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City of Fife Statistics

Heavy Industry :
Extremely Noisy RF Environment [
2,350 TouchRead Meters _
6 Square Miles of Service Area
Bi-Monthly Billing (Springbrook)
48 Working Hours To Read Meters

— Did not include the 20-30 Re-Reads Each Month






City of Fife Statistics

Went out for an RFP
— Included Installation
— 5 Responses
United Pipe & Supply was selected
— Cannon Construction (Sub-Contractor)
Key Factors
— Simple

— With the Port and metro area RP was a concern
e Primary Use Licensed Frequency System

— Hourly Read w/ Leak Detection

— Water Proof TouchCoupler Connection
— Fully Functional Dual Port Radio

— 20 Year Warranty

— Local Support





Tower Gateway
Basestation - TGB

e NEMA-4 Rated — Highly Secure
e Heated and Air Conditioned

8 Hour Battery Backup standard

| ol

|






Sensus SmartPoint

*Single and Dual Port Endpoints

*No Compromise on Dual Port
eTouchCoupler Connection

*100% waterproof and modular
eTransmits 2 Watts up to 6 times per day
eDelivers 24 readings per day for 20 years

*Nationally Published Warranty






FNP — Repeater

Repeats meter reads from
hard to read locations

Battery backup supply
included

NEMA 4 Weather Enclosure






Regional Network Interface

e Software and servers
Web interface

Provides reading files,
reports, queries System
Diagnostics

At least 13 months
hourly reading data
warehouse






Project Team

A

CANNON CONSTRUCTION INC.

-

www,.cannonconstructioninc.com L

City of Fife
(Art Gregg)
| ¢
| |
] f )
United Pipe & S
Utility Billing
Supply (Ryan :
PIP[&S”PP[Y Carnathan) (Carla Mathies)
J \ )
1
| \ . .
cOﬁ;ﬂg{}on Sensus S E n 5 LI 5
(Erik Ongstad)
(Jason Bolechala)
J
) Iy
Installation Crew Installation Crew TGB/RNI S(EV;SVUGS
#1 #2 Installation Crew B Uchinaham)
\ J \ . )






Process Overview

e 7 Steps of Project

Deployment

Optimization & Acceptance

Endpoint Installation

Installer Training

RNI Deployment

Network Deployment

Pre-Deployment Planning

Award Notification






Installation Timeline

Kick-Off Meeting (September 4, 2008)
TGB/RNI Equipment Arrive (November 14th)

— Including SmartPoint Radios
TGB Installed by Sensus Sub-contractor (Nov. 18t)
RNI Installed by Sensus Technicians (Nov. 18t")
City sent notices with utility bill (November Billing)

Cannon Construction and city staff receives
installation training (Nov. 19t")

Installation Completed in 27 Days (Jan. 23™)
Sensus Turns Over Ownership (Jan. 30t")






RNI Deployment

Install RNI in Fife’s IT Room

Establish Network
Communications to TGB’s

Setup Remote Access Thru Firewalli§ T

for Tech Support
Setup User Accounts

Setup Data Exchange with
Springbrook

12





Installer Training

e Train Installers on:
— Handheld Operation

— Proper Endpoint Installation

— Proper Documentation of Work
Orders

— Verification of Endpoint Activation

— Safety & Security

13





Sequencing of Installation

Installation started after final billing cycle of the
year was complete.

Followed reading route from Fife billing software

Started with commercial area of town

— This allowed for January billing to be quick for Fife
meter reading crew, since installation was not
complete.

Reviewed installations weekly to verify
performance





Activation

e Make All Connections

Gty Sartet

* Place Command Link on § |
bottom of SmartPoint e

e Activate






Dual Port Benefits

520 Single or Dual port options

 No loss in functionality
(hourly reads) or battery
life (20 year warranty)






Meter Reading During Deployment
e Bi-Monthly Billing

— November, January, March

e January billing was the only cycle
affected by timeline.

e Pulled all available readings from
the FlexNet System

e Moved any non-FlexNet meters
to existing handheld system for
city crews to go read.






Challenges

e Weather

— Sensus TGB/RNI production was
impacted by Hurricane “lke” in
September

— Snow Storm (Dec. 20-26t")
— Flooding in Fife (Jan. 7-9t")
 Data Entry

— Installation was going faster than data §
entry






Budget Performance

Original Quote: $490,061.51

Total Project Cost: $506,588.23

— The City of Fife identified an additional
107 services

System is performing better than we
expected!

— Budgeted 3 FNP Repeaters

e Only using 2 of them
e Considering turning them off

Installation came in right on schedule






Options

4 FlexNet

B General

Utility Billing —

Easy drop down menus

Sensus Metering Systems
Meter Data Manager (MDM)

Command:

MName

[] & Entire System

0 & NonRouteCollector

0 & z commercial

0 &@ z Deduct Meters

0 &@ z Government
0 & z Industrial
] & z Irrigation

] & z Multifamily

] & z single Family

Version 2.41

Status

Completa

Completa

Completa

Completa

Complets

Complete

Complete

Complete

Complete

Lz
i]=]
09

06
10

06
10

06
10

06
10

06
10:239:15am
06-03-2009
10:52:19am

05-03-2009
10:38:57am

05-03-2009
10:51:24am

Al

Ad T

e Tt
g k= e

220/220 none®
1417141 Znone®

1523/1523 || =none=






Customer Service

e When a call comes in you will be able to view

_the history in a chart or tabular form eaS|Iy
EUSROIEIL L Obions e e =5

100003324
10000352
10001788
10001870
10001898
10015512
10015636
10015670
10015680
10015870
100152942
10015960
10015984
10015008
10016340
10026606
10026846
10026968
10027150
10027272

Details Chart
Dretails Chart
Details Chart
Details Chart
Datails Chart
Details Chart
Details Chart
Datails Chart
Details Chart
Details Chart
Details Chart
Details Chart
Details Chart
Details Chart
Details Chart
Details Chart
Details Chart
Details Chart
Details Chart
Details Chart

15:8081 fsensusmdm2fservists/MdmContrallers

Help WO [ «sendus Meter Dats ManagerMOM) 55 - o - B v ([ Tpok =

Sensue Matering Syetems . i
HMcter Batn Manager (MO} Wersion 2.26

Endpoint ID
Account 10«

anager(MDM)=>

Chart Viewer

JILVER LAKE RD NE

6 Month Consumption for Meters 61079799
* months © 1 month 01-00- 2007 16 06-F0- 2007

Reading
Reading
Reading
Reading
Reading
Reading
Reading
Reading
Reading
Reading
Reading
Reading
Reading
Reading

- T o
03-10-2007 01:01:15am
03-10-2007 02:01:15am
03-10-2007 03:01:15am
03-10-2007 04:01:15am
03-10-2007 05:01:15am

Reading
Reading
Reading
Reading
Reading
Reading

ERGIF71 290,120, 450001 firenssmdmichart_yievir 167 ot ottt BB E=Smort oo Tiot 04 01 00T i H-00- 2007 7 B rtemer o -
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(&) Meter

Needs Buddy Mode

'L.J‘;? Unknown Device Type

E a Internet

Unknown Device Tvpe
Install Location is "B"
Current

| |48 Hours Stale

96 Hours Stale
Unheard
SNE >= 12 and Message Count >= 30
Alarmed

Power Fail. Battery Low

Meter Issues

Communication Issues
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Showing meters 1 to 100 of 2414 ==

EEEA NN AN A N, TWR MAX LAST LAST
DY P-A/ kHz DST TWR METR XMT XMT BUD BUD GAP TIM READ
ISE 2-5IG Ofst (MI) REP RI INT MODE ALRMS CNT OTHR ME HRS HRS HRS

READ 30DY 24HR - AW AV AV AV AV AW P AW AV AW AVY AV AV AW
7 00 1271102 01 08 1 1HR 45HREMoPAM 2 0 0 170 36 38
y (1:13)

ID / Type DatelInst % % CNT 00 128110 00 10 1 1HR i}mﬁm:'mg:?fg‘: 120 0 1 150 14 14
vavw v v v Avw s
S A = - 00 106110 02 10 1 1ER jHRBM”‘(Pl’_L;‘_T;': 12 o 1 150 34 34

2414 04/17/09 1000 787 OF o0 187110 01 10 1 1HR 5pgBMOPNM 131 0 1 140 19 19

(1:1:3)
00 154130 00 10 1 1HR sHREM@PIM

Repodt 10959528 w 120408 1000 769 0 @:13)

00 161110 02 16 1 1HR sHRSMEPAM

143 0 1 110 Sh | 51

99 0 1 200 110 110

(1:1:3)

Report 10966784 w 120408 1000 79.7 o oo oo o1 11 1 im sErPMERS “s o 1 100 o1 o1
117110 93 11 1 1HR SHR BM‘“SIE'; 134 0o 1 150 11 11

131110 01 10 1 1HR SHR BM‘“SIE'; 2 0 1 100 41 41

fa 10067640 w 120408 1000 961 0 328 284 00 142130 o1 10 1 1HR iI{RBM'm(Pl*?g W o 1 100 01 o1
faat 10060640 w 120408 1000 883 0 378 213 00 10680 03 10 1 1HR iH]tBM"m(Pl"}fg‘; 136 0 1 110 08 08
fe 10956956 w 120408 1000 744 0 252 140 00 158130 01 10 1 1HR :iHRBM"m(Pl":Tg'; 16 o 1 170 104 104
fEe 10065842 w 120208 1000 942 0 208 277 00 11990 o1 17 1 1HR j}mBM='m(1’1'=:Ifg'; ws| o 1 100 33 33
fa 10059270 w 120408 1000 795 0 300 148 00 104100 03 11 1 1HR iI{RBM'm(PI*g o o 1 150 13 13
faat 10060152 w 120408 1000 0909 0 383 202 00 134120 o1 11 1 1HR iH]tBM"m(Pl"}fg‘; 40, 0 1 100 43 43
fged 10062314 w 120408 1000 §26 0 254 159 00 150120 00 11 1 1HR jHRBM"m(PI"E 28 0 1 150 27 27
fpat 10961080 w 120408 1000 816 0 283 166 00 152150 o1 12 1 1HR jHRBM='m(1’1'=:Ifg'; 124 0 2 150 44 44

Ranort 1N0AATOL  w 10N 1000 AD A n1a4 0N anl 131A00 n? 14 1 1THER AHR Moarmal 133 1] nomn 111 i1






First Experience

Sensus Metering Systems

Meter Data Manager (MDM) Version 2.51.2

© Copyright 2008, Sensus Metering Systems-North America Inc.
Click here for support

Meter ID oroze0ss Endpoint ID 10855242
Service Address zssz pac ighvmy East Account ID ooo1z4000
chart B Table view

Interval: Selected Date Range:
® 6 months O 3 months O 1 month O week O bay 12-01-2008 to 05-31-2009

R [Ouse pate
6 Month Consumption for Meter# 07026055

12-01-2008 to 05-31-2009

Reference/Ending Date: 05-31

Chart Viewer

Consumption

.

ob
A

9 Q9
L 07 E.‘]Q )

L .
A a3 3

2 ,00
3 31 )
o 0 A}

007

Time






Sensus Metering Systems

Meter Data Manager (MDM) Version 2.51.2

Meter ID oroze0ss Endpoint ID 10ss5242
Service Address zssz pacific Highvay East Account ID ooo1z4000
chart B Table view
Interval: Selected Date Range:
O 6 months O 3 months @ 1 month O week O Day 01-01-2009 to 01-31-2009

Reference/Ending Date: 01-31-2009 | [ Ouse Date
1 Month Consumption for Meter# 07026055

01-01-2009 to 01-31-2009

i

© Copyright 2008, Sensus Metering Systems-North America Inc.
Click here for support

Chart Viewer

Consumption

Time






tems-MNorth America Inc.

Sensus Metering Systems

Meter Data Manager (MDM) support
Meter ID o7oze0ss Endpoint ID io0sss248 Chart Viewer
Service Address zssz pacific Highway East Account ID oooiz4000

4 chart ®lTap
Interval:
QO 6 months O 3 months QO 1 month ® Week ODay

os | Ouse Date

Selected Date Range:
01-01-2009 to (

JANUARY 2009

Reference/Ending Date:
Thursday Friday Saturday

Sunday Monday Tuesday Wednesday

Weekly Consumption for Meter# 07(
01-01-2009 to 01-07-2009

Consumption

0%
oY 0 320
oV [} [} % (3%

Time





Real Benefits

Read meters and import into billing in 2 minutes
Relieves two (2) crew members for other tasks

Monitor Irrigation Accounts
— Have lots of off season theft

Crew can take vacation around holidays
Solving all customer disputes from the office

Monitor large revenue customers weekly/daily
— Praxair and Emerald Queen Casino





System Redundancy and Resiliency

Best of Breed Highly Reliable TGB Redundant RNI
Endpoint S

Redundant

Backhaul

/7 Days Storage

30 Days Storage

2 Channels
If Backhaul Lost 13 Months
History Reads Hourly Data
8 Hour Back-up Storage

In Every Transmit
If Power Lost
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Taking day-to-day business to the
desktop...

» remote shutoff capabilities
 avoid unnecessary truck rolls






Reading resolution

Sensus

5/8" 3/4"
and 1" SR,
SR I
. meters.
Currently reading
100 cubic foot
resolution, with the
SenSUS ICE Cubic Feet
register. Bt
*\We have the ability to OMNI 1

read 1 cubic foot up to
a 10 inch meter.

B

cELEELCE

100 THOUSANDS E E ‘
10 THOUSANDS
1 THOUSANDS
HUNDREDS
TENS

ONES DECIMAL POINT——

TENTHS
HUNDREDTHS

MILLIONS

100 THOUSANDS
10 THOUSANDS
THOUSANDS
HUNDREDS

TENS
ONES
TENTHS

DECIMAL POINT

Sensus
1-1/2" and
2" SR meters.

MILLIONS

100 THOUSANDS
10 THOUSANDS
1 THOUSANDS
HUNDREDS
TENS

o=
PATE
"
]
!

\\af?' 5

ONES
TENTHS

DEGIMAL POINT

OMNI 4 — 10" /ff

10 MILLIONS
MILLIONS

100 THOUSANDS
10 THOUSANDS
THOUSANDS
HUNDREDS
TENS

ONES

CE S
L] - )
| 1 d FekT f






Customer Web Portal created in house or

Bill

Informing customers and increasing

efficiency...

* inform with hourly usage history
 reduce service center call volume
* provide guidance for conservation





/ Welcome resident@mail.com | Sign Qut

SENSUS a= X[ (A | O

Dashboard Electric Gas Waler
Devices | [  Biling | [ Notifications | Water Usage Tips | Help
= .
Meter Sensors
Water Meter @






SENSUS

i

Dashboard ‘ Electric ‘ Gas Waler }

[ Devices Biling | [ Notifications |

Welcome resident@mail.com | Sign Out

Water Usage Tips Help

Y
o

Rate Tiers Messages

Eill

Current Bill - April 25 2009

)
+
,

[ Account # 00612884700018

J

( Balance On Last Bill

$49.55 |

Payments and Other Credits
Payment(04/15/09)
Total Payment and Other Credits

($49.55)
($49.55)

[ Current Billing and Charges
Customer Charge
Sewer Cost

Water Cost

7 units @ $1.301 $8.23
3 units @ $2.51 $7.78

State Tax Adjustment Surcharge
Current Bill

$ 13.80
$ 6.30

$ 18.09

($ 0.05)
$63.19

( Amount Due

$63.19 |






SENSUS

b}

Electric

A

Gas

Dashboard

/,

Welcome resident@mail.com | Sign Qut
Waler }

[ Devices Billing

] f Notifications 1

Water Usage Tips Help

<

Rate Tiers Messages
Current Water Usage @ Water Usage History @
[ Meter # 1553291]
Water Usage by Month in 2008 Print
Electronic Readings $ 120
05/20/09 1122324.3 -
04/20/09 -1121811.0
%96
( Usage in 30 Days 1110.3 ) -
Next bill will be mailed $72 .
05/21/09 el -
Due Date -- 06/15/09 $48 - - —
= P I ¥ ‘x\ el
—— -f’ ‘ -—
$24 .,,--l-"‘ N —
—— '.--——-‘..____.
$08 4 4
QR S B S S A S T St et e B IS
i N & %) I S ~ o s T
o £ XF U's = ) o 2(0 <2 £ & o
b c{@ L' ‘:PQ"L {'_]L e‘p-&g' {)‘25_?' b
, | Units |






Welcome resident@mail.com | Sign Qut
el 1'.....I "‘ ".. @] | g

SENSUS LIl “
Dashboard Electric Gas Water
[ Devices Billing ] [’ Notifications W Water Usage Tipe Help
Rate Tiers Messages l
Rate Tiers @
Indoor (First 7 Units) I
Outdoor (Units 8 - 22)
Excess (Units 23-33)
Waste (= 33 Units)
| I I |
50 52 54 $6 58 £10
Cost per unit (1 unit=100 CF=748 Gallons)






—— / Welcome resident@mail.com | Sign Out
SENSUS - A >
Dashboard Electric Gas Waler
[ Devices | [ ' Biling | [ Notifications | Water Usags Tips | Help
Cost Usage Alerts Prepay Restriction Sensors
Usage Alert @
If my daily water usage
is more than:
20 | A
v Gallons
Then notify me via my:
|:| Email: jim@4home.com
[] Home Phone: (704) 558-3316
E‘l’ Mobile Phone: (408) 823-1859






/ Welcome resident@mail.com | Sign Out

SENSUS - »

Dashboard '-Iet.lrlc, Gas Waler
[ Devices Biling | [ Notifications | Gl || LR
Ny
R
Rate Tiers Messages
[ Messages @

(From: Water Provider (@@ 08:09:00 April 26, 2009
Your bill for April includes $2.34 in state taxes.

(From: Water Provider @ 07:16:00 April 26, 2009
Water restrictions are in effect for your property. Irrigation only allowed Tues, Thurs,Sun

L

From: Water Provider @ 07:00:00 April 26, 2009
Thank You! The Water Company is pleased to serve you and appreciates you paying your water hill.

(From: Water Provider @ 16:086:20 April 20, 2009
Payment received for your April water bill in the amount of $71.85. Thank You! Your business is very much
appreciated.






In-Home Displays

Continuous In Home Communications
Flexible Time of Use Pricing Tiers
Critical Peak Pricing

Flexible Override Features

Boil Water Restrictions

k

Th sday 0‘3; l

787

j
| o 0 0 O






T'hird party applications

0SS






Leak
Q p_/ 0 psi

TN N 141 0 1 1 O s o
N

Sound Waves





SCADA Opportunities

Telemetric

Now part of

SENSUS

SCADA-Xchange™
SCADA Interface to

Telemetric Equipment
‘PRIAMRY LICENSE






No Leaks
89% Battery

Reaching Future Endpoints

No Leaks
54% Battery

U-SNAP

(Utility Smart Network Access Port)

=
I «%?
l J T
g =T
=
: i . - %%{

e

Er;‘fé’;’vyayj
Any HAN Radio
Standard





Future Equipment

* Enough bandwidth to
work with applications
yet to be D\ Flex 172 ks Fut Duplex

determined..... ?t, |

FlexNet versus Mesh

‘i"'?} — o
g >
Parallel Paths: ~ * #

Meter Data

N \,ﬂ Poll
Respond After Hops: 1 to 8 Kb/s

._ ¢ y Alarms






Considerations

Coverage is Guaranteed?

Long Term Costs to Operate/Maintain the AMI
System?

Complexity, Reliability and Required Staff?
Reading Frequency vs. Battery Warranty
Network Supports Future Enhancements?
Analytical Tools Available?

References?
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Large Meter Testing

INCREASE REVENUE NOT RATES
I L. Y T I WY 7. VLY VT W Iy 7. LY I v Tl S ey _‘._ f |

Presented by Dan Sleeth





Increased
Operating
Costs
Decaying
Facilities
Infrastructure

Considerations
for a meter
change out

Increase

Rising Water Meter
Demands Reading

Efficiencies

Reduce Declining
Unaccountable Government
Water Funds






Size Rule 27 3 Qo6 8 10

AWWA "A proper economic balance should be attained.”
From p.39 of AWWA M6 Manual, Fourth printing copyright 1999

' 480-111-
Washmgton 161 in 4 2 2 2 2 2
1971
from p53
AWWA

M6

Oregon  No regulations for periodic testing have
and Idaho been adopted






WAC 246-290-
496

l Metering requirements

(3) Meters. must pbe selected, installed,

?Oplerated, cafibralpe , and maintained

Iowm(? generally accepted industry
standardsand information from the
manufacturer.






Washington State Water Use Efficiency (WUE)

» from “WATER USE EFFICIENCY GUIDEBOOK”
- Developing an effective water use
efficiency (WUE) program can take a lot of
time and effort... understanding the state’s
new WUE requirements and will help
municipal water suppliers and consultants
implement the WUE rule [chapter 246-290
Washington Administrative Code (WACQC)].

Wit

DOHFLUE. #331-375





i’wmw Washington State Water Use

Health

EfflClency Rule

DOHFLUE. #331-375

How to Collect
Data

Collecting Service
Meter Data

“We suggest reading all meters (source,
intertie, and service) every one to two
months. This will help you detect
significant changes in water usage and
manaﬁe any potential major problems
or lea

“It is important to collect data from
source and service meters at the same
time, otherwise Ieakage calculations
may not be accurate.

» Service meters are required on all

direct service connections (see Chapter
2). Within a water system plan [WAC
246-290-100 (4)(b)(ii)] or small water
system management program [WAC
246-290-105 (4)(h)], you must report
the following:

- Water consumed.

- Annual totals for each customer
class (such as single-family residence
or commercial use).

- Customer class seasonal variations.






iﬁHEﬂlth
WUE - Forecast > Forecast future use

Historic Water » “Historic water use patterns are an
important component for accurate

Use Patterns demand forecasting. This figure is
the basis for future projections. For
some systems, understanding the
usage patterns for different
categories of customers and
seasonal variations may be useful.”

WUE - » “Distribution Leakage
Standard - Municipal water
Leakage suppliers are required to
meet a distribution system
leakage standard to minimize

water loss from their
distribution system.”






WUE — » Customer education
Education

WUE - » In addition to the mandatory measures,
there are also measures that you must

Evaluate evaluate. These are:

- Evaluate rates that encourage water demand
efficiency [WAC 246-290-100(4)(j)(iv) and
246-290-105(4)()].

+ For systems with 1,000 or more connections,

evaluate reclamation opportunities [WAC 246-
290-100(4)(F)(vii)].

— » The following WUE measures are
WUE mandatory:

MAN DATO RY - Install production (source) meters - WAC 246-

290-496(1).

- Install consumption (service) meters - WAC 246-
290-496(2).

- Perform meter calibration - WAC 246-290-
496(3).

- Implement a water loss control action plan to
control leakage - WAC 246-290-820(4).

- Educate customers about water use efficiency
practices - WAC 246-290-810(4)(f).






How Is This Revenue Lost?

» Meter Failures

» Meter Inaccuracies
» Misapplication

» Slzing

» Undetected Leaks
» Theft






Sensus Commercial/Industrial Water Meters

» LARGE METERS PROVIDE BIG
OPPORTUNITIES FOR IMPOVEMENT

- Utility Revenue Increase

- Utility Maintenance Reduction
- Immediate Positive Cash Flow
o Increased Accountability

- Quick Pay Back






Sensus Commercial/Industrial Water Meters

» 60% of UTILITY Revenue Is
Generated By Only 10% of
Total Meters

» Commercial/Industrial Large
Meters/






The Issue

»Comp
»Focus
»Began





Committed to testing

e, [ o~

FRISE] T RESET TOTkI






All Compound meters have Cross over

Unrealized Revenue - Cross Over Loss
105

High

100 H~

©
a1

©
o

UNACCOUNTABLE
Low WATER/LOST REVENUE

85

Accuracy (%)

80

75

70

0 5 10 15 20 25 30 35 40
Flow (gpm)






Picture of a meter with a riser, ready for testing

15





What meter do you use for
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Quickly focused on 1 %2 and 2"
1 %z Flow Comparison

Positive Displacement or Multijet

1% to 100 gpn Continsous 50 T o

11/2 GPM 100 GPM

Turbo
3to 120 gpm at 150 psi

3 GPM 120 GPM

2” Flow Comparison

Positive Displacement or Multijet _
2 to 120 gpm (continuous 60)

2 GPM 120 GPM
Turbo
3 to 160 gpm | Tubo |
3 GPM 160 GPM
Compound
1 /4 t0 160 gpm . compoud |
/ &P 1/4 GPM 160 GPM

C?2 OMNI for 1 % and 2 5 7
1 % to 250 gpm at 200 psi OMNECEMEters

(continuous 160) 1/4 GPM 200 GPM






What do you use for 1 %2 and 2” services?






Went with OMNII

Reasons
» One moving part

» Extended flow ranges
» Data logging

» Electronic recalibration
» Interchangeable parts
» AMR/SCADA outputs standard

» Simpler than traditional compound meters

» NO cross over loss

» Less moving parts, no coordinator
» NoO valves
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Simple Design
» Floating Ball Technology. Only one
moving part in the water system






Double
Test Res
ACross 3
Replace
4” Omni €
Highline
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Average Flow Rate - 1.15 GPM
Minimum Flow Rate - 0.0 GPM

Maximum Flow Rate - 8.4331 GPM
Average Consumption - 69.7 GPH
Total Consumption- 50662.6 Gallons

—— Consumption —— Min Flow —— Max Flow





RESU

Results
$15,000
Change ¢
Per mont
Expected
Less than
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LOCA RIS

Bow Lake
3240 S. 1

Test Resul
Across 3 flo

Replacement
6” F2 Omni @ ApE
Highline Water Distri
Hours labor.
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F2 Omni

» UL/FM approval
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Average Flow Rate - 1.15 GPM
Minimum Flow Rate - 0.0 GPM

Maximum Flow Rate - 8.4331 GPM
Average Consumption - 69.7 GPH
Total Consumption- 50662.6 Gallons

—— Consumption —— Min Flow —— Max Flow





RESULSEES

4 " A

Results
Monthly Bill:
Loss of 16%
Per month.

Expected RO
A little over 9 mao
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LARGE METERS PROVIDE LARGE REVENUE
AND SHOULD BE TESTED!
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() Manual Mode 1:F/Meter wit

() Manual Mode 2:F/Meter wit

() Manual Mode 3:F/Meter wit

() Auto Assist Mode 4:

N One Reqgister

N Two Eeqgisters

h Three Reqgisters

Fisensus Fully Electronic Meters

‘ ExIt |






Manual Mode 1 Meter Under Test  Step 2 of 15
Serial Mumber: * 12345678
Meter Size: * 4"
Type and Brand: * Sensus
Customer: Customer MName
Meter Location: * School Yault
meter Registration: * [cubic Fect |GG
Back ke Manual Mode 1 Tester Meter Step 3 of 15
;Eiﬁ;ﬂ;ﬁ: Cubic Feet E
T e o o

Testing Performed

By United Pipe & Suppld

Testing Date: 227 /2008

Back Ok Cancel






Manual Mode 1 Ready to Start Step 4 of 15

Properly set up test site
and meter to be tested.

Test Program will put meter in "TEST
MODE"™ and RE-SET "TEST TOTALIFER"

Fress UK O continue,

‘ oK HCaru:el\






Manual Mode 1 Start Meter Step 5 of 15

Enter start meter reading below.

O Cubic Feet

Press OK to continue.

Ol Manual Mode 1 Begin Test Step 6 of 15

Reset your tester reqgister to zero.

Begin test flow rate.

Record the test flow rate.

Run ample water for your
resolution and repeatability,

When test flow is complets,
press O o continue.,

Back oK Cancel






Manual Mode 1 Tester Flow Rate Step 7 of 15

Enter test flow rate.
ad GPM

Press OK to continue.

Back Ok | Manual Mode 1 Stop Meter Step B of 15

Enter stop reading.
300. Cubic Fest

Press OK to continue.

Back Ok Cancel






Manual Mode 1 Tester Yolume Step 9 of 15

Enter tester volume below.

300.14 Cubic Feet

Press OK to continue.

Back Ok Manual Mode 1 Enter Accuracy Step 10 of 15

Enter tester accuracy
from test tag at this
test flow rate.

100.3

Press Ok to continue.

Back Ok Cancel






Accuracy Curve






Manual Mode 1 Accuracy Result Step 11 of 15
Meter Under Test H

30 GPM
Volume
Stop Reading StartReading  (cF

300.1 O 300.1
Converted Yolume (CF) 300.1

Tester Yolume (CF) (300.15
e e

Back Yes Mo Manual Mode 1 Back In Service Step 15 of 15

Enter back-in-service reading below.

2610 Cubic Feet

A test report will be saved in the following location:
\C_Drive\C_Program Files\Panther\Reports\Tes
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the Unibro software

ibration to
the correct accuracy

evel with out replacin

“parts or stopping the .

service!






Summary

» Have begun a three year upgrade
of commercial meters.

» Primary focus 1 %2 thru 6” meters
» Good Initial Results

» Quick Return on Investment
» Excellent Reporting Capabilities

» Leads to Improved Customer
Service
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THANK YOU









mailto:dsleeth@highlinewater.org
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Active vs. Passive Leak Detection
Methods
a Comparison

Presented by: Rob Meston

&

Utility Services Associates

PNWS AWWA
5/12/10 2:30 — 3:30pm






OBJECTIVES

Did you know?

Leak Detection - Current Mindset/Current Terms.
Theory of Leak Detection.

What Warrants Leak Detection?

Two Methods of Leak Detection.

Pros and Cons.

Case Study.

© N o O bk~ W D E

Key Conclusions.
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DID YOU KNOW?

NATIONAL

225,000 public water systems.

30% are community serving 90% of the
population.

980,000 miles of pipe (2003 AWWA Est.).
$386 Billion replace cost (Distribution only).
.27 main breaks/mile.

264,000 main breaks/year.

4,500 miles of line replaced/year.

25% CIl & ST in poor condition.

It takes 39,000 Gallons of H20 to make 1
car!






DID YOU KNOW?

NATIONAL
» AWWA estimates NRW nationwide is 30%.

» Of that, 50-75% can be recovered with leak
detection.

» California Dept. of Water Resources estimates 81
billion gal/yr leaks in California alone.

» Leakage can be controlled for approximately
$150/million gallons.

» A production cost of $.50/1000 would equate to
$500/million gallons.






DID YOU KNOW?

GLOBAL
» According to World Bank it is estimated that 33 Billion
Cubic Meters (33 trillion gallons...yes, trillion) of treated
water is lost annually at an estimated cost of 15 billion
dollars per year. Enough water to fill 43,629,729 average
size swimming pools!

» Actual percentages of loss in select utilities in developing
countries can be as high as 70%.






CHANGING MINISET UsS

» As recently as early 1990’s leak Vel

detection was considered a “luxury L
service”.

» Drought in Southern US.

» Changing Laws concerning Water
Loss Management.

» Several States have adapted IWA
standards and have laws in place
or in draft form.

» Southern States like California &
Texas are taking the lead due to
extreme water shortages.

» Utilities in Philadelphia, Orlando &
Nashville and many more have
active water loss programs in
place.

» AWWA activities and involvement
increasing (see next slide).






AWWA — WATER LOSS CONTROL INITIATIVES

AWWA Water Loss Control
Committee Adopts IWA
Methodology in Aug. 2003.

Committee issues a free Water
Audit Software in 2005. Updated
In 2009 (Built on MS Excel).

M36 Manual of Best Practice to
address new water loss control
technologies issued in late 2008.

Committee actively promoting
new methods at conferences and
to state and federal regulators.

AWWA Research Foundation
projects #2811 and #2928
completed for utilities to assist
them with water loss control.

AWWA WLCC Water Audit Software: Water Balance Water udit Report Fot: Report Tr:
Copyight B 2006, Amesican Wa'erWorks Asociaon Al R Resenved. )| Philadelphia Water Departsent 2006
Water Exported _—
Water Ex
6,971. 500 e B
mmetmdmmtmmcmerlmmm
Billed Authorized Consmmption |exported)
57,633.500
Oim Souzces — 57,633.500  [pilied Doetered Consmpticn 57,633.500
{djusted for 0.000
Imown errors) c c
58,526,300 T E Tnbilled Metersd Consumption T (i
0.300 (K
92,637.300 892.800 Unbilled Unmetered Consumption
892.500
Water Supplisd Tnauthorized Consuption 28,032.300
Apparent Losses 1,5?9 000
85, 665.800 5, 520, 000 Customer Metering Inaccuracies
114,600
Systematic Data Handling Errors
Water Losses 3,325.‘00
Ieakage on Transmission and/or
Water Tnported 27,139,500 -S—
Real Losses Not broken down
Leakage and Overflows at Trility's
0.000 21-'619'500 Storage Tanks
Not broken down
Leakage on Service Comnections
Not broken down






CURRENT TERMS

» DON’T US THE TERM “UNACCOUNTED FOR”
ANYMORE!!!!

» AWWA WATER LOSS COMMITTEE STUDY
FOUND THERE WERE SIMPLY TOO MANY
MEANINGS AND VARIATIONS.

» MOST IF NOT ALL WATER CAN BE
"ACCOUNTED FOR”






CURRENT TERMS

Efficiency — Best use of resources to conserve water and recover revenue.

Active Leakage Control — Proactive approach to control unknown leaks includes
regular surveys.

Passive Leakage Control — Policy where no systematic attempt to locate and repair
unknown leaks is made. New technology allows for some forms of Passive Control.

Apparent Losses — Customer losses including metering, accounting, theft, etc. Often
called “paper losses”.

Real Losses — Physical losses from system (up to customer consumption point).
Leakage (usually the largest component of real losses).

District Metered Area (DMA) — An “isolated” section of the water system which is
closely monitored and analysis is used to differentiate usage and leakage (Real
Losses) used for IWA Audit.

Economic Level of Leakage (ELL) — Found by determining the level of Real Losses
where the sum of the cost of real loss reduction and the cost impact is at a minimum.

Bottom Up Water Audit Approach — Detailed investigation into loss components to
describe the nature of the occurrence of loss and accurately quantify the loss volume
and cost impact.

Top Down Water Audit Approach — Compiling annual water balance from available
data and records no matter how accurate and reliable they are.

Water Balance — Summary of key water audit data showing management from
source to customer. The sum of all columns equal and thus balancing.






LEAK DETECTION THEORY

No matter how good the equipment gets or what type of
equipment is used, leak detection theory will always be the
same...

» Leak Detection is based on acoustics.
» Water traveling through pipes does not make noise.
» Only when disturbed does noise occur:

» Pipe blockages, sudden changes in diameter, sudden change in
direction, flow through pumps and meters, service draw,
throttled valves, pipeline damage and leakage.

» The sound generated is transmitted through the pipe wall and
surrounding soll structure and minimally through the water.





LEAK DETECTION THEORY

Sound transmission is based on these factors:

» Type of Pipe Material: Metallic is best, asbestos
cement is good and plastic of any type is poor.

» Diameter of pipe: The larger diameter the pipe, the
less distance the noise will travel and the leak will
have a lower frequency component.

» System pressure: Higher pressure creates more
energetic leak noise.

» Soll conditions: Sound travels best in rocky, sandy,
volcanic condition, poorest in compact clay soils.

10





WHAT WARRANTS LEAK
DETECTION?

Provide exact location of known leaks (water surfacing,
etc.).

Unknown Leaks (telemetry indicates higher than normal
usage).

Water Audit (audit indicates high non-revenue water loss).

Establish System Integrity especially on un-metered
systems.

Preventative Maintenance Tool.
Increase Efficiency. Conserve Water.

State and Federally Mandated!

11





TWO METHODS OF LEAK DETECTION

» Active and Passive
- Active Leak Detection

Proactive approach to control unknown leaks.
Typically using a crew with an assortment of electronic devices.
Includes regular surveys.

Passive Leak Detection

Policy where no systematic attempt to locate and repair unknown
leaks is made.

Leaks are addressed when they are known or reported. No active
search for them is conducted.

Latest Passive Leak Detection Method is accomplished using Leak
Noise Loggers.






ACTIVE LEAK DETECTION METHODS

» The Active Method allows for the user to listen for
themselves if a leak is present.

» Requires good equipment and a trained technician.
» The majority of “in-house” Active Programs falil.
» Many qualified firms that offer Active Surveys.

1. Multiple types of equipment.

2. Experienced “Ears”.

3. Be careful of “mom and pop” companies!






ACTIVE LEAK DETECTION METHODS

» Hydrant to Hydrant — 7-10 miles of line per day.
» Standard/Comprehensive Survey — 4-8 miles per day.
» Service to Service — 2-3 miles per day.

» Correlator Survey — 1-2 miles per day.






ACTIVE LEAK DETECTION CONSIDERATIONS

» Usually requires full time assistance of one utility
employee with a consultant.

» Usually requires significant investment in equipment
for a proper in-house program.

» Service companies average .01 - .08/ft based on a
number of variables.






ACTIVE LEAK DETECTION EQUIPMENT

» Electronically-Amplified Leak Detectors
» All have amplifier, sensor and headphones.
» Much better sound quality and more sensitive.
» Some have adjustable filters.
» Vary greatly in performance and price.

Around $4,500.00 Around $1,350.00

Around $3,300.00

16





ACTIVE LEAK DETECTION EQUIPMENT

» Leak Noise Correlators
» Most expensive technology.
» Relatively few utilities have one.
» Very accurate as long as pipe type, size
and location are known.
» Both digital and analog models available.

Around $35,000.00

17





PASSIVE LEAK DETECTION METHODS

| hate leaks..

¥ b i
AR Y.





PASSIVE LEAK DETECTION METHODS

Meanwhile outside somewhere in the system.....

... This method is often called...Managing Failure!






PASSIVE LEAK DETECTION METHODS

A new approach to Passive Surveys

» Noise Acoustic Data Loggers.

» Many types, based on similar technology.
» “Dumb Loggers” and “Smart” Loggers.

» Correlating Loggers (labor intensive).

» AMR.

» Used for permanent or “lift and shift” deployment.






PASSIVE LEAK DETECTION METHODS

» AMR Compatible Systems hear leaks only in close
proximity. Nearby service draw might be
recognized as a leak.

» Correlating Loggers are labor intensive (lift and
shift). Not so Passive. Programmed to run at
night.

» Dumb Loggers only respond to noise. Additional
equipment needed to pinpoint.

» Loggers allow for surveys as time permits,
therefore the “passive” tag.






Permalog® Patrolling -
/ _CLN Typical Deployment

OF O






PASSIVE LEAK DETECTION CONSIDERATIONS

Dedicated employees.

Pipe type (plastic vs. metal).

Conditions of pipes (new vs. old).
Distance between valves (long vs. short)

Condition of valves (sediment, water,
throttled, buried).

» Security
» Theft

vV v VvV Vv Vv






PASSIVE EQUIPMENT USED

» Data Loggers
» Leak/No leak loggers.
» Correlating loggers.
» Both require large investments.

Usually requires “lift
and shift”

Usually require
additional equipment to
inpoint the leak

Around $20,000.00
for a set of 8

Around $10,000.00
for a set of 6-10
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ACTIVE LEAK DETECTION PROS AND CONS

Pros:

» Fewer dry holes.

» Easy Maintenance.

» Can do with minimal
equipment.

» Cost outlay for utility is
small when using a
company.

» Can break survey Iinto
yearly and rotate through
the system.

cons:

» Survey can take longer.

» Requires dedication (if in-
house program is done).

» Tying up personnel to
assist or do in-house.

» EqQuipment can be
expensive for in-house
programs.

» Turn over for in-house
programs (update training
for new users).






PASSIVE LEAK DETECTION PROS AND CONS

Pros:

» Minimal amount of [abor to
deploy.

» Can cover same area as
Active Method more
quickly.

» Does not take extensive
training to deploy.

» Computer assisted.

» Alarm mode.

cons:

» Can be very expensive
particularly for whole
system coverage or AMR
system.

» Limitations (valve
distances, pipe type and
false leak noises).

» Maintenance (corrosion,
battery failure and theft.

» Transmission from valve
boxes generally poor.






CONJUNCTIVE USE OF BOTH METHODS

» The two methods can be used together and
depending on what type of loggers (dumb
loggers) must be.

» Unless used together, is one method better
than the other? You decide!
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CASE STUDY NO. 1

Albuquerque, NM 2006/2007

Study funded and managed by New Mexico Environmental
Finance Center (as a 3" party) for the Albuquerque Bernalillo
County Water Authority.

Passive Field work completed by Fluid Conservation
Systems (FCS). Active Field work completed by Hughes
Utility Services.

Objective was to compare Active vs. Passive in the same
sections of the system.

4 Grid Zones were tested.

Some control questions (hydrant leaks were inadvertently
repaired by crews).

Active method produced 25 confirmed leaks.
Passive methods produced 3 confirmed leaks.






SCOPE
CASE STUDY NO. 1

Table 2-1, Grid Zone Pipe Type Properties

Zone Mll.ES Pipe Material and | Pipe Size Pre:ssu‘re Contact Points
of Pipe percentages Range Variation
E-11 | 22.6 45% CI/DI 2.5 to 30to 115 Contact points (valves,
14% AC/CCYL 207 PSI hydrants, and services) are
41% PVC within 300 feet in most cases
K-11 [ 25.7 64% CI/DI 1.25"t0 [30to 115 Contact points (valves,
8% AC/CCYL 7% | 367 PSI hydrants, and services) are
STL/GSP 21% PVC within 300 feet in most cases
G-18 [ 23.5 98% CI/DI 4”10 18” | 30to 115 Contact points (valves,
2% PVC PSI hydrants, and services) are
within 300 feet in most cases
I-22 [ 255 76% CI/DI 2”10 307 [30to 115 Contact points (valves,
13% AC/CCYL PSI hydrants, and services) are
10% PVC within 300 feet in most cases
Pipe Types: CI/DI — Cast Iron, and Duetile Iron; AC/CCYL — Asbestos Cement, and Concrete Cylinder; STL/GSP
— Steel and Galvanized pipe; PVC — Polyvinyl Chloride pipe

Source: Phase Il Report Head to Head Evaluation Active versus Passive Leak Detection Methods





FCS SURVEY RESULTS

Table 3-1: Summary of the FCS Leak Detection Results, 2006

Type of Leak Recorded Number of Leaks per Type Percentali;g:;al Leds

Main Water Line 6 46.2%
Fire Hydrant ) 15.4%
Valve 0 0%

Service Water Line 3 23.0%
Service Connection 0 0%

Meter 2 15.4%
Total 13 100%

Sowree: FCS data was obtained from the Permalog® Summary Report, Leal Detection Log, 2006,






HUGHES SURVEY RESULTS

Table 3-2: Summary of the Hughes Leak Detection Results, 2006

Type of Leak Recorded Number of Leaks per Type Percentalg;fr;ll“::lal L

Main Water Line 5 12.2%
Fire Hydrant 15 36.6%
Valve 0 0%

Service Water Line 5 12.2%
Service Connection 3 7.3%
Meter 13 31.7%
Total 41 100%

Source: Phase Il Report Head to Head Evaluation

Active versus Passive Leak Detection Methods






SURVEY SUMMARY OF RESULTS

Table 3-3: Summary of the Leak Detection Surveys By Grid Zones, 2006

Grid E-11 -18 J-22 K-11 Total
Z.ones FCS Hughes FCS | Hughes FCS Hughes FCS Hughes FCS Hughes
FIRIR 6 ¢ 2 2 3 oy o i 3 5 10 &€ § 3
Line : : . . -
FHLeak | 0 : 0 I 1 & o : 7 1 : 3 2 i I8
Service
- 0 i 5 1 i 0 0 i 0 2 ] 0 3 i 5
Line : ; : ; :
SEERIcH g i 2 o : o o I 2 0o i 0 0 : 3
Conn. ' . . : :
Meter 5 : : : :
0 : 4 1 : 3 1 : 6 0 : 0 2 : 13
Leak : : : : :
Valve : : : : :
0 0 0 0 0 0 0 0 0 0
Leak : : :
Total 0 i 12 i ;: 8 1 i 18 5 § 3 13 | 41

Source: FCE data was obtained from the Permalog® Summary Eeport, Leak Detection Log, 2006, Huaghes data was obtained from the Leak
Dietection and Repair Project Final Report, 2006,






PINPOINTING SUMMARY RESULTS

Table 3-4: Summary of the Field Verified Leaks Identified by FCS and Hughes

Grid E-11 G-18 J=22 K-11 Total
Z.ones FCS | Hughes | FCS | Hughes | FCS | Hughes | FCS | Hughes | FCS | Hughes
Muin 0 0 o i 0 0 3 0 0 0 3
Line
FH Leak 0 0 0 2 0 2 0 0 0 4
Service 0 4 0 0 0 1 1 0 1 5
Line
Service 0 i 0 0O 0 0o i 2 o i 0 o i 2
Conn. : ' : : g
Meter
0 4 0 1 1 3 0 0 1 o
Leak
Valve
0 ] 1 4 0 ] ] 1 1 3
Leak
Total 0 s 1 5 1 11 1 1 3 25

source; Maximo Databasze, 2008; FCE data was obtained from the Permalog® Summary Report, Leal Datection Log, 2006, the Hughes data was

obtained from the Leak Detection and Eepair Project Final Eeport, 2006,






FCS COMP. OF SURVEY AND PINPOINTING RESULTS

Table 3-5: Comparison of the FCS Suspected Leaks and the Field Investigation

FCS
Grid Zones Field Description of the Changes to Leak Types
Suspected .
Verified
Main Li ¢ 0 All of main leaks detected by FCS turned out to be “no leaks.” Five of the
Al e six leaks were in reference to WO#267377.
FH Leak 9 0 Une of the. fire hydrant leallcs Wwas a "no leak;” however the other tumed out
to be a main valve leak as indicated below.
Sil'.ﬂce 3 1 Only one of the three service line leaks detected was determined to be a leak.
me
peEvICE 0 0 No service connection leaks were detected during the survey.
Conn.
Meter Leak 2 1 Unly one of the two meter leaks detected was an actual leak.
Valvel cak 0 | Initially, no valve leaks were detected. However, one of the detected fire
i hydrant leaks turned out to be a valve leak.
The greatest loss in FCS detection results was in main line leaks. In
Total 13 3 particular, WO#267377. There was a 77 percent reduction in the number of
leaks detected using the passive method following the field investigation.

Source: Phase Il Report Head to Head Evaluation Active versus Passive Leak Detection Methods






HUGHES COMP. OF SURVEY AND PINPOINTING RESULTS

Table 3-6: Comparison of the Hughes Suspected L.eaks and the Field Investigation

Grid Hughes o
7 - - Fied Description of the Changes to L.eak Types
ones uspecte Verified
Main The two main leaks detected in grid zone E-11 turmned out for be “no
3 5 3 leaks™ following the field investigation. The three detected in grid zone
Line J-22 were confirmed.
The majority of fire hydrant leaks were initially detected in grid zones
G-18, J-22 and K-11. However, after the field investigations nine were
FH Leak L i “no leaks,” one was a meter leak, and one was a fire hyvdrant lefi
MInning,
Soryice The number of service line leaks held after the field investigations.
% 5 5 Only one was a "no leak,” but another was found as a result of a
Line reclassified main line leak.
Service 3 9 Tsvo service connection leaks were found to be “no leal,” but an
Conn. additional one was found from a reclassified meter leak.
Five meter leaks were determined to be “no leak” after field
Meter 13 g investigation. Seven of the 13 meter leaks were meter leaks. One meter
Leak leak was a service connection (as discussed above), but one fire hydrant
mentioned earlier was found to be a meter leak.
Valve 0 3 The three wvalve leaks here were a result of reclassified fire hvdrant
L.eak leaks.
The greatest loss in the Hughes detection results was in fire hvdrant
Total 41 95 leaks. Owerall, there as was a 41 percent reduction from the mamber of
ok leaks detected using the active method to the field verified number of
leaks.

Source: Phase Il Report Head to Head Evaluation Active versus Passive Leak Detection Methods






COMPARISON OF SURVEY AND PINPOINTING TIMES

Table 4.1: Summary of Pinpointing and Patrolling Times to Complete the Surveys

BETWEEN FCS AND HUGHES

Grid FCS (hours) Hughes (hours)

Lones | Pin-pointing | Patrolling | Ratio | Pin-pointing | Patrolling | Ratio
E-11 0.25 233 0.11 3,00 33.30 0.23
(-13 1.92 387 0.50 3.8 20.00 0.13
-2 [.17 258 043 141 16,00 0.46
K-11 210 241 091 1,00 30.00 0.03
Total 3.54 1120 049 20.00 101.50 0.20

Source: FCS data was obtained from the Permalog® Summary Report, Leak Detection Log, 2006, Hughes data was obtained from the Ledk
Detection and Kepair Project Final Report, 2006,






SUMMARY OF SURVEYING TO PINPOINTING
RATIO

Table 4.2: Summary of Patrolling to Pinpointing Ratio and Number of Suspected Leaks

Reported.
FCS Hughes
; : : Suspected Suspected
8 el Survey Ratio | Number of | Survey Ratio | Number of
Leaks Leaks
E-11 22.6 0.11 0 0.23 12
(-18 23,7 0.50 3 0.18 3
]-22 235 0.45 0 0.46 11
K-11 23.5 0.91 8 0.03 0
Total 11 26

Fire hydrants were excludad in this table,

Source: Phase Il Report Head to Head Evaluation Active versus Passive Leak Detection Methods






SUMMARY OF SURVEYING/PINPOINTING TO ACTUAL
LEAKS PINPOINTED

Table 4.3: Summary of Patrolling to Pinpointing Ratio and Number of Actual Leaks

Found.
FCS Hughes
: : ! Actual Actual
RHE AUy Al Survey Ratio | Number of | Survey Ratio | Number of
Leaks Leaks
E-11 2.6 0.11 0 0.23 8
(-18 25.7 0.50 | 0.18 3
J-22 32 045 l 0.46 9
K-11 e 0.91 l 0.03 l
Total 3 21

Fire hydrants were exchded in this table,

Source: Phase Il Report Head to Head Evaluation Active versus Passive Leak Detection Methods






COMPARISON OF COST PER SECTION

Table 4.4: Summary of Cost Per Grid Zones for Each Method.

SURVEYED

FCS Hughes
Grid Zones | Miles of Pipe | Cost/grid | Patrol Time | Cost/grid | Patrol Time
zone’ (hours) zone’ (hours)
E-11 22.6 $7,386.78 2.33 $6,922.25 35,50
G-18 25.7 $7.386.78 387 $5,160.06 20,00
J-22 23.5 $7,386.73 2.58 $7,166.92 16,00
K-11 23,3 $7,386,78 242 $7,901.07 30.00

Source: Phase Il Report Head to Head Evaluation Active versus Passive Leak Detection Methods






COST TO REDUCE WATER TO THE LOWEST

LEVEL USING BOTH METHODS

Table 6.1 Present Worth Analysis — Reduce Water Loss to Lowest Level Possible

Present | Accessories | Permalogs | Authority Active | Authority Total
Worth Labor for Survey | Labor for
Analysis Passive 0% Active
Survey system, Survey

once per

year
15 Year $108,386 | $11,376,590 | $1,879,003 | $2,466,863 | 520,132 | $15,850,974
Total
Miles of 162,273 162,273 162,273 18,730 18,750 N/A
Pipe
Cost per $0.67 $70.11 $11.58 $131.57 $1.07 $215.00
Mile

#*See Appendix D for detailed Present Worth Analysis

Source: Phase Il Report Head to Head Evaluation Active versus Passive Leak Detection Methods






PASSIVE COST FOR CRITICAL AND LEAK

PRONE AREAS

Table 6.2 Present Worth Analysis — Use Leak Detection on Critical Infrastructure

Present Worth Accessories Permalogs Authority Labor Total
Analysis for Passive
Survey
15 Year Total $26,443 $743,909 $482,439 $1,252.841
Miles of Pipe 45,000 45,000 45,000 45,000
Cost per Mile $0.59 $16.53 $10.72 $27.84

*See Appendix D for detailed Present Worth Analysis

Table 6.3 Present Worth Analysis — Use Leak Detection on Critical Most Leak Prone

Portions of the System

Present Worth Accessories Permalogs Authority Labor Total
Analysis for Passive
Survey
15 Year Total $26,443 $743,909 $482,489 $1,252,841
Miles of Pipe 45,000 45,000 45,000 45,000
Cost per Mile $0.59 $16.53 $10.72 $27.84

*See Appendix D for detailed Present Worth Analysis

Source: Phase Il Report Head to Head Evaluation Active versus Passive Leak Detection Methods






COMPARISON OF COST TO DETERMINE

TROUBLED AREAS

Table 6.4 Present Worth Analysis — Use Leak Detection as a Screening Tool for
Determining Troubled Areas

Present | Accessories | Permalogs [ Authority Active | Authority Total
Worth Labor for Survey | Labor for
Analysis Passive 10% Active
Survey system, Survey

once per

year
15 Year $26,443 $743,909 | $1,051,519 | $493,373 $4,026 | $2,319,240
Total
Miles of 58,636 58,036 58,636 3,750 3,750 N/A
Pipe
Cost per $0.45 $12.69 $17.93 $131.57 $1.07 $163.71
Mile

*See Appendix D for detailed Present Worth Analvsis

Source: Phase Il Report Head to Head Evaluation Active versus Passive Leak Detection Methods






ANALYSIS OF PASSIVE TO REDUCE LOSS DURING

SUMMER AND ACTIVE TO DETERMINE PIPE

REPLACEMENT
Table 6.5 Present Worth Analysis — Use L.eak Detection to Reduce Summer Peak for
Repairs
Present Worth Accessories Permalogs Authority Labor Total
Analysis for Passive
Survey

15 Year Total $26,443 $743.,909 $1,051,519 $1.821.871
Miles of Pipe 58,636 58,636 58,636 58,636
Cost per Mile $0.45 $12.69 $17.93 $31.07

*#*See Appendix D for detailed Present Worth Analvsis

Table 6.6 Present Worth Analysis — Use L.eak Detection to Help Determine Replacement

Priority in a Given Area

Present Worth Active Survey — 10% | Authority L.abor for Total
Analysis of System, Once Per Active Survey
Year
15 Year Total $493,373 $4,026 $497,399
Miles of Pipe 3,750 3,750 3,750
Cost per Mile $131.57 $1.07 $132.64

*#*See Appendix D for detailed Present Worth Analysis

Source: Phase Il Report Head to Head Evaluation Active versus Passive Leak Detection Methods
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KEY CONCLUSIONS

There Is not one size fits all solutions to leak detection.
Active vs. Passive can have dramatic result differences
and costs.

Know your limitations based on system characteristics
(pipe type, valve spacing, & access points.

Have resources available to address suspected leaks
(repair crews and materials).

The benefits of leak detection (real loss reduction) are
only realized if the leaks found can be repaired in a
timely manner.

All “leaks” are suspected leaks until they are excavated
and verified.






QUESTIONS






RESOURCES

» AWWA M36 — Water Audits and Loss Control Programs
» Fluid Conservations Systems

» Gutermann Leak Detection, LTD

» Sewerin Leak Detection Technologies

» SubSurface Leak Detection

» Pollard Water

» Hughes

» International Water Association

{‘) Albuquerque Bernalillo County
=

Water Utility Authority






THANK YOU!!!

Rob Meston
877-585-LEAK (5325)
Utility Services Associates
www.usaleaksllc.com
www.leakdetectionservice.com

.
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Bolt Terms

thread nut runout shank radius head

l ! 1 | | [ i'. \ 1 !' ..-. .‘-

thread length »L— grip length
nominal Iengthj
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jiniead Loading. —

= 1 34% | 34%
= 2 23% | 55%

3 16% | 71%

4 11% | 82%

5 9% 91%b

TRIPAC 6 %0 98%0
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~ Mild Steel
: Mlnlmum Tensile

— No Max Tensile
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= STM 307B - Heavy
: -;‘_.'- -~ — AWWA General

—— - Specification
= = _ 1/8larger across the flats
e — Requires 1 wrench size
S larger
——— — 100ksi Max Tensile
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© < ASTM F593/ F594 —
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Finished Hex
— T-304
— No Molybdenum

e ASTM A193 / A194
Heavy Hex

— B8 — Heavy hex
version of 304
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SIASTIMIF593 /. F59 =
": nished Hex
71316
i "':___5— More MD & NI -
= Higher yield

= * ASTM A193/A194 —
-~ Heavy Hex
= ' — B8M — Heavy hex

version of 316
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304 STAINLESS STEEL 316 STAINLESS STEEL
ASTM F593C % TO 5/8 ASTM F593 G % TO5/8
ASTMF593D 3% TO 1-1/2 ASTMF593H % T0 1-1/2

F593, F594 - ASTM F593 is a specification for stainless hex head cap screws: ASTM F594 is for stainless nuts.
Compared to regular (18-8) stainless fasteners, F593 and F594 call for: (a) tensile requirements about 20% higher
than that of commercial 18-8 or stainless hex caps and nuts to MS Specifications (MS35307-8, MS34649-50); (b)
both a minimum and a maximum tensile and hardness requirements while commercial and MS fasteners do not
have a maximum; (c) chemical requirements that (eliminate) many commonly used mixtures of 300 or 18-8
stainless while allowing others. (courtesy Star Stainless Screw) F593C, F593D, F593G, and F593H are commonly

seen spec's in this group.

Full Size Tests Machined Specimen Tests
_ Tensile  Yield Tensile Yield pEion-

Stainiess Alioy Group Condition ;:':ge::;ﬁ:&'ﬁz g;;:ie“t:'r Strength Strength I?::dk:eglé Strength Strength gation

ksic  ksicd ksid ksicid in4D%
cwi F593C 1/4to5/8 100to 150 - 65 BY95 to C32 95 60 20

303, 304, 305, 384, XM1, XM7,302Se .

. cw2 F593D 3/4 to1-1/2 8510 140 45 B8O to C32 80 40 25
316 Ccwi F593G 1/4t0 5/8 100to 150 65 Bg95 to C32 a5 60 20
CW2 F593H 3/4t01-1/2 85to 140 45 B80 to C32 80 40 25

Condition - CW - Hardened and rolled from annealed stock, thus acquiring a degree of cold work, sizes .75 in and larger may be hot worked

<c> Yield Strength is the stress at which an offset of .2% gage length occurs

<d> Machined from strain hardened stock

Extra Note - The industry standard of thread length of twice the diameter + 1/4 or 1/2 (depending on the length) does not necessarily apply on the F593

spec. If thread length is important, be sure to cover this with your supplier)
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FLANGE BOLT TORQUE GUIDELINES WEB DATA 10.03-2
June 2005
Supersedes January,2005

Nominal Flange Bolting | Compressed Non-asbestos Hard Gasket
Valve  Number Flange - Recommended Bolt Torque Bolt Torque
Size of Bolts Bolt Size Bolt Load Non-lubricated Lubricated
4 8 5/8 x 11 3,980 94 29
6 8 3/4 x 10 4,810 136 42
8 8 3/4 x 10 - 6,860 193 60
10 12 7/8 x 9 6,210 209 68
12 12 7/8 x 9 9,570 321 105

14 12 1-8 11,700 468 147
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TRIPAC
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FOR THE WATER WORKS AND CONSTRUCTION INDUSTRIES

TRIPAC 2000 BLUE
COATING SYSTEM

TRIPAC 2000 BLUE PLAIN STEEL TING PLATED HOT DIP GALVANIZED
ASTM A307, GR A BOLTS AFTER 1,000 HOURS OF SALT SPRAY TESTING

Boits protected with TRIPAC 2000 BLUE COATING SYSTEM 5 of com after
1.000 hours salt spray testing (ASTM-B-117). Pl steel ot dip gatvanized
baolts all s i nt degrees o nand rust.

ompassas careful prepal
trected with a boked te nickel p . Al
TRIPAC 2000 BLUE, aond

s a wide range of
fasteners used |

are o use in most cases the fastes
wusing a cufti h. Even affer 3.000 hours In 5

TRIPAC FASTENERS, A DIVISION OF TRIPAC MARKETING, INC.

475 Kiug Circle, Corona, CA 92880 (951) 280-4488 Fax (951) 272-4445 www.inpoconine.com
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FASTENERS FOR CORROSIVE ENVIRONMENTS

g
4 o g
= ~ Q = ©
g Yo [/ £ J
¢ o s / 89/ &x/ &
< ¥ A NS o |
(3 « 53 d sI 53 3 .
. o £ K3 T~ T 0 Y 3 £ e
s/ &) § /358 F £ /£

& 5 ¥ /4 s%/ s f s/ 2
Corbon Dioxide {(Wel & Aqueous) Foirll  |Goodl! [Good!! |Excel!! [Excel Excel Good!! [Excel Excel
Carbon Disvliide Fair Poor Fair Good _ |Excel Excel Poor Excel Excel
Carbon Tetrochloride!2 Excel Excel Excel Excel Excel Excel Excel Good | Excel
Chlorine [Dry} Good |Good {Excel Good |Good |Good |Good |Poor Poor
Chlorine [Wet) Poor Fair Foir Poor Poor Folr Foir Poor Poor
Chromic Acid Poor Poor Fair Foir Good Excel Poor Poor Poor
Citric Acid Foir! . |Good |Good _|Foir Good  |Excel |Good [Good {Good
Coke Oven Gos Foir Fair Good  |Excel Excel Excel Foir Good |Foir
Copper Sulfole Poor Fair Foir Excel Excel Exce! Foir Poor Foir
Core Oils Excel Excel Excel Excel Excel Excel Excel Excel Excel
Cotonseed Oil Excel Excel Excel Excel Excel Excel Excel Excel Excel
Creosole Fair Good Excel Exce! Exceol Excel Good Good :
Ethers Excel Excel Excel Excel Excel Excel Excel Excel Excel
Ethylene Glycol Good |Exel Excel Excel Excel Excel |Excel Good |Good
Ferric Chloride Poor Poor Poor Poor Poor Poor Poor Poor Poor
Ferric Sulfote Poor Foir Foir Excel Excel Excel Fair Good |Poor
Formoldehyde ) Good Good Excel Excel Excel Excel Good Goed Good
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ANODIC /A LESS NOBLE/. CORRODEDIEND!
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~ — Aluminum
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-~ Galvanized Steel
- — Cadmium
- — Mild Steel, Wrought Iron

= __.'-"_*': — (Cast Iron

: = ~ — Lead
~;ﬂ_—_..‘—="':_' - — Brass, Bronze
= — Copper

— Stainless T-304 F593 C or D

— Stainless T-316 F593 G or H
— CATHODIC / MORE NOBLE /7 PROTECTED END
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Construction Specifications

Helix Water District
7811 University Avenue
La Mesa, CA 91941-4927
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PADRE IDDI\M
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Padre Dam Municipat

Water District
10887 Woodside Avenue
PO Box 719003
Santeea, CA 92072-9003

Signatory Agencies
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Lakeside Water District

10375 Vine Sireet
Lakeside, CA 92040

Otay Water District

2554 Sweetwater Springs Blvd.
Spring Valley, CA 91978-2096

Rivervievw Water

District District
11769 Waterhili Road S05 Vuican Avenue
Lakeside, CA 92040-2998 Encinitas, CA 92024

San Dieguito Water

Visit The Website Act: www.sdwas.com
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Rev. 02

Bolts and Nuts for Flanged Connections
Bolts and nuts shall be as indicated below (select the appropriate specification and finish):
Specification: (select one)

307 A
Bolts and nuts shall be carbon steel with a minimum 60,000 PSI tensile strength conforming to ASTM A307,
Grade A. Bolts shall be standard ANSI B1.1, Class 2A coarse threads. Nuts shall conform to ASTM A563 and
be standard ANSI B1.1, Class 2A coarse threads. All bolt heads and nuts shall be hexagonal. Identification on
the head of the bolt shall be A 307 A.

307 B
Bolts and nuts shall be carbon steel with a minimum 60,000 PSI tensile strength conforming to ASTM A307,
Grade B. Bolts shall be standard ANSI B1.1, Class 2A coarse threads. Nuts shall conform to ASTM A563 and
be standard ANSI B1.1, Class 2A coarse threads. All bolt heads and nuts shall be heavy hexagonal for
greater bearing area. ldentification on the head of the bolt shall be A 307 B.

Grade 5 Carbon Steel Bolts

Bolts shall be carbon steel with a minimum 105,000 PSI tensile strength conforming to SAE J429. Bolts shall
be standard ANSI B1.1, Class 2A coarse threads. Nuts shall conform to ASTM A563 and be standard ANSI
B1.1, Class 2A coarse threads. All bolt heads and nuts shall be hexagonal. Identification on the head of the
bolt shall be three slash marks.

T-316 Stainless Steel (Finished Pattern)

Bolts and nuts shall be stainless steel conforming to ASTM F593 for bolts and ASTM F594 for nuts. Bolts
shall be threaded to conform to ANSI B 18.2.1, page C-1 for finished hex bolts. Nuts shall conform to ANSI B
18.2.2, page D-1. Nuts shall be finished with TRIPAC 2000 coating system to minimize galling and ensure
proper torque. Anti-seize compound shall not be utilized with the blue nuts. All bolt heads and nuts shall be
hexagonal. Identification on the head of the bolt shall be T-316, 316, F593G or F593H.






B8M T-316 Stainless Steel (Heavy Pattern)

Bolts and nuts shall be stainless steel conforming to ASTM A193 Grade B8M for bolts
and ASTM A194 Grade 8M for nuts. Bolts shall be threaded to conform to ANSI B
1.1, Class 2A coarse threads. Nuts shall conform to ASTM A194. Nuts shall be
finished with TRIPAC 2000 coating system to minimize galling and ensure proper
torque. Anti-seize compound shall not be utilized with the blue nuts. All bolt heads
and nuts shall be heavy hexagonal. Identification on the head of the bolt shall be
B8M.

Finish: (select one)
Bolts and nuts shall be plain finish.
Bolts and nuts shall be Zinc plated to reduce the effects of corrosion.

Bolts and nuts shall be provided with a hot dipped or mechanically galvanized finish
to reduce the effects of corrosion. “Overtapped” nuts and holes may be required
when hot dipped bolts are specified.

Bolts and nuts shall be finished with the TRIPAC 2000 coating system to significantly
reduce the effects of corrosion. A multi-step process shall be utilized to chemically
clean, abrasive blast and prime with zinc/nickel phosphate primer prior to application
of the Xylan fluoropolymer. Wear resistance (K-Factor) shall be in the range of 6 to 8
(excellent) and minimal effects should be seen after a 3000 hour Salt Spray test
conforming to ASTM B-117.

Mechanical Joint T-Head Bolts
A242 Steel Bolts

Bolts shall be ASTM A242 weathering steel with minimum yield strength of 45,000
PSI. All T-Bolts & nuts shall be threaded in accordance with ANSI/ASME B1.1, Class
2A fit, with coarse-thread series. Heavy hex nuts shall be used. Bolt heads shall be
in accordance with the dimensions of ANSI/AWWA C111/ A21.11-95.






Hydrant Break-Off Bolts
307A Break-Off Bolts

Bolts and nuts shall be carbon steel with a minimum 60,000 PSI tensile
strength conforming to ASTM A307, Grade A. Bolts shall be standard ANSI
B1.1, Class 2A coarse threads. Nuts shall conform to ASTM A563 and be
standard ANSI B1.1, Class 2A coarse threads. All bolt heads and nuts shall
be hexagonal. Identification on the head of the bolt shall be A 307 A. 5/8”
diameter break-off bolts shall have an 11/32” hole drilled in the shank 2 3/8”
deep. ¥"diameter break-off bolts shall have a 13/32” hole drilled in the
shank 2 3/8” deep. The bored out holes shall be 100% filled with silicon to
prevent moisture from corroding the bolt internally.

Meter Bolts
Silicon Bronze Bolts

Bolts and nuts shall be silicon bronze conforming to ASTM F 468. Material
shall meet UNS Alloy number C65100, Alloy 651, low silicon bronze B. Bolts
shall be standard ANSI B1.1, Class 2A coarse threads. All bolt heads and
nuts shall be hexagonal. Washers shall be of the same material as the bolts
and nul'is.dldentification on the head of the bolt shall be 651, SB or
unmarked.






INDUSTRY S7ANDARDS

AASTIVI & SAE HEAD
MNMAoaRKINGS FOR BoLTtTs

MEcHANICAL PROPERTIES

Ywhen strength requirements are moderate, lovw-carbon

steel

is used. High-strength fasteners are made from

medium-high carbon or alloy steels and are heat treated
to develop desired properties.

Most fasteners are covered by specifications that define
required mechanical properties such as tensile strength,
yield strength, proof load and hardness.

Tensile Strength: The maximum tensile stress in
pounds per sq in. which a material is capable of
sustaining, as developed by a tension test.

Yield Strength: The stress at which a material exhib-
its a specified deviation from the proportionality of
stress to strain. The deviation is expressed in terms
of strain, and in the offset method, usually a strain
of O.22% is specified.

Proof Load: The point to which a material may be
stressed without evidence of permanent deforma-
tion.

Hardness: The resistance of a material to plastic
deformation. Usually measured in steels by the
Brinell, Roclkwell, or Vickers indentation-hardness
test methods.

HEAT PROPERTIES

Heat treatment covers various techniques that may be
usead to develop certain end-product characteristics.
Customary procedures for fasteners include:

Stress Relieving: A thermal cycle involving heating
to a suitable temperature, usually 1000/1200 °F,
holding long enough to reduce residual stresses
from either cold deformation or thermal treatment,
and then cooling slowly enough to minimize the
development of new residual stresses.

Annealing: A thermal cycle involving heating to and
holding at a suitable temperature and then cooling
at a suitable rate, for such purposes as reducing
hardness, improving mechinability, facilitating cold
working, producing a desired microstructure, or
obtaining desired mechanical or other properties.

Casce Hardening: A term descriptive of one or more
processes of hardening steel in which the outer
portion, or case, is made substantially harder than
the inner portion, or core.

Quenching and Tempering: Quenching is a thermal
process used to incraease the hardness and strength
of steel. Tempering improves ductility and tough-
ness but reduces the quenched hardness.

TP A

A3JOT A

A3IOT B

ASTM—ASOT
GR A

ASTM—A3OTF
GR B

ASTNM—A449
GR B

ASTNM—AL19D3
GR BT

ASTM-—A325
Type 1

18-8
18 Chromium
g Mickel

ASTM—T 304
or
ASTM F 593

ASTM—T 316
or
ASTM F 593

ASTM—AL193
Gr BS&

ASTM—AL193
GR B&M

Low or Medium Carbon Steel

Low or Medium Carbon Steel

Medium Carbon Steel
Quenched S Tempered

Chrom-Moly Steel
Quenched 8 Tempered

Medium Carbon Steel
Quenched 8: Tempered

“300” Series Stainless Steel
Same Material as T-304

“300” Series Stainless Steel
Either Marking May Appear

“300” Series Stainless Steel
Either Marking May Appear

Solution Treated 304 - 304L
Stainless Steel

Solution Treated 316 - 31.6L
Stainless Steel

A Drrsion OF TRIPAS WMARBKETING, IS,

A75 KLUG CIRCLE = COROM A, CA 92880-6406
[951) 2804488 -Fax: [951)272-4445





W/ renNncrH Sz CHARTS

This chart may be used for This chart may be used for
HEX Bolts & Nuts A307 Gr. A, Gr. 5, HEAVY Hex Bolts & Nuts A307 Gr. B,
ASTMVM F5932/F594 Type 304 & 316 A325, A1932 B7, B8 (304), BBM (216) Stainless
BoLT AND NuUT BoOLT AND NuUT
DIAMETER WRENCH SIZE DIAMETER WRENCH SIZE
1/4 TS 0.4375 4,2 7/8 0.8750
5/16 1/2 0.5000
5/8 14 1/16 1.0625
3/8 o116 0.5625
T/16 5/8 0.6250 3/4 1 1/4 1.2500
A2 /4 0. 7500 7/8 1 7/16 | 1.4275
o/16 13/16 0.8125%
5/8 15/16 0. 9375 B 1 5/8 1.6250
Sk =+ & L1250 4 1/8 14 13/16 1.812%
7/8 14 5/16 1.3125%
i 14 1/2 1.500 14 4/4 2 2.0000
a s 1 11/16 1.6875
1/ / 1 3/8 2 23/16 2.1875
4 1/9 1 7/8 1.8750
14 3/8 2 1/16 2.0625 a 1/2 2 32/8 2.3750
1 /2 2 1/4 2.2500 1 5/8 2 9/16 2. 5625
14 5/8 2 7/16 2.4375
1 3/4 2 5/8 2.6250 1. IS 2: B4 e
4 7/8 2 13/16 2.8125% 1 7/8 2 15/16 > 9375
2 3 3.000
2 1/4 2 3/8 2.3750 = e F2D0
1/2 2 349 2. 7500 2 1/4 2 1/2 2.5000
2 3/4 14 1/8 4.1250
2 1/2 3 7/8 3.8750
=2 4 1,2 4.5000
2 1/49 4 7/8 4.8750 2 3/4 4 1/4 4.2500
3 1/2 S 1.4 5.2500 =5 4 5/8 Pp—
2 3/9 5 5/8 5.6250
= S . 0000 2 1/4 5 5.0000
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FASTENERS

FLANGE BOLTING CHARTS

AWVVVWA CT110

DUCTILE AND GRAY IRON

125/150

NOM
PIPE NO. DIAMETER
SIZE BOLTS & LENGTH
P 3 5/8 X 2 1/4
2 /2" 4 S18 X 2 1/2
a3~ 4 5/8 X 2 1/2
4" 8 5/8 X 3
6" 8 3/4 X 3 1/4
a" 8 B/4 X 3 1/2
10" 12 718 X 3 3/4
12" 12 7/8 X 3 3/4
14" 12 12X 4 1/4
18" 16 1X 41/2
18" 16 11/8 X 4 3/4
20" zo 1 1/8X S5
24" 20 1174 X5 1
30" 28 11/4 X6 1
36" a2 112X 7
42" 36 112X 7
48" 112X 7

TIRIPAC FASTEINERS IS A MEMBER OF THE

ANINA AND HAS THE TECHNI/ICAL EXPERTISE

TO ASSIST YOU IV SELECTINVG THE PROPER
NATERIALS FOR YOUR WEEDS. CALL OR FAX

FOR QUOTES, ADDITIONAL INFORMATION.,

SPECIAL ORDERS OR FOR TECHNICAL ASSISTANCE.

29

FASTENERS FOR THE WATERWORKS AND CONSTRUCTION INDUSTRIES

ASME,/ANSI B16.1

CAST IRON

24
24

250,300
~NOMN -
PIFPE NO. DIAMETER
SIZE BOLTS S LENGTH
2" 8 I5/8 X 2 3/4
2 12" 8 374 XX 3 1/4
3 8 354 X3 /2
4 8 374 X 3 3/4

3/4 X 4
7/8 X 4 1/2
1 X5 1/4

1 1/8 X5 1/2
1 1/8 X6

1 1/4X61/4
1 1/4 X6 1/2
1 1/4 X6 3/4
1 1/2X7 3/4
1

28 3/4 X 8 1/2
32 2X9 112

36 2X10

40 2X10

ANV A C110
MECHANICAL JOINTS

T-HEAD BOLT CHART
NOM
PIPE NO. DIAMETER
SIZE BOLT! & LENGTH
=" > 5/8 X 3
3 4 5/8 X 3
4~ 4 3/4 X'3 1/2
&" 6 3/ X 3 12
8+ 6 3/4X 4
10~ 8 3/4X 4
12" a8 3/4X 4
14~ 40 374X 4 1/2
16™ 12 374 X 4 /2
18" 12 374 X 4 112
20" 14 3/4 X 4 112
24" 16 3/4 X 5
30" 20 1 X6
ag" 24 1 X6
a2~ 28 11/4X6
48~ az 1 1/4X 6

TRIPAC FASTENERS, A DIVISION OF TRIPAC MARKETING, ING.
475 KLUG CIRCLE = CORONA, CA 92880-5406
(951) 280-4488 « FAX (951) 272-4445






Electromotive Series

Potential Neg. to
Saturated
CuSO4 Half Cell

o (Volts)
*Magnesium{ H-1 alloy) 1.550
*Zinc 1.106
FAhiminum (ALCLAD 3S) 1.016
Cast Iron (fresh) 6806
Carbon Steel 686
Ni-Resist Cast Iron, 20%%6 Ni 616
Ni- Resist Cast Iron, 30%e6 N1 s 566
Ni -Resist Cast Iron, 20%6 Ni + Cu .536
Naval Rolled Brass 476
Yellow Brass | A36
Red Brass 406
G. Bronze .386
Admiaralty Brass 366
90:10 Cu-Ni + .82% Fe 3506
70:30 Cu-Ni + _.06%%6 Fe .346
70:30 Cu-NNi + 47% Fe 320
Stainless Steel Type (2) 430, 17% Cr 296
Nickel 276
Inconel 246
Titamnium (commercial) 226
Stainless Steel type (2) 410, 13 226
Silver i 206
Titamium Chigh purity) 1706
Stainless Steel Type(2 156
Hastelloy C 156
Monel _.156
Stainless Steel Type ( 126

* These metals sacrifice themselves more casily for metals dovwn below (ex: ss, monel)

TRIPAC FASTENERS, A DIVISION OF TRIPAC MARKETING, ING.
475 KLUG CIRCLE - CORONA, CA 92880-5406
(S51) 280-4488 » FAX (951) 272-4445
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Introduction

Tools and options to improve remote
management of water utility systems

e System architecture
e Configuration improvements

e Live demonstration





Central Control Location Field

N

Auto-
Dialer
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Auto-Dialers

e No additional hardware or software
e Quantity of alarms limited by hardware

e |nitial Setup can be difficult [ —

e Dial-out only (no dial-in) Pt

e Cost per alarm point is high LE

e No additional process data e
e

e No call-out list management

e Less popular for new installations





Central Control Location
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Main Computer

e Standard desktop PC

e Can be a server for larger
systems

e Contains
— Visualization software
— Alarm software

— Historian & information
display software

— Remote reading software





Firewall Essentials

e Highly secure, high quality firewall is key

e Coordination with remote devices increases
security

e Limits outgoing internet access

e Consider Internet connection that is separate
from business LAN/IT system

e Multiple simultaneous user access is important





Rugged Laptop

e Hardware designed for
extreme environments

— Daylight screen
— Metal case

— Waterproof keyboard

— High vibration and drop/shock
resistance

e Used by police departments
and military





Rugged Laptop

e Higher cost — higher durability
e |nternet access
— Cellular phone network

— WiMax (Clearwire) Internet access
— Wifi (stationary)

e Terminal Services or Web Browser remote
access reduces maintenance effort





Handheld Devices

e Ultimate in mobile |
monitoring: in meetings or on | |

the go |
e Alarms delivery: text
m e SS a ge S O r e m a i I L \:. .:.._,,..,‘,;, - 400.89

 OPEN |

OFF




http://www.google.com/imgres?imgurl=http://www.scadalink.com/products/img/text-phone-display.jpg&imgrefurl=http://www.scadalink.com/products/unicon.html&usg=__R9Qj-muhJ7dTWsGAf5MhRTf0gnU=&h=688&w=850&sz=53&hl=en&start=4&um=1&itbs=1&tbnid=e_NvKCA8C-o-DM:&tbnh=117&tbnw=145&prev=/images?q=scada+cell+phone&um=1&hl=en&rls=com.microsoft:en-us:IE-SearchBox&tbs=isch:1



Handheld Devices

e Full access through
browser or application
— iTouch (Wifi only)

— iPhone/iPad (multitasking
support scheduled for
2010)

— Windows Mobile cellular
phones






Configuration Option Improvements

e Advanced Alarm Management
e Screen and Trend Organization





Advanced Alarm Management

e Direct focus to most urgent issue

e Reduce distraction and stress during
emergencies

e Provide advisory if overall situation is degrading
e Reduce overtime effort and stress for operators





Advanced Alarms

e Management of alarms across multiple sites

e Related alarms grouped and consolidated for
notification as a unit

e Automatic suppression for sites that are out-of-
service

e Alarm delivery schedules and multiple
responders

e Alarm prioritization










Alarm Prioritization

e High priority: immediate on-site response
required, alarm selects responder

e Remote response: operational changes, no site
visit required

e Low priority: response can be delayed until
normal business hours

e Events: tracked and time-stamped, but no
operator alert





Alarm Improvement Examples

e Standby generator running

— Classify as event rather than an alarm
— Additional ATS contact and PLC input required to
indicate running in normal mode
e Alarms associated with a specific pump or

process train can be suppressed if stopped
normally

e VFD failure alarm delivered to operator and
electrician





Increased Installation Effort

e Operations: Development of detailed alarm
and operations strategies

e Programming: Additional effort to configure
alarms

e Equipment: Collect more information from
equipment





Make Information Accessible

e Easy-to-read overview of your system with links
to increasing detail

e Summary trend screens that indicate when
further detailed analysis is helpful

e QOverview alarm screens display alarms in
priority order with selectable filters





Minimum Requirements

Programmable Logic Controller (PLC) — usually
part of water system automation

Computer with software for visualization,
historical data, and alarm management

Reports
Troubleshooting cases





Additional of Benefits

e Systems with Remote access allow trusted
outside support to “look over the shoulder”
when assistance is needed

e Allows outside support and troubleshooting of
PLC programs remotely





Live Demonstration

e The following slides are examples from the Live
Demonstration
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System Mode:

Communications:











Parametrix





Summary

e Select a system architecture to provide a path
toward advanced features

e Advanced alarm management improves water
system operations

e Organize information to streamline access to
important data

e Remote access improves SCADA support and
maintenance





Questions?

e Howard Woodward P.E.
hwoodward@parametrix.com

e Glen Barcus
gbarcus@parametrix.com

e Darold Woodward
darold@parametrix.com
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Fire Hydrant
Operation and
Maintenance

Presented by
American Flow Control
Charlie Sovacool






Agenda

Hydrant History

Dry Barrel Nomenclature
— Types of Dry Barrel Hydrants

Wet Barrel Nomenclature
Standards and Specifications
Inspection and Installation
Hydrant Security
Maintenance

Record Keeping





What Is a Hydrant?

* Definition — a valving device connected to a
water main. Fire hoses can be attached to
outlet nozzles which discharge water at a
high rate, primarily for fire fighting.





History of Fire Hydrants

» \Wooden Water Pipe
*As early as mid 1600’s
e Fire Plug

e Cast Iron Water Pipe
Early 1800’s






History of Fire Hydrants
(cont.)
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History of Fire Hydrants
(cont.)






History of Fire Hydrants
(cont.)
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Dry Barrel Fire Hydrants

* Nomenclature
» Upper Barrel Components
 Lower Barrel Components

» Types of Valve Closure and Component Names
e Compression closing with the pressure
e Compression closing against the pressure
 Toggle or Scissor
o Slide-Gate

*AWWA C502





e Operating Nut

m=m=meo-- Weather Shield
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Fire Hydrant Anatomy

Operating nut
e Five-sided nutis NST 1 1»”
e Different threads

L
TOP —— X X >\ / X
BOTTOM— — A . \(Y vy /
/v L Notes:
R

1
16

~< -

;

Operating nut furnished L.H. opening
(counterclockwise) or R.H. (clockwise).

Dimensions to this point typical all shapes
except square and hexagon.

Cap nuts 1-1/8 high.
Operating nuts 1-1/4 high.

. Weathershield nuts 1-1/8 high.
1071
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e Operating Nut
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1‘.',« Outlet Nozzle
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e Operating Nut
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e Operating Nut
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e Operating Nut
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Fire Hydrant Anatomy

Barrel &Nozzles

« Variety of sizes and configurations
 Pumper nozzle — Varies 42 -51/4" ID
e Qutlet nozzles — 2 %" ID typical

« Barrel length depends on frost depth

PUMPER NOZZLE

NOZZLE CAP

OUTLET NOZZLE
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— Lower Barrel
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Base Connection &
Nozzle Options

Bases avallable to fit all pipe connection
styles
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Base Connection &
Nozzle Options

 Bases available to fit all pipe connection
styles
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All nozzle caps on tight
Don’t stand in front of caps while

Hydrant Operation

E Counter

Operating . clockwise to
Always use a hydrant wrench ~ ) open
OPEN HYDRANT SLOWLY!! u J.p

O
C

nen hydrant completely

_OSE HYDRANT SLOWLY!!

b =





HYDRANT OPENING

Hydrant Valve Operation

g

; .
wg? \l ?i"';’m
N 7 } a-!?&

%,

‘i‘a\

S0 N -
=

r
Ll

TN

<
=

<

_./%% /

AABEER R RRRNRRRY

WATER MAIN PRESSURE FORCES WATER PASS MAIN VALVE INTO
HYDRANT BARREL. HYDRANT DRAIN IS PARTIALLY OPEN, AND

WATER 1S FLUSHING DRAIN PORTS.
DO NOT OPERATE HYDRANT PARTIALLY OPEN, SO SOIL AROUND

HYDRANT BOTTOM ISN'T WASHED AWAY.

e Dry-barrel, Center Stem

HYDRANT FULLY OPEN )

|
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WATER MAIN PRESSURE FORCES WATER BY MAIN VALVE
THROUGH HYDRANT BARREL. HYDRANT DRAIN IS CLOSED.
HYDRANT IS IN OPERATING POSITION,





Hydrant Valve Operation

e Dry-barrel, Center Stem
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Modern Dry Barrel
Hydrants

*AWWA C502
Clow
Darling
Mueller
*\Waterous
‘M & H















Wet Barrel Fire
Hydrants

« AWWA C503
 Nomenclature
» Geographic Areas Used

» Compression: Closes with Water Pressure





Wet Barrel Fire Hydrants






Wet Barrel Fire
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Hydrant Styles

Wet Barrel Hydrants

 Installed only in
areas where there ¥
IS no danger of omer” 4
freezing






James Jones






Common Hydrant VValve Types

e Compression closing with the pressure

e Compression closing against the pressure
e Toggle or Scissor

o Slide-Gate





Compression:
Closes with Water Pressure






Compression:
Closes Against Water

Base
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Toggle or Scissor Type

_______ Stem Coupling

- Stem

.+ Operating Arms

. Lower Valve
Plate

Base
Main Valve

-{-- Valve Seat
Ring

.- Drain-Valve
Facing

__.- Drain Valve

_.---=- Drain Outlet
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Sliding Gate Type
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DRIP VALVE ASS'Y

DETAIL A

SEE DETAIL "A"
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STANDARDS and
SPECIFICATIONS





Introduction

Standards? - Specifications?

We will explain the difference between
standards and specifications

Standards bring stability to our industry

Specifications give consistency to your water
district





Agenda

AWWA
UL/FM

Fire Hydrants
Gate Valves
Indicator Posts
Coatings





Overview

 Standards and Specifications are needed

e They affect many of the products in your

system

e Know your system requirements





Vocabulary

e Standards -An acknowledged measure of
comparison for quantitative or
qualitative value.

Benchmark, Gauge, Measure, Yardstick

“A point of reference”





Vocabulary

e Specification -

Exact statement of particulars,
especially a statement prescribing
materials, dimensions, and quality
of work for something to be built,
Installed or manufactured.

To specify - To state explicitly or In
detail.





AWWA

Dry Barrel Fire Hydrants
IBBM Gate Valve
Resilient Wedge Valve
Reduced-Wall RWGV
Coatings

C-502-94
C-500-02
C-509-01
C-515-01
C-550-01





UL/FM

e Underwriters Laboratories

« Factory Mutual Research Corporation





Underwriters Laboratories

e Fire Hydrant | -246
* Valves UL-262

e Indicator Post UL-789





Factory Mutual

* Fire Hydrant  cjass No. 1510

e Valves Class Nos. 1120 & 1130

e Indicator Post Class No. 1110





Summary

 Standards are Benchmarks
 Specifications are Detailed Requirements

e Make your Specifications fit your system





Where to get more information

« AWWA Standards Manual
e Underwriters Laboratories

 Factory Mutual Research Corporation





Inspecting and Installation

* Pre-Installation Inspection Procedures
e Installation Guidelines

e Testing Hydrant Operation





Pre-installation Inspection

* Check for damage

 Ensure built to specifications

 Ensure all components are present

e Tighten Bolts

 Cycle Hydrant-Check for ease of operation

» Observe the main valve moves away from its seat
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Pre-installation Inspection

» Check for damage

 Ensure built to specifications

 Ensure all components are present

e Tighten Bolts

 Cycle Hydrant-Check for ease of operation

» Observe the main valve moves away from its seat





Pre-installation Inspection
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Pre-installation Inspection

» Check for damage

 Ensure built to specifications

 Ensure all components are present

e Tighten Bolts
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Pre-installation Inspection

» Check for damage

 Ensure built to specifications

 Ensure all components are present

e Tighten Bolts

 Cycle Hydrant-Check for ease of operation

» Observe the main valve moves away from its seat





Pre-installation Inspection

» Check for damage

 Ensure built to specifications

 Ensure all components are present

e Tighten Bolts

 Cycle Hydrant-Check for ease of operation

e Observe the main valve moves away from its seat





Hydrant Installation Concerns

Well drained soll

Firm foundation
support

Base below frost line

Inlet & main clean of
foreign matter

Clean hydrant
Support hydrant
Plumb hydrant
Pipe restraints

Check hydrant drain
holes

Provide drain rock
Cover drain rock
First backfill over pipe
Open main valve
Check for leaks

Flush hydrant

Close hydrant

Backfill





Nomenclature:
Installation Terms
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Installation Guidelines

» Connect to lines large enough to handle flows

e Locate according to local codes

e If no codes...two foot set back from curb or roadway
» Excavate trench so that as horizontal as possible
 Excavate a pit under hydrant and fill w/gravel

o Set hydrant as plumb as possible





Installation Guidelines

 Connect to lines large enough to handle flows

e Locate according to local codes

* If no codes...two foot set back from curb or roadway
» Excavate trench so that as horizontal as possible

» Excavate a pit under hydrant and fill w/gravel

e Set hydrant as plumb as possible





Typical Hydrant
Installation
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Nomenclature:

Installation Terms

Bury or Trench Depth
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Nomenclature:
Installation Terms
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_ Ground Line
Nomenclature:

Installation Terms
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Nomenclature:
Installation Terms
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HYDRANT INSPECTION REPORT

Location

Nozzle

nitia

Resid

Fressures

Flushed

Water
Used

gal

Paint






Fire Hydrant Security

 Why Hydrant Security
e Types
— Op-nut
— Cap
— Check valve
 EPA and Homeland Security





Operating Nut Security






Operating Nut Security











Nozzle Cap Security






Nozzle Cap Security






Nozzle Cap Security






Nozzle Cap Security






Maintaining Hydrants

Develop a checklist
Inspect & operate annually — minimum
Visually inspect for rust & wear

Check nuts, bolts, couplers and nozzle
caps

Remove cap and check barrel for water.
Remove valve seat & inspect

Slowly open hydrant and check nozzle
caps for leaks

Check hydrant drain





_ubricate nozzles with grease

~lush hydrant

_ubricate stem

Record date, status and repairs

If damaged and not immediately
repairable, bag and notify fire district
Remember to open and close
hydrant slowly!!






Hydrant Servicing Order

o Start at the reservoir, tank or pump station
and work downstream
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Nozzle Replacement

e Leaded Nozzle
e Threaded Nozzles

* Mechanically Attached





NOZZLE SECTION
LEAD CAULKING
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NOZZLE SECTION

0-RING SEAL
RETAINER
— NOZZLE

CAP

IL1583-A
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Overhaul
e Follow detailed maintenance manual

Overhaul Instruction Diagrams
Figure 9. Rod Removal

Overhaul Instruction Diagrams
i . Figure 7. Overhaul Diagram — 250 PS| Rated Pacers
Figure 10. Rod Disassembly

Figure 8. Overhaul Diagram — 150 PSI Rated Pacers

NON-TRAFFIC
ROD

&
E
=|

IL1439-38

ROD REMOVAL

ROD DISASSEMBLY






Record Keeping

 Preventative maintenance ensures that the hydrant will work
when needed

 Record keeping can provide a preventative maintenance
schedule and a record of maintenance and repairs performed

* |ISO ratings are determined by the records kept





FIRE HYDRANT MASTER RECORD

Manufacturer Date Hydrant No e
Type e MVO Imlet ___________
Bury Hose Qutlet-Nozzle Size _Thread Type

Installed by
Operating Nut
Location ____

- Date

Pumper Qutlet-Nozzle Thread Type

Siee

W/0O No ____Cost

Turns to Open

Line Static Pressure __

Date

Inspected

Tested Repaired | Painted | Opened by | Cost Remarks

Avenue

Right of Way

Property Line

Water Main

Size/Type






Water Utility

HYDRANT MAINTENANCE REPORT

Location

Caps Missing

Chains  Missing

Paint OK

Oper Nut OK

Nozzles OK

Valve & Seat OK

Packing O.K

Drainage OK

Flushed

Pressure Static

Branch Valve Condition

Hydrant No
Replaced Greased
Replaced Freed
Repainted
Greased Replaced
Caulked Replaced
Replaced
Tightened Replaced
Corrected
Minutes Nozzle Open
Residual Flow gpm

Any Other Defects

Inspected

By

Defects Corrected

By






Troubleshooting

* PROBLEM - Operating nut turns freely but
hydrant does not open.

« SOLUTION - Inspect rod coupling for
breakage and insure rod pin is properly
Installed. Break coupling is likely broken.





Troubleshooting

« PROBLEM - Ground around hydrant is highly saturated.

e SOLUTION - Close hydrant and remove nozzle cap. Check
with listening device to determine if water is passing by main
valve. If it is determined that main valve is leaking try the
following: a) Flush hydrant in fully open position (watch to see
If rocks or other foreign objects flush out of barrel). b) After
flushing for several minutes shut off hydrant. Watch for several
minutes to see If flow stops. Place hand over open hose
nozzle; suction should be felt indicating hydrant is no longer
leaking and drains are working properly. c) If flushing does not
solve problem it would indicate that something is trapped or
has cut main valve rubber. Follow seat removing instructions
to replace the valve. Check threads on bronze seat to be sure
that it iIs not damaged. If threads appear worn or bent replace
bronze seat. d) If replacing valve does not stop leakage,
bolting at hydrant shoe may be loose or the base gasket is
damaged. Hydrant must be excavated to make repair.





Troubleshooting

 PROBLEM - External leakage Is noticed
around the operating nut.

« SOLUTION - This indicates that O-Rings
are cut or missing. O-Rings can be
replaced without shutting off water. See
repair section of manual for proper
replacement.






Troubleshooting

« PROBLEM - Operating nut is extremely
hard to turn.

« SOLUTION - Remove pipe plug in top of
operating nut. Squirt one or two shots of
food grade lubricating grease. If hydrant
remains hard to operate replace thrust
washers In hydrant head. If this does not
solve problem inspect threads and make
sure there is lubrication in lubrication
chamber.





Troubleshooting

* PROBLEM - Water Is dripping around
nozzles.

« SOLUTION - Remove nozzle cap and
replace cap gasket. Check nozzle to be
sure that it is properly installed. Hydrants
Installed prior to 1980 used leaded-in
nozzles. Nozzle may require re-caulking. If
hydrant has a cast date of 1981 or later, it
has an O-Ring behind nozzle. If leakage Is
coming from behind the nozzle, replace O-
Ring.





Troubleshooting

« PROBLEM - Hydrant will not drain properly.

« SOLUTION - Check to be sure water table has
not risen too high to allow for drainage. Flush
hydrant to be sure drains are clear. Open
hydrant slowly several turns while leaving caps
firmly in place will insure hydrant drains are
clear. Close hydrant and repeat this procedure.
Do this slowly three or four times. If this does not
solve problem, remove hydrant seat assembly
and check rubber drain facings. If no problems
are found, excavate hydrant to see If concrete or
other materials have blocked drain holes.






Darling

84-145
84-146
84-18-9 /
84-30-1

84-75-30

84-25-31 \‘\
84309 W
84-38-1

’

84-29-45

84-25-14
84-29-13
84-19-5R — |

84-30-12
8-

8440 \
84-34 \\
84-33 \
m-zs-N
84-25-13 ,

BL4-38 = 0 U T L

84-41
8442

84-46-5 IMD
oR

84-46-TY (TYTON
oR

B4-46-AC (AQ)
OR

84-46-2 IFLANGED)

B-84-B

PARTS LIST

B4-5-3
84-1
84-13
B4=146
B4-25-4
B4-25-5

84-25-3

84-27

B4-20-4
B4-20-5
Bi-26

84244
84-24-5
84-21
B4-22
84-20-3
8i-74-3
84-231

gHA

84-30-07
84-30-04
84-30-03

L1473-3

B4-23-2
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Fire Hydrant Operation
and Maintenance

Questions?

Thanks for coming!

Charlie Sovacool
American Flow Control
csovacool@acipco.com




mailto:csovacool@acipco.com



Valve Types
* Non-Rising Stem - NRS





Resilient Wedge NRS






2" 50—+

— 1

34

OPTIONAL T-HEAD
OPERATING NUT

- el e e

S
-\\

LAY LENGTH
MJ/MJ

END TO END

SHOWN WITH OPERATING MUTS

L1442

HANDWHEEL DIA

—an

NERN

SHOWN WITH OPTIONAL HANMDWHEEL





Valve Types
e Non-Rising Stem — NRS

e Qutside Screw and Yoke - OS&Y





Resilient Wedge OS&Y






—17

25

23
24

5

8 (4" SIZE) 19

19 (4" SIZE) 6 & 8 21
21 (6" SIZE) SIZES)
22 (8" SIZE)

15

R

L1447

40

T

@®

20 REF)

6 (4" SIZE)

9 (6" & 8
SIZES)
15

12





Valve Types
* Non-Rising Stem - NRS

e Qutside Screw and Yoke - OS&Y

e Post Indicator Valve - PIV





,,,,,,,,,,,,,
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End Connections

Flanged
Mechanical Joint
Tyton

PVC or IPS
Threaded






125# Flanges

~—B+1/8 (PER ANSI/AWWA (C110/A21.10)

@\

IL14571






250# Flanged

IL1489
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C
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Tapping Valve
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Ductile Iron vs. Gray Iron

* Mechanical Tests
* Pressure Testing

 Beam Loads










Ductile Iron vs. Gray Iron

» Mechanical Properties - Microstructure

* Pressure Testing

 Beam Loads





Ductile Iron vs. Gray Iron

» Mechanical Properties - Microstructure

 Mechanical Tests

 Beam Loads
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Ductile Iron vs. Gray Iron

» Mechanical Properties - Microstructure
* Mechanical Tests

* Pressure Testing





Series 2500

Resilient Wedge Gate Vaive






Resilient Seated Features

1. Pressure Energized Seals





Resilient Seated Features

2. Fusion Bonded Epoxy coting
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Resilient Seated Features

\\-‘ -
. n

3. Oversized diameter wateway





Resilient Seated Features

4. Smooth waterway





Resilient Seated Features

5. Two upper o-ring seals





Resilient Seated Features

6. Lower o-ring seal





Resilient Seated Features

/. Two thrust washers





Resilient Seated Features

8. High strength bronze stem





Resilient Seated Features

9. Independent bronze stem nut





Resilient Seated Features
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