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Water Pumped

Water Sold

WATER LOSS?
Gallons of water being pumped into the distribution system

each billing period exceeds the gallons being sold. 



How To Calculate Non Revenue Water 

 Step One: Perform a Water Audit using the 

AWWA Water Audit Software. 

 Step Two: Validate the results



What exactly is Non Revenue Water?

Apparent Losses 

+ 

Real Losses 

+ 

Unbilled Metered Consumption 

+ 

Unbilled Unmetered Consumption.  

**This is water which does not provide revenue potential to the utility.

Term definitions created by the IWA/AWWA  



Why is Non Revenue Water a better term to 

use than “Unaccounted for Water” ?
Apparent Losses 

+ 

Real Losses 

+ 

Unbilled Metered Consumption 

+ 

Unbilled Unmetered Consumption.  

(**This is water which does not provide revenue potential to the utility.) 

“Unaccounted for Water” (usually expressed as a % of total water 

produced as “lost water”) is a term that is confusing.

Does not give a clear understanding of 

 What the losses are 

 Where the losses are occurring 



Definitions

Apparent Losses - unauthorized consumption + customer 

metering inaccuracies + systematic data handling errors

Apparent Losses are all types of inaccuracies associated with 

customer metering (worn meters, improperly sized meters, wrong 

type of meter for the water usage profile), systematic data handling 

errors (meter reading, billing, archiving and reporting), plus 

unauthorized consumption (theft or illegal use).

NOTE: Over-estimation of Apparent Losses results in under-

estimation of Real Losses.  Under-estimation of Apparent Losses 

results in over-estimation of Real Losses. 



Definitions

Real Losses 
Physical water losses from water system (water mains and customer 

service connections) and the utility’s storage tanks, up to the point of 

customer consumption. In metered systems this is the customer 

meter, in unmetered situations this is the first point of consumption 

(stop tap/tap) within the property.  The annual volume lost through all 

types of leaks, breaks and overflows depends on frequencies, flow 

rates, and average duration of individual leaks, breaks and 

overflows. 



Definitions

Unbilled Authorized Consumption
 Unbilled Metered Consumption

Metered consumption authorized by the water utility, but, for any 

reason, is deemed by utility policy to be unbilled.  This includes 

metered water consumed by the utility itself in treatment or 

distribution operations, or metered water provided to civic 

institutions free of charge.  It does not include water supplied 

to neighboring utilities (water exported) which may be 

metered but not billed.

 Unbilled Unmetered Consumption.  



Definitions
Unbilled Authorized Consumption
 Unbilled Metered Consumption

 Unbilled Unmetered Consumption.  

Authorized Consumption not billed or metered. Includes water for fire 

fighting, flushing of water mains and sewers, street cleaning, fire flow 

tests, etc.  

This often includes use at the Utilities facilities- plant, parks, offices, 

etc.

In most water utilities it is a small component which is very often 

substantially overestimated. 



Water Audit and M36 
Publication

• In April, 2009, AWWA published the third edition of 

Manual 36 entitled Water Audits and Loss Control 

Programs

• Manual was prepared under the guidance of the Water 

Loss Control Committee (WLCC)

• Concurrently, a WLCC subcommittee developed water 

audit software 

• The software was made available through AWWA on 

their website

http://apps.awwa.org/ebusmain/OnlineStore/ProductDetail/tabid/55/Default.aspx?ProductId=6725
http://apps.awwa.org/ebusmain/OnlineStore/ProductDetail/tabid/55/Default.aspx?ProductId=6725


The Water Audit Process Roadmap
• How is the software obtained?



AWWA WLCC

Water Audit 

Software
v 5.0 available free from AWWA at:

www.awwa.org

Added self-help features for  

data validity, BMP guidance



Standard Water 
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What data do I need?

Water Supplied

• Well meter data (Million gallons per year)

• Data from meter testing and calibrations and year 

completed

• Million gallons per year of water purchased (if 

any)

• Million gallons per year of wholesale water sold 

(if any)



What data do I need?

Authorized Consumptions

• Million gallons per year of water delivered and billed 

- metered

• Million gallons per year of water delivered and billed 

– unmetered 

• Million gallons per year of water delivered but 

unbilled – metered

• Million gallons per year of water delivered but 

unbilled – unmetered



Where is the data entered?
– Look for the white boxes in the spreadsheet





Areas of Non Revenue Water



Areas of Non Revenue Water

Pay attention to Grading 

score 



Performance Indicators 



Performance Indicators 



– How many miles of mains are in the system?

Grading the data: an example



Loss Control Planning



Loss Control Planning



Developing Water Loss Mitigation Plans

What do we tackle first?

Do we have “low-hanging fruit”?



Apparent Losses

How can this $$

loss be recovered?



Controlling Apparent 

Losses
 Measurement Technology

 Accurate customer meters

 Refined datalogging capability

 Automatic Meter Reading gaining in use

 Improved Information Management

 Customer Billing Systems

 Rational Policies

 Service provision 

 Unauthorized consumption 

 Billing procedures

 Use of fire hydrants



Apparent Loss VS Real Loss 

• Can Apparent Losses be hidden as Real 

Losses?

• Inaccurate meters (especially for low flow 

registration)

– Worn meters

– Wrong sized meters 

– Fireline meters (DC, Fire meters)

– Rural Water Systems



Controlling Apparent Losses

5 areas that need 

controls 



Controlling Meter Inaccuracies

• Meter Testing

• Meter Right Sizing

• Meter Change-outs

• Billing and reading errors



Why start a meter testing 

program?
• Maintain revenue- a small percentage of 

inaccuracy can equal large revenue 

declines- Meters are your CASH 

REGISTER!

• Controlling apparent water loss

• Maintain a realistic view of consumption 

versus rates for different meter 

classifications

• An opportunity to address meter sizing 

and application, as customers’ processes 

change



Commercial and Industrial 

Meters  
High Revenue Meters

– Usually 10-12% of 
the customers use 
50-60% of the water 

– Test and repair 
industrial and 
commercial meters

– Replace obsolete 
meters



Average annual revenue per sampled meter record

Meter 

Size Cu. Ft. Revenue

0.625 6,737 $211.17

0.75 11,946 $311.29

1 20,718 $490.64

1.25 no data no data

1.5 76,194 $3,770.29

2 97,335 $1,878.73

3 505,217 $7,991.87

4 470,220 $7,923.42

6 2,336,430 $42,795.00

8 9,496,130 $127,088.00

12 13,382,700 $179,486.00



Large Meter Testing Program

– 3% of annual revenue should be earmarked 

for meter testing

– Meter testing should be performed as on-

going maintenance program

– An annual testing program will ensure that 

revenues stay up

– Test meters within 6 months 

of installation 



Testing Frequency

– Influenced by the cost of water

• as water costs increase more accounts require annual testing

– The water quality

• harsh water requires more frequent testing



Using Revenue as a Basis 

for Testing Frequency
• Using the rule of investing 3% of a meter’s annual revenue in the 

“maintenance” of that meter the following averages apply:

• $10,000 or greater = annual testing
• $7,000 to $10,000 = every 2 years 

• $4,000 to $7,000 = every 3 years

• Less than $4,000 = every 4 years



Testing Methodology

Refer to the AWWA M-6 Manual

 Test specs are for meter test bench situations

 Field testing (testing meters “on site”)  requires 

following a strict methodology. 

**M-6  does not spell out  field testing

requirements.

Refer to the meter manufacturer specs

Newer style meters require different testing 

approach



Why develop a meter testing 

program?
– To ensure that the utility is 

receiving the revenue it 

deserves

– To promote conservation, 

reduce water loss and use 

best management 

practices

– To make sure that the cost 

of operating the utility is 

spread fairly among all 

customers



Evaluate Existing Meter

– Is it the right type?

– Is it the right size?

– Is it properly installed?

– Are the valves in working order?



Restoring Accuracy

• Repair costs

– Consider all repair costs
• Parts - are they readily available?

• Labor - can your personnel repair the meter?

• Downtime - how much does it cost?

• Retesting after repair

• What is the expected repair frequency?



Restoring Accuracy

• Does the manufacturer offer a chamber or 

meter exchange program?

• Is it more economical to replace the entire 

meter?



Key Takeaway

• Establish a Long-term Testing and 

Maintenance Program

Stick With It!

• Meters Are Your Cash Registers!

• Accurate Meters = Accurate Billings



Meter Change Out Programs

 Develop Business Case to decide on needs  

 Decide level of new installations (retro fits, AMI/AMR, 

complete new meters)

 While you are at it, what else can you add to the project?



Meter Change outs



Are we reading and billing correctly?

 Wrong number of fixed zeroes (newer registers not 

programed correctly)

 Meters that are not being billed (Detector Checks, 

some FM’s)

 Accounts that are being billed as sewage or  trash 

only and not as water  

Data Handling 

Errors
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AMR – Automated Meter Reading

• Mobile Meter Reading (Efficient Reading 
with Monthly Data)

AMI – Advanced Metering 
Infrastructure

• Fixed Network Meter Reading (Daily or Hourly 
Data)

AMA – Advanced Metering Analytics

• Powerful Analytics Based Software Platform / 
Two-way Fixed Network Meter Reading (Useful 
and Meaningful Proactive Information)

EVOLUTION OF AMR



AMI Can Help Identify Non-Revenue Water
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– Direct Read Meters (manual) 

• 200 to 350 reads per day

– Touch/Wand Reading Systems

• 300 to 450 reads per day

– Radio Frequency – Handheld (walk-by mode)

• 1,800 to 2,200 reads per day

– Radio Frequency – Mobile Interrogator (drive-by)

• 6.500 to 8,000 reads per day

– Fixed Network (Advanced Metering Infrastructure)

• Multiple reads per meter per day (24/7 upload)

Meter Reading Averages

 

+ =



Resources
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* Meter Manufacturer’s Data



Water Loss Control

Apparent Losses

- Metering Inaccuracies;

Unauthorized Consumption

( $$ Non-Revenue Water  $$ )

Real Losses

- Leakage

( $$ Non-Revenue Water $$)



Real Losses

How can this $$

loss be recovered?



Water Loss Control 

Leak Detection

As a leak “escapes” the pipe, it 

creates noise.  That noise carries 

through the water and along the 

pipe material.



Water Loss Control 

Leak Detection

 Based on physical 

contact with system 

apparatus

 Sound is heard by the 

tech, through the 

listening device.



Water Loss Control 

Leak Detection

System Apparatus 

listening points in order 

of preference

•Pipe

•Mainline Valve

•Hydrant Valve

•Hydrant

•Service (b-box) 



Water Loss Control 

Leak Detection

 Known Leaks –

(emergency call outs, 

scheduled leaks)

 Unknown Leaks –

(found during 

surveys)



Water Loss Control 

Leak Detection

 Leak Survey Protocol

Choose a starting point

Choose a distinct pattern for the survey

Listen to the selected apparatus

document noise heard

Areas with noise, re-listen on a different day 

and a different time

Document any system defects



Water Loss Control 

Leak Detection

 Leak Survey 
Protocol
 Line Location is 

critical

 Measurement is 
critical

 Correlate each 
area with verified 
noise

 Follow correlation 
procedures

 Mark the leak



Water Loss Control 

Leak Detection

 Correlation 

Completed – Leak 

marked for excavation



Leak Correlation Equipment 



Water Loss Control 

Leak Detection



Water Loss Control 

Leak Detection



Water Loss Control 

Leak Detection

 Keep an 

active 

progress map



Record Data

• What did you find?

• What did you repair?

• Is there a pattern?

THIS IS AN ON-GOING PROCESS!!!!



Questions???

Thank YOU!!

Jeff Cunningham

www.mesimpson.com


