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Outline
PART 1

• Water Loss Audit Worksheet
– Questions

PART 2
• Water Loss Audit Data

– Questions

• Water Loss Control
– Leak Detection Demonstration

– Questions
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Water Loss Audit Worksheet

• History of Water Loss Audit in Texas

• Requirements

• What Is Water Loss

• LUC Database

• Water Loss Audit Run-Through

• Why?

3



History of Water Loss Audits in Texas
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2003 – HB 3338
2005 – First year of five-year audit
2010 – Second year of five-year audit
2013 – HB 857  |  HB 3605  |  First year of annual audits
2014 – Second year of annual audits
2015 – Third year of five-year and annual audit



Requirements

• All retail public utilities

• 3,300 or > connections
– Due every year on May 1

• Active financial obligation
– Due every year on May 1

• < 3,300 connections and no active loan/grant
– Due every 5 years

– 2015 was due 5/1/2016, 2020 due 5/1/2021, etc.

• Recommend annual
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2015 Annual Water Loss Audit Required

Connection Only: 94% Submittal Rate Loan: 87% Submittal Rate 
All Annual Required: 90% Submittal Rate
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2015 Five-Year Water Loss Audit Required
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Five Year Only: 62% Submittal Rate

All Required: 67% Submittal Rate 



What is Water Loss?

A: Unaccounted for water

B: Water In - Water Out

C: Both A & B

D: System Input - Total Authorized Consumption

E: Real Loss + Apparent Loss

F: Both D & E

G: All of the Above
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Water Loss?
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Corrected Input Volume 

 + Corrected Treated Purchased Water 

 – Corrected Treated Wholesale Water 

 

Total System Input Volume 

 

2,000 MG 

Total Authorized 

Consumption 

1,650 MG 

Billed Authorized 

Consumption 

1,600 MG 

Billed Metered 

1,600 MG Revenue Water 

1,600 MG Billed Unmetered 

0 MG 

Unbilled Authorized 

Consumption 

50 MG 

Unbilled Metered 

25 MG 

Non-Revenue Water 

400 MG 

Unbilled Unmetered 

25 MG 

Total Water Losses 

350 MG 

Total Apparent Losses 

60 MG 

Customer Meter Accuracy 

Loss 

50 MG 

Systematic Data Handling 

5 MG 

Unauthorized 

Consumption 

5 MG 

Total Real Losses 

290 MG 

Reported Breaks and 

Leaks 

50 MG 

Unreported Loss 

240 MG 
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Total
System 
Input 

Volume
2,000 MG

Total 
Authorized

1,650 MG

Billed 
Authorized 
1,600 MG

Billed Metered
1,600 MG Revenue 

Water
1,600 MGBilled Unmetered 

0 MG

Unbilled 
Authorized 

50 MG

Unbilled Metered
25 MG

Non-
Revenue 

Water
400 MG

Unbilled Unmetered
25 MG

Total Water 
Losses

350 MG

Total 
Apparent 

60 MG

Customer Meter Loss
50 MG

Data Errors 5 MG

Unauthorized 5 MG

Total Real 
290 MG

Reported 50 MG

Unreported 240 MG

2,000 MG 2,000 MG 2,000 MG 2,000 MG 2,000 MG



LUC Database
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Water Loss Audit Run-Through
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City of Water
General Utility Information
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City of Water
Water Intake
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City of Water
Production Meter Accuracy
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Authorized Consumption

Is it Authorized or Unauthorized?

Is it Billed or Unbilled?

Is it Metered or Unmetered?
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Water Loss
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Real LossApparent 
Loss

Reported    
Breaks and 
Leaks

Unreported 
Loss

Customer Meter 
Inaccuracies

Data Handling
Errors

Theft

Are We Done Yet?
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Apparent Losses
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Real Losses
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The table is based on the following formula:
Flow = 2.8 x Area x Square Root of (148 x Pressure)

Example:
Area = 0.125 in. x 1.25 in. = 0.156 square inches (in2)
Pressure = 50 pounds per square inch (psi)
Flow = ~36 gallons per minute (gpm)
Time = 60 minutes
Estimated Total Gallons Lost = 2,160 gallons



Water Loss Performance
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How did I do?



Technical Performance Indicators
Apparent Losses Normalized

= Apparent Loss Volume / # of Connections / 365 days
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Real Losses Normalized
Infrastructure Leakage Index  
(if 3,000 or > connections and 16 or > connection density)

[ ILI = Real Loss / UARL ]

and one of the following
= Real Loss Volume / # of Connections / 365 days

or
= Real Loss Volume / Length of Main Lines / 365 days



Financial Performance Indicators
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Why Complete an Audit?
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• System efficiency

• Extend supply

• Target asset upgrades

• Saves money

• Required
• Loan/Grant

• Regional water planning



Wrap Up

• Water Loss is
– System Input Volume - Authorized Consumption

– Real Loss + Apparent Loss

• Water Loss Audits provide
– Annual tracking of use and loss volumes

– Performance indicators

– Financial viewpoint

– And much more
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Questions?
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Upgrade Your Toolkit
Part 2 of 2

Water Loss Tools, Tips, and Strategies

D. Daniel Rice
Water Loss Program Specialist
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Water Loss Audit Data
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Data Review for Errors
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Common Data Issues
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Negative or Zero Values
• Total Water Loss

• Sold more or same as put into the system

• Apparent Loss
• Meters under-registering

• Real Loss
• Apparent too high, or
• Total water loss too low

• Unreported Loss
• Reported breaks and leaks too high

Total 
System
Input

Apparent Loss + Real Loss



Common Data Issues, Cont’d

Water Use Survey Errors

• Input=Billed

• Wrong units

• Connections

• Affects water loss volume and 
performance indicators

System Information Errors

• Main lines or pressure

• Creates error in performance 
indicators
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Infrastructure Leakage Index
• I.L.I. below 1
• Not possible – obvious data issue

Very High Water Loss
• Indicates a possible data issue



Water Loss Audit Data

• Terms:

– Percentage Water Loss

– Infrastructure Leakage Index

– Real Loss per Connection per Day

– Real Loss per Mile per Day

– Apparent Loss per Connection per Day

– Financial Performance Indicators (third section)
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Total Water Loss Percentage 2015
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Total Water Loss Percentage
Field on Audit 2015 2014 2010

Total Systems 1,885 PWSs 621 PWSs 1,440 PWSs

Total Water Loss 
Volume

149,047,989,793
gallons

121,619,570,949 
gallons

139,466,918,232 
gallons

Percent Total 
Water Loss 
(average)

15.4% 16.6% 15.5%

Percent Total 
Water Loss 
(median)

12.5% 14.6% 13%

Percent Total 
Water Loss 
(maximum)

49.7% 49.6% 50%

Percent Total 
Water Loss 
(minimum)

0.3% 0.2% 0.2%
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Total Water Loss Percentage
City of Water
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Field on Audit 2015 2016

Total System Input   
Volume

2,000,000,000 gallons 2,100,000,000 gallons

Total Authorized 
Consumption

1,650,000,000 gallons 1,750,000,000 gallons

Total Water Loss 350,000,000 gallons 350,000,000 gallons

Percent of Water Loss 17.5% 16.7%

Real Loss per
Connection per Day

56.7 gallons per 
connection per day

56.7 gallons per 
connections per day

Apparent Loss per 
Connection per Day

9.8 gallons per 
connection per day

9.8 gallons per 
connection per day



Field on Audit City of Water City of Ice

Total System Input   
Volume

2,000,000,000 gallons 1,000,000,000 gallons

Total Authorized 
Consumption

1,650,000,000 gallons 825,000,000 gallons

Total Water Loss 350,000,000 gallons 175,000,000 gallons

Percent of Water Loss 17.5% 17.5%

Real Loss per
Connection per Day

56.7 gallons per 
connection per day

79.4 gallons per 
connection per day

Apparent Loss per 
Connection per Day

9.8 gallons per 
connection per day

13.7 gallons per 
connection per day

Connections 14,000 5,000

Miles of Main Line 215 100
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Total Water Loss Percentage
City of Water vs. City of Ice



Infrastructure Leakage Index

*Not applicable to utilities with less than 3,000 connections and less 
than 16 connections per mile
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Current Annual Real Loss__    
Unavoidable Annual Real Loss

I.L.I. =

Range Financial Operational Water Resources

1 to 3 Costly Increase infrastructure Limited

3 to 5 Reasonable Long term needs met Sufficient supply

5 to 8 Low cost Immune to shortages Plentiful

> 8 Not an effective use of water resources for a target

< 1 Either better than the best or data errors



City of Water’s 2015 Numbers

Field on Audit Unit

Total Water Loss Volume 310,030,450 gallons

Real Loss Volume

Reported: 51,003,200 gallons

Unreported: 210,466,787 gallons

Total: 251,469,787 gallons

Unavoidable Annual Real Loss 82,943,987 gallons

Infrastructure Leakage Index 3.03 I.L.I.

Real Loss per Connection per Day 49.5 gallons
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Comparing Years

Field on Audit 2015 2014 2010

Total Systems 223 PWSs 193 PWSs 164 PWSs

Real Loss Volume 
(total)

105,221,876,388 
gallons

93,696,301,002 
gallons

97,420,963,954 
gallons

Unavoidable
Annual Real Loss 

Volume (total)

30,453,721,410 
gallons

27,290,162,807 
gallons

23,909,552,052 
gallons

I.L.I. (average) 3.0 I.L.I. 2.9 I.L.I. 3.4 I.L.I.

I.L.I. (median) 2.3 I.L.I 2.4 I.L.I. 2.9 I.L.I.

I.L.I. (min) 1.0 I.L.I 1.0 I.L.I. 1.0 I.L.I.

I.L.I. (max) 9.4 I.L.I. 8.7 I.L.I. 9.8 I.L.I.
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Region I.L.I. 
(median)

City of Water 3.0 I.L.I.

Region G 2.1 I.L.I.

All 2.3 I.L.I.

Target I.L.I. 2015 2020 2025

City of 
Water

3.0
I.L.I.

2.5
I.L.I.

2.0
I.L.I.



By Region and Year
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Region 2015 
I.L.I.

median
(#)

2014 
I.L.I. 

median
(#)

2010 
I.L.I. 

median
(#)

Region 2015 
I.L.I.

median 
(#)

2014 
I.L.I. 

median
(#)

2010 
I.L.I. 

median
(#)

A 4.4 (6) 3.4 (5) 2.0 (5) I 3.0 (14) 3.1 (11) 4.5 (8)

B 1.3 (1) 1.6 (3) 2.4 (2) J 3.6 (2) 2.0 (1) 2.8 (2)

C 2.5 (52) 2.6 (50) 3.0 (48) K 2.2 (11) 3.1 (8) 3.0 (7)

D 3.0 (4) 4.2 (6) 3.1 (7) L 2.1 (19) 2.1 (14) 2.4 (14)

E 3.3 (2) n/a n/a M 3.1 (17) 2.9 (16) 3.2 (13)

F 2.2 (9) 3.3 (4) 4.5 (2) N 4.2 (7) 1.4 (7) 2.4 (3)

G 2.1 (25) 2.4 (25) 2.1 (17) O 3.0 (3) 2.3 (3) 1.3 (1)

H 1.9 (50) 2.0 (39) 2.9 (35) P 1.8 (1) 2.1 (1) n/a



How City of Water Compares
46

Connection Density 
(Connections/mile)

2015 I.L.I. Median 
(#)

All >= 16 < 32 1.8 (26)

Region G >= 16 < 32 1.3 (3)

All >=32 2.4 (197)

Region G >=32 2.4 (22)

Connection 2015 I.L.I. Median

All 3,300-16,700 2.3 (158)

Region G 3,300-
16,700

2.1 (17)

2015 I.L.I. Median 
(#)

City of Water 3.0

All systems 2.3 (223)

Region G 2.1 (25)

Group 2015 I.L.I. Median 
(#)

All >= 32 < 63 2.5 (96)

Region G >= 32 < 63 1.9 (14)

All >= 63 2.3 (101)

Region G >= 63 3.5 (8)



Audit as a Tool
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Real Loss Performance Indicators
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Real Loss per Connection per Day
Compared Year to Year
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2010 to 2015 
All Audits

2014 to 2015 
Annual Audits
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Median Real Loss per 
Connection per Day 

by Region

Region RL/Connection
(median)

City of Water 49.5 gallons

Region G 23.0 gallons

All 22.5 gallons

Target
Real Loss

2015 2020 2025

City of 
Water

49.5
gallons

40
gallons

34
gallons 
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Real Loss Performance, Cont’d

Photo courtesy of TxDOT
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Real Loss per Mile per Day
Compared Year to Year
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2010 to 2015 
All Audits

2014 to 2015 
Annual Audits



Median Real Loss per Mile per Day
by Region
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Median Real Loss per 
Mile per Day 

by Region

Region RL/Mile/Day
(median)

City of Water 1,139 gallons

Region G 326 gallons

All 353 gallons

Target
Real Loss

2015 
(mile/day)

2020
(mile/day)

2025
(mile/day)

City of 
Water

1,139
gallons

900
gallons

750
gallons 
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per Day Less than 16 
Connections per Mile



Don’t Forget the Apparent
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Median Apparent Loss 
per Connection per Day 

by Region

Region AL/Connection
(median)

City of Water 11.5 gallons

Region G 4.9 gallons

All 4.9 gallons

Target
Real Loss

2015 
(conn./day)

2020
(conn./day)

2025
(conn./day)

City of 
Water

11.5
gallons

10
gallons

9
gallons 
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Time for Vacation!
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Questions?
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Water Loss Control
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Water Loss Control

• Component Analysis

• Assessment Scales

• Financial Performance Indicators

• Water Loss Control Practices
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Component Analysis

Apparent Loss

– Customer Meters

• Test and/or replace

– Data Handling Errors

• Review billing system

– Unauthorized Use

• Monitor and enforce

66

Real Loss

– Reported leakage

• Improve repair time

– Unreported Leakage

• Active leakage control

– Background Leakage

• Pressure management



Assessment Scales
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Assessment Scales
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Financial Performance Indicators
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Financials

Field on Audit Gallons Lost Price/Cost per 
Thousand Gallon

Total Cost

Apparent Losses 58,560,462 gallons $4.91 $287,531.87

Real Losses 251,469,987 gallons $0.78 $196,146.59

Total Water Losses 310,030,450 gallons n/a $438,678.46
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To Replace 1 Mile
(Real Loss)

To Replace 1 Meter
(Apparent Loss)

Cost $1,000,000 $100

Value 214 miles 13,924 connections

Total $214,000,000 $1,392,400



Meter Testing Program

Residential Meter 
Type

Total Number of 
Meters

Total Tested New Average  
Percentage

Type 1: 5–10 years 
old

5,925 350 97%

Type 2: 10–20 years 
old

5,183 275 96%

Type 3: > 20 years 
old

2,816 150 92%

Total 13,924 775 95.6%
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Meter Testing Program
Average % Total gallons lost

Estimated Customer Meter % 97% 49,649,548 gallons

Tested Customer Meter % 95.6% 70,634,757 gallons

Difference 1.4% 20,985,209 gallons
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Cost of Apparent Losses Total gallons lost

Original Apparent Losses $287,531.87 58,560,462 gallons

Revised Apparent Losses $390,569.24 79,545,671 gallons

Difference Apparent $103,037.37 20,985,209 gallons



New Costs of Water Loss
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Cost of Apparent Loss Total gallons lost

Original Apparent Losses $287,531.87 58,560,462 gallons

Revised Apparent Losses $390,569.24 79,545,671 gallons

Difference Apparent $103,037.37 20,985,209 gallons

Cost of Real Loss Total gallons lost

Original Real Losses $196,146.59 251,469,987 gallons

Revised Real Losses $179,778.13 230,484,778 gallons

Difference Real -$16,368.46 -20,985,209 gallons

Total Cost of Water Loss Total gallons lost

Original Total Losses $483,678.46 310,030,450 gallons

Revised Total Losses $570,347.37 310,030,450 gallons

Difference Total $86,668.91 0 gallons



Meter Replacement Program
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Residential 
Meter Type

2015 #/% 2016 #/% 2017 #/% 2018 #/% 2019 #/% 2020 #/%

Type 1: 
5–10 yrs

5,925 / 
97%

5,925 / 
97%

5,925 / 
97%

5,925 / 
97%

5,925 / 
97%

5,925 / 
97%

Type 2: 
10–20 yrs

5,183 / 
96%

5,183 / 
96%

5,183 / 
96%

4,999 / 
96%

3,999 / 
96%

2,999 / 
96%

Type 3: 
> 20 yrs

2,816 / 
92%

1,816 / 
92%

816 / 
92%

n/a n/a n/a

Type 4: 
< 5 years

n/a 1,000 / 
98%

2,000 / 
98%

3,000 / 
98%

4,000 / 
98%

5,000 / 
98%

Total 13,924 / 
95.6%

13,924 / 
96.0%

13,924 / 
96.5%

13,924 / 
96.8%

13,924 / 
97.0%

13,924 / 
97.1%



Increased Revenue
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2015 2016 2017 2018 2019 2020

Total 13,924 / 
95.6%

13,924 / 
96.0%

13,924 / 
96.5%

13,924 / 
96.8%

13,924 / 
97.0%

13,924 / 
97.1%

Total 
Project Cost

$0 $100,000 $100,000 $100,000 $100,000 $100,000

Apparent
Losses

79,545,671
gallons

73,124,330
gallons

65,097,653 
gallons

60,281,647 
gallons

57,070,976
gallons

55,465,641
gallons

Apparent
Cost

$390,569 $359,040 $319,630 $295,983 $280,219 $272,336

Increased 
Revenue

n/a $31,529 $70,940 $94,586 $110,351 $118,233



New Meters, Now What?
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Main Line Repair/Replacement

Type of Line Length Average Size
(diameter)

Age Installed Average 
Expected 

Life

CI (cast iron) 16 miles >10 inches >100 years 1910s 100 years

AC (asbestos 
cement)

47 miles <10 inches >60 years 1950s 80 years

DI (ductile
iron)

85 miles >10 inches >30 years 1980s 75 years

PVC 
(polyvinyl
chloride)

66 miles <10 inches >20 years 1990s 55 years

Total 214 miles - - - -
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Main Line Replacement?

Miles Cost per mile Total Cost to 
Replace

CI to DI >10 in. 16 miles $1,000,000 $16,000,000

AC to PVC <10 in. 47 miles $500,000 $23,500,000

78



Leak Detection Survey Program
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Leak Detection Equipment

80

WARNING! Do not 
drop the sensor hard on 
to asphalt, concrete, 
valves, or other surfaces 
from 2-3 feet or more. 
The sensor has a piezo 
electric ceramic element, 
and it can be broken by 
hard drops or harsh 
treatment.



Create a Team, Map, and Log
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Set a Schedule
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Month 2017 2018 2019 2020 2021

January 6 mi of CI 6 mi of AC 6 mi of DI 6 mi of PV 6 miles of PV

February 6 mi of CI 3 AC / 3 DI 6 mi of DI 6 mi of PV 3 PV / 3 CI

March 4 mi of CI 4 mi of DI 4 mi of DI 4 mi of PV 4 mi of CI

April 4 mi of AC 4 mi of DI 4 mi of DI 4 mi of PV 4 mi of CI

May 4 mi of AC 4 mi of DI 4 mi of DI 4 mi of PV 4 mi of CI

June 3 mi of AC 3 mi of DI 3 mi of DI 3 mi of PV 3 mi of bad

July 2 mi of AC 2 mi of DI 2 mi of DI 2 mi of PV 2 mi of bad

August 2 mi of AC 2 mi of DI 2 mi of DI 2 mi of PV 2 mi of bad

September 3 mi of AC 3 mi of DI 3 mi of DI 3 mi of PV 3 mi of bad

October 4 mi of AC 4 mi of DI 4 mi of DI 4 mi of PV 4 mi of bad

November 6 mi of AC 6 mi of DI 6 mi of DI 6 mi of PV 6 mi of bad

December 6 mi of AC 6 mi of DI 6 mi of PV 6 mi of PV 6 mi of bad

Total 
Surveyed

50 miles of 
CI/AC

50 miles of 
AC/DI

50 miles of 
DI/PVC

50 miles of 
PVC

50 miles



Demonstration
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Surveying for Leaks
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Pinpointing the Leak
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Pinpointing the Leak
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Pinpointing the Leak
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Mark It, Log It, Map It, Move On
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Repair, Replace, or Continue to 
Monitor?

89



Questions?
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Contact Information and Resources

• Water Loss

Daniel Rice

512-463-0987

Daniel.Rice@twdb.texas.gov

• www.twdb.texas.gov/conservation/resources/
waterloss-resources.asp
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