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The Chart You've Probably Seen Before
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known errors)
Volume Authorized
From Own Consumption
Sources
(corrected
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Water
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Water Losses
Water
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NOTE: All data in volume for the period of reference, typically one year.

Source: AWWA M36
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Billed Water Exported

Volume Authorized
From Own Consumption
Sources
(corrected
for known
errors)
System
Input
Volum
e Water
Supplied

Water Losses

Water
Imported
(corrected
for known

errors)

NOTE: All data in volume for the period of reference, typically one year.

Source: AWWA M36
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_Ina_ccu_racies
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Consumption
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Handling Errors

Leakage on Transmission and
Distribution Mains

Apparent Losses

Leakage and Overflows at

Real Losses Utility's Storage Tanks

Leakage on Service
Connections up to the Point of
Customer
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Water Exported
(corrected for Billed Water Exported Revenue Water
known errors)
Billed Metered |
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Non-revenue
Water

SENSUS
a xylem brand



Billed Water Exported
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Billed Authorized Consumption

Water Exported
(corrected for Billed Water Exported Revenue Water
known errors)
Billed Metered
Billed Authorized Consumption
: I - - Revenue Water
Consumption Billed Unmetered
Volume Authorized §| _Consumption
From Own Consumption
Sources Unbilled Authorized | Consumption
(corrected Consumption Unbilled Unmetered
for known Consumption
errors) e
System Customer Metering
Input ’ Inaccuracies
Volume Unauthorized
sl\flatu?:,d Apparent Losses Consumption
i Systematic Data
Handling Errors Non-revenue
— Water
Leakage on Transmission and
Water Losses Distribution Mains
Wiz Leakage and Overflows at
bipectsd Renl i hesas Utility’s Storage Tanks
(corrected -
Leakage on Service
for known 3 .
errors) Connections up to the Point of
Customer
Metering
NOTE: All data in volume for the period of reference, typically one year.

Source: AWWA M36
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Billed Authorized Consumption Define
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Unbilled Authorized Consumption

Water Exported
(corrected for Billed Water Exported Revenue Water
known errors)
Billed Metered
Billed Authorized Consumption
: I - - Revenue Water
Consumption Billed Unmetered
Volume Authorized Lonsumarion
From Own Consumption Unbilled Metered
Sources Unbilled Authorized | Consumption
(corrected Consumption Unbilled Unmetered
for known Consumption
errors) — .
Customer Metering
System Inaccuracies
Input | hiakal
Volume Unauthorized
sl\flatu?:,d Apparent Losses Consumption
i Systematic Data
Handling Errors Non-revenue
— Water
Leakage on Transmission and
Water Losses Distribution Mains
Wiz Leakage and Overflows at
bipectsd Renl i hesas Utility’s Storage Tanks
(corrected -
Leakage on Service
for known < .
errors) Connections up to the Point of
Customer
Metering
NOTE: All data in volume for the period of reference, typically one year.

Source: AWWA M36
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Unbilled, Unmetered
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Construction Usage [ Define J
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Billed, Not Collected [ Define J
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Apparent Losses

Water Exported
(corrected for Billed Water Exported Revenue Water
known errors)
Billed Metered
Billed Authorized Consumption
: I - - Revenue Water
Consumption Billed Unmetered
Volume Authorized | Consumption |
From Own Consumption Unbilled Metered
Sources Unbilled Authorized | Consumption
(corrected Consumption Unbilled Unmetered
for known Consumption
errors) — .
Customer Metering
System Inaccuracies
Input hiakal
Volume Unauthorized
sl\flatu?:,d Apparent Losses Consumption
i Systematic Data
Handling Errors Non-revenue
Water
Water Losses Distribution Mains
Wiz Leakage and Overflows at
bipectsd Renl i hesas Utility’s Storage Tanks
(corrected -
Leakage on Service
for known < .
errors) Connections up to the Point of
Customer
Metering
NOTE: All data in volume for the period of reference, typically one year.

Source: AWWA M36
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Customer Metering Inaccuracies Define

» Under registration
« Meter Sizing

50,000.00
$ 4.00
91%
4,500.00
$  18.00
$ 126.00
$  504.00
L oss per year ($ $ 6,570.00
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Large Meter Accuracy (Wholesale)
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Unauthorized Consumption [ Define ]
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Systematic Data Handling Errors

04/15/2019 14:42

ERT Code ERT Type Trunc. Factor Dials Read Type Multiplier | SmartPoint Reads
Meter Units Gallons
R
1 100w +1 0 7 07 1 0' 00000 Read Resolution 10s of Gallons
1 100w +1 0 / o) : - i
11 100w +2 0 5 06 100.00000 History Resoluticn 10s of Gallons
10 1000.00000
11 100w +3 9 g 08 1.00000 Enhanced History Disabled
11 100w -2 2 o8 1.00000 Compression
1 100w -2 2 5 ; : |
13 60w +1 0 5 0 Dials 6
13 BOW +1 0 :, % .
13 60w +3 2 it
: .00000
CUS01000001001A/R: 000002 000N
MTRO1000001001000000000000000RA 57704042  000000000020000000200000000000NN NNW 000  MTR:000002
0001=# FAMN
RDGO1000001WATR 000000000R00000100001095420002703152019095050N0000000000008123456  000020700R 00000010070001095420
REFO100000157704042 ERT 0000 956.4312500007000003152019085050000010954260w +1 0000N
SENSUS
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Real Losses

Water Exported
(corrected for Billed Water Exported Revenue Water
known errors)
Billed Metered
Billed Authorized Consumption
: I - - Revenue Water
Consumption Billed Unmetered
Volume Authorized | _Consumption _ |
From Own Consumption Unbilled Metered
Sources Unbilled Authorized | Consumption
(corrected Consumption Unbilled Unmetered
for known Consumption
errors) e
System Customer Metering
Input ’ Inaccuracies
Volume Unauthorized
sl\flatu?:,d Apparent Losses Consumption
i Systematic Data
Handling Errors Non-revenue
Water
Water Losses Distribution Mains
Wiz Leakage and Overflows at
bipectsd Renl i hesas Utility’s Storage Tanks
(corrected -
Leakage on Service
for known < :
errors) Connections up to the Point of
Customer
Metering
NOTE: All data in volume for the period of reference, typically one year.

Source: AWWA M36
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Leakage at Services

« “Up to point of customer metering”
« Older poly material plastic pipe

SENSUS
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Leakage and Overflows at Storage
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What do we measure? Measure

Elevated
tank

Production Production

Consumption Distribution Ground tank
Service
connection bl

SENSUS
a xylem brand
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Why do we measure those things? Measure

- Two governing principles that dictate how a water system
behaves:

e Conservation of mass

Consumption + NRW

System Input System Storage

Conservation of energy

VZ
/—+—+Zl—&+ + Z3
p 29

Pressure Head \

Velocity Head  Elevation Head SENSUS

26 a xylem brand



How do we measure? [ Measure J

Heasuremen! Communications Storage

- HeaEnTSyStem
SCADA
Meters
Billing System

Transmitters
- Database

Sensors Data-lake
Data-mart
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Flow Measurement Measure




Transmitters Measure

R
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Data Communication Measure

AMR
 AMI

« SCADA
* Cellular

SENSUS
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Pressure Monitoring [ Measure J

o PRV — One time = Logger
E Booster pump g Once per minute O AMI
< Interconnect ; Once per 15 == Cellular

; Blow off valve minutes SCADA
Once per hour

Sampling point

Backflow
Meter test port

Service
connection
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Pressure Monitoring Measure
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Pressure Monitoring Measure
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Water Balance Analyze

AMYA Free Water Audit Softw are:
Beponting Worksheet

[z Plaars antar rprtom datails and cantact infarmatine on tha lurte]

Fiamss arper e e Wi SIS DEDR ibane aimiEDE S e s it vale ndione you Coftlerce e
ey of e Pt s by TaEnt e o7 110 LR S o 5150 T S of e MDA =L e e mOUSE uar e =l T ISR & 0aSTinion of e races

FLEASE GHOOSE REFORTING UHITS FROH THE IHSTRUGTIONS SHEET BEFORE EHTERIHG DATA

T Sadact T comact data prading for sach input, desanmine T highes: grade
winare S LTI st OF Suests BN Crteris dor St grace s s gracas beiow Fartor Motor and Supply Errar Adjurtmeontr

- Enter aradingin calumn 'Eand "' --- Pt Value:

BE Y | |
BE Y s o] ]

Enkerneqakive ar valus Far undarere girtration

WATER SUFPLIED

Yalum: Fram aunsaurs
Watorimparts,
Wakar sxparksd:

WATER SUPFLIED: [ 0.000| Enter paritive = ar walue Far auer-roqirtration
AUTHORIZED COHSUHPTION ) Ctick here [N
Billed matorad: for el e DR
Eilled unme tore oumces Db
Unbilled mokors Fant: Malus:
Unkilled unma ters - & O
Dafault mptime ralscted Far Uskilled snmatarsd rad *
Use Dumons 1o seRs
AUTHORIZED GOHSUHFTION: B0 [P —
supgilen
R
WATER LOSSES (Watsr Supplisd - Autkmrizsd C:
Beesrent Lasrer
Unautharized conrumgtion:
Dafault mptime ralscted Far harized cunr

Gurtamer mokering inaccuraci
Syrkamatiz datahan.

[ - | 0.000

WATER LOSSES: [ 0000

Real Lursar - Water Lurrar - Ap

HON-EEYEHUE WATER
HOH-REYEHUE wATER: [N 0000

=Wlater Larrer + Unbilled Metered + Unbilled Unmetered
STSTEM DATA

Lengthafm.
Humber of azkive AHDLazkive rervize i
Service conneckion denrity: BN

Are curtomer mokorr Erpically lncated atthe curbetop or property

line? (lengh of Sevice ive. e T propery
Busrazs lonarhf zurtamerssruize ins: IR IH_ Y boundar;, Tt s T responsinity of e i)
B ]

Bnoraqe aperaking pressure

COST DATA

Takal annual <ark of aperating watersyrte

$itear
Gurtmmerrekailunit znrt Capplicd tn Apparsnt Larrer): I EH Y| [ |

Variable production cart [applicd o Feal Lorsor): I I + 0] Ua= Cumtomer Rictind Lk ot O vk o by

MWATEE AUDIT DATA YALIDITY SCORE:

PFRIORITY AREAS FOR ATTENTION:
Baszed on the infarmation provided, sudit accuracy can be improved by addressing the following components:

i | SENSUS
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Water Balance: Monthly Trending

30,000

25,000 /\ M ~
VARV,

M

T
Q
2 15,000 A\
E
(@]
>
10,000 -
0 ‘ ‘ ‘ ‘ ‘
2014 2015 2016 2017 2018
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= Billed Metered
= Produced Metered
= Flushing/Breaks
e Gain/Loss
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Leveraging Hourly Consumption

_N N\ N\ il N\

o T 1m0 I TR
= U 'f\ﬂ/ LM A
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Water Balance: Time Resolution

« Capture additional insights into system behavior

0000 ﬁ

S0000

Volume - Gal

40000 / ‘ l.‘ . 1 | l\ \
— I A \ l'.q N ",| i\ur / \ ' '\" ."\. l N

A
. N | | ,
“J | 4iv | I V | "'!V' \v | v‘\) \\[
20000 ' \/| )/ | l |
{ l| " '/} \ V ! V ( |V
10000 v
27 28 29 30 3N o1 02 03 o4 05 06 07 08
Apr
2019
Timestamp

SENSUS
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Water Balance: Time Resolution

Unaccounted For Water - Volume

16000

14000

12000 1

10000

Volume - Gal

Timestamp

Average Diurnal Losses - GPM (Hourly Resolution)

Average Flow - GPM
b

-50

=
w

- T % SENSUS
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Create district metered
areas (DMASs)

Utilize zone meters
Be asset efficient

Add meters to PRVs

Use geo-fencing to sum T
consumption data for a A N
zone balance £ L - ~d

Insertion
Meter

o8
. :;n .tg
ldentify highest loss areas -+ -
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Leveraging Pressure Data

u Prassurs Sensors Map 2 & 9O
s Pw

l ". M D e "
‘| l | | | 1' r' :
| | I 283686691 2/
| Xyl s Nt bng
| Alarmn Severity ™

—
—
—
—
£

SENSUS
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Leveraging Pressure Data

« Set thresholds and get alerts when pressures exceed limits
 Insight into asset performance (PRV, pump station)

Upstream Pressure
Upstream pressure ~ 121 psi
Downstream

PRV in process of failing resulting in high pressure fluctuation

A 1 AL AT

I ¥ M,JJMLLM J Wlﬁu\ LU A

SENSUS
a xylem brand
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Leveraging Pressure Data

« Monitor for major changes in system pressure

October 2, 2017, 3:10 am:
Low pressure identified by ally meters

_L”?Ji

Presse Main burst in 6” AC line
VS

O G 5

SENSUS
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Leveraging Pressure Data

« Detect anomalies

ally Pressure Readings

140
—— 627579428
o W\WWWMWMMW
100 -
é 140 ' '
— 527629974 J __| J' m} rl f l{
i AUMAN A
| [ { r
g . |
oo 140
—— 627630872
120 -
100 -
05 12 19 2% "o 10 17 2 31
Dec Jan
2019
Timestamp

Example: Three (3) ally meters in a pressure zone all show large diurnal
swings in pressure after crew addresses leak. Boundary valve left

open? Coincidental PRV failure? -
SENSUS
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Leveraging Level Data

« Storage tank not covered by SCADA

 Installed pressure sensor at outlet for level measurement

« Utility used Smart Gateway sensor interface — AMI radio — to read
sensor and transmit data

« Main break on Sunday 4/28 Break repaired
- Tank level drops, alerts utility Tank filled

About this Device  Alerts  History  Level/Distance Readings

1 Chart «Yesterday  Today : April 30, 2019 Export: ] CSv

972019 ||04/30/2019 g0
2m

Main break occurs

SNAPSHOT, NA, NORMAL, SEG: NA

HHHHHHHH

Tank level drops -

12. Apr 13. Apr 14. Apr 15. Apr 16. Apr 17. Apr 18.Apr 19. Apr 20. Apr 21 Apr 22. Apr 3. 8pr 24. Apr 25. Apr 26. Apr 2T.Apr 2.Apr A 30Apr

SENSUS
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Addressing Apparent Losses

Priority

SENSUS
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Utility Unique

« Act on insights and findings from the analyze phase
* Required actions in improve phase will vary
- Examples:

* Flushing consumption findings

PRV set point findings

350

300

250

200

150

100

Gallons (per Minute)

00-00 06:00 12:00 18:00 00-00 06:00 12:00 18:00 00-00
21-Mar 22-Mar 23-Mar
2019

Date / Time

SENSUS
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Pillars of Leakage Control

Losses flex with

pressure
. 4 . )
Speed & Quality Not Economically
of Repairs Feasible to Recover
Not Technically
\ Recoverable
Unavoidable Annual
_ _ Real Losses
Pipeline &
Asset
Management _
Source: AWWA M36, 3 ed SENSUS
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Leakage as a Function of Pressure

PERFORMANCE

Table ES.3 Composite water audit data set median performance indicators

INDICATOR MEDIAN AVERAGE UNIT
; . $4.67 $8.33 $/ 1.000 gallons 1,545 | passes customer retail unit cost check
customer retail unit cost
3
2 . . $950.00 $2.085.28 $ / million gallons 1,489 | passes variable production cost check
3 variable production cost
= passes both cost checks
NRW as % of operating cost 7.8% 10.2% % of operating cost 630 | passes volumetric validity checks
does not come from Texas (operating cost not reported)
Apparent Losses 5.73 14.88 gallons / serv conn / day 1,290 | passes volumetric validity checks
passes volumetric validity check
51. eIV 2 . . . . .
= | Real Losses (serv conn) 39.88 L8l gallons / serv conn / day 81 service connection density = 32 conn / mile of main
S £ - . 3 .
=2 . . passes volumetric validity checks
3 S. J132. ‘ . . . . )
?; Real Losses (mains) 785.54 113242 gallons /mile of main / day 478 service connection density < 32 conn / mile of main
Y
S passes volumetric validity checks
5 . eV 2 . . . . .
Real Losses (pressure) 0.59 0.79 gallons / serv conn / day / PSI 81 service connection density = 32 conn / mile of main
. . passes basic volumetric validity checks
ILI 2.48 312 (dimensionless) o UARL calculation applies — (32 x Lm) + Nc = 3.000
. passes basic volumetric validity checks
data validity score 3.1 L7 points out of 100 679 does not come from Texas

Source: EPA/WRF Water Audits in the US: A review of Water Losses and Data Validity

50
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Pressure Management

surface

Improve

N

s
1 - "
"N e ||
\--E_-/ \\—.ﬁ.‘o/
Background leakage Un-reported leakage Reported leakage

Un-reported and un-detectable
using traditional accoustic
equipment.

Often does not surface but is
detectable using traditional

accoustic equipment

Often surfaces and is

reported by the public or utility

workers

<- BEFORE PRESSURE MANAGEMENT ->

B AFTER PRESSURE MANAGEMENT 3

Reported leaks and bursts

Frequency and flow rates

Rate of rise of unreported leakage reduces
Frequency and cost of economic intervention reduces

of reported leaks reduce

A Background leakage reduces
2
: Unreported Unreported
3 lea L] leaka — — —
f k29 = Unreported
g leakage
S Background leakage
= Background leakage
0.5 1 1.5 2 25 3 3.5 4 4.5 5

Time (years) —---- >

Figure 1: Influence of pressure management on BABE components of Real Losses
Source: Fantozzi & Lambert (2007)
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Pressure Management Improve

« Monitoring pressure throughout the distribution system provides
unique advantage for pressure management

- Enhanced system visibility
« Confidence in full range in system and if minimum levels maintained
- Diurnal, weekly, or seasonal management strategies can be used

SENSUS
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Proactive Asset Management Improve

 Ultilize insights and monitoring from pressure and level data

« Respond proactively to issues before a customer complaint or

critical thresholds reached such as 20 PSI boil water notice
requirement

Sensus Notification - Alerts - Pressure Alarm

alarm-notification-do-not-reply@flexnet.net
© |If there are problems with how this message is displayed, click here to view it in a web browser

sent: Wed 2/20/2019 12:55 AM

Alert Thresholds
High Threshold Alarm will be triggered If Pressure is at or above 64.0
Sensus - DM Notification Service psi for 1 sample reading(s) which are every 15 Minutes
Active alerts - Pressure Alarm
Device ID Network Device Alert Alert . Alert Alert Time
Address Type Category Severity
.\ High Pressure 02/16/2019
RM2 120001113 656872025 Sensor  Feature Critical Alarm 02:15:00 AM _
SENSUS
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Control Control

« Ongoing measurement and analysis allows utility to monitor for
Issues

- Establish programs and business processes leveraging this
system:
« Ongoing large meter testing
* More efficient processes for asset maintenance and management

« Narrow the focus on problem areas identified by water balance or
pressure monitoring...

SENSUS
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Refining Measurement

- Utilize insights from Analyze

« High rate sensors (pressure and
acoustic) to areas of highest
concern

* In-situ inspection on large metal
mains

« Acoustic correlation
- Additional pressure sensors
« Additional DMAs / zones

SENSUS
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Refining Analysis

« Gain insights into pressure transients from high rate data

« Determine risk factors for main segments considering age, material,
etc.
« Utilize more advanced methods for apparent loss discovery from
meter data

SENSUS
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« Joseph Dryer
e Joe.Dryer@xyleminc.com
* (919) 907 - 9479
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