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Abstract

Background. Artificial-intelligence systems can detect anomalies in pressure, flow, acoustic, fibre and
customer-meter data, yet a high laboratory accuracy does not establish operational value. Real networks
contain rare leak events, noisy sensors, changing demand, incomplete labels, hydraulic uncertainty and
field-access constraints. Each false alert consumes analyst and crew capacity;, each missed or poorly
located leak can extend water loss and damage. Objective. This paper develops an investment and
operating framework for determining whether an alert system finds actionable leaks at acceptable total
cost. Method. It reviews recent field and multi-network research, United States Environmental Protection
Agency guidance on alarm sensitivity and false positives, Ofwat Innovation Fund evidence, open-source
anomaly frameworks and research on simulation-to-field transfer. It then constructs a sensor-to-repair
operating model, confusion-matrix economics, data and model controls, sensor-placement logic, field-
validation protocol, procurement scorecard, cost-benefit model, risk matrix and staged deployment
roadmap. Findings. The useful unit is a verified and economically prioritised leak, not an alert or
accuracy percentage. Base rates make precision critical: a modest false-positive rate can dominate the
alert queue when real leaks are rare. Detection, localisation, confirmation and repair are separate tasks
with separate error and cost. Model value depends on sensor coverage, data availability, alert ranking,
field workflow, feedback and sustained performance under drifi. Implications. Utilities should procure an
operating system with measurable outcomes, shadow-test it against existing practice, price false
investigation and missed-leak costs, and scale only after field evidence supports the business case. All
unattributed numerical exhibits are hypothetical decision tools, they are not forecasts, valuations, offers
or descriptions of a named utility or transaction.

JEL Classification: C55, D24, G31, L95, 032, Q25

Keywords: artificial intelligence, water leakage, anomaly detection, false positive, precision, recall,
sensor placement, digital twin, field verification, water utility economics

This paper is an educational and structural analysis prepared for research purposes. It is not investment advice, an offer, or a
solicitation. It contains no client information.

1. THE INVESTMENT DECISION

The utility must decide whether a proposed detection system can reduce the total economic cost of
leakage and response. That decision covers sensors, communications, data engineering, models,

Chennakeshav Adya | Does the Alert Find the Leak? | 2026



analyst review, field confirmation, repair and feedback. A model that produces alerts without a
reliable path to field action is incomplete.

Approval should state the target network, leak types, operating baseline, acceptable errors,
deployment cost, service workflow, evidence period and conditions for scale. The decision should
remain tied to verified field outcomes.

2. DEFINE THE USEFUL OUTCOME

The useful outcome is a leak that is detected early enough, located tightly enough, confirmed
efficiently and repaired economically. Detection alone identifies abnormal behaviour. Localisation
narrows the search. Confirmation determines whether the event is real. Repair converts information
into water and service benefit.

These stages should be measured separately. A system can detect an anomaly accurately while
sending crews to a wide or incorrect search area.

3. THE BASE-RATE PROBLEM

Leaks are rare relative to normal operating intervals. Even a small false-positive rate can generate
more false than true alerts when millions of normal observations are screened. Precision therefore
depends on both model behaviour and the underlying event rate.

A pilot should disclose the number of true leaks, normal periods, alerts, investigations and confirmed
outcomes. Overall accuracy can look high when the model mostly predicts the common no-leak
class.

4. CONFUSION-MATRIX ECONOMICS

A true positive can accelerate repair. A false positive consumes review and field capacity. A false
negative leaves a leak undetected. A true negative avoids intervention. Each outcome has a different
cost, and those costs vary by asset, location and consequence.

The economic threshold should reflect avoided water, damage, service interruption and escalation
against analyst, survey, excavation and missed-event cost.

5. PRECISION AND RECALL

Precision measures the share of alerts that are true. Recall measures the share of actual events
detected. Raising sensitivity can improve recall while increasing false alerts. Tightening the
threshold can improve precision while missing smaller events.

Recent multi-network work reports materially different precision and recall across network structures
and leak sizes [1]. One threshold should not be assumed to suit every district or operating state.
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6. DETECTION-TO-REPAIR ARCHITECTURE

An alert creates value only when the operating loop reaches verified repair

Network and sensors Data platform Al model Analyst triage Field confirmation
flow, pressure, sound quality and context score and location rank and explain survey and isolate

Model monitoring Qutcome ledger Repair and close
drift and retraining truth and economics work order and cost

Figure 1. Sensor-to-repair operating and evidence architecture

Generic structure; actual systems, responsibilities and controls depend on utility and jurisdiction.

7. DETECTION VERSUS LOCALISATION

Binary detection asks whether an event exists. Localisation asks where it is. Size estimation asks
how material it may be. Research benchmarks show that detection performance can exceed
localisation performance, particularly under noise, sparse sensors or weak hydraulic signatures [2].

Procurement should specify the required location tolerance and field-search burden. A correct alert
covering several kilometres can remain operationally expensive.

8. DEFINE LEAK CLASSES

Leaks can include background leakage, service-connection leakage, bursts, valve or hydrant loss,
reservoir overflow and customer-side events. Their signals, consequences and response times differ.

The taxonomy should identify which classes the system is designed to detect. Vendor claims should
not extend from a tested class to every loss mechanism without evidence.

9. ESTABLISH THE OPERATING BASELINE

The baseline should record current detection methods, survey frequency, response time, repair
confirmation, leak run time, water lost, repeat visits and cost. It should also document network
segmentation, sensor estate, telemetry availability and field constraints.

The investment case needs a counterfactual. A leak found by Al may also have been found through
routine night-flow analysis or customer reports.
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10. PRESSURE SENSORS

Pressure changes can indicate bursts, demand events, valve operations, pump changes and leaks.
Sensor location, resolution, sampling and synchronisation influence detectability.

Models should incorporate known operating events and pressure-management zones. A threshold
trained under one control regime may fail after set-point or supply changes.

11. FLOW SENSORS

District and boundary flow support minimum-night-flow, balance and anomaly methods. Reliable
boundaries and calibrated input meters are essential.

Flow anomalies can reflect legitimate demand, network transfers, flushing or meter error. Context
and confirmation remain necessary.

12. ACOUSTIC SENSING

Acoustic loggers and correlators can detect leak noise and support location. Pipe material, diameter,
soil, background noise, pressure and sensor spacing affect propagation.

Water use, pumps and environmental noise can resemble leaks. Field confirmation should remain
part of the workflow.

13. FIBRE AND DISTRIBUTED SENSING

Existing or installed fibre can support continuous acoustic or vibration monitoring over long
corridors. Coverage and data volume can be attractive for critical mains.

The business case should include access rights, interrogation equipment, signal processing, specialist
analysis, false-event classification and repair integration.

14. ADVANCED METERING INFRASTRUCTURE

Customer-meter intervals can reveal continuous consumption and possible premises leakage.
Distribution-network detection may also use aggregated demand residuals and hydraulic context.

AMI coverage, interval, communication reliability and customer consent shape the use case.
Customer-side alerts need a separate service process.

15. SATELLITE AND REMOTE SENSING

Remote sensing can prioritise broad areas using surface, moisture or other signals. It may
complement field survey where access is difficult.

Ground conditions, weather, depth and non-water moisture can affect interpretation. Confirmation
cost and revisit frequency should be included.

16. SENSOR FUSION

Combining pressure, flow, acoustic, AMI, work-order, weather and operational data can reduce
ambiguity. Fusion also increases integration and data-quality requirements.
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The model should reveal which sources drove the alert and how it behaves when a source is
unavailable. Resilience should be tested through sensor-ablation scenarios.

17. SENSOR PLACEMENT

Placement should follow the target leak size, network topology, hydraulic sensitivity, critical assets,
communications and field access. Uniform spacing may waste coverage or miss low-sensitivity
areas.

Research on model falsification and sensor placement demonstrates that uncertainty and network
configuration affect localisation capability [3]. The pilot should test placement alternatives before
full rollout.

18. SAMPLING AND SYNCHRONISATION

Fast transients can require high-frequency and tightly synchronised data. Slow background leakage
may be detected through lower-frequency trends. Sampling should match the physical signal and
operating decision.

Clock drift, missing intervals and aggregation can produce apparent anomalies. Data engineering
controls should be specified alongside the model.

19. COMMUNICATIONS

Connectivity determines latency, completeness and cost. The design can use cellular, radio, fibre,
low-power networks or store-and-forward methods.

Coverage, power, data volume, maintenance and cyber controls should be tested in the actual
deployment environment. Laboratory connectivity is not field evidence.

20. DATA-QUALITY GATES

The pipeline should test plausibility, range, time alignment, duplication, missingness, flat-line
behaviour and calibration status. Data failing a critical gate should not create an operational alert
without qualification.

Quality status should travel with the prediction so analysts can distinguish network anomalies from
sensor anomalies.

21. LABEL QUALITY

Supervised learning requires examples marked as leak or normal. Labels can come from controlled
tests, confirmed repairs, work orders, surveys or simulation. Each has limitations.

Work orders may omit unfound alerts or contain inaccurate times and locations. Controlled releases
may not represent natural failures. The training register should preserve provenance and confidence.
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22. RARE-EVENT DATA

Large leaks may be operationally important and statistically scarce. Small leaks may be more
numerous but weakly visible. A dataset should represent the intended event and network conditions.

Resampling can assist training while leaving evaluation prevalence realistic. Performance should be
reported on an untouched field-representative set.

23. SIMULATION

Hydraulic and transient models can generate labelled scenarios across locations and sizes. They
support controlled experiments and coverage exploration.

Simulation assumptions about demand, roughness, controls, noise and sensor behaviour should be
documented. A model trained on synthetic data requires field validation.

24. SIMULATION-TO-FIELD GAP

Recent research reports substantial performance loss when models trained on simulation are applied
directly to field measurements, with improvement after field-data transfer learning [4]. That evidence
supports a deliberate adaptation stage.

The utility should retain a field holdout set and prevent repeated tuning against the final acceptance
sample.

25. MODEL CLASSES

Methods include statistical thresholds, change detection, hydraulic residuals, support-vector
machines, tree ensembles, neural networks, graph models, transformers and autoencoders. No model
class is automatically best for every network.

Selection should follow field precision, recall, location, latency, interpretability, maintainability and
cost rather than novelty.

26. SUPERVISED CLASSIFICATION

Supervised models learn from labelled examples. They can perform well when field labels cover
operating variation and the target class.

Performance may degrade for new pipe materials, seasons, pressure zones or sensor configurations.
The deployment plan needs monitoring and retraining rules.

27. UNSUPERVISED ANOMALY DETECTION

Unsupervised methods learn normal patterns and score deviations. They can identify novel events
with fewer leak labels.

They can also alert on legitimate operational change. The operating team needs context, threshold
governance and a path to classify outcomes.
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28. HYDRAULIC RESIDUAL METHODS

Residual methods compare measurement with model prediction. Their value depends on model
calibration, demand estimation and sensor uncertainty.

They can provide physical interpretation and localisation, while network changes require model
maintenance. The utility should budget for calibration.

29. EXPLAINABILITY

Analysts need enough evidence to rank and investigate alerts. Useful explanation can include
affected sensors, time window, deviation direction, candidate area, comparable events and data-
quality status.

Explanation should support operational judgement. A visual explanation does not prove causal
correctness.

30. ALERT FUNNEL

Operational value emerges as noisy alerts become verified repairs

Raw anomaly scores: 1200

Rule and context screen: 260

Figure 2. Hypothetical monthly alert funnel

Hllustrative counts only; actual volumes depend on network, model and operating thresholds.

31. THRESHOLD GOVERNANCE

Thresholds determine alert volume and missed events. They should be approved by use case, zone
and consequence. Operators should know when a threshold changed and why.

Emergency or critical-main detection may favour recall; routine background-leak work may favour
precision. The economic model should reflect this choice.

Chennakeshav Adya | Does the Alert Find the Leak? | 2026



32. ALARM FATIGUE

EPA guidance on distribution-system event detection describes the need to balance sensitivity with
false positives and recognises alarm fatigue from excessive alerts [5]. Leak operations face a
comparable human constraint.

Queue size, age, review time, dismissal reasons and repeat alerts should be monitored. An unworked
alert has no operational value.

33. ALERT DEDUPLICATION

One physical event can generate repeated scores across sensors and time. The platform should group
related signals into an incident and retain the underlying evidence.

Poor deduplication inflates headline alert counts and analyst workload. Incident-level precision is
more useful than record-level precision.

34. PRIORITISATION

Alerts can be ranked by estimated loss, consequence, confidence, critical customers, road risk, access
and proximity to other work. The ranking method should remain transparent.

High confidence does not always mean high value. A moderate-confidence event on a critical main
may require faster review.

35. ANALYST TRIAGE

Analysts should review data quality, operating events, neighbouring sensors, hydraulic context,
history and consequences. Triage should lead to dismiss, monitor, remote test or field action.

Decision time and consistency should be measured. Training examples can use adjudicated
outcomes.

36. FIELD CONFIRMATION

Confirmation can use acoustic survey, step testing, pressure logging, visual inspection, tracer
methods or controlled isolation. The method should match pipe and location.

Field teams need a search area, evidence package, safety plan and closure code. An alert remains
unverified until the agreed confirmation standard is met.

37. EXCAVATION DECISION

Excavation has direct cost and disruption. The utility should define when confidence and
consequence justify excavation, exploratory work or continued monitoring.

The decision should account for traffic, permitting, customer impact and opportunity to coordinate
planned works.
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38. REPAIR CONFIRMATION

After repair, the utility should confirm the defect and observe whether the signal and water balance
change as expected. A repair that does not explain the alert provides new evidence.

The outcome ledger should retain location, asset, defect, flow estimate, cost, duration and signal
response.

39. FEEDBACK LOOP

Confirmed outcomes should update labels, thresholds, rules and model monitoring. Dismissed alerts
should record a reason, not simply disappear.

Feedback quality is an operating capability. Vendor retraining should be auditable and subject to
acceptance controls.

40. PERFORMANCE SCORECARD

Table 1. Illustrative detection and operating scorecard

Dimension Metric Evidence Decision use

Detection Recall by leak class and Confirmed events and Missed-event exposure
size controlled tests

Alert quality Precision and false Incident-level adjudication | Analyst and field workload
discovery

Localisation Distance or search-area Confirmed repair location Survey and excavation cost
error

Timeliness Detection-to-triage and System and work-order Avoided run-time benefit
repair timestamps

Reliability Data availability and model | Platform logs Operating continuity
uptime

Economics Cost per confirmed leak Finance and outcome Scale or redesign
and net benefit ledger

41. FALSE-POSITIVE COST

False-positive cost includes analyst review, repeat monitoring, field survey, travel, traffic control,
customer contact and possible excavation. It also includes opportunity cost when crews defer real
work.

The model should calculate cost by alert pathway rather than one average. Most false alerts may end
remotely, while a small share drives expensive field activity.

42. FALSE-NEGATIVE COST

A missed leak can continue losing water, energy and chemicals and may escalate into service
interruption or damage. Cost depends on leak rate, duration, location and consequence.

The utility should avoid unsupported catastrophe assumptions. Scenario ranges should separate
routine loss from high-consequence events.

Chennakeshav Adya | Does the Alert Find the Leak? | 2026



43. LOCALISATION ERROR COST

Poor localisation expands survey distance, delays confirmation and can lead to unnecessary
excavation. Search-area size is therefore an economic metric.

Models should report error distributions and difficult zones. Average distance can conceal a long tail
that drives cost.

44. VALUE OF TIME

Earlier detection creates value when it shortens leak run time relative to existing practice. The benefit
begins only after alert review and action.

End-to-end time should cover event onset, score, analyst decision, field visit, repair and closure.
Model latency alone is insufficient.

45. AVOIDED-WATER VALUE

Avoided water can be valued at short-run marginal production cost, scarcity value, deferred capacity
or tariff value, depending on the decision. These are different concepts.

The business case should state the chosen value and prevent double counting. Cash benefit available
for financing may be narrower than economic benefit.

46. DAMAGE AND SERVICE VALUE

Early action may reduce road, property, outage and emergency costs. Historical incident data can
support scenario ranges.

Rare severe events should be probability-weighted and disclosed separately. Insurance treatment and
deductibles should be considered.

47. COST STACK

Table 2. Illustrative total-cost stack

Cost layer

Typical items

Timing

Control

Sensor estate

Devices, installation,
power and calibration

Upfront and replacement

Coverage and asset register

Connectivity and platform

Communications, storage,
integration and support

Recurring

Service levels and usage
controls

Model operations

Configuration, monitoring,
retraining and licences

Recurring and change-
driven

Version and acceptance
control

Human workflow

Analyst triage, surveys and
programme management

Alert-driven

Queue and productivity
reporting

Field action

Confirmation, traffic,
excavation and repair

Incident-driven

Work-order and outcome
evidence

Risk allowance

Failures, cyber response
and transition

Contingent

Risk register and reserve
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48. BENEFIT STACK

Benefits can include water and energy saved, lower emergency response, reduced damage, improved
continuity, better targeting of renewal and stronger regulatory evidence. Each benefit needs a
baseline and owner.

The investment model should distinguish cash, avoided cost, deferred capital and public value. Only
realised or contractually funded cash should support debt service.

49. ILLUSTRATIVE SENSITIVITY

Value improves when alerts are credible and materially earlier

1.0

0.8

(VS]

- 0.6

- 0.4

Illustrative net value units

Detection lead time versus current practice (days)
~]

- 0.2
14 0.11 0.29 0.49
30 A 0.20 0.40 0.62
T T T
25 40 55 70 85

Incident-level precision (%)

Figure 3. Hypothetical net annual value by precision and detection lead time

Lllustrative values only; this is not a forecast, valuation or vendor comparison.

50. CAPEX VERSUS SERVICE MODEL

The utility can own sensors and platform, subscribe to a managed service or use a hybrid. Ownership
affects control, skills, integration, replacement and exit.

The economic comparison should use total cost over the expected life and include transition. A low
pilot price may not represent full-scale operations.
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51. FINANCING

Digital infrastructure can be funded from utility capex, operating budgets, innovation funds, grants,
vendor finance or broader performance programmes. Financing should match asset life and contract
enforceability.

Modelled benefit does not automatically provide repayment cash. Budget authority and payment
source should remain explicit.

52. PERFORMANCE-BASED PAYMENT

Vendor remuneration can link partly to service availability, accepted alerts, verified leaks, lead time
or net benefit. The metric should remain within vendor influence and resist gaming.

Payment solely per alert rewards volume. Payment solely per confirmed leak may discourage
difficult but valuable events. A balanced structure can combine fixed capability and outcome
components.

53. PROCUREMENT DATA ROOM

The data room should include network maps, sensor inventory, telemetry samples, event and repair
history, operating logs, existing methods, data quality, security standards and field workflow.

Bidders should receive a common evaluation dataset where feasible. Confidential and critical-
infrastructure information needs controlled access.

54. VENDOR CLAIM NORMALIZATION

Claims should state network, pipe, sensor, event prevalence, leak size, noise, training data, test split
and evaluation unit. Accuracy without these conditions is insufficient.

The utility should translate every claim into the target operating environment and request
reproducible evidence.

55. PILOT DESIGN

A pilot should include representative districts, seasons, demand states, pipe materials and sensor
conditions. It should run long enough to observe normal variation and genuine or controlled events.

The protocol should be agreed before model tuning and preserve a blind acceptance phase.

56. SHADOW MODE

In shadow mode, the system produces alerts without directing operations. Analysts compare outputs
with current practice and later outcomes.

Shadow mode supports safe threshold calibration and workload measurement. It should have a fixed
end and decision gate.
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57. CONTROLLED TESTS

Known releases or hydrant events can test detection and localisation under controlled conditions.
They support repeatability but may not represent natural leaks.

The programme should label controlled and natural events separately and avoid pooling them
without disclosure.

58. ACCEPTANCE CRITERIA

Acceptance should cover field precision, recall, location, latency, data availability, alert duplication,
workflow integration, cybersecurity, reporting and economics. Criteria should be measured at
incident level.

The contract should state the sample period, confidence treatment and remedy when evidence is
insufficient.

59. SCALING GATE

Scale should require stable operation, manageable workload, positive downside economics,
acceptable cyber risk, maintainable integration and a funded field-response capacity.

A successful technical pilot can still fail the operating or commercial gate.

60. MODEL DRIFT

Demand, controls, sensors, assets and climate change over time. Drift can alter score distributions
and error rates.

Monitoring should compare data, alerts and outcomes by district and season. Threshold or model
changes should follow controlled approval.

61. RECALIBRATION AND RETRAINING

Recalibration can adjust thresholds or hydraulic parameters; retraining changes learned behaviour.
The utility should define triggers, data requirements, testing and rollback.

New versions should be shadow-tested before production. Historical performance should remain
reproducible.

62. CYBERSECURITY

Sensors, gateways, platforms and integrations expand the attack surface. Controls should cover
identity, encryption, patching, segmentation, logging, incident response and vendor access.

An automated alert should not control valves or pumps without separate safety and authorisation
design.

63. RESILIENCE

The system should degrade safely when communications, sensors or cloud services fail. Operators
need fallback methods and visibility of blind areas.
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Service-level reporting should distinguish platform uptime from useful data availability.

64. DATA RIGHTS

Contracts should define ownership, permitted use, retention, export, model-training rights and
deletion. The utility should retain its network, event and outcome history.

Exit should include usable data and documentation in non-proprietary formats where required.

65. RISK ALLOCATION

Table 3. Illustrative deployment risk matrix

Risk

Preferred owner

Contract treatment

Management response

Sensor and telemetry
failure

Party controlling
equipment or service

Availability, repair and
data-quality terms

Redundancy and blind-area
reporting

Incomplete historic labels

Utility for disclosed
records; vendor for
accepted method

Data caveat and field-
validation plan

Conservative acceptance
and shadow phase

Model performance

Vendor within agreed

Incident-level metrics and

Monitoring, rollback and

environment remedy retest
Network or operating Utility with vendor Change notice and Versioned configuration
change cooperation recalibration process and budget

False field action

Shared according to
evidence and workflow

Confirmation protocol and
liability limits

Approval gate and outcome
review

Cyber incident

Party controlling the
affected layer

Security obligations and
response

Segmentation, logging and
recovery

66. GOVERNANCE

An accountable owner should connect operations, data, IT, cybersecurity, finance, procurement and
field teams. The steering group should review outcome and economics, not only vendor activity.

Material thresholds, model versions and scope changes need defined approval rights.

67. MONTHLY DASHBOARD

The dashboard should show coverage, data quality, alerts, deduplicated incidents, precision, recall
where observable, location error, queue age, field actions, confirmed leaks, repair time, water
estimate, cost and benefit.

Confidence and missing truth should remain visible. Unverified alerts should not be presented as
leaks found.

68. RED FLAGS

Red flags include accuracy without prevalence, synthetic-only validation, no blind field test, alert-
level rather than incident-level reporting, missing false-investigation cost, weak sensor coverage,
proprietary data lock-in, uncontrolled retraining, no field capacity and benefit claimed without
repaired outcomes.

Each requires evidence, redesign, price protection or a decision not to scale.
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69. FIRST 180 DAYS

The first six months should define use cases, baseline current practice, map data and sensors, select
pilot areas, establish truth and workflow, procure the platform, run shadow mode and agree
acceptance.

The investment committee should see real queue, field and cost evidence before approving
expansion.

70. INVESTMENT-COMMITTEE PACK

The pack should include target leak classes, baseline, sensor and data map, model evidence, pilot
protocol, confusion-matrix economics, operating design, cyber review, procurement terms, cost-
benefit scenarios, risk matrix and scale gates.

Management estimates should remain identified. Vendor claims should retain source and test
conditions.

71. DECISION RULE

Proceed when the system produces field-credible, timely and economically prioritised incidents;
integrates with a funded confirmation-and-repair workflow; preserves data and security; and delivers
positive downside value relative to current practice.

Scale should follow verified outcomes. A high model score alone is not an investment case.

72. CALCULATE BASE-RATE ARITHMETIC BEFORE PROCUREMENT

The preparation team should calculate expected alerts under several event-prevalence and error
assumptions. For each network-day or other evaluation unit, the model should estimate true events,
detected events, missed events, false alerts and total investigations. This exposes situations where an
apparently small false-positive rate overwhelms a rare true-event population.

The arithmetic should use the same unit as the operating workflow. A sensor-record classification
rate cannot be translated directly into crew visits without deduplication and incident grouping. The
model should also test different districts, because event prevalence and hydraulic observability may
differ materially.

73. CALIBRATE PROBABILITY AND CONFIDENCE

A model score is not automatically a calibrated probability. Calibration testing should compare
predicted confidence with observed event frequency across score bands and operating conditions.
Poor calibration can distort ranking, threshold selection and business-case estimates even when
classification order remains useful.

The platform should distinguish model confidence, data-quality confidence and localisation
confidence. A high model score based on incomplete or failing sensors should not appear equivalent
to a well-supported incident. Calibration should be rechecked after model, sensor or network
changes.
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74. SEGMENT THE NETWORK ECONOMICALLY

Critical transmission mains, dense urban distribution, rural networks and customer service lines have
different event consequences, observability and response costs. The utility should segment
deployment and select sensing, thresholds and workflows accordingly. A single enterprise average
can conceal areas with negative economics or unacceptable blind spots.

The segment model should consider pipe material, diameter, failure history, pressure, consequence,
access, repair cost, customer density and current detection practice. Scale should begin where the
combination of signal, consequence and response capability creates the strongest evidence-based
case.

75. DESIGN THE TRUTH PROCESS

Every alert should move toward a final truth status: confirmed leak, confirmed non-leak, unresolved,
inaccessible, duplicate, sensor fault or legitimate operational event. The status should record
evidence and adjudicator. Unresolved cases should remain in performance reporting so the system
does not appear more precise by excluding difficult outcomes.

The truth process should also identify leaks discovered outside the alert system. Those events are
necessary to estimate recall. A system cannot claim to detect most leaks when the denominator
includes only its own alerts.

76. MEASURE CREW CAPACITY

Alert value depends on available analyst, survey and repair capacity. The operating model should
forecast hours by alert stage, skill and geography. It should test queue growth after storms, seasonal
changes, sensor rollout or threshold adjustment.

Service-level targets should prioritise consequence and age. When capacity is constrained, the
system should show which incidents remain unworked and the water or risk exposure associated with
delay. A scale decision should fund the field capacity needed to realise the expected benefit.

77. LINK ALERTS TO ASSET RENEWAL

Repeated anomalies, leak clusters and difficult confirmations can reveal assets that require renewal
rather than repeated repair. The programme should feed verified evidence into risk-based capital
planning. It should also separate an alerting-system benefit from the later renewal benefit to avoid
double counting.

The asset team should receive location, defect, pipe, repair, recurrence and uncertainty data in a
stable format. Capital-planning decisions should combine this evidence with condition, consequence
and whole-life cost. Al therefore supports renewal prioritisation when the outcome ledger remains
trustworthy.

78. QUANTIFY DATA AND INTEGRATION DEBT

Legacy telemetry, inconsistent identifiers, missing timestamps, duplicated assets and fragmented
work orders can require significant remediation. These costs should be estimated before vendor
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selection and allocated between utility and supplier. A pilot that uses manually curated data may
understate full-scale operating cost.

The integration design should define master identifiers for sensor, asset, district, customer and work
order. Reconciliation controls should track unmatched records. Data remediation can create
independent value, while the Al investment case should still include the expenditure required to
sustain it.

79. ESTABLISH MODEL-OPERATIONS DISCIPLINE

Production operation needs version control, feature definitions, deployment approval, performance
monitoring, incident logging, rollback, retraining and retirement. The utility should know which
model generated each alert and which data and thresholds applied.

The vendor should document planned and emergency changes. Material updates should pass
regression and shadow tests using retained evidence. Model operations should integrate with wider
IT service management so that data and application failures receive ownership and resolution rather
than remaining invisible analytical issues.

80. TEST VENDOR CONCENTRATION AND EXIT

A proprietary platform may combine devices, communications, data, model and workflow. This can
simplify accountability while increasing switching risk. The contract should define data export,
interface documentation, hardware access, transition support and continued operation during exit.

The business case should include replacement and transition cost. It should identify which
components can be competed independently and which create lock-in. Long-term value depends on
preserving the utility's evidence and operating capability even when the supplier changes.

81. RUN AN OPERATIONAL RED-TEAM EXERCISE

Before acceptance, an independent team should challenge the system with sensor dropout, clock
drift, legitimate demand spikes, valve operations, pump changes, telemetry delay, duplicated records,
cyber events and leaks in weakly observed areas. The exercise should test alerts, explanations,
workflow, escalation and recovery.

The purpose is to identify failure modes and hidden dependencies. Results should lead to
configuration, contract, training and contingency changes. Unresolved critical failures should prevent
scale until the utility accepts and funds the residual risk.

82. AUDIT THE CLAIMED BENEFIT

Benefits should reconcile from alert to incident, confirmation, repair, post-repair signal, estimated
flow, run-time reduction and financial value. Finance and operational owners should approve the
method. Sampling can verify work-order and cost accuracy.

The audit should distinguish vendor-attributed, utility-attributed and jointly achieved outcomes.
Benefits that cannot be linked to a changed operating decision should not be assigned automatically
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to the model. The audit trail supports investment review, regulatory reporting and performance
payment.

83. BUILD A DOWNSIDE FINANCIAL CASE

The downside case should combine lower event prevalence, weaker precision, smaller leaks, slower
field response, higher connectivity cost, earlier sensor replacement and delayed integration. It should
also test the cost of a material cyber or transition event without presenting such a scenario as certain.

Management should identify which variables drive value and which can be controlled. The
investment may remain justified through critical-risk reduction even when direct cash payback is
weak; that rationale should be explicit and separately approved.

84. CREATE BENEFITS-REALISATION GATES

The programme should have gates for technical readiness, operating adoption, verified outcome,
economic value and scale. Each gate should state evidence, owner and decision. Passing an earlier
gate should not predetermine the next.

Benefits-realisation reviews should compare current performance with the approved baseline and
counterfactual. They should identify value lost through queue delay, field constraints or incomplete
repair. Corrective actions should have dates and owners. Funding for later deployment should follow
demonstrated capability rather than sunk-cost momentum.

85. PRESERVE HUMAN ACCOUNTABILITY

The model can prioritise evidence; authorised utility personnel remain responsible for operational
and public-service decisions. Roles should be clear for alert dismissal, field dispatch, isolation,
excavation, customer communication and repair. Critical decisions should retain an audit trail.

Staff should understand model limits and common failure modes. Training should use real local
cases and test decision quality. Overreliance can cause missed contextual information; habitual
dismissal can erase model value. Governance should support disciplined challenge in both directions.

86. CONCLUSION

Al can improve leak detection when sensors, data, models and field operations form one controlled
system. False-positive economics brings discipline to threshold, sensor, workflow and procurement
decisions. It also exposes the operational cost hidden by headline accuracy.

The strongest programme measures incident-level precision, recall, localisation, timeliness and net
benefit in the target network. It learns from every field outcome, monitors drift and scales only when
verified repairs support the case.
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