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Housekeeping 

• All attendees are muted to minimize background 
noise. 

• Please type questions into the chat box on the 
upper right-hand side of your screen. We will have a 
dedicated time for Q&A. 

• A recording of this presentation will be posted on 
the WaterSense website. 
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• Veronica Blette, US EPA WaterSense Program - 
Welcoming Remarks  

• Danielle Gallet, Center for Neighborhood 
Technology – Improved water loss control policies 
and practices 

• Kate Gasner, Water System Optimization – Water 
loss control management tools 

• Penny Falcon, Los Angeles Department of Water 
and Power – Water loss control efforts of a large 
urban system in CA 

• Chris Leauber, Water and Wastewater Authority of 
Wilson County - Water loss control efforts of rural 
system in TN  

Today’s Presenters 
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• Water supplies under pressure from growing 
population, aging infrastructure, short- and long-
term climate change, source quality  

• Increasing competition for supplies amongst 
municipal, agricultural, energy uses – and need to 
protect ecological flows 

• Need to look at water efficiency on the supply and 
demand side 
– Demand side – sustainable water rates and end use 

efficiency (e.g. WaterSense) 
– Supply Side – proper accounting for water and water loss 

control 

Stress on Water Supplies 
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Water Losses Big and 

Small are in the News 

From www.slideshare.net/ValueofWater/broken-pipes-leak 
Veronica’s Front Yard – August 2014 
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Non-revenue water = No 

revenue 
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Available EPA Guidance 

http://water.epa.gov/type/drink/pws/smallsystems/technical_help.cfm 



10/15/2014 8 

Today’s Topics 

The Big Picture - Danielle  

Tools - Kate 

Large Utility  
Experience –  

Penny 

Small Utility 
Experience – 

Chris 



Prepared by Danielle Gallet  |  Center for Neighborhood Technology (CNT) 

US EPA Water Loss Control Webinar |  October 15, 2014 

IMPROVING WATER LOSS 
Building Public Trust + Support 
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ABOUT CNT 
CNT is a national hub for research, strategies and solutions 

to help cities use resources more efficiently and equitably. 

 Our main areas of focus are: 

 Transportation + community development 

 Water resource management + infrastructure 

 Sustainable prosperity 

Photo Credit: Wisconsin Department of Natural Resources/Flickr, Creative Commons License 



CNT WATER 

 Original research 

 Tool creation 

 Collaborative solution 

development 

 Policy advocacy 

 2 Focuses: 

 Water supply 

 Stormwater 

Photo Credit: solidether (real name Michael Backhaus)/Flickr, Creative Commons License 



Photo Credit: RJP/Flickr, Creative Commons License 

CURRENT STATE OF AFFAIRS? 



 80 water supply utilities 

 10 largest in each state 

 68% response rate 

 500 municipalities 

 9.8 million people 

 Over 63,000 miles of pipe 

  Utility Survey 



 71% have no policy  

 Over 50% have no 

goal or benchmark 

 67% do not publicly 

report conditions 

  Survey Findings 



  Survey Findings (cont.) 

 Less than 4% receive 

state support 

 Confusing mix of 

definitions 

 60% are interested in 

collaborating on 

improved practices 





Photo Credit: RJP/Flickr, Creative Commons License 

BUILD CASE FOR FIXING LEAKS 



Input from the Industry 

 Standardization + 

benchmarking would be 

helpful 

 Training + assistance is 

needed 

 Regulation is necessary to 

drive change 

 Getting public support is 

essential 



What’s the public story? 



Water Rates on the Rise in the U.S. 

CNT Map based on data from article: Water costs gush higher, USA TODAY 

September 29, 2012 



Infrastructure Report Card = D 



Fixing the Leaks – A Good Idea 

 Create Jobs 

 Drive Economic Development 

 Protect Human Health 

 Reduce Energy Use 

 Preserve Water Resources 

 
 

“By modernizing our national water infrastructure we can improve 

commercial efficiency, increase U.S. competitiveness in the global 

economy, and create much-needed jobs in the near term.“       

  – Janet Kavinoky, U.S. Chamber of Commerce  
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Photo Credit: RJP/Flickr, Creative Commons License 

INCREASE OUTREACH + RESOURCES 
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Promote Best Practices + Training 
”Water utilities that carefully audit the water that they supply 

are better positioned to control excessive losses and provide 

reliable service to their customers.” 

– George Kunkel, Water Efficiency Program Manager, Philadelphia Water Department 



It’s Working: 
See Growing Trend Across U.S. 

 Auditing + data validation 

 Training opportunities 

 Policies + standards for 

best practices 

 Regulation 

 

New FREE Water Loss 

Training Initiative in 

Illinois! 



Photo Credit: RJP/Flickr, Creative Commons License 

TIPS FOR MOVING FORWARD 



Photo Credit:  Geerd-Olaf Freyer (Water treatment plant Germany)/Flickr, Creative Commons License 

USE BEST PRACTICE TOOLS 
The pathway to building a business case for reinvestment. 



Photo Credit:  mugley/Flickr, Creative Commons License 

ENGAGE ELECTED OFFICIALS 
Once a year budget meetings is not enough. 



TALK IN DOLLARS NOT GALLONS 
Know what the non-revenue, economic loss is. 



BUILD PUBLIC TRUST + SUPPORT 
Develop a relationship with your customers – drive awareness. 

Photo Credit:  City of Evanston, Illinois 



PARTNER, PARTNER, PARTNER 
Crumbling infrastructure woes will not be fixed in a vacuum.  

Photo Credit: Christopher Swerin/Flickr, Creative Commons License 



THANK YOU! 

Danielle Gallet 

danielleg@cnt.org  

www.cnt.org/water 
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Kate Gasner, Water Systems Optimization 

 
 
 

Water Loss Control Tools 



Water Losses: Defined 

 Meter Under-registration 

 Unauthorized Consumption 

 Data Handling 

 Reducing Apparent Losses 
increases revenue (but does not 
recover volume) 

 Physical Losses 

 Range in flow rate & volume 
lost 

 Reducing Real Losses recovers 
volume 

APPARENT LOSSES REAL LOSSES 

Water Systems Optimization  

NON-REVENUE WATER 
* Also includes unbilled consumption 



Benefits of NRW Management 

 Identify what you DON’T know 

 Comprehensive understanding of your system 

 Financial Benefits – Reduction in O&M & CIP costs 

 Better Asset Management  

 Optimized Meter Replacement/Management 

 Water Conservation (Supply Side & Demand Side) 

 Sustainability (Water/Energy Nexus) 

 Be Ahead of Regulatory Arena 

 Less Liability 

 Build Credibility with Stakeholders and Regulators 

 

 

Save Water Reduce Costs 
Culture of 

Accountability 



What Can Happen ??? 



How Can We Strategically Manage NRW?? 

Detailed 
Water 
Audit 

• Conduct Detailed AWWA Water Audit to 
Quantify NRW Volume and its Components – 
Real Losses and Apparent Losses 

Component 
Analysis  

• Component Analysis of Real Losses 

• Component Analysis of Apparent Losses 

Economics 

• Assessment of Economic Real Loss Intervention Strategies 

• Assessment of Economic Apparent Loss Intervention 
Strategies 

Implement 

NRW 
Strategy 

• Real Loss Control and Intervention  

• Apparent Loss Control and Intervention 

Water 
Audit 
Phase 

Sustainable 
NRW 
Management 



Tools for Water Loss Control 

✓ Understanding of Real Loss 

Breakdown (where are these 

losses occurring? what types 

of leakage?) 

✓ Evaluation of Cost-Effective 

Real Loss Intervention 

Strategies 

 

AWWA Free Water Audit Software 
Water Research Foundation 
Component Analysis Tool 

✓ Volume of Apparent 

Losses 

✓ Volume of Real Losses 

✓ Performance Indicators 

✓ Data Validity Score 

 



AWWA Free Water Audit Software 

SYSTEM 
INPUT 

VOLUME 

Authorized 
Consumption 

Billed 
Authorized 

Consumption 

Billed Metered Authorized Consumption 

Billed Unmetered Authorized Consumption 

Unbilled 
Authorized 

Consumption 

Unbilled Metered Authorized Consumption 

Unbilled Unmetered Authorized 
Consumption 

Water Losses 

Apparent Losses 

Consumption Metering Errors 

Unauthorized Consumption 

Systematic Data Handling Errors 

Real Losses 

Leakage/Overflow at Reservoirs 

Leakage from Trunk Mains 

Leakage from Distribution Mains 

Leakage from Service Connections 



AWWA Free Water Audit Software 

 AWWA M36 Publication – 
complete manual 

 Reporting Worksheet 

 Performance Indicator 
Outputs 

 Data Grading Matrix 

 Visualization of Water 
Balance 

 Comment Fields 



Water Research Foundation Component Analysis Tool 



Water Research Foundation Component Analysis Tool 



Real Loss Intervention Strategies 

Potentially Recoverable Real Losses 

Unavoidable 
 Annual Real 

 Losses 

Economic Level of Real 
Losses 

Pipeline and Asset 
Management: 

Selection, Installation, 
Maintenance, Renewal, 

Replacement 
 

Active  
Leakage Control 

Pressure  
Management 

Speed and  
Quality of Repairs 

Current Annual Real Losses 



Water Loss Control Tools – Free & Available Now! 

AWWA Free Water Audit 
Software 

Water Research Foundation 
Component Analysis Tool 

• AWWA Water Loss Control 
Committee 

 
• http://www.awwa.org/resources-

tools/water-knowledge/water-loss-
control.aspx 

 
• Validated Water Audit Data 
 
• “Water Loss Control Basics” sidebar 

• Water Research Foundation Project 
Page 4372 

 
• http://www.waterrf.org/Pages/Proje

cts.aspx?PID=4372 
 
• Full Report & Background 
 
• Leak Repair Data Collection Guide 
 

 
 



Thank You!  

Kate Gasner 

Water Systems Optimization 

e: kate.gasner@wsoglobal.com 

 

Upcoming WRF 

workshops  

 

Austin, TX  

(Nov. 5) 

 

Los Angeles, CA 

(Nov. 6) 

 



Penny Falcon, P.E. - Water Conservation Policy Manager 
 Sofia Marcus, P.E. - Engineer and Project Manager 

Penny Falcon 
Manager of Water Conservation Policy, Legislation, & Grants 

LADWP’s Water Loss Audit and 
Component Analysis Project 

 
EPA Webinar 

October 15, 2014 



  The Nation’s Largest Publicly 
Owned Utility 



Why did we do this Water Loss project? 

 Fulfills requirements of California Urban Water 
Conservation Council (CUWCC) Best Management 
Practice (BMP) 1.2 

 Assembly Bill 1420 – Water agencies must comply with 
CUWCC BMPs to qualify for State Grants and Loans 

 Discovering and addressing system water losses saves 
water and money! 

 Loss of water!!! 



 

 

 

 

 

 

 

 Project took a little over 1 year 
to complete 

Project Costs 

Consultant (Water Systems Optimization) $300,000 

U.S. Bureau of Reclamation Grant $100,000 

LADWP Staff Labor Costs >$1 million 

Equipment and Materials $150,000 



Historical Tracking of 
Non-Revenue Water 



System Input Volume Validation  

 Analysis of system input volume data and meter 
accuracies 

 

 

 

 

 

 

 

 

 

 



Consumption Volumes: 
Meter Right-Sizing Analysis 

Example analysis of 3” meters in LADWP’s customer base 

Meters highlighted in green are over-sized (too little consumption to 
justify a 3” meter) or under-sized (too much consumption for 3”) 

CONSUMPTION 
RANGE (HCF/DAY) 

NUMBER OF 
METERS 

=0  101  

0 to 0.125  176  

0.125 to 0.25  115  

0.25 to 0.5  217  

0.5 to 1  294  

1 to 2  430  

2 to 4  575  

4 to 8  668  

8 to 16  303  

16 to 32  69  

32 to 64  14  

64 to 128  8  

128 to 256  2  

256 to 512  1  

TOTAL  2,973  



Apparent Losses: 
Small Meter Testing 



Apparent Losses: 
Small Meter Test Results 

SIZE 
TOTAL METER 
POPULATION 

(CIS) 

TEST 
SAMPLE 

SIZE 

VOLUME 
WEIGHTED 
AVERAGE 

ACCURACY (%) 

5/8” 3,636 0 NA 

5/8 x 3/4” 196,973 161 96.88 

3/4 x 1” 289,343 322 98.72 

1” 126,900 181 98.35 

1 1/2” 47,953 156 97.93 

2” 33,447 239 98.49 

ALL SIZES 698,252 1059 98.21 



Component Analysis: 
Reported Leaks Databases 

A - Main Breaks and Service Leaks between the Curb and Main 
Source: GIS and Trouble Board 

B -  Service Leaks between the Curb and the Meter Box  
Source: CPS Reports and Trouble Board 

C - Meter Leaks and Flooded Meter Boxes 
Source: Water Investigation Report (WIR) or WMIS 



Component Analysis: 
Mains Failure Frequency 



District Metered Areas: 
Real Loss Validation 

 Identified 3 small service zones to analyze 

• Monitored the inflow and water usage in each zone 

• Performed leak detection 

 

 

 

 

Zone Name Boyle Heights Westwood Tujunga 

Length of Distribution Network 

(miles) 
46.91 21.48 25.98 

Total Number of Service 

Connections 
6,285 1,814 1,657 

Average Pipe Diameter 

(inches) 
6.9 7.0 6.6 

Average Pipe Age 

(years) 
73.5 65.7 41.3 



 

 

 

 

 

 

 
 

 Meters were installed through hot tap (no water shut off) 

 Data loggers and batteries were installed in toolboxes 
with locks and located above ground to protect them 
from water damage 

Installation of the Meters 
and Data Loggers 



Meter Reading and Data Collection 

 Meter Reading in the 3 Zones: 
• Some meters were full of dirt 

• Discovered customer meter tampering and theft  

• Identified potential theft on fire service meters 

• Discovered unidentified, mislocated, and paved-over 
service meters 



Leak Detection 

 Identified the following leaks: 
• Boyle Heights – 11 leaks 

(service, hydrant, & valve leaks) 

• Westwood – 1 hydrant leak 

• Tujunga – no leaks 



Results: The Good News! 

 

 

 

 

 
 

Low overall water loss, but still some work to do 

For Fiscal Year 2010-2011, as a Percentage of Water Supplied: 

Non-Revenue Water: 5.2% 

Real Losses (leakage) 3.5% 

Apparent Losses (meter inaccuracies and theft) 1.6% 

Unbilled Authorized Consumption (fire flows) 0.1% 

Infrastructure Leakage Index (ILI) 1.26 



Key Findings and Recommendations 

 Pressure management 
improvement 

 Active leak detection program 

 Meter sizing optimization 

 Large meter overhaul  
schedule 

 Address database 
inconsistences 

 Improve water supply  
meter accuracies 



Lessons Learned 

 Improve data retrieval methods 

Water Loss 
Audit & 

Component 
Analysis 



Lessons Learned 

 Read fire service meters on a 
regular basis to prevent theft 



Lessons Learned 

 Perform District Metered Area analyses with 
Advanced Metering Infrastructure (AMI) 



Lessons Learned 

 Have all the right staff at the table 

Water 
Distribution  

Water 
Quality  

Water 
Engineering & 

Technical 
Services  

Water 
Operations  

Water 
Resources  

Customer 
Service/IT 

Water Loss Audit & Component Analysis Team 



Next Steps 

 Water Loss Task Force formed 
• All divisions involved in previous study included 

• Kick-off meeting – October 2014 

 

 

 

 

 CUWCC reporting requirements 
• Water loss audit due annually 

• Component analysis due every 4 years 



Questions? 

Thank You! 

Email: sofia.marcus@ladwp.com 



Water Loss Control Efforts of 
Rural System in TN 

• Chris Leauber, Executive Director, Water & 
Wastewater Authority of Wilson Co., TN  

• 7052 Water Service Connections 

• 327 Miles Distribution Main (100% PVC) 

• 5 Ground Level Storage Facilities 

• 16 District Metered Areas (DMA’s) 

• Purchase 100% of Water Supplied, 
$2.53/1000 gallons 

 

 



Motivation 
• Statewide Tennessee Energy & Water 

Conservation Program in late 80’s – 90’s 
– Energy Division funded water audits, meter testing & 

leak surveys; nearly 400 systems 

– Payback within 1 year in energy savings alone 

– Majority of the leaks were not surfacing 

• Purchase 100% of supply & 1/3 lost 

• 2013 TN regs required annual reporting 
AWWA Free Water Audit Software 
– Non-compliance: validity score 65 or less, or NRW by 

cost of operating system of 30% or greater. Stricter 
every 2 years; validity score of 80 or less in 2019. 

 



On-going Process 
• 90’s In-house sonic leak surveys 

• Early 2000’s 

– Small meter change-outs @ 500,000 usage 

– Upgrade SCADA from telephone to radio 

– Implemented GIS 

• 2006 -2010  

– MNF analysis via tank levels, temporary DMA 
flows, Step Testing, & pressure logging 

– Test 10% of replaced meters (system 98.3%) 

– Use AWWA Free Water Audit Software 

– Real Losses benchmarking 

 



Case Study Published: EPA 816-R-10-019 
water.epa.gov/drink November 2010 
Indicators used for Real Loss Target Setting 





Trousdale Ferry DMA MNF = 120 gpm 
Trousdale Ferry DMA LNC =   33 gpm 
Trousdale Ferry DMA Real Losses (Leakage) = 120 
gpm – 33 gpm = 87 gpm 
Trousdale Ferry DMA = 56 miles main 
87 gpm/56 miles = 1.6 gpm/mile 

System-wide UARL 60.78 million 
gallons/year (0.36 gpm/mile)  
TF DMA = 56 Miles of main 
Real Losses should be 
maintained at a level of 20 gpm 
(0.36 gpm per mile) 
The MNF should be maintained 
at 53 gpm (LNC of 33 gpm + 
Real Losses of 20 gpm)   
If MNF > 53 gpm consider 
intervening 





Additional Step Testing within TF DMA SW 

• Leakage isolated 3:15 AM to 1,700’ area 

• Step tested 56 miles in 2 hours 

• No water surfacing 

• 6” PVC main located under soil conditions, 
20’ off road , 90 psi  

• No low pressures complaints 

• Not detectable by direct contact sounding 



Leak Sounding 



65 gpm, 94,000 gallons per day, 34,000,000 
gallons per year, @ $2/1000 gal = $68,000/Yr.  

 



Today 
• MNF benchmarking based on Real Losses 

per length of main per day & UARL from 
Water Audit Software & LNC 

• SCADA tank level resolution increased & 
provides MNF data daily for 64% of 
distribution system 

• Near real-time Telemetry installed on 2 of 
15 system input meter via text messaging, 
1 minute flow & pressure data 

– Eliminates daily site visits for required reads 

– One-man Step Testing 



Results (also ILI @ Technical Min <1.0) 
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Copyright © 2011, American Water Works Association. All Rights Reserved 



How much water was lost?  
 

 

 

 

•35,000,000 gallons 
– Last time 24-hour DMA Input Meter flow 

was as low as now was March, 2002 
• 7 gpm running for almost 10 years 

– @ $2.00/1000 gal = $70,000 
 





One-man Step Testing via Smart Phone 



Proactive vs. Reactive  

 

 

 

 

• Repaired under pressure 

• No HTH or Bac-T sample required 

• No interruption of service to customers 

• Scored perfect 100 on last 3 Sanitary Surveys 
 



Recoverable Leakage: Serves New H.S., 
Drought Demands, & Unserved Areas 



2 Year Goal 

• All system input meters to be 
electromagnetic, 1 pulse/1 gallon, on 
Telemetry w/ 1 minute flow & pressure 
data to SCADA & One-man Step Testing 

• Pilot AMI – Align DMA MNF consumption 
to MNF input for daily loss analysis 

• Automate daily loss analytical process  

• Pressure Management: (waterrf.org) Real 
Loss Component Analysis: A Tool for 
Economic Water Loss Control 4372a 

 

 



Contact Information 
Chris Leauber 

Executive Director 

Water & Wastewater Authority of 
Wilson County 

P.O. Box 545 

680 Maddox Simpson Parkway 

Lebanon, TN 37088 

E-mail: cleauber@wwawc.com  

Tel: 615-449-2951 

Fax: 615-449-8310 
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Questions? 



Join WaterSense! 

• Become a WaterSense partner 
– Water utilities, local and state government, 

non-profit entities are eligible to be 
partners 

• Partners help promote WaterSense 
labeled products and campaigns (e.g., Fix 
a Leak Week  

• Wide range of tools available for partners 
– Infographics, Bill Stuffers, Messaging & 

Tips, Sample web text, Sample press 
release/newsletter text 

• Best of all - partnership is free! 
– www.epa.gov/watersense/partners 
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For More Information 

• Website: 
www.epa.gov/watersense 
- Lists of products  

- Partnership information – online 
applications 

- Educational fact sheets and resources  
 

• Email: watersense@epa.gov 
 

• Toll-free Helpline:  
    (866) WTR-SENS (987-7367) 

 


