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Webinar 
Agenda 

and 
Learning 

Objectives

• Pre-Test
• Introductions and overview
• Introduction to Water Loss Control
• Conducting a Preliminary Self-

Assessment 
• How to apply for USDA funding
• Where to go for additional assistance 

after this workshop
• Post Test



Pre-Test



Application of Water 
Loss Control Practices



Water Loss Challenges of Small Systems

• Limited staffing – possibly no full-time 
employees  

• Small customer/revenue base 

• Long lengths of underground piping that 
serve relatively few customers

• Limited access to funding for capital 
improvements

Treated water 
reservoir in a 
small 
Pennsylvania 
system serving a 
population of 380 
people



Non-revenue Water (NRW) Impacts

NRW doesn’t return revenue to the water utility
NRW is comprised of:

• Unbilled Authorized Consumption

• Apparent Losses: the non-physical (paper) losses

• Real Losses: the physical losses (mainly leakage)

Losses cost money – with larger relative impacts 
on small systems
You are paying for your losses everyday! 

Source: AWWA M36 Publication

Customer water meter illegally replaced 
with a “straight” pipe or meter “jumper”



The AWWA Standard Water Balance
A diagram that shows how the water flows – from source to customer: left to right

Note: All data in volume units for the period of reference, typically one year.  The summed volumes in each column total to the water withdrawal volume for the audit year.  
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Unbilled Authorized Consumption
Water legitimately used at no charge 

• Free water

• Allowable based upon 
your utility policy and/or 
practices

Fire hydrant flushing
Source: AWWA



Defining Apparent Losses
• Apparent Losses are the customer, or non-

physical, losses that occur due to:

‒ Customer metering inaccuracies

‒ Systematic data handling errors in billing systems

‒ Unauthorized consumption 

Source: itthing.com



Defining Real Losses (leakage)

• Real Losses: water unintentionally 
escapes the pressurized water 
distribution system, including:
‒ Transmission/Distribution system leaks

‒ Leaks and overflows at storage tanks

‒ Leaks on customer service connections 

Source: AWWA M36 publication



Water Losses = Apparent Losses + Real Losses

All water utilities have 
losses – both real and 
apparent – only the extent 
and costs of the losses vary.

Photos Source: Philadelphia Water Dept.

Cast Iron pipe 
joint leak

Tampered AMR meter 
reading device



The Water Audit
The “Water Audit” is defined as:

• A method that tracks water supply volumes, customer consumption, 
and losses in a water utility.  The key inputs:

1. Annual volume supplied to the water system (from production flowmeters)

2. Annual volume billed to customers (from customer meters/billing system)

3. Subtract item 2 from item 1 to calculate Non-revenue water 

• Water Audit reveals the type, amounts, and costs of utility losses 



AWWA Free Water Audit Software
Reporting Worksheet (Top Portion)

A free spreadsheet tool from the AWWA website: used to compile the standard water audit
Google “Water Loss Control”  (Training on the AWWA Free Water Audit Software is provided in other training classes) 



Water Audit Performance Indicators

Application of Water Loss Control Practices



How much water loss do you have?

Historically, this question was  
answered using a percentage

20%?10%?

50%? 100%?
0%

“we have no loss!”

- 10%
Negative water loss? (Sorry, this 

is not physically possible!)



But percentages don’t work because:
• They are mathematically skewed by changes in customer consumption

• They don’t reveal the individual components of (NRW)Non-revenue water 
– the annual volume of Apparent and Real Losses

• They reveal nothing about the cost impacts of the Losses

• Percentages are not actionable – a percentage doesn’t tell you which loss 
to control and to what degree



The Three V’s…

17

MG per Year
Gal/connection/day

$ per Year
Economic Loss
Real and 
Apparent 

AWWA Free Water Audit Software’s
Data Input Grading
Water Audit Data Validity Score

Volume

Value

Validity

Volume

Value

Validity

Better Way to Assess Water Loss and its Impacts



Measuring Water Loss: Volume and Cost

• Assessing annual loss volumes

‒ Apparent Losses

‒ Real Losses

• Assessing annual cost impacts of losses

‒ Apparent Loss costs: potential uncaptured revenue

‒ Real Loss costs: usually excessive production costs

Example of AWWA Free Water Audit Software 
listing annual Apparent and Real Loss volumes

Example of AWWA Free Water Audit Software listing annual 
Apparent and Real Loss cost impacts



Recommended NRW Performance Indicators
“per customer” approach – losses divided by # of customer service connections

‒ Apparent losses normalized, gal/service connection/day - median value 5.40 
gal/conn/day*

‒ Real loss normalized (2 forms: standard and low connection density)

• gal/service connection/day: for more than 32 service conn per mile - median value 66.47 gal/conn/day*

• gal/mile of pipeline/day: for less than 32 conn per mile (low service connection density utilities, 
which includes many small water utilities) - median value 1,401.4 gal/mile/day*

Ideally, each water utility should target a low loss level that is economic for them

However, Atlanta, GA region set leakage goals at 60 gal/connection/day or 35 gal/connection/day for medium-sized and large 
utilities to reach by 2025.

*From a validated dataset of 24 small Pennsylvania water utilities



Quiz 1

Application of Water Loss Control Practices



Quiz 1

1. Non-revenue Water is comprised of:

_________________________________

_________________________________

_________________________________



Quiz 1

1. Non-revenue Water is comprised of:

_________________________________

_________________________________

_________________________________

Unbilled Authorized Consumption

Apparent losses

Real losses



Quiz 1

2. Apparent Losses are comprised of:

_________________________________

_________________________________

_________________________________



Quiz 1

2. Apparent Losses are comprised of:

_________________________________

_________________________________

_________________________________

Unauthorized consumption

Customer metering inaccuracies

Systematic data handling error



Quiz 1

3. Real Losses are comprised of:

_________________________________

_________________________________

_________________________________



Quiz 1

3. Real Losses are comprised of:

_____________________________________

_____________________________________

___________________________________

Transmission and distribution piping leaks

Leaks and overflows on storage tanks and reservoirs

Leaks on customer service connections



Quiz 1
4. True or False: all water distribution systems incur some 

amount of leakage 

A. True

B. False



Quiz 1
4. True or False: all water distribution systems incur some 

amount of leakage 

A. True

B. False



Production Flowmeters and Supply Data 
Management

Application of Water Loss Control Practices



Production Flowmeters Used in Water Utilities
• Meters used in high flowrate applications

‒ Venturi meters

‒ Orifice meters

‒ Magnetic meters

‒ Ultrasonic meters

• Meters used in medium/low flowrate applications

‒ Turbine

‒ Propeller

‒ Positive Displacement

12-inch venturi meter

4-inch floating ball turbine meter 
installed in 2018

Differential 
Pressure (DP) 
cell, or 
transmitter



Production Meters
Selection, Installation and Accuracy Testing

• Many production flowmeters 
installations are:
‒ The wrong type of flowmeter
‒ Poorly sited
‒ Lacking maintenance of the meter
‒ Seldom tested for accuracy
‒ Producing questionable data that is taken 

verbatim as accurate

Upstream and downstream 90-degree 
bends cramp 2-inch turbine meter layout 



Flowmeter Accuracy Testing
Verification vs. Calibration

• Verification confirms the accuracy of the primary device that 
measures the flow of water

• Calibration confirms the function of the secondary device:  a 
differential pressure cell, chart recorder, or similar device    

• Many water utilities calibrate their secondary devices, but do 
not verify the primary device by meter accuracy testing.

Orifice Plate Flowmeter components
(Source: AWWA M36 Publication)

Bank of Differential Pressure Cells 
connected to flowmeters

(Courtesy of Louisville Water 
Company)



Flowmeters Need Sufficient Unobstructed 
Space

• Best to have ample upstream and downstream 
distance free from obstructions for smooth flow

• Throttling line valves is not good practice!

‒ Best to install a regulating valve (pressure reducing valve or 
similar) at sufficient distance downstream of the flowmeter 
if you need to significantly vary flows into the distribution 
system 

Partially closed butterfly 
valve immediately 
downstream of flowmeter 
– not a good practice

Venturi flowmeter



Testing Flowmeters for Accuracy
Accuracy testing is very important because:

• These meters measure the largest volume in the water audits

• Even a small degree of error can affect water audit numbers 

Testing techniques  

• Large flowmeters - use insertion or strap-on portable meters in 
series with host meter

• Smaller flowmeters – can use truck mounted meter tester (same 
as testing large customer meters), or

• Small flowmeters – rotate out and test at meter accuracy test 
bench (although in-situ conditions are lost) Meter testing via truck mounted apparatus

(Courtesy of Louisville Water Company)

Portable strap-on ultrasonic meter to 
measure flow to compare with host 
meter



Data Error in a Small System
• A small system was double-counting 

their production flows, making their 
reported losses appear to be extremely 
high 

• Confirm that your production flow 
values appear to match the reality of 
the amount of water demand in your 
system

Utility was double-counting 
production water volumes – adding 
the same reading from 2 output 
devices connected to a single 
flowmeter in a chamber.



Controlling Apparent Losses: 
Metering and Billing System 

Management 

Application of Water Loss Control Practices



• The customer gets water, but the (full) amount is not billed.

• Valued at the Customer Retail Unit Charge (CRUC), in dollars 
per 1,000 gal, or  dollars per 100 cubic feet (ccf)

• Apparent Losses mean:

‒ Utilities don’t capture all of the revenue they are entitled

‒ The total customer consumption for the year is under-stated

‒ An equity issue exists: paying customers shoulder the burden of the 
customers that under-pay, or pay nothing at all

Cost of Apparent Losses

Typical monthly water bill 
in hundred cubic feet, ccf



Customer Retail Unit Charge (CRUC)
for 24 Pennsylvania Small Systems

Average $6.88 per 1,000 gallons
(But the CRUC can vary widely across the USA) 



Customer metering is beneficial because:
• It attaches a price to the volume of water consumed

• It can limit waste by measuring inordinately high flows

• It provides data on the water using habits of the customer 
population needed for planning and operational purposes

Customer Metering Inaccuracies
Water meters entered use in the USA in the early 1900’s

This became common practice in the USA, but not everywhere in the world

Source: Badger Meter



Accurate metering depends on:
• Proper meter type, selection and installation

• Proper meter sizing

• Periodic maintenance, accuracy testing, and repair or 
replacement of the meter

Customer Metering Inaccuracies
Water Meters are Important Assets to be Managed

Compound Meter

Positive Displacement Meter



Apparent Losses – Unauthorized 
Consumption

What is shown in this photo?
A network of unauthorized connections in a 
developing country

Other examples: tampering with fire hydrants, 
tampering with customer meters, unauthorized 
opening of bypass valves around large 
customer meters, illegal restoration of shut-off 
services   



Apparent Loss Control in Small Systems
1. Residential customers, typically 5/8-inch water meters in small systems

‒ Expect water use around 3,500 – 3,800 gallons per month per connection

‒ Low consumption (under 3,000 gal/month/customer) may indicate under-registering water 
meters

‒ It may be time to replace customer meters, especially if they are old (over 20 years)

2. Large meter customers, larger than 1-inch (commercial, industrial)  

‒ Look at 2-inch, 3-inch, and larger older, traditional turbine meters, which may be over-sized 
and under-register low flows – these can cost you considerably in missed revenue due to 
under-billing.

‒ Solid state meters (magnetic, ultrasonic) and “floating ball” turbine meters are more 
accurate at low flows  



Controlling Real (leakage) Losses: Leakage and 

Pressure Management

Application of Water Loss Control Practices



Leaks occur due to:
‒ Inferior or defective materials

‒ Poor workmanship or materials 
handling

‒ Corrosion (of metallic piping) 

‒ Operational errors (quick hydrant 
or valve closing)

‒ Cold or hot air/water temperatures

All water distribution systems experience leakage – only volumes, costs vary

‒ Poor quality of leak repair work

‒ Issues with fittings & appurtenances

‒ Accidental or deliberate damage

‒ Changing stresses in the pipe 
environment



Leakage Management
• Reactive Leakage Management: wait until water 

is visible then fix it

• Proactive Leakage Management: look for hidden 
leaks and fix them while they are small – avoid 
disruptive and expensive water main breaks!

• A Proactive Leakage Management Program is 
best 

Challenging leak detection 
conditions on plastic pipe 
under vegetation in rural 
Tennessee.
Source: Water and Wastewater Authority 
of Wilson County, TN



Leakage Management Methods

• Active Leakage Control: acoustic leak detection and 
monitoring of system flows

• Speed and Quality of Repairs: practices to ensure timely 
and lasting repairs 

• Pressure Management: better controlling excessive 
pressure which aggravates leakage and water main breaks

• Water Main Replacement: Infrastructure ages and must 
eventually be replaced or rehabilitated

Acoustic leak detection is the most 
common method of leakage control 
Source: Fluid Conservation Systems



Putting a Cost to Leakage

• Leakage is usually valued at the Variable Production Costs (VPC), or the 
cost to produce the next incremental volume of water supplied

‒ For water systems that buy (import) bulk water, the VPC = Imported 
water unit cost

‒ Imported bulk water supplies are always expensive!  Leakage is 
more expensive if you import most or all of your water supply 

• If source water is limited – and may not meet future demands – then it is 
appropriate to value real losses at the Customer Retail Unit Charge
(CRUC), making leakage extremely expensive!  

Leakage means utilities must produce more water than their customer population needs



Variable Production Cost (VPC)
for 24 Pennsylvania Small Systems

Average $683.80 per million gallons 

Imported water supply



Leakage Control in Small Systems
1. Monitor storage tanks levels closely

‒ If tanks fall suddenly a sizeable leak or break may have sprung

‒ If tanks struggle to fill, new smaller leaks may have emerged 

2. Monitor nighttime supply flow from 2 - 4 AM:

‒ Night flows that slowly increase over several days can indicate new 
leakage

3. Acoustic leak detection can be done for the whole system in days or weeks in 
a small system (might take years in a very large system)

4. Step-testing (temporarily closing valves to one section of the system at a 
time) may allow the section with the leak to be identified quickly

5. Contracted services for acoustic leak detection are available and reasonably 
priced    

Leakage control in small systems has a few advantages over large systems 

Visible floating ball indicates a full 
reservoir level – a lowered ball 
indicates a high water demand (as from 
a leak)

Covered water 
storage 
reservoir in a 
small system in 
Pennsylvania



Quiz 2

Application of Water Loss Control Practices



Quiz 2

1. For production flowmeters, the process of confirming 
the flow-measuring accuracy of the Primary Device is 
known as ______________.



Quiz 2

1. For production flowmeters, the process of confirming 
the flow-measuring accuracy of the Primary Device is 
known as ______________.Verification



Quiz 2

2. Water utilities should also conduct regular maintenance 
on the secondary instrumentation connected to many 
types of production flowmeter installations.  The process 
of performing this type of maintenance of Secondary 
Devices is known as ______________.



Quiz 2

2. Water utilities should also conduct regular maintenance 
on the secondary instrumentation connected to many 
types of production flowmeter installations.  The process 
of performing this type of maintenance of Secondary 
Devices is known as ______________.Calibration



Quiz 2

3. Name three (3) purposes for water utilities to meter their 
customers:

_________________________________

_________________________________

_________________________________



Quiz 2
3. Name three (3) purposes for water utilities to meter their 

customers:

__________________________________________________

__________________________________________________

__________________________________________________

It attaches a price to the volume of water consumed

It can limit waste by measuring inordinately high flows

It reveals customer water use habits to assist planning and operational purposes



Quiz 2

4. List three (3) good water utility practices to maintain accurate 
customer meters:

_________________________________

_________________________________

_________________________________



Quiz 2
4. List three (3) good water utility practices to maintain accurate 

customer meters:

__________________________________________________

__________________________________________________

__________________________________________________

Proper meter type, selection, and installation

Proper meter sizing

Periodic maintenance, accuracy testing, and 
repair/replacement of the meter



Quiz 2
5. True or False: acoustic leak detection is very complex, 

expensive, and out-of-reach for most small water utilities 

A. True

B. False



Quiz 2
5. True or False: acoustic leak detection is very complex, 

expensive, and out-of-reach for most small water utilities 

A. True

B. False



Quiz 2
6. Water utilities that wait until a leak or main break is reported and 

then repair it are practicing ___________ leakage management. 

A. Innovative

B. Proactive

C. Scientific

D. Reactive



Quiz 2
6. Water utilities that wait until a leak or main break is reported and 

then repair it are practicing ___________ leakage management. 

A. Innovative

B. Proactive

C. Scientific

D. Reactive



Water Audit Exercise

• Compiling the AWWA water 
audit for a small water utility

• Complete the audit form. 
Follow instructions on the form. 
(this form is similar to the AWWA Free Water 
Audit Software in its structure).

• Instructor to form teams of 2-3 
persons

• Each team works with one of 
two utility “scenarios”



AWWA Free Water Audit Software



AWWA Free Water Audit Software



AWWA Free Water Audit Software



AWWA Free Water Audit Software



AWWA Free Water Audit Software



AWWA Free Water Audit Software



• Fill in your Reporting Worksheet

• The spreadsheet will tabulate a final audit score as well as suggestions for improvements.

• Your score is your starting point……..this is not a grade so much as a number for you to work 
on over time. 



Example of where to start…….



AWWA Free Water Audit Software

Gives you an in depth understanding of where your water 
loss is in your system and what the cost is. 



Summary: Water Loss Control in Small 
Systems

REMEMBER 
• The water audit lets you calculate the 

annual volume and cost of the losses in 
your system

• You are paying everyday for the losses that 
exist in your system

• All water systems can take action to control 
both their apparent and real water losses



Let’s 
Wrap 
Things 
Up…. 
Before We 
Close

Session #2 Information

Post Test

Evaluation Form

Closing Comments

Contact Information



Session #2
Information

• Plant/System Optimization
• Technical assistance 
• Community Engineering Corps
• Partnership for Small Systems
• USDA Loan Applications



Post-Test and Evaluation



Contact Information

• Christina Cerio, Area Specialist

USDA Rural Development

Phone: 315-403-3112

Email: christina.cerio@usda.gov

• Stephen Barr, Program Manager

Community Engineering Corp

Phone: 702-827-6920

Email: sbarr@awwa.org

John Donahue, Regional Trainer

AWWA

Phone: 815-988-1200

Email: jdonahue@awwa.org

John Helgren, State Engineer

USDA Rural Develpoment

Phone: 315-477-6427

Email: john.helgren@usda.gov

mailto:christina.cerio@usda.gov
mailto:sbarr@awwa.org
mailto:jdonahue@awwa.org
mailto:john.helgren@usda.gov
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