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WATER CRISIS FOR BIG CITIES AROUND THE WORLD
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FIELD INVESTIGATIONS
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Water Utility Service Regime 
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Strategic Business Units
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Key Operational Functions
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WTP TANK

➢PROTECTION

➢MANAGEMENT

➢MONITORING

➢MECH & ELEC

➢CHLORINATION

➢QUALITY& SAFETY

➢PRODUCTION

➢VALVING

➢LABORATORY

➢FACILITY MGMT

➢DISTRIBUTION

➢MAINTENANCE

➢REPAIRS

➢CUSTOMER SERVICE

➢METER READING

➢BILLING & COLLECTION

➢DEBT MANAGEMENT

ACCOUNTS, FINANCIAL CONTROL, HUMAN RESOURCES, SAFETY, AUDIT, LEGAL

PLANNING,WATER SAFETY, ENGINEERING, ASSET MANAGEMENT, PROCUREMENT, IT

➢DEMAND MGMT

➢VALVING

➢REPAIRS

SOURCE
PUMP METER
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What is Unaccounted-For-Water?

Definition

Unaccounted-for water (UFW) represents the difference between "net 

production" (the volume of water delivered into a network) and 

"consumption" (the volume of water that can be accounted for by legitimate 

consumption, whether metered or not). 

UFW = “net production” – “legitimate consumption”
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Non-Revenue Water

Non-revenue water (NRW) represents the difference between the volume of 

water delivered into a network and billed authorized consumption.

NRW = “Net production” – “Revenue water”

= UFW + water which is accounted for, but no revenue is collected (unbilled 

authorized consumption). 
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Components of Unaccounted-For Water (UFW)

Unaccounted-for water

Physical loss 

(Real loss)

Commercial loss

(Apparent loss)

Pipe breaks and leaks

Storage overflows

House connection leaks

Metering Errors

Water Theft

Billing Anomalies
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Infrastructure Leakage Index (ILI)











































62



63



64



65



66



67



68



69



70



71



72



73



74



75



76



Production Meter Accuracy



NRW Economic Level Identification



Pressure Leakage Relationship
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• Substantial savings can be achieved, and requirement of extension

water supply facilities can be avoided or minimised by reducing

unaccounted-for water. (specifically, leakage detection and control)

• By reducing UFW water agency will be in better financial situation and

will be stronger position to achieve its financial self-sufficiency and long-

term sustainability.

• A low rate of unaccounted-for water is one of the best overall indicators

that a water utility is successful.

Reduction and Control of UFW



Policy issues for sustainable O&M 

Governance

› Operational autonomy

› Ability to manage staff

› Flexibility in decision making

› Transparent subsidies

Management

› Responsiveness to consumers

› Efficiency

› Commercial viability

› Capacity to grow and transform
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Possible options for reform

(A) Integrated Municipal Management (IMM)

(B) Municipal Water Company (MWC)



A. Integrated Municipal Management

Advantages

› Simple to administer

› Managerial control with Municipal Commissioner

› Customers can deal with one agency for all services

› Democratization at the grass-root level

Weaknesses

› Low accountability

› Key staff

› Difficult to link tariffs to service delivery

› Less focus on water

› Councilor and operator conflicts
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B. Municipal Water Company
Advantages

› Protected from daily interference from policy makers

› Civil society can be included in management

› Tariffs and service delivery can be linked

› Better financial planning and management

Weaknesses

› Require detailed initial planning and preparation

› Staff who are deputed may be unwanted by the parent agency

› Require elaborate training to induce corporate culture

› Councilors involvement low hence they may resist
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Management Options
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Management Service
Providers

Full Service
Providers

Technical Service 
Providers

Bulk Supply
Providers
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▪ This project is as a Case Study done by NBW using Darwin Calibrator functionality within Bentley System –
WaterGems and with technical support of World bank Institute.

▪ Darwin Calibrator is an optimization module that uses genetic algorithms to calibrate hydraulic models of
water distribution networks

▪ One of the operations available in this module is ‘Detect Leakage Node, which enables pinpointing of
potential leak locations

▪ The main purpose of this project was to gain a better understanding of the practical processes involved in
using hydraulic models in a dynamic way for the purposes of localising bursts for detection teams to target

▪ In addition, the project identified potentially closed valves and investigated the optimum number of
pressure loggers required

▪ With each DMA analyzed, the approach became more structured and adjustments were made to the leak
analysis process

▪ This presentation describes the final methodology developed using the experience gained and lessons
learnt from this project

CASE STUDY





Typical DMA Layout













Modelling & Calibration



















Outcomes







Detailed Analysis

















Darwin Calibrator

























Conclusion and Lessons 
Learnt



▪The robustness of the solutions obtained is highly dependent on the best possible
definition of the network configuration (valve status) and its physical condition (i.e. pipe
roughness)

▪A refined approach to the night time demand allocation can also have a significant impact
on the accuracy of the results

▪Hydrant flushing should be arranged during the night time field tests to enhance hydraulic
gradients through the network

▪The location of the loggers should ensure an even coverage of the whole of the area

▪High initial cost of work required and effort involved in bringing DMA models up to
standard

▪Risk and effort related to the flushing exercise that is essential

▪Enhances the quality of final model calibration

▪ Found successful in locating ‘hard to find’ leaks on ‘stubborn’ DMAs

▪ Significant benefits to the location of unknown closed valves




