the utility is able to dynamically manage the movement, storage, and
release of wastewater based on available capacity within the network. This approach has significantly reduced
combined sewer overflows by approximately 1 billion gallons each year, while also delivering cost savings of

around $117 million.

In South Bend, Indiana, approximately 120 smart sensors and actuators were deployed to dynamically manage
sewer system capacity. The system operates by reallocating available conveyance capacity in real time—similar
to a trading mechanism—nhelping to prevent flooding and overflow events. Since adopting this smart sewer
approach, the city has achieved annual savings of around $1.5 million in operations and maintenance, along
with an estimated $500 million in avoided capital expenditure

A step towards implementation in UK

Northumbrian Water in the UK is investing £20 million in an Al-driven smart sewer initiative that combines advanced analytics with a
network of intelligent sensors installed along sewer lines. This system is designed to proactively monitor and manage wastewater flows,
enabling the utility to adjust the direction and movement of sewage within the network to reduce the likelihood of spills. The solution is
further enhanced by a digital twin that simulates system behavior in advance, providing greater operational visibility and allowing the
company to anticipate and address potential issues before they lead to overflow events.
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