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Subject: Inspection of Regional Water Infrastructure
Report to: Public Works Committee
Report date: Tuesday, April 5, 2022

1. That staff BE DIRECTED to consult with the area municipalities to review options for
reinstating a water loss committee to collectively review strategies for targeted
investigation and reduction of water loss, with a goal of providing an update to the
2007 Regional Water Loss report; and

2. That this Report BE CIRCULATED to the Local Area Municipalities.
Key Facts

e In 2021, Niagara Region delivered 56,065 ML of treated water through six water
treatment plants and 313 km of watermain across 11 municipalities.

e Operations staff monitor variations in flow and pressure throughout the system, and
immediately report suspected main breaks to Regional and Area Municipal staff as
observations warrant. Breaks on transmission mains are repaired immediately.

e Distribution flow is monitored using 25 flow meters across Niagara, which are
verified and calibrated on a semi-annual basis by a third party contractor. These
flows are used not only for billing calculations, but also long-term planning
associated with servicing, development planning and capital project design.

e Between 2004 and 2007 a Water Loss Reduction Task Force comprised of Regional
and Area Municipal representatives was formed to share experiences regarding
water loss levels and strategies for reduction.

e Niagara’'s water transmission system is comprised of large diameter water mains of
various pipe material. Approximately 89 per cent of these transmission mains are
non-metallic, which is not favourable to acoustic leak detection. Leak detection
involving invasive technologies or system shutdowns will potentially impact
thousands of customers and may not be feasible on trunk systems.

Financial Considerations

Watermains are designed for a useful service life greater than 80 years and
appurtenances such as valves are designed for a useful service life of 25 years. Access
chambers are designed for a useful service life of 50 to 100 years. Asset service life and
condition are influenced by various factors such as material, quality, location, use, and
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the environment that it is installed in. As thresholds for these criteria are met,
watermains are selected for replacement through Capital funds.

The annual cost of calibration, for flow meters used for billing, is approximately $18,000.
A breakdown of these costs is provided in Table 2 below (Analysis: Calibration and
Verification).

A comprehensive review of water loss along all of Niagara Region’s transmission mains
would be approximately $3,000 to $25,000 per km of main depending on the diameter
of main and the water loss technology used. This estimate is based on the Region’s
previous work regarding water loss strategies, and is contingent on watermain material,
location and configuration of the transmission system. A summary of leak detection
strategies is presented in the Analysis section below.

Analysis
Niagara Region owns and maintains 313 km of watermain and 973 underground
enclosures across 11 municipalities. Appendix 1 contains a detailed summary by

municipality.

Table 1 below identifies the total length of pipe in the Regional network, by pipe
material.

Table 1: KM of Watermain by Pipe Material

: KMs of Percent of — AYREEE
Material Watermain System Expectancy Age

(Years) (Years)
Concrete Pressure Pipe 137 44 70-80 43
PVC Plastic Pipe 108 35 75 17
Asbestos Cement Pipe 32 10 60-70 49
Ductile Iron 14 4 60-70 29
Cast Iron 10 3 60-70 58
Other 11 4 60-70 37

Operational Monitoring and Break Response

Niagara operates six (6) water treatment plants. Operators at these facilities monitor
variations in flow and pressure throughout the system and immediately report suspected
main breaks to Regional and Area Municipal staff as observations warrant. As breaks
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are suspected, Niagara Region initiates the resources to investigate. Region staff often
support Area Municipalities in locating and confirming breaks on Local infrastructure. To
troubleshoot these events, Regional staff rely on trends from a variety of online
instruments which measure flow, pressure, level etc. In the event that a failure is on
Region infrastructure, Niagara Region maintenance staff use contractors for immediate
repair of the main from a preapproved list of external parties detailed in the Water and
Wastewater Emergency Response Procedure.

Inspection and Maintenance

Underground enclosures (valve chambers) are routinely inspected by internal
maintenance personnel through routine preventative maintenance programs, such as
the valve turning program. As required, maintenance personnel inspect and report on
valve chamber condition and general operation to support troubleshooting of operational
or distribution issues. For example, in January 2022, maintenance personnel inspected
chambers along transmission watermains in the City of Port Colborne to provide
feedback to the City on concerns related to main breaks in the local distribution system.
At the time of inspection, all visible piping and valves were in good working order.

Investigations Completed to Date

Through Capital Project scoping and design, many studies and condition assessments
have been completed to evaluate the integrity of transmission mains, valves and
appurtenances. In addition to these studies, the following specific water loss
investigations have occurred:

2004 to 2007: Water Loss Reduction Task Force and Regional Water Loss
Assessment Project

In 2004 the “Water Loss Reduction Task Force” comprised of Regional and Area
Municipal representatives was formed. The purpose of this group was to share
experiences regarding water loss levels and strategies for reduction. Through the
“‘Water Loss Assessment Project” water balances were completed based on the data
provided by the Region and Area Municipalities. The study was completed by Veritec
Consulting Inc. and was finalized in 2007. The Regional Water Loss Assessment
Project report is included in Appendix 2.
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2011 - 2015: City of Port Colborne — Integration of Water Loss Analysis Tools into
a SCADA System

Between 2011 and 2014 a study was developed and conducted in the City of Port
Colborne to develop off-line and real time tools to integrate the City’s water usage data
with flow data from four district metered areas (DMAs). Niagara Region provided in-
kind (SCADA) support for this project, which was also funded through the Showcasing
Water Innovation Program. The goal of this project was to provide the City with flow
monitoring to aid in locating and remediating unaccounted for water.

2020: Niagara Region Billing Meter Verification Demonstration to Town of Fort
Erie

In response to questions from the Town of Fort Erie, the Region invited Town staff to
witness a third party calibration process at the Rosehill Water Treatment Plant for the
billing meters impacting the Town. Following this demonstration, Niagara Region shared
verification certificates with Town staff.

2021 - 2022; Niagara Region — Water and Wastewater Billing Flowmeter Audit

This project is currently underway to review, confirm and make recommendations for
improvements for all processes that contribute to the volumes used for billing. This work
includes an audit of the accuracy and suitability of the Region’s billing flow meters and a
comparison of current methods, including meter type and installation against best
practices.

Calibration and Verification

Water meters are essential for process automation and are calibrated on a semi-annual
basis. The cost for these calibrations is shown in Table 2 below.

Table 2: Calibration of Flow Meters

Program Name Frequency Cost

Calibration of Non Mechanical Flow Meters | Semi-annual = $15,200

Calibration of Mechanical Flow Meters Semi-annual = $2,200
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When establishing the frequency of calibration required, Niagara Region takes into
account whether or not the meter is used to meet legal requirements, industry standards
for calibration, manufacturer recommendations and the conditions of use such as
importance of collected data for use in other processes such as billing. There are 25
water meters used for billing, all of which are calibrated on a semi-annual frequency.

Water QMS Risk Assessment

An internal risk assessment is required every 36 months for each of Niagara Region’s
water systems, with complementary risk assessment reviews to be completed at 12 and
24 months between the assessments. A full risk assessment for the Water QMS was
completed in 2021, with reviews to follow in 2022 and 2023.

Through the risk assessment exercise, the Water-Wastewater Asset Management
group assesses risk associated with watermains using the risk scoring criteria outlined
in the Corporate Asset Management Risk Assessment (CAMRA) model. Criteria for
consideration includes factors such as; likelihood of failure, impact on users and the
environment, financial risks and risks associated with compliance or social reputation of
Niagara Region. There were no high-scoring risks identified during the 2021 full risk
assessment. Any previously identified high-scoring risks have been mitigated through
capital projects, operational adjustments, or through continual improvement initiatives.

Leak Detection Technologies for Transmission Mains

The three (3) most common methods of leak detection for transmission systems are in-
line acoustic monitoring, non invasive acoustic monitoring and district metering. Costs
associated with these methods vary depending on diameter and type of technology
used and are detailed under the Financial Considerations section of this report.

For both in-line and non invasive acoustic monitoring, sensors discern the acoustic
activity associated with leaks by sending acoustic pulses to receivers attached to pipe
appurtenances. Leak location is estimated by the arrival time of the pulses. When in-line
acoustic monitoring is used, condition and configuration of the pipe i.e. tubercles,
valves, bends and pipe appurtenances may obstruct equipment, and terrain changes
may make installation and removal of equipment difficult. In-line monitoring can be
disruptive to operations. While non-invasive installations pose less disruption to service
and flow, this type of installation is sensitive to interferences. With increasing pipe
diameter, there is less accuracy of the sensors to detect leakage. All acoustic leak
detection is sensitive to pipe material and diameter. Acoustic methods work best with
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smaller diameter metallic pipes, and are less accurate with large diameter transmission
mains. Approximately 89 per cent of Niagara Region’s transmission mains are non-
metallic, and all are large diameter.

District metering is an audit of the meters within a portion of the distribution system.
Meters are installed to measure flow into and throughout a defined portion of the
system, and flows are monitored to determine if leakage may be an issue. The
installation of meters that detect bidirectional flow can also aid in locating leaks.

Due to the size and configuration of Niagara Region watermains it may not be
economically feasible to conduct a complete inspection of the entire transmission
system. Regional infrastructure valves for shutting down sections of main are often
located a considerable distance apart, and isolation and draining of sections at a time
can put a significant number of residents and businesses out of service. In addition to
these concerns, pressure transients caused by putting a main back into service could
cause breaks within the Area Municipal system.

Currently staff focus on areas where mains are known to be aged, have a higher
occurrence of failure or the pipe material is most conducive to water loss investigation.
Both infrastructure age and failure are well documented through the QMS Risk
Assessment Process.

Alternatives Reviewed

The alternatives to reinstating a water loss committee to collectively review strategies
for targeted investigation and reduction of water loss are:

1. Do nothing. Niagara Region could continue with current practices but this may be
less effective in addressing the opportunities to further reduce any water loss.

2. Council could direct staff to procure external resources to undertake a
comprehensive water loss assessment. This is not recommended without first re-
establishing the water loss committee with Local Area Municipal staff participation to
ensure that any assessment is comprehensive and has access to all available
information.
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Relationship to Council Strategic Priorities

Recommendations presented in this report relate directly to Council’s Strategic Priority
4.1 of committing to “high quality, efficient and coordinated core services”. Through
coordinated efforts, the Region and Area Municipalities can collaborate on water loss
reduction strategies.

Prepared by: Recommended by:

Erin Shisler Bruce Zvaniga P.Eng.

Water Process Specialist Commissioner of Public Works (Interim)
W-WW Services Public Works Department

Submitted by:
Ron Tripp, P.Eng.
Chief Administrative Officer

This report was prepared in consultation with John Brunet, Associate Director, Water
Operations and Maintenance, and reviewed by Joe Tonellato, Director, W-WW
Services.

Appendices
Appendix 1 Niagara Region — Watermain Statistics

Appendix 2 2007 Regional Water Loss Assessment Project
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Water FE NOTL | Grimsby | NF STC PC Welland | Thorold | Lincoln X\i/r?cféln Pelham | Total
No. of connections

to local 79 109 26 97 144 25 117 50 54 3 35 739
infrastructure

Average age of

infrastructure 29.26 | 25.36 30.80 44.00 |34.00 |26.00 |44.50 24.60 28.74 20.04 |40.50 34
(water mains)

Km_ofLocaIwater 275.79 | 200.06 | 135.03 |483.26 | 593.77 | 111.57 | 273.47 | 117.74 | 112.00 | 34.84 |85.34 2423
main

KM of Regional 50.90 |43.14 20.46 4713 |53.90 |7.80 29.22 20.28 18.38 12.58 | 9.56 313
water main

KM of water mains

replaced overthe | 559 |95 | 250 0.08 [12.77 |141 |074 |257 |006 |052 |0.00 |26
past 10 years

(2011)

KM of mains to be

replaced over next | 10.44 | 3.51 1.70 0.00 0.03 1.62 0.00 0.00 3.53 7.42 0.00 28
10 years

No. of Regional

Underground 129 98 76 133 180 30 149 74 57 32 15 973
Enclosures

No. of LAM

Underground 0 0 854 0 101 7 0 1 11 0 1 975

Enclosures
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Executive Summary

With increasing regulatory requirements dealing with water quality, water takings, and
full cost recovery the need to understand the performance of water systems has never
been more prevalent. Efficient management (and operational control) of water
distribution system includes managing real and apparent water losses. In November
2004, representatives from both the Region and its area municipalities attended a two day
workshop on current industry best practices for dealing with water loss assessment,
validation, measurement and control. The group identified that a proper assessment (and
validation) of the water loss levels within each AM’ s water system should be initiated.

The Region contracted Veritec Consulting Inc. to complete water balances for each of the
area municipalities. This report highlights the results of the water balances completed for
each participating area municipality.

Balances were completed using PlFastCalc for Canada, a licensed software tool
incorporating the standard water balance procedure and terminology adopted by both the
AWWA and Canadian InfraGuide. PlFastCalc also calculates many benchmarking
Performance Indicators (Pls). With respect to validation PlFastCalc for Canada
incorporates confidence intervals that highlight data quality.

Non-Revenue Water (NRW) isa“Basic” financial Pl. Excluding demands in the City of
Welland, the project identifies that collectively, the percentage of NRW in the Region is
approximately 14% (i.e, 86% of water sold by the Region is accounted for by billed
consumption in the area municipalities). The components of NRW are:

v Unbilled, Authorized Consumption,
v' Apparent Losses, and
v Red Losses

Individually the percentage of NRW in the area municipalities ranges from 0% to 37%.
Percentages of NRW, however, should not be used to compare and contrast the
performance of one system versus another.

The Infrastructure Leakage Index (IL1) is aratio of the volumes of Current Annual Real
Losses (CARL) to Unavoidable Annual Real Losses (UARL). Unavoidable losses vary
from system to system based on their characteristics (e.g. kilometers of water main,
average system pressures, etc.). Calculated values of ILIs may facilitate the comparison
of systems with respect to others as well as benchmark individual performance for annual
comparisons.

The World Bank Institute and AWWA have developed general descriptions, guidelines,
and recommendations based on the Infrastructure Leakage Index and these may be
reviewed by each municipality based on its calculated ILI.

Veritec Consulting Inc. i
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10 INTRODUCTION

With increasing regulatory requirements dealing with water quality, water takings, and
full cost recovery the need to understand the performance of water systems has never
been more prevalent. Efficient water system(s) management and operational control
includes managing real and apparent water losses. The now defunct term “unaccounted-
for-water” undermined efficiency in so far as the term *unaccounted-for” failed to
identify causes or solutions. The term non-revenue water underlines inefficiencies and
highlights the real cost(s) of water |osses.

Recognizing both costs and regulatory requirements, successful water 10ss programs must
be two-fold; firstly, establishing the level of water losses and secondly, establishing
programs to control and/or reduce these losses. The former justifies the investment in
water loss reduction and control programs and may be used to track and report on project
successes as well asidentify program short-comings.

In 2004, the Regional Municipality of Niagara created a working group consisting of
Regional staff and representatives of its twelve area municipalities (AMs). The purpose
of the “ Water Loss Reduction Task Force” is to share experiences regarding water loss
levels and strategies. In November 2004, a two day workshop on current industry best
practices for dealing with water loss assessment, validation, measurement and control
was sponsored by the Region.

Thetask force identified that a proper assessment and validation of the water loss levels
within each AM’swater system should be initiated. The AWWA and the Canadian
InfraGuide have both adopted the International Water Association’s (IWA) Standard
Water Balance.

Using PlIFastCalc for Canada V 1, alicensed software package purchased by the Region
on behalf of its area municipalities, water balances were completed based on the data
provided by the area municipalities themselves.

The following report summarizes the data collected as well as the results of the water
balances with respect to the benchmarking performance indicators cal culated within the
software package. Individual copies of the PlFastCalc outputs are included in the
appendices.

Veritec Consulting Inc. 1
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2.0 PROJECT METHODOLOGY

The goal of the Water Loss Assessment Project is to provide an appreciation of the
components of water loss across the region and to identify areas in which losses can be
addressed and ultimately reduced. Traditionally many distribution systems describe
water losses as the percentage of unaccounted-for-water based on the simple calculation
illustrated below:

%o of Unaccounted-For-Water= Bi]léfl_'l’_‘unsmm]ﬁun
- Water Purchased

The IWA/AWWA Standard Water Balance (Figure 1) accounts for the total volume of
water supplied by identifying the various components® of both consumption as well as
water losses using either measured or estimated quantities

Water Exported Billed Water Exported
Own Billed Revenue
Sources | System Authorised Water Billed Metered Consumption
Input Authorised Consumption

Consumption

Water

Supplied Billed Unmetered Consumption

(allow Unbilled Authorised Unbilled Metered Consumption
Water for Consumption Unbilled Unmetered Consumption

Imported | known Apparent Non- Unauthorised Consumption
errors) Losses Revenue Customer Metering Inaccuracies
Water Water Leakage on Mains
Losses Real Leakage and Overflows at Storages
Losses Leakage on Service Connections

up to point of Customer Metering

Figure 1: Overview of the Componentsof the I WA/AWWA Standard Water Balance

PlFastCalcsis alicensed software package, purchased by the Region on behalf of its area
municipalities, underlying the water loss assessment program. As evidenced in Figure 2
on the following page the standard water balance methodology is incorporated into the
software.  Based on the water balance, PlFastCalcs automatically calculates
“Performance Indicators’ (PIs) to assess both real and apparent water losses. And these
performance indicators benchmark current losses alowing each area municipality to
compare its own performance year-to-year as well as with other systems (locally and
internationally).

Tools (e.g., process reliability bands and 95 % confidence limits) highlight the potential
need to further evaluate and/or verify data as well as track the overall effect of
uncertainty regarding the data wused to deive the water balance.

! Appendix A includes the standard terminology of each of the balance’s components asincluded in
PlFastCalcs.

Veritec Consulting Inc. 2
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'LEAKS’ Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND FPERFORMARMNCE INDICATORS PROGRAM "FIFastCales’ Stamdard | YWerzion 13 2ud Dec 2005 Camada
| AHHVAL WATER BALAHCE CALCULATION IH IWA STAHDARD FORHAT, WITH 35 COHFIDEHCE LIHITS Data entry| Defanlts Calculated Yalues [From snmther Warkrkassy
| BulezCalunlalinas skuald ke banrd an 2 1Z-manllk preind Far 20l snpraln of e marbakeel In fanaline sarres 1y Courrancy - sc I and -3
- R . R Balk upply [F5] =r
|Ut|l|t’ Enter Licensee's mame when issuing software Bialefhaline Suulem [BSI2 Ds tm L5 dayr
Fam rrm hanr
System e Rankad by Dats
m Lg] FIHAHCIAL FERFORHAHCE INDIGATORS FOR
L MATER BALANCE CALCULATIONS HOM-RETEHUE WATER
| ] as parind Fariancas S
L I'w4 Terminology Syrtem | Calculated Falus uf HEW ar > uf
| £ |[COMPONENTS OF WATER BALANCE i Input e
Tulums
T
| WOS: Yulums Fram Dus Sewrcer [carrected Far knmus rrrtematic srrarr) L1} 00X - = [ ]
1] -
| Wi: Water Impurtsd [currected Far knmun ryrtematic srrarr] (1] 00X E‘i I|=.
8y v
| 21¥: SYSTEM INPUT YOLUME 0.0 0.0x 1] 0.0% = IE E
F
| BEACE:Watar Expurtad (1] 00X =
-
| W5: WATER SUFFLIED - 51¥ - EACE o o0z L] 0.0x HH 5
¥y -
| BEACH1: Billad Antherirsd Conramptinn: Hatsrsd (1] 00X E :g‘ E
]
| EACHZ: Billad fAntharired Canrumptinn: Hetorsd 0 0.0% 4% i
-
| BACHZ: Billsd Autharirsd Conrumptine: Hatarsd 0 0.0% £ 8
| EBACU: Billad Authurirsd Conrsmptinn:Vamastarsd L1} 00X $Cim3 FCxibdd 4
| HRY: NON-RE¥ENUE WATER 0.0 0.0x 1] 0.0x LURILILiT] 0. 0.0x
| UACH: Unkillad Antharirsd Conrumptinn: Hatersd uf WS L1} 00X LN 1] 00X
| UACU: Unkillsd Anthurirsd Conrumption: Unmastara Ectimated a3z | 1.250% mf WS {1 1] 100.0% (1] 00X oo 00X
| WL WATER LOS3ES 0.0 0.0x 1] 0.0% LT ] 0.0 0.0x
| UG: Unanthurirsd Conrumptinn: Ertimatsd ar | 0. 250X mf WS {1 1] 100.0% (1] 00X oo 00X
| ALHUEA: Apparsnt Lurr - matar snder-reqirtratioe uf BEACH1 o L] LIRIE oo 00z
| ALHUEZ: Apparsnt Lurr - matar ander-reqgirtratiog uf BEACHZ o L] LIRIE oo 00z
wf BRI
| ALMURE: Apparant Lurr - matsr wnder-ragirtratine and 0.0 1] 0.0% 0.0 0.0x
UACH
| ALDCD Curtmmesr matsr dats handling srrmrr L1} 00X LN 1] 00X
| AL: Sum of APPARENT LOS3SES 0.0 0.0x 0.0% LT ] 0.0 0.0x
| RL: REAL LOSSES 0.0 0.0x 0.0% 0.0 0.0x
| ¥ mf porimd syrtem procewvized - | 100.0T | 365.0 |days Cart mf ranmingrprtom in parind - $C1000
CARL: CURRENT ANNUAL REAL LOSSES [when system iz pressurized] 000 | Hitdarx

Figure2: Copy of the“Water Balance & PIs’ worksheet from PlFastCalc Vl1a

Veritec Consulting Inc.
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3.0 REsSULTS. PHASE | —DATA COLLECTION

The following section summarizes the data collected with respect to the various

components of the standard water balance.

3.1.0 Water Supply

The Regional Municipality of
Niagara itself is responsible for bulk
water supply, treatment,
transmission, and storage. Therefore
the Region directly provided a
monthly summary of metered
volumes for each of its thirty-three
billing meters. Based on the billing
equations provided (Table 1) the data
was used to derive the total volume
of water supplied to each area
municipality per month.

Figure 3 illustrates the breakdown of
nearly 74.5 million cubic meters sold

Percentages of Regional Water Sales Attributed to
Individual Area Municipalities

West Lincoln ~ Pelham Lincoln

1% 2% 3%
Niagara-on-the-
Lake
4%
St. Catharines Thorold
31% 4%
%\ Grimsby

4%

A\ Port Colborne
5%
Niagara Falls Fort Erie
24%

7%

Welland
15%

in 2005.

Figure3: Water Supply in Niagara Region

The Region aso provided copies of the meter calibration tests completed in 2005
(Appendix B)?. Meters for accuracy reports were provided are highlighted in Table 1.

Tablel
Regional Billing Equations

Area Municipality

Billing Equation (Accuracy Reports provided for highlighted

meters)
Fort Erie 2T1+42T2-2S
Grimsby 6T1-6D1-6D2
Lincoln 5D7+5D8+6D1

Niagara Falls

1T1+1T2-1D1-1D2-1D3-1D4

Niagara-on-the-Lake

5D5+5D6+1D1+1D2+1D3+5D9

Pelham

3D1+3D2

Port Colborne

AT1+4T2

St. Catharines

(5T1+5T2+5T3+5T4+5T5)-5D1-5D2-5D3-5D4-5D5-5D6-5D7-5D8-5D9

Thorold 1D4+5D1-5D2+5D3+5D4
Welland 3T1+3T2+3T73-3D1-3D2
West Lincoln 6D2

2 Veritec distinguished between calibration reports for the meter vs. loop calibration reports.

Veritec Consulting Inc.
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Table 2 summarizes the results of the meter accuracy tests. Each meter is tested at
several flow rates. The range of accuracies recorded for each individual flow rate was
between 96.5 and 101.6 percent®. Based on this data, and that meter accuracy reports for
all the meters were not available, the confidence interval used in the PlIFastCal cs software

for the Region’s metersis +/- 3%.

Table?2

Summary of Supply Meter Accuracy Results

% Accuracy
Meter Date As Found As Left
ID Tested AvqQ. Min. Max. Avq. Min. Max.
6D2 5/24/2005 99.7 97.0 101.0
1D1 5/4/2005 97.0 94.3 101.0 99.3 96.5 101.0
10/13/2005 99.7 99.7 101.0
1D2 5/4/2005 99.8 97.0 100.6
1D3 5/20/2005 101 100.8 101.3
1D4 5/4/2005 49.8 9.8 101.3 100.2 98.2 101.1
10/13/2005 0.0 0.0 0.0 100.4 99.9 100.9
5D1 5/20/2005 100.1 99.7 100.6
5D2 5/20/2005 99.4 98.8 100.0
5D3 5/24/2005 100.7 99.3 101.6
5D5 5/202005 100.0 99.7 100.4
5D6 | 5/20/2005 99.4 97.5 101.0
4 70.5 0.0 101.6
OVERALL (100.0) (97.0) (101.6) 100.0 96.5 101.1
Accuracy reports did highlight —
problems with the Mewburn Road | C e
meter. This meter records flowsout | _
of the Niagara Falls system and into | .
the Niagara-on-the-Lake system. | ... . B
Figure 4 suggests that the meter was | £ ...
failing to record demands in N-O-T- | ¢
L prior to being calibrated in May |3 u
‘05 and that it began failing again | s
within weeks of the calibration. The | §
failure of this meter may lead to
R . , mHm
overestimating supply to Niagara
Falls and underestimating supply to S S I . S S .
N-O-T-L°. Figure 4. Monthly Volumes from Mewburn Rd.
3 Excludes meters that required calibration.
* Overall results for the “As Found” are summarized both with (and without) the meters requiring
calibration.
® Based on the original billing equations provided it also appears that flows recorded at 1D4 were
subtracted from Niagara Falls but were not added to Niagara-on-the-Lake. Itislikely that issues
Veritec Consulting Inc. 5
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Data for the remainder of the balances were collected from the individual area
municipalities. Table No. 3 on the following page summarizes, based on the input
parameters of the PlFastCalc software, which area municipalities provided supporting
data for each of these parameters.

3.2.0 Billed, Authorized Consumption —Metered (BACM)

All municipalities provided at least partial data with respect to BACM®. The information
provided ranged from complete billing databases to a single figure identified as the
annual volume of water sold.

With respect to establishing the water balances, errors introduced into the value of
BACM may include the following:

v' Meter Accuracy,

v' DataHandling,

v Estimated Readings, and
v' Meter Lag Times

Meter accuracy and data handling errors are specifically addressed within the framework
of the IWA Standard Water Balance and therefore are not evaluated with respect to the
defining confidence in the value of BACM.

Estimated readings and meter lag times may be used to indicate confidence in the value
of BACM. The percentage of estimated reads reported by the AMs ranged from none
(or, at least, no data was provided) to 16.4 % in St. Catharines. Municipal methods for
estimating ranged from using the previous month, an average of the previous six months,
or even doubling the previous bill (to get the customer’s attention). It is impossible to
guantify or address errors due to estimated reads without copies of the billing database.

Meter lag times introduce a difference between when water is consumed and when it is
billed. Asan example, in an analysis of the Niagara Falls billing approximately 7.6 % of
billing in 2004 relates to water consumed prior to the start of the year, and similarly, 7.3
% of 2004’ s consumption is derived based on meter readings recorded in 2005 (assuming
that water is consumed equally throughout the period between meter readings). On an
annual basis, it is often assumed these values will counter balance each other. Where
possible, based on the datasets provided, meter lag times were addressed.

surrounding this meter account for N-O-T-L reporting more water sold within the municipality than
purchased from Region.

® Billing data for Welland contained a limited number of accounts (~530). Much of Welland remains un-
metered and customers are billed aflat rate. There was not deemed enough data to complete a water
balance for Welland.

Veritec Consulting Inc. 6
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Summary of Data Collected by PlFastCalc Input Parameters

Table3

o © 8
Input Parameters for PIFastCalc i 72 3 %% o & 5 5 55 § g ERER:

(refer to Appendix A for Definition of Terminology) 515 S [su g K 3 % = g g ==
WOS Volume from Own Sources All water supplied via the Regional Municipality of Niagara
Wi Water |mported NN A N A NT AT A N
BACE | Billed, Authorized Consumption Exported N AN AN NN AN NN NN AN
Assessed marginal cost of RL N N \ \ N[ A \ N N N
BACM | Billed, Authorized Consumption Metered NI N[ N]oal PPN [04a]P v
BACU Billed, Authorized Consumption Un-metered = N =
UACM Unbilled, Authorized Consumption Metered
UACU Unbilled, Authorized Consumption Un-metered N N N
uc Unauthorized Consumption N N N
ALMUR | Apparent Loss— meter under-registration N N N
ALDCD | Apparent Loss— customer meter data handling errors
Lm Mains Length VI N[NNI NN N [N
Nh Number of Hydrants \ \ \ \ \ N N \ 2 \
Nb Number of Separately Billed Properties N N N \ \ \ N \ \ N \
R Ratio of hilled Service Connections to Billed Properties
Nu Number of Unbilled Service Connections \/ \/ \/ \/
Lp Average pipe length, property line to billing meter N N [ A N N
P Average pressure when system pressurized N N N N \ \

_ Assessed margina cost of UACM
C(?Stet?lllng Assessed marginal cost of UACU
(excluding |AAssessed marginal cost of UC N N \ \/ N
base rate) Assessed marginal cost of ALMUR
Assessed marginal cost of ALDCD

Costs of Running system over period (excluding capital projects) N N N N N N
Veritec Consulting Inc. 7
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3.3.0 Billed, Authorized Consumption —Un-metered (BACU)

With the exception of identifying 179 flat rate customers in one specific municipality no
details were provided with respect to what the flat rate was or what the estimated
consumption was equal to. The remaining AMs provided no details regarding the volume
of BACU. There are several flat rate customersin Welland.

3.4.0 Unbilled, Authorized Consumption —Metered (UACM)
The Town of Grimsby identified street sweeping and sewer flushing as components of
UACM. Assumedly the town provides a mobile hydrant meter but does not invoice the
contractors who would be working for the Town.

3.5.0 Unbilled, Authorized Consumption —Unmetered (UACU)

Identified sources of Unbilled, Authorized Consumption — Unmetered primarily relate to
hydrant usage for the following:

v' Water Main Construction and Repairs (e.g. dewatering & flushing),
v' Water Service Repairs,

v FireFighting & Training, and

v’ Street Cleaning & Sewer Flushing (i.e., re-filling equipment)

Figure 3 illustrates cal culated estimates provided by Grimsby.

Components in M| Additional information on sources of data and basis of estimates
Components of Authorised Consumption Billed Billed Unbilled Unbilled Total E = estimated
Metered Unmetered | Metered | Unmetered R = Based on recordings

Hydrant Usage (mobile meter) 2.12] 2.12JR = Based on recordings, less Avertex

New Cor ion/Rehab 2.45] 2.45|E = 6 jobs x 3/job x 500 gpm x 1 hr.

Fire/Training 13.64| 13.64|E = esti 1 firefyr. 2,000 Imp. Gal; Training 68 hrs/yr @ 1,000 gpm = 3,000,000 Imp. Gal
Hydrant Flushing 18.18 18.18[E = dead-end 20 locations x 6/yr. x 3,000 Imp Gal + 3,000,000 Imp. Gal

Hydroguard 2.95 2.95|[E = estimated; 20 gpm x 6-4 hrs./day (50% of this in winter)
Recreation 0.47 0.47||E = estimated; 3 parks approx. 6 gpm x 2 hrs/day x 5 months

Figure 3: Portion of the“ Consumption” worksheet extracted from Grimsby’s Balance

Table 4 on the following page illustrates that Grimsby and Port Colborne provided
breakdowns of their estimates that equate to 1.17% and 6.7 % of Water Supply,
respectively. Thorold, Niagara-on-the-Lake, and Fort Erie identified relevant sources of
UACU in their system and the latter provided an overall estimate equal to 5 % of Water
Supply. The default estimate in PIFastCalcsis equal to 1.25% of Water Supplied.

In the absence of estimates made by the municipality themselves the balances accept the
default estimate. The 95 % confidence limits of +/- 100 % and process reliability band of
“D” highlight the uncertainty with regards to this component.

3.6.0 Unauthorized Consumption (UC)

Common components of unauthorized consumption are by-pass tampering, unauthorized
use of fire services, and unauthorized use of hydrants.

The default estimate in PIFastCalcsis equal to 0.25 % of Water Supply (+/- 100%). Both
Grimsby and Fort Erie estimated 1 % whereas West Lincoln estimated 0.02 %. Port

Veritec Consulting Inc. 8
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Colborne suggests approximately 5 household per year tamper with the meter by-pass but
did not estimate the amount of loss. In the absence of a provided estimate the default
value is accepted.

Table4
Summary of Data Collected Pertaining to UACU

Estimates in ML/year
v indicates the AM recognizes this as a use but did not provide an
estimate
g 3 = © - e 8 GC) ke) - £
G| 28|82 5| 2|55 |58 8|8
c | E|2£|88 Q|5 | a2 |Pg| 2 (=&
LL O —I Pz zZ o O S [ ]
Water Maln Construction 78 18
& Repairs
Water Service Repairs 94.2
Water Quality \ 86.4 \
Hydrant Flushing \ 18.4 13.1
Blow-offs \ \
Fire Fighting / Training \ 13.6 v 44.4 \
Sewer Flushing \ e N
Street Cleaning \ ' V
Recreation 0.6 6.4
TOTAL 197 404 | - - - 2609 | - - -

3.7.0 Apparent Losses—Meter Under-Registration (ALMUR)

As meters deteriorate with age and usage they are more likely to under-register water use.
Because of the relative small number of meter accuracy reports provided an aggregated
analysis of the tests provided by Grimsby, Niagara-on-the-Lake, and Port Colborne
(Appendix C) was completed. The results of this analysis are summarized below.

Table5
Calculated Values of Meter Under-Registration & 95% Confidence Limits
% Under Registration 95 % Confidence Limits
Meters< 1’ 0.5 7
Meters> 1" 1.0 7

Most municipalities provided a breakdown of consumption based on accounts for which
meters are read based on cycles (e.g., 3 or 4 times per year) and those that are read
monthly. In these cases the former group was associated with meters smaller than one
inch and the latter with meters larger than one inch. If no breakdown was provided a
70/30 ratio was estimated and an overall value of 0.6% under-registration was assumed
(with 95% confidence limits equal to +/- 7 %).

Veritec Consulting Inc. 9
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3.8.0 Apparent Losses— Customer Data Handling (ALDCD)

Across the Region, numerous methods are employed to retrieve and manage meter
readings. Meter reads are collected using customer reading cards, physical meter reads,
roll dial remotes, touchpads, and radio-reads. Billing software packages include:
Easyroute, USTI Water System, Vadium, Vailtech, and AS400. Niagara Falls maintains

a customized database.

Sources of customer data handling errors are numerous and may collectively introduce
significant error. Specifically, examples of the data handling errors which were identified

included:

v In Niagara Falls approximately 2% of records in the raw database were

duplicates.

v' In Grimsby the summary spreadsheets of 2004 and 2005 contained
inconsistent data pertaining to periods where meter reads bridged the
calendar year; representing a potential error of approximately 1%.

v In West Lincoln the original data submitted mismatched data billed
monthly in 2004 with data billed quarterly in 2005. The 2005 summary
provided included regional billing data from 2004.

v' Simple errors in arithmetic or difference in numbers, depending on the

source used

These examples are of errors that have been identified and corrected within the balance
but undoubtedly there are errors that remain undetected — either because they are inherent
in the data provided or because not all the data was provided

3.9.0 Length of Water Mains (L m)

The total length of water mains in the
reporting AMs is equal to approximately
2,000 kilometers.

Age and material are not specifically
required in the water balance.
Nonetheless most municipalities
provided data on materials and Figure 4
provides an overal breakdown of the
mains across the Region.

It is assumed that the inventory of water
mains is most likely accurate to within
+/- 2 %.

Pecentage of Water Mains by Material

CPP
3w FE
4% Unknow n

5%

AC

DI
18%

Cl
23%

Figure No. 4 —Water Main Materials
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Some inaccuracies may be as a result of some AM including Regional water mains while
others may not. Additionally, databases may be out of date with regards to new
construction.

3.10.0 Number of Hydrants (Nh)
There are approximately 10,500 hydrantsin total. All of the AMs provided this data.

3.11.0 Number of Separately Billed Properties (Nb)
PlFastCalc uses two values, the Number of Separately Billed Properties and the Ratio of
Service Connections to Billed Properties (R) to calculate the Number of Billed Service
Connections (Ns). Most AMs provided the number of billed services directly and aratio
of 1.1 isused. The total number of separately billed properties is equal to 113,228 —
equivalent to the number of meters.

3.12.0 Number of Unbilled Service Connections (Nu)

Unbilled service connections may include the following:

v Fire connections, and
v" Un-metered municipal connections

Most AM did not provide any data with regards to the number of unbilled service
connections. Table 6 summarizes the data that was provided.

Table6
Summary of Reported Unbilled Service Connections

Area Municipality | Number of Unbilled Service Connections (Nu)
Fort Erie 100

Port Colborne 28

Thorold 25

West Lincoln 6

3.13.0 Average PipeLength —Property Lineto Meter (Lp)

Private service pipe length is an important consideration in the calculation of the
performance indicators assessing real losses. Thisis because it is generally accepted that
the majority of leaks occur on service connections. Table 7 summarizes the reported
data.

Veritec Consulting Inc. 11
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Table7
Summary of Reported L engths (in meters) — Property Lineto Meter (L p)
Area Municipality | Lp | Area Municipality | Lp
Fort Erie 10 | St. Catharines 7
Grimsbhy 10 | Thorold 10
Niagara Falls 18 | West Lincoln 9
N-O-T-L 8.5

3.14.0 Average System Pressure (P)

The average system pressure entered in PIFastCalc should be a weighted average
determined, for example, based on a list of static hydrant pressures many AM record
during hydrant inspections. Table 8 summarizes the data provided which in some cases
was simply arange of pressures.

Table8
Summary of Reported Pressures (in PSI)
Pressure(s)
Fort Erie 75
Grimshy 75
Lincoln -
Port Colborne 58
Niagara Falls 94
Niagara-on-the-Lake
Zone 1 44 — 69
Zone 2 56 — 97
Zone 3 45 -102
Zone 4 66 — 92
St. Catharines
Zone 1 50 -100
Zones 2 & 3 50 - 80
Thorold 62
West Lincoln 62

3.15.0 Assessed Marginal Costs

Within PlFastCalc several margina costs are used to attempt to more accurately reflect
the actual costs of various components of NRW.

Unbilled, authorized consumption is typically valued at the cost which the AM purchases
the water from the Region. Justification of this is that the AM, by not billing the
customer, is assuming the costs. The costs of apparent losses is equal to the rate which
the AM charges customers because this water is in fact being consumed by customers
(sewer surcharges may also be applicable). Unauthorized consumption such as theft may
be valued at a rate equal to the retail costs of water without the applicable sewer
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surcharge. Real losses are valued at the wholesale costs of water because this water is
not consumed or used by anyone — eliminating the real losses eliminates the demand!

Many AM may have never considered assessed marginal costs based on the components
of the IWA Water Audit and therefore could not identify costs according to this
breakdown.

3.15.1 Assessed Marginal Costs of UACM
The rate(s) at which the individual AMs re-sell water vary. If base rates apply it may be

difficult to directly distinguish the marginal costs of UACM. Table 9 summarizes the
data collected.

Table9
Summary of Reported Water Rates
Rate(s)

Grimsby $0.73/m°

Port Colborne $0.756/m°

Thorold $47.76 for the first 27 m® ($1.769/m°)

$0.742/m’ in excess
West Lincoln $1.109/m°

3.15.2 Assessed Marginal Costs of UACU
In most cases the assessed marginal cost of unbilled, authorized consumption will be the
same regardless of whether it is metered or un-metered. Possible exceptions may include
considerations of sewer surcharges related to water consumption.

3.15.3 Assessed Marginal Costsof UC

No data

3.15.4 Assessed Marginal Costsof ULMUR
No data

3.15.5 Assessed Marginal Costsof ALDCD
No data

3.15.6 Assessed Marginal Costsof RL

The assessed marginal cost of real losses is equal to the wholesale water rate at which the
AM purchase water from the Region. This rate was equal to $0.40/m* and $0.446/m> in
2004 and 2005, respectively.
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3.16.0 Costsof Running the System Over the Period of the Balance

The costs of running the system should be determined based on the operational costs plus
the internal manpower costs minus the capitalized costs of self-constructed assets.
Reported costs are summarized in Table 10 on the following page.

Table 10
Summary of Reported Costs ($) of Running Water System(s)

Reported Costs
Grimshy $3,166,740
Lincoln $3,505,747
Thorold $2,648,400
West Lincoln $ 372,750

4.0 RESULTS. PHASE || —WATER BALANCES

The following sections highlight the results of the individual water balances included in
Appendices F through O.

4.1.0 Financial Performancelndicators

4.1.1 Non-Revenue Water as a Percentage of System Input Volume

Percentage of Non-Revenue Percentage of Aggregated NRW in Participating Area

Water by VOI_ume is Municipalities
considered a “Basic Leve” .
Financial Performance West Lincoln L'gE/O'n
o .
Indicator. NRW may be 1% Grimshy

particularly misleading with %
regards to comparing one Niagara Falls Thorold
system to another. e ﬁ "
Region wide the combined Fort Erie
volume of BACM reported 14%
accounts for approximately
85% of the water purchased
from the region by the

eg y St. Catharines Port Colborne

reporting area municipalities. oo, 15%
Individually the percentage of

NRW  within the area
municipalities ranges from

-1.3 % to 36.8 %. Figure 5: Percentage of Aggregated NRW in Participating
Area Municipalities
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Figure 6 illustrates the values of NRW in each area municipality. Confidence intervals
are derived based on the confidence attributed to both the Region’s billing and the billing
meters. The negative value calculated for Niagara-on-the-Lake may be accounted-for in
part due to meter error discussed on page 5 of this report.

Percentages of Non-Revenue Water (NRW)

50

40

30

20 A

10

Percentage of System Input Volume

-10
Fort Erie Grimsby Lincoln Niagara  Niagara-on- Pelham Port St. Thorold ~ West Lincoln
Falls the-Lake Colborne  Catharines

Figure 6: Non —Revenue Water as a Per centage of System Input Volume

Insofar as trends in NRW may be more telling than an annual volume, a monthly analysis
was completed for those municipalities that provided sufficient data (Appendix D).
Figures 7a & 7b illustrate two examples of monthly variations in NRW which suggest
different potential causes.

lllustration of Non-Revenue Water in 2005, Grimsby lilustration of Non-Revenue Water in 2005, Port Colborne

Regional Billing Record —— Port Colborne Billing Record

500,000 500,000
450,000 450,000
400,000 400,000
350,000 350,000

£ 300,000 2 300,000

£ 250,000 2 250000

2 H

2 200000 2 200,000

3 3
150,000 150,000
100,000 100,000

50,000 50,000
0 0
Jan0s  Feb05  Mar05  Apr05  May-05  Jin05  Jul05  Aug0S  SepO5  Oct05  Nov-05  Dec05 Jan0s  Feb05  Mar05  Apr05  May-05  Jun05  Ju05  Aug05  Sep05  Oct0S  Nov05  Dec05

Figures7a & b — Trendsin Non-Revenue Based on Monthly Volumes Purchased & BACM
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Figure 7a (Grimsby) suggests excessive unbilled water use in the summer period
accounting for approximately 5 % of Water Supplied annually. Use of estimated reads,
based on average annual consumption, may also account for Grimsby’s trend. Figure 7b
(Port Colborne) suggests unbilled water use underlying billed consumption throughout
the year. This underlying water use may be attributable to several factors including
leakage.

4.1.2 Non-Revenue Water as % of System Input by Value

As identified any Section 3.16 of this report many municipalities did not provide the
costs of running the system during the period of the balance. Table 11 summarizes the
results.

Table11
Non-Revenue Water as % of System Input by Value

% of Non-Revenue Water as% of System Input by Value
Fort Erie 8.4 % (+/- 25.2 %)
Grimsby 3.6 % (+/- 35.6 %)
Lincoln 14.7 % (+/- 12.8 %)
Thorold 13.1 % (+/- 25.0 %)

4.2.0 Operational Performance Indicators
4.2.1 Apparent Lossesasa % of Water Supply

The recommended Performance Indicator for Apparent Losses is the % of Apparent
Losses relative to Water Supply. Apparent losses include meter under-registration, errors
in customer data handling, and unauthorized consumption. The values calculated for
each of the municipalities are identified below.

Table 12
Summary of Apparent Losses by Area Municipality

% of Apparent Losses 95 % Confidence Limits
Fort Erie 14 35.1%
Grimsby 2.1 36.6%
Lincoln 0.8 31.9%
Niagara Falls 0.7 36.6%
Niagara-on-the-Lake 0.9 30.0%
Pelham 0.8 33.6%
Port Colborne 0.7 18.7%
St. Catharines 0.8 33.5%
Thorold 0.7 34.1%
West Lincoln 0.6 6.0%

Differences in apparent losses primarily reflect the estimated percentages of unauthorized
consumption (page 9). Values of meter-under registration were assumed equal in al the
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municipalities and no municipalities provided any estimates regarding data handling
errors. Therefore, because Fort Erie and Grimsby estimated unauthorized consumption to
be higher than the default value their apparent losses are greater.

4.2.2 Current Annual Real Lossesin litres/service connection/day

Figure 8a illustrates the Current Annual Real Losses (CARL) in each of the area
municipalitiess. CARL are calculated by subtracting authorized consumption and
apparent losses from the total volume of water supplied. The recommended Performance
Indicator for Real Losses (Figure 8b) expresses the value of CARL in litres/service
connection/day, when the system is pressurized’.

Comparative Volumes of Current Annual Real Losses (CARL)

2500

2000

T @ [ {D

FortErie  Grimsby Lincoln Niagara ~ Niagara-on-  Pelham Port St Thorold ~ West Lincoln
Falls the-Lake Colborne ~ Catharines

IWA Level 1 Performance Indicator Op#24 - Real Losses
(CARL / Total No. of Service Connections)

Igs % Confidence Limits

600 T
500

>

F

a

FortErie  Grimsby ~ Lincoln  Niagara Niagara-on-  Pelham Port st Thorold ~ West Lincoln

Figure8a & b: Comparative, calculated values of Current Annual Real L osses expressed in (a)
ML /yr, and (b) litres/service connection/day when pressurized

Asillustrated in Figures 8a and b the volume of real losses in itself may be misleading in
comparing area municipalities because it fails to account for the relative size of the

" In the case of all these audits the systems are pressurized 100% of the time.
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distribution systems. By expressing losses in terms of litres/connection per day when the
system is pressurized the volume of losses is put into context. Nonetheless the
expression of CARL in these terms is considered a Level 1 (or basic) performance
indicator because it does not account for differences in system pressure which
significantly influence water losses due to leakage.

4.2.3 InfrastructureLeakage Index (ILI)

The advanced (Level 3) operational performance indicator for real losses is the
Infrastructure Leakage Index (IL1). The ILI is a ratio of the CARL to Unavoidable
Annual Real Losses.

Unavoidable Annual Real L osses (UARL)

Some “measure” of water loss due to leakage is unavoidable in all water
distribution systems. Background leakage, including small leaks and weeps, is
unavoidable in that individual sources are either undetectable and/or the cost-to-
benefit does not justify repair/replacement. In addition there are unavoidable
losses due to reported/unreported leakage. These losses relate to the time between
when leak(s) occurs and is repaired.

Unavoidable losses are controllable through various best-management-practices
(e.0., speed and quality of repairs, active leakage control). The calculated values
of UARL assume best-management-practices. Appendix E provides a summary
of the component analysis for calculating UARL.

Based on the assumptions described in Appendix E, the value of UARL in each
areamunicipality is calculated based on the following:

total length of water mains

total number of service connections

total length of customer supply pipe, and
the average system pressure

Figure 9, on the following page, illustrates the components of CARL in each of
the area municipalities. Potentially recoverable losses represent the difference
between CARL and UARL.

The Infrastructure Leakage Index (ILI) provides guidance as to how well real losses are
being managed (in terms of repairs, active leakage control and infrastructure
management) at the current operating pressure®.

 The ILI does not imply that pressure management in a system is optimal, or economic. |f system pressures
are excessive, or subject to surges, then pressure management may result in additional benefits for real
losses management - in particular, areduction in new burst frequency and annual repair costs, and a
reduction in flow rates of existing leaks. So even if alow ILI is being achieved, there may still be
opportunities to reduce annual real losses by improved pressure management.
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Breakdown of Current Annual Real Losses

B Potentially Recoverable Losses
O Unavoidalbe / Detectable Losses
OUnavoidable / Undetectable Background Losses
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=
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Fort Erie Grimsby Lincoln Niagara  Niagara-on-  Pelham Port St. Thorold  West Lincoln
Falls the-Lake Colborne  Catharines

Figure9: Illustration of the components making up the Current Annual Real L osses (CARL)

Comparative Infrastructure Leakage Indexes
ILI = CARL/UARL

CARL / UARL

ILI=

Fort Erie Grimsby Lincoln Niagara  Niagara-on-  Pelham Port St. Thorold ~ West Lincoln
Falls the-Lake Colborne  Catharines

Figure 10: Illustration of Calculated IL1 for each area municipality
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An ILI equal to 2, for example, suggest Current Annual Real Losses (CARL) are two-
times greater than the Unavoidable Annual Real Losses (UARL) if best-management-
practices were followed. Figure 10 on the preceding page illustrates the calculated ILIs
of each of the participating area municipalities.

Based on the calculated ILIs and on the guidelines provided by both the World Bank
Institute and the AWWA the following section provides some general discussion of the

real losses in the area municipalities.

5.0

DISCUSSION

5.1.0 World Bank Institute Target Matrix / Banding

PlFastCalc identifies where the calculated IL1 fitsinto atarget matrix developed by the
World Bank Institute and incorporated into its NRW training modules. These guidelines

areincluded in the individual reportsin Appendices F through O and summarized in the

following table. Inthe WBI’ s target matrix, general descriptions are made which
describe a system’ s performance in real loss management based on its calculated ILI.

Table 13

General Description of Real L oss Management Performance

ILI General description of Real L oss
Range | Band | AreaMunicipality | ILI Management Performance
Niagara-on-the-Lake | -0.6 | Further loss reduction may be uneconomic
<2 A | Grimsby 1.3 | unlessthere are shortages, careful analysis
Lincoln 1.6 | Needed to identify cost-effective improvement
gtlagz;l;ﬂ; ;é Potential for marked improveme_'nts; consider
2t04 B Pel ham 2' 2| pressure management, better active leakage
West Lincoln 2'5 control practices, and better network
Fort Erie 2.7 maintenance
Poor leakage record; tolerable only if water is
plentiful and cheap; even then, analyze level
4to8 C | Thorold 56 and nature of leakage and intensify |eakage
reduction efforts
Very inefficient use of resources; |leakage
>8 D Port Colborne 8.7 | reduction programs imperative and high
priority

520 AWWA General Guidelines

Table 14, on the following page, summarizes the genera guidelines developed by
AWWA'’s Water Loss Committee which again categorize system based on the calculated

ILI.
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Table 14
AWWA General Guidelines Pertaining to Infrastructure L eakage I ndex
ILI Water Resour ce Operational Financial
Range | Band | AreaMunicipality | ILI Consider ations Considerations Considerations
. Operating with system | Water resources are costly to
Niagara-on-the-Lake | -0.6 | aygjjanle  resources  are | leakage above this level would | develop or purchase; abilify to
< A | Grimsoy 13 gree_ztly limited a_nd are very _require expansion of existing incregse revenues via water
difficult / environmentaly | infrastructure and/or | ratesisgreatly limited because
Lincoln 1.6 | Unsound to develop additional water resources to | of regulation or low ratepayer
meet demand affordability
Niagara Falls 2.2 | Water resources are believed . Water resources can be
St. Catharines 2.3 | fo be sufficient to meet long- :En):rztsl,tr:acturewagpabilizljpplii developed or purchased o
term needs, but demand sufficient to meet lona-term reasonable expense; periodic
2to4 | B | Pelham 2.4 | management interventions demand 2s lona & reasgn ple | Water rate increases can be
West Lincoln 25 | (leakage management, water |eakage manag%ment controls feasibly imposed and are
: conservation) are included in in place tolerated by the customer
Fort Erie 2.7 | |ong-term planning aeinp population
Superior reliability, capacity
. and integrity of the supply | Cost to  purchase or
4t08 C | Thorold 56 Yé?ﬁ;?&ggg@;ﬁfﬁg infrastructure make it | obtain/treat water is low, as
' relatively immune to | arerates charged to customers
shortages
Although operational and financial considerations may allow a long-term ILI greater than 8.0,
>8 D Port Colborne 8.7 | such alevel of leakage is not an effective utilization of water as aresource. Setting atarget level
greater than as an incremental goal to a smaller long-term target — is discouraged

Veritec Consulting Inc.
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6.0 RECOMMENDATIONS

The water balances have been completed based on the data provided. In all casesitis
advisable to update and complete the data.

With regards to managing real losses (leakage and overflows from systems up to the
point of customer metering or consumption) best management practices recognize the
following:

v Pressure Management

v Speed and Quality of Repairs

v Active Leakage Control, and

v Pipeline and Assets Management

PIFastCalc’ s recommendations are based on the World Bank Institute’s ILI Bands.
Individual municipalities are grouped in these bandsin Tables 13 and 14. Table15is
reproduced from the IL1 Guidelines worksheet within the software.

Table 15
WBI Recommendations

WBI Recommendationsfor BANDS A B C

Investigate pressure management options Yes| Yes| Yes
Investigate speed and quality of repairs Yes| Yes| Yes
Check economic intervention frequency Yes| Yes
Introduce/improve active leakage control Yes| Yes
Identify options for improved maintenance Yes| Yes
Assess Economic Leakage Level Yes| Yes

Review break frequencies Yes| Yes
Review asset management policy Yes| Yes| Yes
Deal with deficiencies in manpower, training and communications Yes| Yes
5-year plan to achieve next lowest band Yes| Yes
Fundamental peer review of all activities Yes

Veritec Consulting Inc.
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Appendix A

IWA Water Balance
Terminology
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Volume from Own Sour ces:

The volume of water input to a system from the Water
Supplier’s own sources

Water Imported or Exported:

The volume(s) of bulk transfers across operational
boundaries

System Input Volume:

The volume input to that part of the water supply
system to which the water balance calculation rel ates,
corrected for known errors. Equal to VOLUME
FROM OWN SOURCES plus WATER IMPORTED

Water Supplied:

Equal to the SYSTEM INPUT VOLUME minus
WATER EXPORTED

Authorized Consumption:

Volume of metered and/or un-metered water taken by
registered customers, the water supplier and others
who are implicitly or explicitly authorized to do so by
the water supplier, for residential, commercia and
industrial purposes. Authorized consumption may
include items such asfire fighting and training,
flushing of mains and sewers, street cleaning, watering
of municipal gardens, public fountains, frost
protection, building water, etc. These may be billed or
unbilled, metered or un-metered.

Water L osses:

The difference between SYSTEM INPUT and
AUTHORISED CONSUMPTION. Water losses can
be considered as atotal volume for the whole system,
or for partial systems such as raw water mains,
transmission or distribution systems, or individual
zones. In the above definition of Water L osses,
‘Authorized Consumption' includes bulk exports of
water across operational boundaries. When doing the
Water Balance calculation, a convenient aternative
method of calculating Water Lossesis 'Water Supplied
- (Authorized Consumption - Water Exported)'

Apparent L osses:

Includes all types of inaccuracies associated with
customer metering, plus unauthorized consumption
(theft or illegal use). Over-registration of customer
meters, leads to under-estimation of REAL LOSSES.
Under-registration of customer meters, leads to over-
estimation of REAL LOSSES.

Real L osses:

Physical water losses from the pressurized system, up
to the point of measurement of customer use. The
annual volume lost through all types of leaks, breaks
and overflows depends on frequencies, flow rates, and
average duration of individual leaks, breaks and
overflows. Although physical losses after the point of
customer flow measurement or assumed consumption
are excluded from the assessment of REAL LOSSES,

Veritec Consulting Inc.
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this does not necessarily mean that they are not
significant or worthy of attention for demand
management purposes.

Revenue Water :

Those components of SYSTEM INPUT which are
billed and produce revenue (also known as BILLED
AUTHORISED CONSUMPTION). Equal to BILLED
WATER EXPORTED, BILLED METERED
CONSUMPTION and BILLED UNMETERED
CONSUMPTION

Non- Revenue Water:

Those components of SYSTEM INPUT which are
not billed and do not produce revenue. Equal to
UNBILLED AUTHORISED CONSUMPTION,
APPARENT LOSSES and REAL LOSSES

Unbilled, Authorized
Consumption:

Those components of AUTHORISED
CONSUMPTION which are not billed and do not
produce revenue. Equal to UNBILLED METERED
CONSUMPTION and UNBILLED UNMETERED
CONSUMPTION

Veritec Consulting Inc.
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Appendix B

Supply Meter Accuracy Test
Reports

Veritec Consulting Inc.



Coulter Water Meter Service Inc.

P.O. Box 216, Strathroy, Ontario N7G 3J2 (519) 245-5860
Service Order/Report

New P.0. 301678 Old P.O. 30513 Invoice No 28792 REGNIA Service Date 5/24/2005
Invoiced To REG. MUNICIPALITY OF NIAGARA Job Address PARK ROAD @ MUD STREET
2201 ST. DAVIDS ROAD Acct No METER #15
THOROLD ONTARIO Contact PAUL COLEMAN 905-684-5353
L2V 4T7 CANADA Cust Contact TONY ACCETTOLA
Service Provided By:  J. OSTROWALKER
Meter Mfg  INVENSYS Location MODULE TESTED IN-SHOP
Size Type 4" W-1000 Test Fittings MODULE EXCHANGE
Reg Unit D/R 1M3 Chamber N Job Completed
Serial No 1243994
Meter Running On Arrival il Meter Reading
Meter Sealed On Arrival N As Found After Service
Bypass Sealed On Arrival ] HF OUT
If NO, Was It Open ] HF IN 932213 §32222
Mtr Running On Departure ] LF OUT
K tr Valves Sealed On Departure Ol LFIN
Broken Valves Tagged [
Static PSI 0 Residual PSI 0 At 0 Rate Of Flow 0 At
As Found TEST RESULTS After Service
R.QF. QTY HIGH LOW TOTAL % R.O.F. QTY HIGH LOW TOTAL %
500 GPM 4110.00 4105.00 0.00 41 05.00' 99.88 0.00 0.00 0.00 0.00] #Num!
§ 150 GPM 2004.50 2020.00 0.00 2020.00| 100.77 0.00 0.00 0.00 0.00] #Num!
50 GPM 1010.00 1020.00 0.00 1020.00| 100.99 0.00 0.00 0.00 0.00] #Num!
10 GPM 1010.00 980.00 0.00 980.00 97.03 0.00 0.00 0.00 0.00 | #Num!
Meter Runs At Min. Flow ] Meter Runs At Min. Flow ]

Comments METER PRETESTED WITHIN AWWA SPECIFICATION C701 FOR CLASS il TURBINE METERS.

SERVICING: $247.00




Coulter Water Meter Service Inc.

P.0. Box 2186, Strathroy, Ontario N7G 3J2 (519) 245-5860
Service Order/Report

New P.O. 301743 0ld P.O. 303511 Invoice No 28793 REGNIA Service Date 5/4/2005
Invoiced Toe REG. MUNICIFALITY OF NIAGARA Job Address BEVAN HEIGHTS

2201 ST. DAVIDS ROAD Acct No METER #3

P.O. BOX 1042 Occupant AREA #1

THOROLD ONTARIO Contact HERB MARACLE 905-295-4831

L2V 4T7 CANADA

Cust Contact TONY ACCETTOLA
Service Provided By: S. PATE /D. JONES

Meter Mfg  INVENSYS Location CORNER OF BEVAN & MELROSE
Size Type  6"F/S Test Fittings 2" TEST PORT
Reg Unit ECR 5M3 Chamber Y Job Completed
Serial No 16436770
Meter Running On Arrival Meter Reading
Meter Sealed On Arrival As Found After Service
Bypass Sealed On Arrival HF OUT
If NO, Was It Open ] HF IN 000825 000834
Mtr Running On Departure LF OUT
Mtr Valves Sealed On Departure LF IN 056290 256296
Broken Valves Tagged L]
Static PSY 100 Residual PS] 20 At 200 Rate Of Flow 8 At 12:00 PM
As Found TEST RESULTS After Service
R.O.F. QTY HIGH Low TOTAL I R.O.F. QTy HIGH Low TOTAL %
8 GPM 1000.00 0.00 1010.00 1010.00! 101.00Q§ 8 GPM 1000.00 0.00 1010.00 1010.00Q 101.00

200 GPM 3000.00 2049.00 780.00 2829.00 3000.001 2140.00 830.00 2970.00§ 99.00

100 GPM 1000.00 485.00 520.00§ - 1005.00f 100.50

1006PM | 1o00.00f  431.00] 53500 966.00|
60 GPM 1000.00  200.00 760.00 960.00 60 GPM 1000.00 240.00 725.00| 965.00] 96.50
Meter Runs At Min, Flow Meter Runs At Min. Flow

Comments PRETESTED AND CALIBRATED METER TO WITHIN AWWA SPECIFICATION C703 FOR FIRE SERVIGE TYPE METERS.

SERVICING: $420.00



Coulter Water Meter Service Inc.

P.O. Box 2186, Strathroy, Ontario N7G 3J2 (519) 245-58680
Service Order/Report

New P.O, 303511 Old P.O, 303511 Invoice No 29175 REGNIA Service Date 10/13/2005
Invoiced To  REG. MUNICIPALITY OF NIAGARA Job Address BEVAN HEIGHTS

2201 ST. DAVIDS ROAD Acct No METER #3

P.O. BOX 1042 Occupant  AREA #1

THOROLD ONTARIO Contact HERB MARACLE 805-295-4831

L2V 4T7 CANADA

Service Provided By:

PARSONS / OSTROWALKER

Cust Contact TONY ACCETTOLA

Meter Mfy  INVENSYS Loeation CORNER OF BEVAN & MELROSE
Size Type  6"F/S Test Fittings 2" TEST PORT
Reg Unit ECR 5M3 Chamber Y Job Completed
Serial No 16436770
Meter Runting On Arrival - Meter Reading
Meter Sealed On Arrival As Found After Service
Bypass Sealed On Arrival HF OUT
IfNO, Was It Open [ HF IN " 001065 001070
Mir Running On Departure LF oUT
" “r Valves Sealed On Departure LFIN 073001 073004
Broken Valves Tagged L]
Static PSIT 100 Residual PST 20 At 443 Rate Of Flow 40 At 1:15 PM
As Found TEST RESULTS After Service
R.Q.F. QTY HIGH Low TOTAL R.Q.F. QTY HIGH LOwW TOTAL %
.51LPS 1000.40 0.00 101Q.OO 1010.00 0.00 0.00 0.00 0.00 f #Num!
28 1LPS 4210.00 3560.00 600.00 4160.00 0.0G 6.00 0.00 0.00 § #Num!
12.6 LPS 2007.00 1400.00 580.00 19580.00 0.00 0.00 0.00 0.00 § #Num!
28LPS 1003.00 40.00)  960.00]  1000.00 0.00 0.00 0.00 0.00 b
Meter Runs At Min, Flow Meter Runs At Min. Flow M

Comments METER PRETESTED WITHIN SPEC!FICATIONS,

SERVICING:

$420.00



Coulter Water Meter Service Inc.

P.O. Box 216, Strathroy, Ontario N7G 3J2 (519) 245-5860
Service Order/Report

New P.O, 301743 01d P.O. 303511 Invoice No 28793 REGNIA Service Date 5/4/2005
Invoiced To REG. MUNICIPALITY OF NIAGARA Job Address PORT ROBINSON TRANSFER STATION

2201 ST. DAVIDS ROAD Acct No METER #2

P.Q. BOX 1042 Occupant AREA #1

THOROLD ONTARIO Contact HERB MARACLE 905-295-4831

L2v 477 CANADA

Cust Contact TONY ACCETTOLA
Service Provided By: 5. PATE/D. JONES

Meter Mfg ~ INVENSYS Location 1795 THOROLD TOWN LINE

Size Type 6" F/S Test Fittings 2" TEST PORT

Reg Unit HSPU M3 Chamber Y Job Completed

Serial No 1413619

Meter Running On Arrival Meter Reading

Meter Sealed On Arrival As Found After Service

Bypass Sealed On Arrival HF OUT

If NO, Was It Open ] HF IN 061815 061825

Mtr Running On Departure LF¥ OUT

Mitr Valves Sealed On Departure LFIN 20612.3 20615.0

Broken Valves Tagged ]

Static PSI 100 Residual PSI 30 At 450 Rate Of Flow 40 At 5:30 PM

As Found TEST RESULTS After Service
R.G.F. QTy HIGH LOW TOTAL % R.Q.F. QTyYy HiGH LOW TOTAL %
3 GPM 100.00 0.00 100.50 100.50 100.50 0.00 0.00 0.00f 0.00§ #Num!
450 GPM 5000.00 4415.00 638.00 5053.00 101.06 0.00 0.00 0.00 0.00f #Num!
200 GPM |} . 3000.000 . 2220.00F . . 798.00 3018.000 ..100.60 . - 0.00 0.00 0.00f - 0.00f #Num!
55 GPM 1000.00§  275.00f  695.00 970.00f  97.00 0.00 0.00 0.00 0.00lsnum!
Meter Runs At Min, Flow Meter Runs At Min. Flow ]

Comments METER PRETESTED WITHIN AWWA SPECIFICATION 703 FOR FIRE SERVICE TYPE METERS.

SERVICING: $420.00



Coulter Water Meter Service Inc. - -

s

P.O. Box 216, Strathroy, Ontario N7G 3J2 (519) 245-5860 Y
Service Order/Report
New P.O. 303511 0Old P.O, 303511 Invoice No 29175 REGNIA Service Date 10/13/2005
Inveiced To REG. MUNICIPALITY OF NIAGARA Job Address PORT ROBINSON TRANSFER STATION
2201 ST. DAVIDS ROAD Acct No METER #2
P.O. BOX 1042 Oceupant AREA #1
THOROLD ONTARIO Contact HERB MARAGLE 905-295-4831
L2V 4T7 CANADA Cust Contact TONY ACCETTOLA
Service Provided By: PARSONS /OSTROWALKER ’
Meter Mfg  INVENSYS Location 1795 THOROLD TOWN LINE
Size Type  6"F/S Test Fittings 2" TEST PORT
Reg Unit HEPU 1M3 Chamber Y - Job Completed
Serial No 1413619
Meter Running On Arrival Meter Reading
Meter Sealed On Arrival As Found After Service
Bypass Sealed On Arrival HF OUT
If NO, Was It Open [ HF IN 072485 _ - 72491
Mtr Running On Departure LF OUT
'r Valves Sealed On Departure LF IN 17476.1 17478.7
Broken Valves Tagged 0
Static PSI 100 Residual PSI 25 At 570 Rate Of Flow 65 At 11:15 PM
As Found TEST RESULTS After Service
R.O.F. QTy HIGH LOW TOTAL % R.Q.F. QTy HIGH LOW TOTAL %
.32 LPS 100.20 0.00 99.060 §9.00 98.80 .00 0.00 0.00 0.00 § #Num!
F36 LPS 5503.00 4875.00 642.50 5517.50 100.26 0.00 0.00 0.00 0.00 #Num!
12.6 LPS 2625.00 1875.00 780.50 2655.50 101.16 0.008 - 0.00 0.00 U.Dd #Num!
2.8 LPS 1005.00 3500 96350 99850f 0935 - 0.00 0.00 0.00 0.00 dsnum
Meter Runs At Min: Flow Meter Runs At Min. Flow ]

Comments METER PRETESTED WITHIN SPECIFICATIONS.

SERVICING: $420.00



Coulter Water Meter Service Inc.

P.O. Box 216, Strathroy, Ontarioc N7G 3J2 (519) 245-5860
Service Order/Report

New P.Q. 301678 Old P.O. 303511 Invoice No 28793 REGNIA Service Date 5/4/2005
Invoiced To REG. MUNICIPALITY OF NIAGARA Job Address MEWBURN ROAD
2201 ST. DAVIDS ROAD Acct No METER #4
THOROLD ONTARIO Contact HERB MARACLE 905-295-4831
A
Lav 417 CANADA Cust Contact TONY ACCETTOLA
Service Provided By: 5. PATE /D. JONES
Meter Mfg  INVENSYS Location MEWBURN RD SOUTH OF QEW
Size Type 4" SRH Test Fltﬁngs 2" TEST PORT
Reg Unit ECR 5M3 Chamber A4 Job Completed
Serial No 1502170
Meter Running On Arrival Meter Reading
Meter Sealed On Arrival As Found After Service
T
Bypass Sealed On Arrival HF OU
If NO, Was Tt Open 1 HF IN 130104 130113
Mtr Running On Departure LF OUT
Mtr Valves Sealed On Departure LFIN
Broken Valves Tagged L]
Static PSI 100 Residual PSI 80 At 100 Rate Of Flow 30 At 2,30 PM
As Found TEST RESULTS After Service
R.O.F. QTY HIGH LOW TOTAL % R.O.F. QTY HIGH LOwW TOTAL %
4 GPM 100.00 0.00 78.00 78.00 78.0008 4 GPM 100.00 0.00 101.00 101.00f 101.00
100 GPM 1000.00 101.00 0.00 101.G0 - 10.10Q§ 100 GPM 1000.00ﬂ 1005.00 0.00 1005.00f 100.50
&0 GPMl_ .. 1000.00F = 1013.00 0.00 1013.00' 101.30Q§ 50 GPM 1000.00 1011.00 0.00 1011.00f 101.10
24 GPM 1000.00 98.00 0.00 98.00 2.80l§ 24 GPM 1000.00  @82.00 0.00 982.00§ 98.20

Meter Runs At Min. Flow

U

Meter Runs At Min. Flow

Comments PRETESTED, REPAIRED AND CALIBRATED METER TO WITHIN AWWA SPE

SIDE COORDINATOR GEAR CLUSTER WORN. REPLACED COCRDINATOR.

PARTS AND REPAIR TIME TO BE INVOICED SEPARATE.

SERVICING: $394.00

CIFICATION G702 FOR COMPCUND METERS. SMALL



Coulter Water Meter Service Inc.

P.O. Box 216, Strathroy, Ontario N7G 3J2 (518) 245-5860
Service Order/Report

"

S -

New P.O, 303511 Old P.O. 303511

Invoice No 29175

REGNIA

Service Date

10/13/2005

Invoiced To REG. MUNICIPALITY OF NIAGARA

2201 ST. DAVIDS ROAD
P.O. BOX 1042

THCROLD ONTARIO

L2V 477 CANADA

Service Provided By:  PARSONS / OSTROWALKER

Job Address

Acet No
Occupant

Contact

METER #4

AREA #1

MEWBURN ROAD

HERB MARACLE 905-295-4831

Cust Contact TONY ACCETTOLA

Meter Mfg  INVENSYS Location  MEWBURN RD SOUTH OF QEW
Size Type 4" SRH Test Fittings 2" TEST PORT
Reg Unit ECR 5M3 Chamber Y Job Completed
Serial No 1502170
Meter Running On Arrival N - Meter Reading
Meter Sealed On Arrival As Found After Service
Bypass Sealed On Arrival . HFOUT 146765 146770
- If NO, Was It Open [ HF IN 146767 146770
Mir Running On Departure LFOUT
: r _Valves Sealed On Departure LFIN
Broken Valves Tagged £
Static¢ PSI 110 Residual PSI 100 At 100 ‘Rate Of Flow 65 At 3:15 PM
As Found TEST RESULTS Afier Service
R.C.F. aTy HIGH Low TOTAL QTy HIGH LOW TOTAL T %
25 1PS 100.00 0.00 0.00 0.00 100.30 0.00 100.70) 100.70 [ 100.40
6.3 LPS 1000.00 0.00 0.00 0.00 1001.00 1000.00 0.00 1600.00§ 99.80
3.2LPS 1000.00 0.00 (.00 0.00 1001.00 1010.00 0.00 1010.00 § 100.80
13LPS locooop - 0.00 ¢.00 0.00 1005.00f  1010.00 0.00]  1010.00 10050
Meter Runs At Min. Flow ] Meter Runs At Min. Flow

Comments PRETESTED, REPAIRED AND CALIBRATED METER TO WITHIN SPECIFICATIONS,

SEE SEPARATE INVOICE FOR PARTS AND REPAIR TIME.

SERVICING: $394.00



Coulter Water Meter Service Inc.

P.0O. Box 216, Strathroy, Ontario N7G 3J2 (519) 245-5860

Service Order/Report
New P.O. 302638 Old P.O. 30513 Invoice No 28792 REGNIA Service Date 5/20/2005
Invoiced To  REG. MUNIGIPALITY OF NIAGARA Job Address SCHMON PKWY @ ST. DAVIDS ROAD
2201 ST. DAVIDS ROAD Acct No METER #10
P.O. BOX 1042 Occupant AREA #3
THOROLD ONTARIO Contact PAUL COLEMAN 905-684-5353
L2V 477 CANADA Cust Contact TONY ACCETTOLA
Service Provided By:  J. OSTROWALKER
Meter Mfg  INVENSYS Location MODULE TESTED IN SHOP
Size Type 10" W-5500 Test Fittings MODULE EXCHANGE
Reg Unit HSPU 10M3 Chamber N Job Completed
Serial No 1194818
Meter Running On Arrival M Meter Reading
Meter Sealed On Arrival ] As Found After Service
Bypass Sealed On Arrival L HF OUT
If NO, Was It Open n HF IN 663420X 663424X
Mtr Running On Departure ] LF OUT
tr Valves Sealed On Departure i LFIN
Broken Valves Tagged L1
Static PSI 0 Residual PS5} 0 At 0 Rate Of Flow 0 At
As Found TEST RESULTS After Service
R.QO.F. QTy HIGH LOW TOTAL I % R.O.F. QTy HIGH Low TOTAL %
600 GPM 10128.000 10150.00 0.00 10150. 00 100.22 0.00 0.00 0.00' 0.00§ #Numl
200 GPM 10039.00§ 10010.00 0.00 10010. 00| 99.71 0.00 0.00 0.00I 0.00§ #Num!
100 GPM 10881.00 11050.00 0.00 11050. 00| 100.63 0.00 0.00 O.DOI 0.00§ #Num!
50 GPM 5003.00 5000.00 0.00 5000.00 89.94 0.00 0.00 0.00 0.00 8 #Num!

Meter Runs At Min. Flow

Meter Runs At Min. Flow

]

Comments

METER PRETESTED WITHIN AWWA SPECIFICATION C701 FOR CLASS Il TURBINE METERS.

SERVICING: $341.00




Coulter Water Meter Service Inc.

P.O. Box 216, Strathroy, Ontario N7G 3J2 (519) 245-5860

Service Order/Report
New P.O. 301678 0ld P.O. 30513 Invoice No 28792 REGNIA Service Date 5/20/2005
Invoiced To REG. MUNICIPALITY OF NIAGARA Job Address TUPPER DRIVE REVERSE
2201 ST. DAVIDS ROAD Acct No METER #10
P.0C. BOX 1042 Occupant AREA #3
THOROLD ONTARIO Contact PAUL COLEMAN
L2V 4T7 CANADA Cust Contact TONY ACCETTOLA
Service Provided By:  J. OSTROWALKER
Meter Mfg  INVENSYS Location MODULE TESTED IN-SHOP
Size Type 10" W-5500 Test Fittings MODULE EXCHANGE
Reg Unit HSPU 10M3 Chamber N Job Completed
Serial No 1111559
Meter Running On Arrival M Meter Reading
Meter Sealed On Arrival ] As Found After Service
Bypass Sealed On Arrival [ HF OUT
IfNO, Was It Open O HF IN 008335X D08338X
Mtr Running On Departure ] LF OUT
tr Valves Sealed On Departure [ LF IN
Broken Valves Tagged Ll
Static PSI 0 Residual PSI 0 At 0 Rate Of Flow 0 At
As Found TEST RESULTS After Service
I R.O.F. QTY HIGH LOW TOTAL l % R.O.F. QTY HIGH LOW TOTAL %
I 600 GPM 12199.004 12050.00 0.00 12050.00' 98.78 0.00 0.00 0.004 0.00] #Num!
' 200 GPM 10003.004 10000.00 o.00) 10000.00| 99.97 0.00 0.00 0.00 0.00] #Num!
100 GPM 10402.00f 10300.00 0.00 10300.00' 99.02 0.00 0.00 0.00 0.00] #Num!
50 GPM 5001.00 5004.00 0.00 5000.00 99.08 0.00 0.00 0.00 0.00 #Num!
Meter Runs At Min. Flow O Meter Runs At Min, Flow L]

Comments METER PRETESTED WITHIN AWWA SPECIFICATION C701 FOR CLASS Il TURBINE METERS.

SERVICING: $341.00




Coulter Water Meter Service Inc.

P.O. Box 216, Strathroy, Ontario N7G 3J2 (519) 245-5860

Service Order/Report

New P.O. 301678 Old P.O. 30513 Invoice No 26792 REGNIA Service Date 5/24/2005
Invoiced To REG. MUNICIPALITY OF NIAGARA Job Address FRONT ST THOROLD FLUORIDE
2201 ST. DAVIDS ROAD Acct No METER #9
P.0. BOX 1042 Occupant  AREA#3
THOROLD ONTARIO Contact PAUL COLEMAN 905-684-5353
L2V 4T
7 CANADA Cust Contact TONY ACCETTOLA
Service Provided By: .. OSTROWALKER
Meter Mfg  INVENSYS Location MODULE TESTED IN-SHOP
Size Type 8" W-2000 Test Fittings MODULE EXCHANGE
Reg Unit HSPU 1M3 Chamber N Job Completed
Serial No 28871662
Meter Running On Arrival | Meter Reading
Meter Sealed On Arrival O] As Found After Service
Bypass Sealed On Arrival [ HF OUT
IfNO, Was It Open ] HF IN 507107 507127
_Mtr Running On Departure ] LF OUT
/
.tr Valves Sealed On Departure L] LFIN
Broken Valves Tagged L
Static PSI 0 Residual PSI 0 At 0 Rate Of Flow 0 At
As Found TEST RESULTS After Service
R.OF. QTY HIGH LOW TOTAL % R.O.F. QTY HIGH LOW TOTAL %
600 GPM 5053.00 5135.00 0.00 5135,00' 101.6234 600 GPM 5042.00 5105.00 0.00 5105.00f 101.25
200 GPM 2133.00 2155.00 0.00 2155.00' 101.03)§ 200 GPM 2024.00] 2035.00 0.00 2035.00] 100.54
100 GPM 1008.00 1015.00 0.00 1015.00! 100.694R 100 GPM 1007.00 1010.00 0.00T 1010.000 100.30
20 GPM 1002.00§  995.00 0.00]  995.008  99.30H50 GPMm 1001.00]  985.00 0.00]  985.00f 9840
Meter Runs At Min. Flow ] Meter Runs At Min. Flow ]

Comments

SERVICING: $341.00

PRETESTED AND CALIBRATED METER TO WITHIN AWWA SPECIFICATION C701 FOR CLASS Il TURBINE METERS.




Coulter Water Meter Service Inc.

P.O. Box 2186, Strathroy, Ontario N7G 3J2 (519) 245-5860

Service Order/Report

New P.O. 302638

Old P.O. 30513

Invoice No 28792

REGNIA Service Date

5/20/2005

Invoiced To REG. MUNICIPALITY OF NIAGARA Job Address
2201 ST. DAVIDS ROAD Acet No
P.C. BOX 1042 Occupant
HOROLD
THORO ONTARIO Contact
L2V 477 CANADA

J. OSTROWALKER

GLENDALE AVENUE @ COCN ROAD
METER #7

AREA #3

PAUL COLEMAN 905-684-5353

Cust Contact TONY ACCETTOLA

Service Provided By:

INVENSYS

Meter Mfg Location MODULE TESTED IN-SHOP

Size Type 10" W-5300 Test Fittings MODULE EXCHANGE

Reyg Unit HSFPU 10M3 Chamber N Job Completed

Serial No 1182334

Meter Running On Arrival ] Meter Reading

Meter Sealed On Arrival ] As Found After Service

Bypass Sealed On Arrival (] HFOUT

If NO, Was It Open ] HF IN 939682X 939686X

Mtr Running On Departure O LF OUT

{  .tr Valves Sealed On Peparture ] LE IN
Broken Valves Tagged ]
Static PSI 0 Residual PSI 0 At 0 Rate Of Flow 0 At
As Found TEST RESULTS After Service
R.O.F. QTYy HIGH LoOw TOTAL I % R.O.F. QTyY HIGH Low TOTAL %
600 GPM 10125.00Q 10100.00 0.00 10100.00' 99.75 0.00 0.00 0.00 0.00§ #Num!
200 GPM 10006.00] 10000.00 0.00 10000.00I 99.94 0.00 0.00 D.00 0.00] #Num!
100 GPM 10006.008 10050.00 0.00 10050.00| 100.44 0.00 0.00 0.00 0.00f #Num!
50 GPM 5820.00 5800.00 0.00 5800.00 99.66 0.00 0.00 0.00 0.00 8 #Num!
Meter Runs At Min. Flow O Meter Runs At Min. Flow ]

Comments

SERVICING: $341.00

METER PRETESTED WITHIN AWWA SPECIFICATION C701 FOR CLASS |l TURBINE METERS.




p

Coulter Water Meter Service Inc.

P.O. Box 2186, Strathroy, Ontario N7G 3J2 (519) 245-5860
Service Order/Report

New PO, 301678 0ld PO, 30513 Invoice No 28792 REGNIA Service Date 5/20/2005
Invoiced To  REG. MUNICIPALITY OF NIAGARA Job Address SUNNY'S GAS BAR
2201 ST. DAVIDS ROAD Acct No METER #8
P.0. BOX 1042 Occupant ~ AREA #3
THOROLD ONTARIO Contact PAUL COLEMAN 905-684-5353
L
2V 4T7 CANADA Cust Contact TONY ACCETTOLA
Service Provided By:  J. OSTROWLAKER
Meter Mfg  NEPTUNE Location FULL METER TESTED IN-SHOP
Size Type  2"T10 Test Fittings FULL METER EXCHANGE
Reg Unit DRRIG Chamber N Job Completed
Serial No 4745830
Meter Running On Arrival ] Meter Reading
Meter Sealed On Arrival ] As Found After Service
Bypass Sealed On Arrival | HF OUT
I NO, Was It Open ] HF IN 000888 000893
“Mitr Running On Departure ] L¥ OUT
tr Valves Sealed On Departure ] LF IN
Broken Valves Tagged [
Static PSI 0 Residual PSI 0 At 0 Rate Of Flow 0 At
As Found TEST RESULTS After Service
R.O.F. QTY HIGH LOwW TOTAL %o R.O.F. QTy HIGH LoOw TOTAL %
100 GPM 1000.00 990.00 0.00 990.00 89.00 0.00 0.00 0.00 0.00) #Num!?
50 GPM 1000.00 1010.00 0.00 1010.00' 101.00 0.00 0.00 0.00 0.00] #Num!
25 GPM 1000.00 1000.00 0.00 ‘1000.00' 100.00 0.00 0.00 0.00 0.00] #Num!
2 GPM 1000.00 975.00 0.00 975.00 87.50 0.00 0.00 0.00 0.000 #Num!
Meter Runs At Min. Flow L] Meter Runs At Min. Flow i

Comments METER PRETESTED WITHIN AWWA SPECIFICATION C700 FOR DISPLACEMENT TYPE METERS.

SERVICING: $105.00
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Analysis background

Customer meters are the cash register of the utility and are responsible for
ensuring an equitable distribution of water volume and income throughout
various different customer classes within a utility and as such it is extremely
important to analyze the accuracy of the meters on a regular basis and
where necessary make repairs or replace groups of meters. In addition to
being the cash register meters are responsible for a large amount of
consumption data which can be used for other engineering functions such as
hydraulic models and in this case the annual water balance which is used to
disaggregate components of consumption, apparent loss and real loss in
order to identify appropriate and efficient intervention programs for each loss
type and volume.

Using AWWA test flows and volumetric participation to identify
weighted average accuracy for water balance purposes

Data has been imported into our analysis programs and analyzed using the
volume weighted percentages suggested in AWWA manual M36 table 2-7 for
small meters and table 2-10 for large meters. It should be noted that further
improvements to this analysis could be made by data logging samples of
meter consumption profiles and applying them to the weighted average
calculations as opposed to using the suggested values in M36* and M62.

AWWARF Project No. 418 Residential Water Use Patterns of 1993 states;
“Standards for domestic 5/8in. and 3/4in. water meters are based on a flow
range of 0.25gpm to 20gpm. The range is assumed to be typical of the
average domestic consumer. However, limited surveys of these domestic
water use rates have not, until now, adequately substantiated this range.”
Although the project concluded that “overall patterns of water use across the
range of hours and flow rates were remarkably stable across geographic
regions”

Based on AWWA published data the following weighted % volumes have
been used for the 5/8 inch and % inch meter weighted accuracy calculations.
There were no 1 inch meters in the test sample so these have not been
considered. In order to check if the volumes used in the M36 report are
representative Veritec has undertaken a detailed analysis of 1200 data
logged residential consumption profiles consisting of meters 5/8 to 1 inch in
diameter, which were undertaken as part of the national AWWARF REUWS
study in 1999°.

Lewater audits and leak detection” American water works association (AWWA)
manual of water supply practices M36 second edition 1999 page 20 table 2-7 (5/8
inch meters)

2«\Water meters-selection installation testing and maintenance” AWWA manual of
water supply practices M6 fourth edition 1999 page 60

3 “Residential end uses of water” American Water Works Association Research
Foundation 1999



Percent Renge Average Percent of
of Time Volume
(gpm) (gpm)
15% Low 0.50to 1 0.75 2%
70% Medium 1to 10 5.00 63.8%
15% High 10 to 15 12.50 34.2%

Table 1 percent of volume calculations used for small meters taken from AWWA M6
and M36 table 2-7

The results shown below in Table 2 clearly indicate that the M36 results are in
the right order of magnitude and that the volumes actually passed at the flow
rates used to generate the low flow test results are very small compared to
those volumes which pass at the medium and high test flow rates. It is
important to note that this data set included 100 profiles from an Eastern
Ontario utility.

Flow range
GPM Volume %
0-0.25 4,978.79 0.05
0.26 — 0.50 63,756.66 0.59
0.51 - 0.75 121,274.58 1.13
0.76 — 1.0 192,455.03 1.79
1.01 —10.0 7,835,760.04 72.77
> 10 2,549,331.51 23.68
Total 10,767,556.61 100.00

Table 2 volumes consumed at different flow ranges from AWWARF REUS

The percent of volume at each flow rate changes for larger meter sizes and
based on the same AWWA publication material available the following
percent of volume were used for the estimations of weighted meter accuracy
for large meters;

é Low 10%
é Medium 65%
é High 25%

It should be noted that larger customer meters are generally subject to a
wider variation of flow profile as the nature of demand can differ — Veritec
therefore reiterates the need to check a sample of flow profiles for the larger
meter class.

Statistics of the sample set and the meter population

Customer meter test data ranging from 5/8 inch to 6 inch was made
available from 3 cities within the Niagara Region as shown below:

é Town of Grimsby
é Niagara on the Lake
é Port Colborne



No information was provided as to whether or not the test samples were
representative of random samples so for Veritec analysis we have assumed
they are. Veritec recommends stratified random sampling of various meter
sizes for future more detailed analysis of economic meter maintenance.

Data supplied broken into small and large meter classes was as follows:

é Small meters are classed as 1 inch and less — 11 samples
é Large meters classed as 1.5 inch and more — 26 samples

The total meter population for the Niagara Region is as follows:

é Small meters - 104,848
é Large meters - 8,380

Results

The tables below show the first look at the weighted meter accuracy by
volume for small meters in Table 3 and for large meters Table 4.

Both sets of meters have an overall meter accuracy which is within the
AWWA recommended range. However upon review of the low flow accuracy it
can be seen that on average it is significantly below the recommended
AWWA range however using the volume weighted % contribution the lower
flows have little impact on the overall average.

= e il e ;Ie; Mggisljm Test Low
No. of Test Results 11 11 11
Average Accuracy 98.46% 99.84% 84.28%
Variance 0.001 0.000 0.089
Standard Dev 2.47% 1.80% 29.78%
95% Confidence 1.46% 1.06% 17.60%
Average Meter Error at each flow rate -1.54% -0.16% -15.72%
% of Consumption Volume Passed at Test Flow 34.2% 63.8% 2.0%
Contribution to Overall Average Meter Error -0.53% -0.10% -0.31%
Overall Meter Error -0.94%
Overall Meter Accuracy 99.06%

Table 3 First look meter accuracy for small meters

Veritec would suggest that the cities continue to review meter accuracy using
this component based approach paying particular attention to the medium
flow range which has most impact on the overall meter accuracy.

Once this starts to deteriorate then it is time to consider meter replacement
in the case of the smaller meters and meter replacement or repair in the case
of the larger meters.



Test Flow Rate ;Iegsr: Mggisljm '[ce)\s,:
No. of Test Results 26 26 26
Average Accuracy | 100.10% 99.50% | 92.54%
Variance 0.001 0.001 0.035
Standard Dev 2.25% 2.47% 18.59%
95% Confidence 0.87% 0.95% 7.15%
Average Meter Error at each flow rate 0.10% -0.50% | -7.46%
% of Consumption Volume Passed at Test Flow 25.0% 65.0% 10.0%
Contribution to Overall Average Meter Error 0.03% -0.32% -0.75%
Overall Meter Error -1.04%
Overall Meter Accuracy 98.96%

Table 4 First look meter accuracy for large meters

Confidence

Confidence in the test results has been calculated first for each of the test
flow rates used in this analysis and then secondly confidence in the overall
meter accuracy has been calculated for use in the annual water balance.

Both small and large meter tests sets display a small variance around the
mean for the medium and high flow rates and a larger variance around the
mean for the low flow results.

The small meter test sample has one stuck meter at the low flow rate which
makes a big difference to the small test set. Table 5 below shows the

difference in confidence if this meter is removed from the sample.

Test Flow Rate ;?SI: :/leesctl -Il__g\sle
No. of Test Results 10 10 10
Average Accuracy 98.48% 100.24% | 92.71%
Variance 0.001 0.000 0.012
Standard Dev 2.60% 1.31% 10.83%
95% Confidence 1.61% 0.81% 6.71%
Average Meter Error at each flow rate -1.52% 0.24% -7.30%
% of Consumption Volume Passed at Test Flow Rate 34.2% 63.8% 2.0%
Contribution to Overall Average Meter Error -0.52% 0.15% -0.15%
Overall Meter Error -0.51%
Overall Meter Accuracy 99.49%

Table 5 Confidence is increased in low flow tests if the stuck meter is removed

Confidence in that range of tests improves from 17.6% as shown in Table 3

to 6.7% as shown in Table 5.




This example indicates the influence that one stuck meter can have on a
sample test set, particularly when the test sample is small. Veritec would
recommend that a larger set of data is used for future more detailed analysis
and that stuck meters are removed from the test sets and the issue of stuck
meters is dealt with as a separate component of the water balance. Further
details can be supplied upon request.

Analysis by percentage meter error

Total pop (N) 104,848

Sample count (n) 10
Average registration % (AWWA method) 99.49%
Average meter error % 0.51%
Sample variance off % under-reg 0.0126
N-n 104,838
n-1 9

Var(Ybar) | 0.001396929
Sqgrt(Var(Ybar)) | 0.037375507
Zstat for 95% 1.96
Cl limits +/- of meter error % 7.33%
Table 6 Confidence in overall meter accuracy for small meters for annual water balance

As there has been no analysis of stuck meter frequency or response time to
replace stuck meters the stuck meter has been removed from the test set
and overall confidence increases from +/-17 to +/-7.3%. However this is still
a large range and could be improved by a larger test sample.

Analysis by percentage meter error

Total pop (N) 8,380
Sample count (n) 26
Average registration % (AWWA method) 98.96%
Average meter error % 1.04%
Sample variance off % under-reg 0.0357
N-n 8,354
n-1 25

Var(Ybar) | 0.001423053
Sqgrt(Var(Ybar)) | 0.037723377
Zstat for 95% 1.96
Cl limits +/- of meter error % 7.39%
Table 7 Confidence in overall meter accuracy for large meters for annual water balance

There were no stuck meters in the large meter test sample and therefore the
overall average accuracy and the confidence have been taken at face value.

Recommendations

This analysis serves as a first look at the impact of weighted overall meter
accuracy by small and large meter category and allows volumes of apparent
loss to be calculated in the annual water balance along with the confidence in



those volumes. Should the Region wish to refine this analysis in order to
improve confidence in the apparent loss volumes and also to build a stronger
business case for the correct meter accuracy intervention plan then Veritec
would suggest that ongoing analysis include the following tasks:

é Undertake flow profiling of key meter sizes and classes to
determine weighted volume components for low, medium and
high flow rates

é Undertake stratified random sampling and analysis of key meter
sizes

é Increase sample size to in excess of 30 for each class to be
analyzed

é Treat stuck meters separately and look at utility response time
to change out to calculate volume for annual water balance
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Cubic Meters per Month

Illustration of Non-Revenue Water in 2005 *, Fort Erie
(* All meters appear to be read monthly)
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Veritec Consulting Inc.



Cubic Meters per Month

lllustration of Non-Revenue Water in 2005 * , Grimsby
(* Monthly Billing for Grimsby based on a combination of monthly reads and 3 times annually reads)
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Cubic Meters per Month

Illustration of Non-Revenue Water in 2005 *, Lincoln
(* All meters appear to be read monthly)
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Cubic Meters per Month

lllustration of Non-Revenue Water in 2004 *, Niagara Falls
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Cubic Meters per Month

lllustration of Non-Revenue Water in 2005 *, Niagara-on-the-Lake

(No metering data beyond annual value provided)
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Cubic Meters per Month

250,000

lllustration of Non-Revenue Water in 2005 *, Pelham
(* No metering data beyond annual value provided)
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Cubic Meters per Month
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lllustration of Non-Revenue Water in 2005 *, Port Colborne
(* Monthly Billing for Port Colborne based on a combination of monthly reads and quarterly reads)
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Cubic Meters per Month

lllustration of Non-Revenue Water in 2004*, St. Catharines

(* Monthly Billing for West Lincoln based on a combination of monthly reads and quarterly reads)
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Cubic Meters per Month

lllustration of Non-Revenue Water in 2005 *, Thorold
(No metering data beyond annual value provided)
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Cubic Meters per Month
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Illustration of Non-Revenue Water in 2005 *, Welland
(No data provided for 2005 / partial data for 2004)
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Cubic Meters per Month

Illustration of Non-Revenue Water in 2005 *, West Lincoln

(* Monthly Billing for West Lincoln based on a combination of monthly reads and quarterly reads)
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Appendix D: Component Analysis to Calculate Unavoidable Annual Real Losses
Mains: assumed new burst frequency 13/100 km mams/year at 50m pressure
®  95% of events reported, 5% unreported
» Reported mains leaks average 864 m’ loss each (12 m’/hr for 3 days, or equivalent)

*  So loss/km/year from reported mains leaks = 864 x 13 x0.95/100 =107 m’/kmy/year

» Unreported mains leaks average 7200 m’ loss each (6 m*/hr for 50 days, or equivalent)

e So loss/km/year from unreported mains leaks = 7200x 13 x 0.05/100 = 47 m’km/year

e Background leakage: 20 Vkm/hour for 365 days = 175 m’/km/year
Total for mains at SOm pressure =329 m’/km/vear

Service Connections: assumed new leak frequency 5/1000 connections/vear at 50m pressure

e Data split into *main to property line’ (3/1000 conns/year at 50m pressure) and ‘after property line’
2/1000 conns/vear, for 15m average length of unmetered underground private pipe)

e 75% of events reported. 25% unreported

e Assumed flow rate for all new leaks is 1.6 m3/hr at S0m pressure

Service Connections, Main to property line

» Reported leaks (main to property line) average 307 m’ loss each (1.6 n’/hr for 8 days)

e So loss/conn/year from these reported leaks = (307 x 3 x 0.75)/1000 = 0.7 m’/comn/year
e Unreported leaks (main to property line) average 3840 mr’ loss each (1.6 m’/hr for 100 days)

e So loss/conn/year from these unreported leaks = (3840 x 3 x 0.25)/1000 = 2.9 m’/conn/year
e Background leakage (main to property line) =1.25 l/conn/hr for 365 days =11.0 1’/conn/year

Total for service connections, main to property line = 14.6 m’/conn/year
Service Connections. private underground pipe between property line and meter
e Reported leaks (15m private pipe) average 346 m’ loss each (1.6 m’/hr for 9 days)

e So loss/conn/year from these reported leaks = (346 x 2 x 0.75)/15 = 35 m’/km/year

e Unreported leaks (15m private pipe) average 3878 nr’ loss each (1.6 m’/hr for 101 days)

e So loss/conn/year from these unreported leaks = (3878 x 2 x 0.25)/15 = 129 m’/knv/'year

e Background leakage = 0.5 l/conn/hr for 15m/connection for 365 days = 292 m’/kmv/'year
Total for 15m private pipe, property line to customer meters = 456 mr'/kmv/'year

Table Al: Summary of Unavoidable Annual Real Losses Component Analysis at 530m pressure

Infrastructure Component Background Reported Unreported Total —Units

Leakage Leaks Leaks
Mains 175 107 47 329 M /km mains/yr
Service Connections, mains to 11.0 0.7 2.9 14.6  M3/service
property line connection /vr
Underground pipe. where customer M3/km of pipe/
meter is located after property line 292 35 129 456  vyear

In Table 4 of Lambert et al (1999), the above figures were multiplied by 1000 (to convert to litres), divided
by 365 (to convert to average daily values) and divided by 50 metres (to present the figures ‘per litre per day
per metre of pressure’, assuming a linear pressure:leakage relationship). These are shown Table A2 below.,

Table A2: Summary of Unavoidable Annual Real Losses Components in AQUA Paper Format

Infrastructure Component Background Reported  Unreported Total Units
Leakage Leaks Leaks

Mains 9.6 5.8 2.6 18.0 Vkm mains/day/
metre of pressure

Service Connections, mains to 0.60 0.04 0.16 0.80 l/service conn/

property line day/m. pressure

Underground  pipe, where km of pipe/

customer meter is located after 16.0 1.9 71 25.0 day/ metre of

property line pressure
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCales’ Standard | Version 1a 2nd Dec 2005 Canada
ANNUAL WATER BALANCE CALCULATION IN TWA MAT, WITH 95% LTS Data entry Defaulls Calculated Values From another Worksheet
shoutd be based ona 1 h period fee all aspecis of the worksheet 1o luncllen comeetly Currency = sc Vehmauoits] and o’
Uity {Tewn of Fort Erie M““gﬁ;,‘:“"m“ os owviz008 1o 01012006 . 5 |days
System [Whole System w":‘;‘:::';'::‘, hoe No Cateudstion by Stews Censor Date 4Dec6
]
] WATER BALANCE GALCULATIONS W AL peaF Ll
g8 elume in ey REVENUE WATER
g = - Reiod | coridence | Varlance
E , WA Terminology Limin as #/- %] %ol System | Caleuated Value of NRW as % of System
2 |COMPONENTS OF WATER BALANCE M Input Valume Running Costs In Period
(WOS: Volume from for known errars) o 0.0% é g § ¥
A [Wi:Water Imported {corrected for knawn systamallc errars} sae8  20% 6391 100.0% = f‘ z'z E
=
SIV: SYSTEM INPUT VOLUME 521800 0% 6381 100.0% E £5 : § g
] E
BACEWater Exported ] 00% B E§ E E £
. 2 2
[WS: WATER SUPPLIED = SIV - BACE szteal ok 6381 oo | Esg =3 B
AR [BACH: Billed Authorised Consumplion: Metered Residenial 404,89 15% 679 65.2% g E & 3 % S
2 2 e
A ion: Metered Large Commerelal 5383 15% 7 10.3% iz 83 4
H - *
Metered 0 0.0% - < 5
[BACU: Billed foniL o 0.0% sCim3 | $Cx1000 %
NRW: NON-REVENUE WATER 12757 129% 7077 24.4% 04TT1 6087 0.0%
A |UACH: Unbilled Aushorised Consumption: Metered 1 0.00% | ol WS ] 0% 04460 0.8 0%
UACU: Unbilled Estimated 33| s000% | ows 08|  soom un s0% 04450 164 oen
WL WATER LOSSES 10147 207% 11508 10.4% 04851 492.3 0.0%
©0  |UC: Unmdhorised Consimption: Estimated as| 1.000% ol WS s22]  s00% 177 10% 07300 3.1 no%
BC  |ALMUAY: Apparerd Loss - meler unde 050% | olBACHY LrA | I E U 0 [E 15500 26.5) 0.0%
BC |ALMUAZ: Apparent Loss - meler under-registration: Large Commorefal| 1.00% | of BACHMZ L I T 13 0% 1.5600 24 0.0%
ALMURS; Apparert Loss - meter undar-regisiration: :r:m:: 0.0 (] 0.0% 1.5500 2.0 0.0%
D |ALDCD Customer meter dala handling errors (] 0.0% 1.6500 0.0] 0.0%
AL:Sum ol APPARENT LDSSES 747|350 178 14% 0.9774 73.0) 0.0%
AL: REAL LOSSES 2400 225% 11685 18.0% 04460 419.2] 0.0%
%ol period system pressurized m 100.0% ] 5.0 |days Co#l ol running system in period =| $Cx1000
(CARL: CURRENT ANNUAL REAL LOSSES (when system is pressurized) 2.58[Mliday
- Valid ASSESSHENT OF UNAVOIDABLE REAL LOSSES, AND VOLUME AND COST OF
-k voLa || 75T CLs as POTENTIALLY RECOVERABLE REAL LOSSES
§2§ TEM INF DAT; UARLE ILI | PR
gdg %
oz cale? Motes: Il Lm and Lp are in fem and pressure Plsin metres
A |Lm: Mains Length, km 03,10 Yes 1.0% UBLin ftresthour = (20alme125xM+ 23xLplx sy’
A |Nh: Number of Fire Hydrants 1475 1.0% UARLin liiresiday = {18xlm+ 03xM+ 25xlplx P
AB  |Nb: Number of Separaicly Billed Properties 12008 20% OO O REAC M i SCx1000
AB :T::l“'l"u‘:ld ol {Ne, prop 1,000 20% il perdiy | inperiod | Inperied
Ns: Mo of billed Service Connections 12068 28% UBL: UNAVOIDABLE :
s = — e BACKGROUND LEAKAGE i = jlatd i3
[Ntz TO:‘I; I}::merul Service Conna {= Ne + Nuj, mains 1o 12180 Yes 28% ARL UNAVH g e 5 ! |
ANNUAL REAL LOSSES 2 i
DC: Densily of Cannections/ km of mains = Nsilm 40.2 20%
B |ip: 1o met 102 24% 3
g Average plpe length, property line Lo meter [m) cam,ﬁgﬁn::;s:gnmL e g o2 228
Lp: Total pipe lengh, property line Lo meter k) 123.40 7%
B [PA when system pressurised (psi 75.0 50% v
shioiacchidanddivtas e skl el Yes REALL L s=cnnL-mn: 161 508 2613 ELE
P: Average pressure when syslem pressurised (m} B30 B.0% 0558
5% CLleas| Lowest Highest
B = Bestestimate] s | Estimae | Estimate
Non Reverue Water Basic (WA Level 1, Findg) *of System Irput by Volume 244 12.% 0.2 T
Mon Revenue Water Basic WA Level 1, FindT} s ol System input by Valus 1L¥s
Beyl Op23 Pl s %% of Water Supplied (Distribution Systems) 1.4 ABA% 09 1.9
Apparert Losses (TWA Op23)
*4 ol System Inpit Volume (Bik Supply Systems) 14 28A% (1] 19
Be L vhen sy i 21 22.7% 163 259
RAeal Losses Basic (TWA Level 1, Op24)
mifkm of mains/day, when system pressurised 25 226% [ 104
Real Losses Detalled {IWA Level 3, Op 25) Infrastructure Loakage Index ILI (non-dimensional) 268 221% 2.04 azr

Comments:

Procoss Roliabikty Bands:
A - actual data
B - calculaled based on aclual dala

C - caleulated estimato
D - no data { dofault

|No casts for operating the system provided,

Total longth of watarmain allow for 3 m par hydrant

Rogion Billing Equation = 2T1 + 2T2 25 {Accuracy ranges bolween 97 and 101.6 percent)

Combinations, lor oxample, BIC may be used to illusirate a calculated estimate based on partial data




190YsHIoM SIdBIOUEIEGIGIEM, o £23 119D 01 By} sy} Jojsued 'payjddns 1erem jofseo00 L uondwnsuoo pasyouyineun

1
shesp) ueipdy
Bunadiue mmmm.hm—
uoHEWNSS Jo poyIaly 4 2 pestioyineun jo i of
[ ISHI0p) SidgeouB|EgIeiEM, Jo 123 |12 o 2JnBlj sl Jejsues; ‘payddns Jmem jol%000°s |5 uenchunsuog passrewun pajiqun pesuoyiny
| S0't0ZF amdk E.o ﬁod __. LEVEE
000
000
.
000
0070
000
000
000
ﬁ

0
0
0
0
0
0
0
0
000
00°0

000 Buysni4

000 BuEs|d P/

' b

St o s @2 w P6092 oﬂﬁwﬂwﬂ:

i 1 1885

Bugubi) a1

5pI098] BUIg Woiq ZEBES (RIS

SpIoas) Buipg woid | g 2 [ERUapISaY

sBuIpico9l Uo peseg = Y F n|F W | F n P W
polEWlse = 3 =10l pojigun Poliqun Pollg pajig uondwnsuogy pesuoying jo sjuauodwoy
SOIBLIISO JO SISE] PUE BIEP JO SEOIN0S U0 UCIEWIOJU) [EUSIIPPY 1N spueuodwon
8002/ W0 s1eQ 195U0E) on0I5| Ag uonE[no[e) L
shep S9E o | 5002/10/10 | Bu3 Ho4 jo ume ] lAMinn
100UBMIOM JOYIOUE WOy SaN|BA poje|nojen _ Anuoe meg _ NOILdWNSNOD G3SIHOHLNYNN ONY A3SIHOHLNY 40 SININOJINOD 40 NOILYTINDTYD a31IV.L3a
S2JeDiSed|d, WVHDO0Hd SHOLYOIANI 3ONYINHO4H3d ANY 3ONVIVE HILVYM
JHYMLIOS MOH-MONM LNIWSSISSY PUE NOILYNTVAT 3DVHVIT 40 81Ins SHYIT,




tility | Town of Fort Erie

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PiFastCalcs’

Standard Version 1a | 2nd Dec 2005
01/01/2005] to [01/01/2008 365 days

Canada

System|Whele System

Real Losses and 95% Confidence Limits

Water Balance Components as % of System Input Volume

o
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

A WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PlFastCalcs'
PlFastCalcs [~ Standard | Version 1a| 2nd Dec 2005 | Canada |Master.0000 |

Enter Licensee's name when issuing software
e

| THIS WORKSHEET COMPARES THE CALCULATED SYSTEM ILI WITH WORLD BANK INSTITUTE GUIDELINES I
—_,mm e

World Bank Institute (WBI) Guidelines
The World Bank Institute has recently introduced, into its NRW 1 raining Modules, a target mairix for Heal Losses management performance, based on real 1osses in
volume/service connection/day for a range of average operating pressures, and classified into Bands A to D. The targets assume that customer meters are located at the
property boundary, with an average connection density of around 40 per km mains. Bands A to D in the WBI target matrix can also be shown as an equivalent range of ILIs

which can be applied to a wider range of connection densities and customer meter locations, as shown below. Band limits in terms of ILIs, general descriptions of each
Band, and appropriate recommended actions are as follows:

Developing| Developed Calculated T 2 " z
Cauntiies | Countiies BAND ILI for this General description of Real Loss Manag Per T Categories for Developed and Developing
Countries
ILIrange | ILI range System
|Further loss reduction may be uneconomic unless there are shortages; careful analysis needed to identify
Less than 4] Less than 2 A
cost-effective improvement
Potential for marked improv its; consider p management, better active leakage control
4lo<d | 204 B & practices, and better network maintenance
Poor leakage record, tolerable only if water is plentiiul and cheap; even then, analyze level and nature of
8lo< 16 4to<8 Cc laal P I
ge and y leakage 1 n efforts
16 or more| 8 or more D Very inefficient use of resources; leakage reduction programs imperative and high priority
[ WBI R lations for BANDS A B C D
System ILI compared with WBI Bands for developed countries Ilnuestiﬂate pressure mar t options Yes | Yes | Yes
llnuestigale speed and quality of repairs Yes | Yes | Yes
> lCheck ic intervention freq y Yes | Yes
=z n ] | |introduceimprove active leakage control Yes | Yes
[ -g - '. lIdentify options for improved maintenance Yes | Yes
- £ |
B -
e '.'F 3'. ! Assess Economic Leakage Level Yes | Yes
= H 5 |
% i % | Review break frequencies Yes | Yes
i |
! T . ’ : i Review asset management policy Yes | Yes | Yes
a
0 1 2 3 4 5 6 7 8 = Deal with deficiencies in manpower, training Yes | Yes
Infrastructure Leakage Index ILI

and communications
e System ILI s Upper Limit BAND A Islyear plan to achieve next lowest band Yes | Yes
= Upper Limit BAND B ——Upper Limit BAND C [Fundamental peer review of all activities Yes

GUIDELINE 2: The AWWA Water Loss Committee general guidelines for setting a target ILI (in lieu of having a determination of a system-specific economic
level of leakage). Source of information: Table 7 in the AWWA Water Loss Committee Report in the AWWA Journal, August 2003

Note: since this table was published, simplified methods of calculating an economic frequency of intervention for active leakage control by regular survey have been been
developed and are included in the ALCCalc software. This has allowed the development of the ELLCalc software to calculate short-term ELL for an active leakage control

policy of regular survey. Data from England & Wales (where many Water Companies are recognised as having achieved ELL) suggests that in developed couintries, the
ELL (in terms of ILI) is unlikely to exceed 3.0, even where water is plentiful and inexpensive.
Target ILI This

Water Resources Considerations Operational Considerations Financial Considerations
Range | System ILI
Available resources are greatly limited and Operating with s?‘stem Ieak.aga abm:re Phls Wate.r resources are_cos!lyr to develop or
e s level would require expansion of existing |pur ability to revenues via
1.0-3.0 27 are very difficult and/or environmentally e . s

infrastructure and/or additional water water rates is greatly limited because of

unsound to develop £ =
resources to meet the demand regulation or low ratepayer affordability

Water resources are believed to be sufficient

Existing water supply infrastructure Yatac tesaurces G b deslaped b
to meet long-term needs, but demand 9 q .p_p i purchased at reasonable expense; periodic
: . capability is sufficient to meet long-term : 2
3.0-5.0 management interventions (leakage |water rate increases can be feasibly
2 demand as long as reasonable leakage
management,water conservation) are = imposed and are tolerated by the customer
o - 3 management controls are in place S
included in the long-term planning population
: . S i liabili i i i - .
Water resources are plentiful, reliable, and URSrIor 1o |ah|itt?. capacity and |nteg_my of Cost to purchase or obtain/treat water is
50-8.0 ’ the water supply infrastructure make it
easily abstracted i = low, as are rates charged to customers
relatively immune to shortages
Graat Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective
!hr::;(r) utilization of water as a resource. Setting a target level greater than 8.0 - other than as an incr I goal to a ller long-term

target - is discouraged.

s of calculating an economic frequency of intervention for active leakage contral by regular survey have been been deve]opea and are ncluded m
the ALCCaI::s Standard scftware. This has allowed the development of the ELLCales standard software to caleulate short-term Economic Leakage Level for an active
leakage control policy of regular survey.

Important Footnote: the Infrastructure Leakage Index (ILI) provides guidance as to how well real losses are being managed (in terms of repairs, active leakage control
and infrastructure management} at the current operating pressure. However, calculation of the ILI does not imply that pressure management in a system is optimal, or
economic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular,
a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks. So even if a low IL| is being achieved, there may still be
opportunities to reduce annual real losses by improved pressure management. The PressCales Standard Software provides more detailed information on this topic.




'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs'

| Standard [ Version 1a 2ndDec 2005 | Canada |Master.0000

OPTIONAL DATA ENTRY SHEET FOR ANNUAL SYSTEM RUNNING COSTS Data entry Calculated Values | From another Worksheet
Utility [Town of Fort Erie 01/01/2005 [to 1/1/2006 Number of Days in Period| 365 [days
System IWhoIe System | Calculation by Steve Genser Date of calculati =| 7-Sep-06
| Total running costs as calculated below = | 0.0[$Cx1000 _ [Transfer this figure to Cell L30 of 'WaterBalance&Pis Worksheat |

Mate: The following definitions of annual system running costs should be considered as guidelines only. They are based on the Financial Definitions’ in pages 19 and
20 of the IWA 'Manual of Best Practice 'Performance Indicators for Watar Supply Services', {Alegre H, Hirer W, Baptista J.M. and Parena R, July 2000, ISBN 1

800222 27 2, WA Publishing: this report should be consulted for further guidance as necessary.
Sub-total |Group total
Operational Costs SCx1000 SCx1000 INCLUDES
Importad watsr Raw watar 0.0 BULK SUPPLY IMPORTS: total payments for imported raw water
Treated water = BULK SUPPLY IMPORTS: total payments for imported treated water
Haw watar
Energy Troalmont 0.0 POWER: all energy costs for water supply electricity and fuel for motive machinery
Transmission : '
Distribution
; Outsourcing of technical or administrative services, such as consullants, contraclors undertaking
Qutsourcing : x ;
operational tasks, meter reading and accounting fees
External services: S;?:T':'aslﬁp?; ; e Licence faes on computer software and technical support by software companias
Qutsourcing Assaciated : > : . - .
; Costs of associated companies that are not included in other items
Companies
Third party Cperating costs of providing water services to third parties (other than the regulated water
services supply function) that are not included in other ftems
Premises Payments for leasing or renting premises
Vehicles |Payments for lsasing or renting vehicles
Leasing and Rentals Mobile Plant 0.0 Payments for lsasing or renting mobils plant
Fixed Plant Payments for leasing or renting fixed plant
Equipment Payments for leasing or renting equipment
Waler treatment All water treatment f:hamimis for water suppl\_._r that are not in HIRED AND CONTRACTED
Shanicals SFHVIQES and which are required for operation of sources, treatment plants, trar and
o — 0.0 distribution systems _
Other than & All materials and consumables other than energy and water treatment chemicals for water
chemicals and supply, that are not in HIRED AND CONTRACTED SERVICES and which are required for
enargy loperation of sources, treatment plants,ir: 1 and distribution sy
Taxes, levies and ; Any operating licences paid to a Government or municipal authority, abstraction charges, local
faas Alkmos 09 authority rates
Y
Exceptional earnings All Kinds ) Any exceptional income or expenditura from d i ir it subsidies, comp or
and losses - adjustments related to sales/writing off of fixed assets
Other diract costs Any other operating cosis (but excluding interest and taxation, on an aggregated basis)
Ganaral ard The aggregate direct cost of GENERAL AND SUPPORT AGTIVITIES (Manpower costs
Suppon excluded)
axpanditures
Other Operatin Costs directly associated with customer services that are not included in previous items, related
E dit 9 | Gustomer services 0.0 to customer accounting, reading of meters, debt revovery, costs of disconnactions,
xpenditures customers'enquiries and complaints handling.
- . Costs directly associated with scientific and laboratory sarvices and with the monitaring of quality
Seientific sérvices that are nol included in previous items
Cther business Costs directly associated with other businsss activities that are not included in previous ftems,
activities except for cost depreciation
Doubtful debts Charge/credit to the profit and loss for bad and doubtful debts
Sum of Operational|  All the above
i 0.0
Costs operational costs
Internal manpower Empl 0.0 [The sum of the total manpower costs of parmanent and temorary personnel, including
costs MgioyEntpoes. : employment-related social costs and banefits paid by the employer
c:z:{igii‘:rf.zzf % The summation of the amounts in each of the above cost categories that have been incurred in
AT the construction of new or rehabilitated assets
assels
Sum of Operational costs and
Total Running | Internal Manpowsr Costs, minus
] 0.0
Costs capitalised cost of self-
constructed assets

Comments:
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Appendix G

PIFastCalc Output
Grimsby

Veritec Consulting Inc.



'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

Process Roliabilly Bands:

A - actual data

B - calculated based on aclual data
C - calculated ostimate

D - no data / defaull

Purchase water from the reglon at $,0446 per euble metor

In 2004 LI Survey quoted as $1.54 por cubic maler applied 1

losses I b

Rogion supplied calculated based on three meters, i.e., 6T1 - 601 - 602 with meler calibration reports dated as foBows:
BT1 - August 15 and Nov. 2, 2005
601 - no calibation provided

60 - May 24, 2005

‘Wator Rales: $70.42 for the first 30.3 cublc metors; $3.28 por 4.55 cubic melors in oxcess of 30.3 cublc melers

Total length of walermain allow for 3 m per hydrant {Le., 841 hydrants x 3m = 2.523 km)

67 par cubic mater.

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs' Standard | Version 1a 2nd Dee 2008 Canada
ANNUAL WATER BALANCE CALCULATION 1N IWA STANDARD FORMAT, WITH 95% CONFIDENCE LIMITS Dala erdry Delauits Values From another
NeteiCaleulations should be based on a 12.manth pericd for all aspeets of the worksheet Lo luncticn correctly Currency = sc v"‘“"‘: urits W and m
Wity Town of Grimaty e el BBV oubi2008 1o oiforzons - 385 [dwe
System |Whale System m“m:::‘.:’:‘;:‘;"‘" ™ b Steve Genser Date 4Dec-06
. E WATER BALANCE CALCULATIONS —— ) FINANCIAL PEAFORMANCE INDICATORS FOR NOH-
H 6%, REVENUE WATER
8Z perod | eontidence | Variance
] 1WA Terminclogy Limit a3 +f- %] *uol System | Calcuated Value of NAW as % of System
£ |COMPCHENTS OF WATER BALANCE 1] Inpuat Valume Running Costs in Perlod
WES: Velume rem Own Sources known } [ 0.0% i K &
A | water ey errars) 206 a0 2420 100.0% 2 3 g E H
SIV: SYSTEM INPUT VOLLME a0 aom 2a23|  100on é gr | 3% 2
BACE Water Expaortod o 0% ) §§ £ £
WS: WATER SUPPLIED = SIV . BACE 206 0% 24z0]  100.0% E § H E % g
B [BAch:Billed Hetored Residential 522 1e% 256 son | $3% | 3 ‘E 8
B |BACM2: Billed Auhorised Consumption: Metered icl 7351 15% 2 22.8% iz 38 -
BACH3: Billed Autharised Consumption: Metered 0 0.0 = i § £
BACL: Billed o BT Y $Cm3 $Cx1000 %
NAW: NON-REVENUE WATER el 20% 77| a2 05611 267.2] B4%
A i Meterad I 0.07% | ol WS 21 o 0.1% 04460 0.9) 0.0%
€ |uAcu: Unsilled U d [ 1370% [ ol WS ar7|  soom 2 12% 04480 16.9) 05
WL WATER LOSSES 2528 208% 2808|  1oem 0.7077 2405 7%
UC: Unawthorised Consumption: Estimated as| 1.500% ol WS 483 soo 162 1.5% 1.5600 0.2 25%
B [ALMURY: Apparent Loss - meter nde 0.50% | etBACMI 108 Tem ] 0% 23200 244 ne%
B [ALMURZ: Apparent Loss - meter Lnder-registration: ] 1.00% | ol BACMZ 74 1% (] 0% 23200 17.2] 05%
[ALWURY; Apparert Loss - meler under-registration: ::m: 0.9) [] 0.0% o) 0.0%
O |ALDCD Customer meler cdata handling errors o 0% 0.0} (X
AL: Sum of APPARENT LOSSES 662l 365% 15| 2am 18380 1218 8%
AL: REAL LOSSES 2063 37.3% 2861 mo% 04460 127.7] 4.0%
*eol period system prossurized = 100.0% l 2650 |days ‘Cost of running system in period =| 66T $Cx1000
[CARL: CURRENT ANNUAL REAL LOSSES (when system is pressurized) 0.78|MUday
o gw Valid for ASSESSHMENT OF UNAVCIDABLE REAL LOSSES, AND VOLUME AND COST OF
g2 H SYSTEM INFRASTRUCTURE AND PRESSURE DATA UARLE ILI ’“:f—e: o POTENTIALLY RECOVERABLE REAL LOSSES
=g cale? Notes: Il Lm and Lp are in ke and pressure Pls in metres
A |Lm: Mains Length, km 128,30 Yes 1.0% UBLIn lireshowr = (20xLm+126xMi+ 33xlplx s’
A [Nh:Number ol Fire Hydrants {2 1.0% UARL in  litresfday = (Bxlm+ 0BxMNs 2[xlpjx P
B |Nb: Number of Separately Billed Propertios 8449 2.0% J— M i soxtoon [ o e
B r:;f::;o;lr:::::r:;; Connectlons (N5, main (o praperty 5P 2% LOSSES porcer: | Wpedod: | Inpesiod %
lis: Mo, of billed Servi o ] Z
€ [Mu: Humber of L:;n:: ::::::1 ;::-mm = A aﬁ%‘#&’.“@"&’?&“‘.‘fm o4z 18 9.3 T.%
M1: Total Number of Service Conns {= Ns + Nul, mains to 445 Yes 28% CAAHL LNAMOIOABLE
raperty line
:I’::Pl:i:illy ol Connections! km of mains = Ne/Lm 65,9 0% AMUALREN. st b & T i
B [Lp: Average pipe length, property line to meler {m) 10.2 24% ”RL;::LH‘:_%?;NM fi7e A Sl I
Lp: Total pipe length, property line to meter {km) 8518 e
B [P Averagep h {psi) 75.0 s0% LY €
e = ey T e o REALLOSSES = CARL-uARL| @17 g et JeRTe
1WA BEST PRACTICE PERFORMANCE INDICATER UNITS OF PERFEORMANCE WNDICATOR Bast enimat| S CLE 8| Lowest | Highest
Hon Reverue Waler Basic WA Level 1, Finds) *0f System Input by Volume 122 26.2% 50 154
Non Revernse Water Basic WA Level 1, FindT} % of System Input by Value 84 26.2% 62 106
Best Op2a Pl > *aof Water Supplied (Distribution Systems) 24 38.6% 13 28
flepeen LBy e ol Systom Input Velume (Bulk Supply Systems) 21 26.6% 13 2.8
Real Lossos Basic (WA Level 1, Op24) & - iskiobhbebhid s i il = 18
mkm of maina'day, whon system pressurised 6.1 A% Ex &4
Real Losses Detailed WA Level 3, Op 25) Inlrastructire Leakage Index ILI {non-dimensional} 132 M 0.82 181
Commonts:
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WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs

Standard Version 1a | 2nd Dec 2005 Canada
365 |days

Utility[Town of Grimsby | | _01/01/2005] to [01/01/2006
System|Whole System |
Real Losses and 95% Confidence Limits Water Balance Components as % of System Input Velume
3.00
—=—Cument
250 ™ Annual Real OWater Exported
= / \ Losses
3 200 J \ .
: BOther Billed
=== Linavoidabls .
g 1.50 h Annual Real Alth.Consumplion
2 \ Losses
E 100 OUnbilled Authorised
: L Ll coin
050 ¥ 3 Background
Leakage OApparent Losses
0.00 T -
0.0 0.5 1.0 1.5
Real Losses in Mi per day, D Real Losses
when system pressurised
NRW % by Vel ; Ci ison with Inter Data Set NRW % by Volume; Comparison with North American Data Set
IWA Level 1 (Basic) Fi ial P1for Non-R Water (Fin36) IWA Level 1 (Basic) Financial Pl for Non-Revenue Water (Fin36)
Mon-Revenue Water as % of System Input Volume NRW as % of System Input Volume: C lian data in blue
45 35
40 — 304 _ M.
F ) - W
E 4 AU g ==inlnli
%o HHHHH =2 o m-n-NH HE
g 1 : 00
EW mininlnlnintuininls =15' ' AR d=1ed=1ed=ted—1d—Li}
:: 15 Sttt [ i =
s £ 10 4——1-11-] DL LD LT
2 104 s s m UL S ELETETT 2 ¥
5 |'H'____,___...___________ su[T—— - S HHHHHHHHH
o il 111} . AL . v 0 . AL
1 3 5 7T 9 M 13 15 17 19 21 23 25 27 12 3 45 6 7 8 9 10 1112 13 14 15 16 17 16 18 20 21
| —$—Loworastimalo  —8—Best estimate  —a—Upper ““""?] [ ——tower osimale  —M—Best cslimale | —a— Upper ostimale

Real Losses in litres/service connection/day
(when system is pressurised)
Compared with International data set
IWA Level 1 (Basic) Operational Pl for Real Losses (Op24)
Use Lires/service conn./day if Density of Connections > 20 per km of mains
All international data set have density of connections = 20 per km of mains
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Real Lesses in litres/service connection/day
when system is pressurised
Compared with North American data set, Canadian data in blue
IWA Level 1 (Basic) Operational Pl for Real Losses (Op24)
Use Livesisenvice connday if Density of Connections = 20 per km of mains
ions > 20 per km of mains
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Infrastructure Leakage Index ILI for Real Losses
Ci d with Inter | data set

IWA Level 3 (Detailed) Operational Pl for Real Losses (Op25)

Infrastructure Leakage Index ILI for Real Losses
Compared with North American data set, Canadian data in blue
IWA Level 3 (Detailed) Operational Pl for Real Losses (Op25)
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs'
PiFastCalcs | Standard [ Version 1a] 2nd Dec 2005 | Canada _ [Master.0000 | =1 Town of Grimsby

| THIS WORKSHEET COMPARES THE CALCULATED SYSTEM ILI WITH WOEITJ) BANK INSTITUTE Z‘-UIDELINES ~ I

World Bank Institute (WBI) Guidelines
The World Bank Institute has recently introduced, into ils NRW Training Modules, a target matrix for Real Losses management performance, based on real losses in
volume/service connection/day for a range of average operating pressures, and classified into Bands A to D, The targets assume that customer meters are located at the
property boundary, with an average connection density of around 40 per km mains. Bands A to D in the WBI target matrix can also be shown as an equivalent range of ILIs,
which can be applied to a wider range of connection densities and customer meter locations, as shown below. Band limits in terms of ILIs, general descriptions of each

Band, and appropriate recommended actions are as follows:
Developing| Developed Calculated o i i
Countries | Countries BAND ILI for this General description of Real Loss Management Perforf'nance Categories for Developed and Developing
Countries
ILl range | ILI range System
e — = - - > e
Less than al Less than 2 A a4 Further Ios_s rlt may be ur unless there are shortages; careful analysis needed to identify
|cost-effective improvement
Potential for marked improvements; consider pressure management, better active leakage control
4to<8 2to<4 B . =
practices, and better network maintenance
Poor leal record; tolerable only if water is plent_?r'ul and cheap; even then, analyze level and nature of
Bio=18 $lo<8 ¢ |leakage and intensify leakage reduction efforts
16 or more| 8 or more D Very inefficient use of resources; leakage reduction prog imperative and high priority
| WBI R jations for BANDS AalBsBlc]|]o
System ILI compared with WBI Bands for developed countries Ilnvestigate pressure g t options Yes | Yes | Yes
Ilnvestigate speed and quality of repairs Yes | Yes | Yes
= ICheck economic intervention freq y Yes | Yes
:__g f\ T Ilntmducdimprove active leakage control Yes | Yes
-E B — Ild&ﬂﬂf'f options for improved maintenance Yes | Yes
& 4+—F + ¢ —— —_—
g | /7 \ Assess Economic Leakage Level Yes | Yes
-g 2 1 IReview break frequencies Yes | Yes
=
! T j j j Review asset management policy Yes | Yes | Yes
0 1 2 8 4 5 & 7 8 3 Deal with deficiencies in manpower, training Yes | Yes
Infrastructure Leakage Index ILI and communications
—=—System ILI —— Upper Limit BAND A S-year plan to achieve next lowest band Yes | Yes
——Upper Limit BAND B = Upper Limit BAND C [Fundamental peer review of all activities Yes
GUIDELINE 2: The AWWA Water Loss Committee general gl:i-r.ielines for setting a target ILI (in lieu of having a determination of a sy pecific i

level of leakage). Source of information: Table 7 in the AWWA Water Loss Committee Report in the AWWA Journal, August 2003

Note: since this table was published, simplified methods of calculating an economic frequency of intervention for active leakage control by regular survey have been been
developed and are included in the ALCCalc software. This has allowed the development of the ELLCale software to calculate short-term ELL for an active leakage control
policy of regular survey. Data from England & Wales (where many Water Companies are recognised as having achieved ELL) suggests that in developed couintries, the

ELL (in terms of ILI} is unlikely to exceed 3.0, even where water is plentiful and inexpensive.

Target ILI This

Range | System ILI

Water Resources Considerations Operational Considerations Financial Considerations

Operating with system leakage above this |Water resources are costly to develop or

i re e imi % 3 T S B i
Auallabie resousces ate greatly [inRed ad level would require expansion of existing |purchase; ability to increase revenues via

1.0-3.0 1.3 are very difficult and/or environmentally

unsound to develop infrastructure andfor additional water water rates is greatly limited because of
resources to meet the demand regulation or low ratepayer affordability
Water resources are believed to be sufficient Existing water supply infrastructure Water n can be developed or
to meet long-term needs, but demand capability is sufficient to meet long-term purchased at reasonable expense; periodic
3.0-5.0 t inter it (leakage water rate increases can be feasibly

demand as long as reasonable leakage

ement,water conservation) are i
anag : ) management controls are in place

included in the long-term planning

imposed and are tolerated by the customer
population

Superior reliability, capacity and integrity of]

Water resources are plentiful, reliable, and Cost to purchase or obtain/treat water is

5 i truct e i
5,090 easily abstracted b m..rater ‘s'.upply sl low, as are rates charged to customers
relatively immune to shortages
G Although operational and fi ial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective|
threa;e; utilization of water as a resource. Setting a target level greater than 8.0 - other than as an incremental goal to a smaller long-term
an 8.

target - is discouraged.

e — ]
[Note: §1mpil?lea methods of calcu aling an economic lrequency of Intervention Tor active IeaEage control by regular survey have been been developed and are included in

the ALCCalcs Standard software, This has allowed the development of the ELLCales standard software to calculate short-term Economic Leakage Level for an active
leakage control policy of regular survey.

Important Footnote: the Infrastructure Leakage Index (ILI) provides guidance as to how well real losses are being managed (in terms of repairs, active leakage control
and infrastructure management) at the current operating pressure. However, calculation of the IL| does not imply that pressure management in a system is optimal, or
economic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular,
a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks. So even if a low ILI is being achieved, there may still be
opportunities to reduce annual real losses by improved pressure management. The PressCales Standard Software provides more detailed information on this topic.




'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM PiFastCalcs' | Standard | Version 1a 2nd Dec 2005 | Canada _|Master.0000
OPTIONAL DATA ENTRY SHEET FOR ANNUAL SYSTEM RUNNING COSTS Data entry Calculated Values | From another Worksheet
Utility |Town of Grimsby 01/01/2005 [to 1/1/2006 Number of Days in Period
System ]Whale System Caleul by, A.N. Other Date of calcul
| Total running costs as calculated below = | 0.0[$Cx1000 __[Transfer this figure to Cell L30 of WaterBalance&Pis' Workshaet |

Note: The following definitions of annual system running costs should be considered as guidelines only. They are based on the ‘Financial Definitions' in pages 18 and
20 of the IWA 'Manual of Best Practice 'Performance Indicators for Water Supply Serviees', (Alegre H, Hirner W, Baptista J.M. and Parena R, July 2000, ISBN 1
900222 27 2, IWA Publishing: this repert should be consulted for further guidance as necessary.

Sub-total |Group total
Operational Costs SCx1000 $Cx1000 INCLUDES
Importad water Raw water 0.0 II_3ULK SUPPLY IMPORTS: total nts for imp_mrled raw water
Treated water BULK SUPPLY IMPORTS: total payments for imported treated water
Raw water
Energy T;:::;T;’;én 0.0 POWER: all energy costs for water supply electricity and fuel for motive machinery
Distribution
Outsourcing Outsourcing of technical or administrative services, such as consullants, contractors undera king
operational tasks, meter reading and accounting fees
External services: S‘;:‘;?-:-es::c:p?: ; o Licence fees on computer software and technical support by software companies
Out i y———— -
- : = Costs of associated companies that are not included in other items
Companies
Third party Operating costs of providing water services to third parties (other than the regulated water
senvices supply function) that are not included in other items
Premises |Payments for leasing or renting premises
Vehicles |Payments for leasing or renting vehicles
Leasing and Rentals|  Mobile Plant 0.0 Payments for leasing or renting mobile plant
Fixed Plant Payments for leasing or renting fixed plant
Equipment Payments for leasing or renting equi t
Water reztmant All water treatment _chsmicals fc_-r water suppigf that are not in HIRED AND CONTHA(ETE_D
prisiricen 'SERVICES and which are required for operation of , reatment plants, 1 and
distribution systems
Purchases Cther than 0.0 All materials and consumables other than energy and water treatment chemicals for water
chemicals and supply, that are not in HIRED AND CONTRACTED SERVICES and which are required for
energy peration of treatment plants fransmission and distribution systems
Taxes, levies and All kinds 00 Any operating li paidtoa G nent or municipal authority, abstraction charges, local
fees : authority rates
Exceptional eamings Al kinds 50 Any exceptional income or expenditure from donations, investment subsidies, compensations or
and losses 2 adjustments related to sales/writing off of fixed assets
Other direct costs Any other operating costs {but excluding interest and taxation, on an aggregated basis)
Cieniaral #fid The aggregate direct cost of GENERAL AND SUPPORT ACTIVITIES (Manpower costs
support excluded)
expendilures
2 Costs directly associated with customer services that are not included in previous items, related
Cther Op_eralmg Customer services 0.0 to customer accounting, reading of meters, debt revovery, costs of di tions,
Expenditures e ‘enquiries and complaints handling,
i £ Costs directly associated with scientific and laboratory services and with the monitoring of quality
Soenthic sarvioas that are not included in previous items
Cther business Costs directly associated with other business activities that are not included in previous items,
activities except for cost depreciation
Doubtful debts Charge/credit to the profit and loss t for bad and doubtful debts
Sum of Operational|  All the above 0.0
Costs operational costs 3
Internal manpower The sum of the total manpower costs of permanent and temorary personnel, including
costs Employment costs | o0 employment-related social costs and benefits paid by the employer
c:;:ilf_::'::z:f Negative 0.0 The summation of the amounts in each of the above cost categories that have been incurred in
allocation the construction of new or rehabilitated assets
assets
Sum of Operational costs and
Total Running Internal Manpower Costs, minus 0.0
Costs capitalised cost of self- ¢
constructed assets

Comments:
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs’ Standard | Version 1a 2nd Dec 2006 Canada
ANNUAL WATER BALANCE CALCULATION IN TWA MAT, WITH 95% LTS Data eniry Defaulls Calculated Values From anciher Woekehoet
should be based on a 12-month period lor all aspects of the worksheet 1o lunction correetly Currency = s Velume unils Ml and m
Uity |Tawm of Lineeln “""""’W'mw"""”" os 01112005 Io U006 - 38 [eays
System |Whole System La ot i Ho Steve Genser Date 4Dec06
el
8 FINANCIAL PERFORMANCE INDICATORS FOR NON-
g3 WATER BALANCE CALCULATIONS Velume in e REVENUE WATER
) Period | contidencs | Variance
&8 WA Terminology Limit as of-% ol System | Caleulated Value of NAW o8 % of System
£ |COMPONENTS OF WATER BALANCE M Input Volume Rurning Costs In Period
WOS: Valume lrom Own Scurces (corrected for known systematie errors) (] 0.0% 5 .;a g 5
2=
A |WiwWater for ¥ ors) 20047 a0 1589 1000 | 2 g z3 H
2 =
SIV: SYSTEM INPUT VOLUME 26047) 20w 1589 100.0% ‘_E £s5 =4 2
e s - c
BACE Water Exported 0 0.0% B H % § ‘E 5
[WS: WATER SUPPLIED = 51V - BACE 26047 30% 1580 100.0% o § H = : kd
AB  [BACM1: Billed Authorised Consumplion: Metered Total 29|  15% 321 0.7 g2 ‘:. = 8
=3 ki
M2: [ P Metered 0 0.0% 2E H § ¥
& BE
[BACM3: Billed Authorised Consumption: Melered [ 48
BACU: Billed Autherl 0.0 o 0.0% soms | scxio00 %
NAW: NON-REVENUE WATER 2418 as5% 1616 2.0% 05216 1261 26%
A |UACH: Unbilled Auharised Consumplion: Metered |I 0.00% l ol W5 (] 0.0% 04460 0.0] o.0%
D |UACU: Unbilled Autherl U nl 1.260% [ aws 26| 100.0% 6 1% 04460 14.5] 4%
(WL WATER LOSSES 2082 A43.0% 2182 BO% 05334 116 a1z
D |UC:Unauthorised Consumplion: Estimated 33| 0:250% ol WS 65 1000% " 0.3% 1.2260 BG 0.2%
BT |ALMURY: Appasert Loss - meter under-registration: Tolal 0L60% ol BACH 14.3] 0% ] 0.5% 13260 189 6%
ALMURZ: Apparert Loss - meter undar-registration: ol BACH2 0.0 o 0% 1.3260 0.0] 00%
(ALMUR: Apparent Loss - meter under-registratica: :r::“uﬁ:r: 0.0 o o0 13260 oo oo
D [|ALDCD Customer meter data handling errors 0 0.0% 13260 o0 0.0%
AL: Sum ol APPARENT LOSSES 08 I 1 0.5% 13260 75 05%
RL:REAL LOSSES 1805|  asew 2204 7.2% 0.4450 840 24%
*eol pericd system pu-uulxed;l 100.0% I ;5.0 Idm Cotl of running system In period = I506.7| $Cx1000
CARL; CURRENT ANNUAL REAL LOSSES (when systom is pressurized) 0.52|MIfday
- — ASSESSMENT OF UNAVCIDABLE REAL LOSSES, AND VOLUME AND COST OF
g 5B ERA: UARLE L1 | 5% CLs as POTENTIALLY AECOVERABLE REAL LOSSES
2 -t
az® cale? Wates: If Lm and Lp are in m and pressure P is in metres
A Lm: Mains Length, km 9150 Yes 1.0% UBL in litrewheir = {20xLlm+126x N+ 33xlp)x fﬁsﬂ}‘j
A |1 Number of Fire Hydrants 532 1.0% UARL in litres/day = {18xlm+ 08xMN+ 2Bxlpjx P
A/B  |Nb: Number of Separately Billed Propertles s110 20% COMPONENT OF HEAL M Ml X000 [ e
A: Ratio of billed Service Connections (Ns, maln to property . LOSSES %
MB 110} to Blled Prepe () 1.000 20% perday | inpered | inpericd
Hs: No. of Lilled Service Connecticns 5110 28% UBL: UNAVCIDABLE o - o S
C  [Nu: Number ol Unbilled Servico [] LEAKAGE
M Tatal Number ol Service Conns {= Ne + Nu), makns te 3
property line ! w SHe e s UL S URAVORAGLE 032 18 527 201%
ANKUAL REAL LOSSES ; e
DE: Density of Connections! km ef mains = Hs/Lm 55.8 20%
B ' Aver length, property line 1 ter (m] 0.2 2% :
Lp: age pipe length, property o meter (m) “uﬁ::?:m A:.NLMI. Sy T 840 e
Lp: Total pipe length, preperty line to meter (ke 5212 AT OF3E
c  P:Aw essure wh; em pressurised (psi 65.0 20.0%
€rage pressire when syslom pressurised psi) Yes P"H ;ﬂg‘;ﬂa‘;’fmﬁﬁ:‘éf .19 70 a4 135.0%
P: Average pressure when system pressusised {m) 46.0 20.0%
95% Clsas| Lowest Highest
A L5 REORM LUNITS OF PEAFORMANCE INDICATOR % Estimate Estimate
Nen Revernse Water Basic (WA Level 1, Finds} *eol System Irput by Volume 2.3 35.6% 60 126
Non Reverse Water Basic WA Level 1, FindT} % of System lnput by Value a8 35.6% 23 a9
*s.ol Water Supplied {Distritution Systems} 0.8 % 05 11
Apparent Losses (WA Op23)
*eol System Input Volume (Bulk Sugply Systems) 0.8 9% 05 11
L iy, when syst 101 anen 52 150
Real Lasses Basle {IWA Level 1, Op24)
m3fkm of maina/day, when system pressurissd 56 as.e% 29 54
Fzal Losses Detalled {TWA Lavel 3, Op 25) Infrasiruciire Loakage Index LI {nen-dimensional} 160 SLE% 075 244
Eﬁmml!a:
Supply via Regional Municipality of Niagara meters 507 (Vineland), 508 (Vineland Sondea), and 601 G dated.
507; August 15/ Novembor 2, 2005
5D8; Augus! 15/ November 2, 2005
501; no report
Process Rellability Bands:
A - actunl data
B - calculated based on actus) data
€ - calculated estimato
D - no data / delaul
Combinations, for example, BIC may bo used 1o illusirate a calculaled estimato based on partial data
o breakdown of consumption provided by the Town of Linesln, Lo., quoled single valuo of billed ho year. Condid: flects lack of & and of lag
time, olc.
Total length of watermain allow for 3 m per hydrant




uondwnsuoo pesuoyneun

1Baysyiop sigpooueiegiete, jo £23 190 o) eunby sy Jejsuen ‘peyddng Jeiem jolwoono
| ¥

I W[ 00’0

uonewnse jo poylop

) PosL.

! nie ]

1eaysyiop sidgesuejeglelep, Jo 123 (|8 o) ey siyl to)suel) ‘poiddng Jeje —o_ga.o = i

jowiun pajiiqun

[E101-gne uondWwnsuoo pesLoginyg

__mn_u.o 000 @Mq [ooa

sBuiplooses uo peseg =y

Pesslewun | pausiely | pessiewuf) pasalapy
pojeUnEs = 3 el ) Pojitqun Pejliqun polilg Pellig uopdwnsuo) pesuoyiny jo sjusuodwo)
SOIBWIISO JO SIS PUE BIEP JO S89INO0S UO UDHEULIOJU| [EUSHIPRY N ul sjusuodwosn

5002 Ainp puz e Jasusy) ansls 4 Uonenajen | Woyshs ooy M| Worsh
sRep| _g9e | = [800%/10/10 o1 [ gooz/Lofio | ujooury jo umol|Ainn

100USHION JoYIoUE Wol

sonjep poieinoed |

Anue ejeg _

NOLLdWNSNOJ 3SIHOHLNYNN ANV 03SIHOHLNY 40 SLNINOINGD 40 NOILYIN9TYD a3Tivida

SO[BDISEL|d, WVHOOHd SHOLYOIANI 3ONVYWHO4H3d ANY JONYIVE HILVM

JHYMLI0S MOH-MONM LNIWSSISSY PUR NOLLYNTYAT 3DVNYIT Jo aUns SHvIT,




WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM ‘FiFa

Utility | Town of Lincoln
| System|Whole System

siCales’ Standard Version 1a | 2nd Dec 2005 Canada
| [Co1/oi/2005] to [o1/0172008 365 days
|

Real Losses and 95% Confidence Limits

Water Bal; Com

as % of System Input Volume |

P

OWater Exported

B Other Billed
Auth.Consumption

OUnbilled Authorised
Consumptlion

DOApparent Losses

OReal Losses

|

3.50
_] ——Current
3.00 |— k —_— Annual Real
= n7 Losses
= 250
3 VIV
g 2.00 +— ——— idat
o ! f \ Annual Real
2 1.50 4— — Losses
3 1
E 1.00
I_' 5 ——Unavoidable
050 +— = e Background
. . i Leakage
0.0 0.2 04 0.6 08 1.0
Real Losses in M per day,
when system pressurised
NRW % by Volume; Comparison with Inter Data Set
IWA Level 1 (Basic) Fi ial P1for Non-R Water (Fin36)

Non-Revenue Water as % of System Input Volume

NRW % by Veolume; Comparison with Nerth American Data Set
IWA Level 1 (Basic) Fi ial Pl for Non-R Water (Fin36)
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NRW as % of System Input Volume: Canadian data in blue
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e Lippiar w@

—S—Lower eslimale  —l—Bost sslimate

Real Losses in litres/service connection/day
(when system is pressurised)
Compared with International data set
IWA Level 1 (Basic) Operational Pl for Real Losses (Op24)
Use Lires/service conn./day il Density of Connections > 20 per km o mains

Real Losses in litres/service connection/day
when system is pressurised
Compared with North American data set, Canadian data in blue
IWA Level 1 (Basic) Operational Pl for Real Losses (Op24)
Use Livesisendce conn./day if Density of Conneclions > 20 per km of mains

All international data set have density of connections > 20 per km of mains All European data set have density of connections > 20 per km of mains
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM PIEasiCalcs’
PIFastCalcs | _Standard [ Version 1a| 2nd Dec 2005 | Canada Master.0000 | Town of Lincoln

THIS WORKSHEET COMPARES THE CALCULATED SYSTEM ILI WITH WORLD BANK INSTITUTE GUIDELINES

World Bank Institute (WBI) Guidelines

The World Bank Institule has recently introduced, into its NRV Training Modules, a target malrix for Real Losses management performance, based on real losses in
velume/service connection/day for a range of average operating pressures, and classified into Bands A to D. The targets assume that customer meters are located at the
property boundary, with an average connection density of around 40 per km mains, Bands A to D inthe WBI target matrix can also be shown as an equivalent range of ILIs,
which can be applied to a wider range of connection densities and customer meter locations, as shown below. Band limits in terms of ILIs, general descriptions of each
Band, and appropriate recommended actions are as follows:

Developing| Developed Calculated " F
Countries | Countries BAND ILI for this General description of Real Loss Management Peﬂor!nance Categories for Developed and Developing
Syst Countries
ILl range | ILI range ystem
Less than 4] Less than 2 A 16 Further loss re:ductlon may be uneconomic unless there are shortages; careful analysis needed to identify
cost-effective improvement
4t0<8 2to<4 B |Potential for marked improvements; [ manag , better active leakage control

|practices, and better network maintenance
Poor leakage record; tol only if water is plentiful and cheap; even then, analyze level and nature of

Elo<16 410<B c leakage and intensify leakage reduction efforts
16 or more| 8 or more D Very inefficient use of resources; leakage reduction prog perative and high priority
| WBI R dations for BANDS AlB]lc]o
System ILI compared with WBI Bands for developed countries Ilnvestigate pressure options Yes | Yes | Yes
Investigate speed and quality of repairs Yes | Yes | Yes
> T ICheck economic intervention frequency Yes | Yes
= 1 — %[ B 3 Introduce/improve active leakage control Yes | Yes
.g i ﬂ_ - I - o Identify options for improved maintenance Yes | Yes
a
e T ——— e — B T Assess Economic Leakage Level Yes | Yes
ﬁ _/ 1 qﬁe\riew break frequencies Yes | Yes
. % ) 1 i Review asset management policy Yes | Yes | Yes
a 1 2 8 4 ] 6 7 8 9 Deal with deficiencies in P r, training Yes | Yes
Infrastructure Leakage Index IL| and communications
~s—System ILI = Upper Limit BAND A 5-year plan to achieve next lowest band Yes | Yes
I ——Upper Limit BAND B —Upper Limit BAND C IFundamental peer review of all activities Yes

GUIDELINE 2: The AWWA Water Loss Committee general guidelines for sefting a target ILI (in lieu of having a determination of a system-specific economic

level of leakage). Source of information: Table 7 in the AWWA Water Loss Committee Report in the AWWA Journal, August 2003

Note: since this table was published, simplified methods of calculating an economic frequency of intervention for active leakage control by regular survey have been been

developed and are included in the ALCCalc software. This has allowed the development of the ELLCalc software to calculate short-term ELL for an active leakage control

policy of regular survey. Data from England & Wales (where many Water Companies are recognised as having achieved ELL) suggests that in developed couintries, the

ELL (interms of ILI) is unlikely to exceed 3.0, even where water is plentiful and inexpensive.

Target ILI This
Range | System ILI

Water Resources Considerations Operational Considerations Financial Considerations

Operating with system leakage above this |Water resources are costly to develop or

Available resources are greatly limited and level would require expansion of existing |purchase; ability to increase revenues via

1.0-3.0 1.6 are very difficult and/or environmentally

unsound to develop infrastructure and/or additional water water rates is greatly limited because of
resources to meet the demand regulation or low ratepayer affordability
Water resources are believed to be sufficient] _ . . Water resources can be developed or
to meet long-term needs, but demand Existing water supply infrastructure urchased at reasonable expense; periodic
oo £5 TS capability is sufficient to meet long-term  |P - PenisaLp
3.0-5.0 g it inter ( g water rate increases can be feasibly

demand as long as reasonable leakage

management,water conservation) are .
|management controls are in place

included in the long-term planning

imposed and are tolerated by the customer
population

Superior reliability, capacity and integrity of

Water resources are plentiful, reliable, and Cost to purchase or obtain/treat water is

'y : t i
080 easily abstracted e water 2 UPpty Intrastroctuie. maks it low, as are rates charged to customers
|relatively immune to shortages
Great Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective
ater

utilization of water as a resource. Setting a target level greater than 8.0 - other than as an incremental goal to a smaller long-term

than 8.0 target - is discouraged.
- Simpliied methods of ca cuiallng an economic irequency of intervention Tor active eaEaga control Ey regular survey have been been developed and are included n

the ALCCales Standard software. This has allowed the development of the ELLCales standard software lo calculate short-term Economic Leakage Level for an active
leakage control policy of reqular survey.

Important Footnote: the Infrastructure Leakage Index (ILI) provides guidance as to how well real losses are being managed (in terms of repairs, aclive leakage control
and infrastructure management) at the current operating pressure. However, calculation of the ILI does not imply that pressure management in a system is optimal, or
economic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular,
a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks. So evenif a low ILI is being achieved, there may still be
opportunities to reduce annual real losses by improved pressure management. The PressCales Standard Software provides more detailed information on this topic.




'LEAKS' Suite of LEAKAGE EVALUATION

and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalecs' | Standard | Version 1a 2nd Dec 2005 | Canada |Master.0000
OPTIONAL DATA ENTRY SHEET FOR ANNUAL SYSTEM RUNNING COSTS Data entry Calculated Values I From another Worksheet
Utility |Town of Lincoln 01/01/2005 [te 1/1/2006 Number of Days in Period| 365 [days
System |Whole System Calculation by Steve Genser Date of calculation =1 12/4/2006
| Total running costs as calculated below = | 0.0[SCx1000 _[Transfer this figure to Cell L30 of 'WaterBalance&Pis Worksheat ]

Note: The following definitions of annual system runnin,

g costs should be considered as guidelines only. They are based on the
20 of the IWA 'Manual of Best Practice 'Perormance Indicators for Water Supply Services', (Alegre H, Hirner W, Baptista J.M, and Parana R, July 2000, ISBN 1

‘Financial Definitions' in pages 19 and

Costs

capitalised cost of self-
constructed assets

900222 27 2. WA Publishing: this report should be consulted for further guidance as necessary.
Sub-total |Group total
Operational Costs SCx1000 SCx1000 INCLUDES
Imported water Raw water 0.0 BULK SUPPLY IMPORTS: total payments for imported raw water
Treated water g BULK SUPPLY IMPORTS: total payments for imported treated water
Raw water
Energy T:;r:::nn;:sl?;n 0.0 POWER: all energy costs for water supply electricity and fusl for motive machinery
Distribution
Outsourcing Outsourcing of technical or administrative services, such as consultants, contractors undertaking
operational tasks, meter reading and accounting fees
EdSiai s S::‘:T? SLIDPBPH::S 7 Licance fees on computer software and technical support by software companies
A Assoclat_ed Costs of associated companies that are not included in other items
Companies
Third party Operating costs of providing water services to third parties (other fhan the regulated water
services supply fi ) that are not included in other items
Premises Payments for leasing or renting premises
Vehicles Payments for leasing or renting vehicles
Leasing and Rentals Mebile Plant 0.0 |Payments for leasing or renting mobile plant
Fixed Plant Payments for leasing or renting fixed plant
Equipment Payments for leasing or renting equipment
Water treatment All water treatment ::hemicais icrr water su;:.pl'_._r that are not in HIRED AND CONTF!JQCTE_D
chomicals SEHVIC_ES and which are required for operation of sources, t plants.t i yand
Blirdhasas 0.0 distribution systems
Cther than % All materials and consumables other than energy and water treatment chemicals for watar
chemicals and supply, that are not in HIRED AND CONTRACTED SERVICES and which are required for
energy peration of sources, t it plants transmission and distribution
Taxes, levies and . Any cperating i paidtoa G ntor ipal authority, abstraction charges, local
fees Al Rings Y authority rates
my.
Exceptional earnings| All kinds 00 Any exceptional income or expenditure from donations, investment subsidies, compensations or
and losses = adjustments related to salesfwriting off of fixed assets
Cther direct costs Any other operating costs (but excluding interest and taxation, on an aggregated basis)
General and Th di f GENERAL AND SUPPORT ACTIVITIES (Ma ts
support el a:géegata irect cost of (Manpower cos
expenditures %3luded)
Other Operating Costs directly associated with customer services that are not included in previous items, related
E . Customer services 0.0 to ing, reading of meters, debt revovery, costs of disconnections,
Apendiiuires customers'enquiries and complaints handling.
G ; Costs directly associated with scientific and laboratory services and with the meonitoring of quality
Scientlic services that are not zcluded in previous items
Other business Costs directly associated with other business activilies that are not included in previous items,
activities pt for cost depreciati
Doubtful debts Chargefcredil to the profit and loss account for bad and doubfiul debts
Sum of Operational|  All the above 0.0
Costs operational costs ¥
Internal manpower The sum of the total manpower costs of permanent and temorary personnel, including
[ costs 4 Employment oostsl l &L employment-related social costs and benefits paid by the employer —l
c:;:igzi:z:;:f Negative 8 The summation of the amounts in each of the above cost categories that have been incurred in
allocation ) the construction of new or rehabilitated assets
assets
Sum of Operational costs and
Total Running Internal Manpower Costs, minus 0.0

Comments:
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

Suppy via Regional Municipality of Nisgara moters 171, 172, 101, 102, 103, and 104,
Accuracy reports provided for:

101 - May 4, 2005 and Oclober 13, 2005

1D2 - May 4, 2005

103 - May 20, 2005

104 - May 4, 2005 tested and ropaired: then replaced on Octaber 13, 2005

Process Relinbility Bands:

A-aclmaldala

B - calculated based on actual data

C - calculated estimale

D - no data / defaul

Combinations, for oxample, B/C may bo used to illustrale o caleulated ostimato based on partial data
No costs for operating the system provided.

Tolal length of watermain allow for 3 m per hydrant

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM ‘PiFastCalcs' Slandard | Version 1a 2nd Doe 2005 Canada
ANNUAL WATER BALANCE CALCULATION IN IWA STANDARD FORMAT, WITH 6% CONFIDENCE LIMITS Dala eniry Delauits Caleulated Values From anather Workshest
Note:Caleulations shautd be based on a 12-mardh perlod for all aspects ol the workshes! (o hunction correctly Currency = c Vumeobar o and m?
Bulk Distribatial
Wnitity [Gity of Magara Falls ““”;r"‘:?ﬁm il os 010112004 to o088 - 365 |days
System |Whole System Bo m:.:;x lmr; hirve Ne b Seve Ganser Date 4-Dee-06
E CIAL INDICA O
gd WATER BALANCE CALCULATIONS Velume in 5% REVENUE WATER
g perfed | conlidence Variance
2 1WA Terminology Limit as 4% *aol System | Caleutated Value of NAW as % of System
COMPONENTS OF WATER BALANCE M Inpat Valume Running Costs in Period
WOS: Volume from O for known #rrors) ] 0.0% ¢ i3 &
5 o=
A [WI:Water Imported (corrected for known systemalic errors) 16872.7| 20% 59025 100.0% g ] % a5 ‘z
o c o
[SIV: SYSTEM INPUT VOLUME 158727 % 55025 100.0% 2EE § 2 2
s =
[BACE Water Exported F3 oo _; g ;o g E %
522
WS: WATER SUPPLIED = SiV - BAGE serer] 2w 9025 100.0% Ess = = 3
AB  [BACMI: Billed Autharised Consumption: Melered Total 1324380 15% 10273 83.4% g g & % % g
BACMz: Billed Authorised Consumption: Metered o o 2z 58 =
] 3
BACHS: Billed Authorised Consumption: Metared o 0.0% = i3
A |BACU: Billed Autheel o 0% seim3 | $Cx1000 “
RW: NON-REVENUE WATER 26201 1n6% 69297 16.6% 0.0000 0.0] no%
A |uACH: Unbilled Authorised Consumption: Metered I 0.00% | WS o oot 0.0) 0.0%
D |UACU: Unbilled Autheri Esl nI 1250% ] ol WS 198.4  100.0% 10247 1.3% 0.0 0.0%
WL WATER LOSSES 24207 227% 70545 15.3% 0.0000 0.0 0.0%
D |uC: Unathorised Consumplion: Estlmaled as| o2so% | o1ws 37| denot 410 0.3% 0.9 0.0%
BT |ALMUR1: Apparent Loss - meter under-registration: Total 0.80% of BACM1 70.9 T0% 8 0.6% 0.0] 0.0%
IALMURZ: Apparent Loss - meter undar-regisiralion: ol BACMZ 0.0} o 0.0% oo o
(ALMUR3: Apparert Loss - meter underregistration: :r:m::‘ 0.0 0 oot 0.0 0.0%
D |ALDCD Custemer meter data handling errors (1 0.0% 0.0 0.0%
AL: Sum of APPARENT LOSSES 106 35N 418 0.8% 0.0000. 0.9 0.0%
FL: AEAL LOSSES | 2 79863 14.6% 0.9) 0%
*s0l period system pressurized -[ 100.0% I 3660 ]Hiﬂ Cost of running system in period = $Cx1000
CAAL: CURRENT ANNUAL BEAL LOSSES (when system Is pressurized) 5.33|MIfday
-y Valid for ASSESSMENT OF UNAVOIDABLE REAL LOSSES, AND VOLUME AND COST OF
=E T T TRUET UARLE L | PFHCLeas POTENTIALLY RECOVERABLE REAL LOSSES
$53 ) P
g i Notes: Il Lm and Lp ace in e and pressire P is in metres
A |Lm: Mains Length, km 458,00 Yes 1.0% UBL in liresfheir = (20xlm+125xM+ 33xlp)x WSD}”
A |Rh: Number of Fire Hydrants 2778 10% UARL in  lltres/day = (18xlm+ 08xM+ 2Balpjx P
B [Nb: Number of Separately Billed Propertios 7224 20% SN OEREAL Mi M 1000 [ 0o n e
F: Ratie of billed Service Connections {Ns, main to property LOSSES %
M8 |iine)to Billed Props () 1.000 20% perdsy | inpered | inperied
[Ns: No. ol billed Service Connections a4 8% UBL: UNAVCEDABLE
= o ; BACKGAOUND LEAKAGE = L) il
:lm;o:‘t; ‘l:'::mﬂ of Service Conns {= Ns + Nu), maine lo 27224 Yea 28% AL LA i b i
ANNUAL REAL LOSSES
DC: Density of Connectiont’ ki of mains = Nelm 847 1%
BT [Lp: Average pipe length, property line to mefer (m) 18.0 50.0% CARL: CURRENT ANNUAL
REAL LOSSES 633 2311 24.0%
Lp: Tatal pips length, praperty line to meter (kem) 490.02 £0.1%
B |P: Average pressure when system pressurised (pal) 915 \" 20.0% LY E| e L P
P: Average pressure when system pressurised {m) 661 3 20.0% REAL LOSSES » CARL - UARL 2
#6% Clsas| Lowest Highest
1WA BEST PRACTICE PERFOAMANGE INDICATOR LTS OF PERFOAMANCE INDICATOR Bt estimare| "I T SRR Estimate
Non Revenue Water Basle (WA Level 1, Finds) %% ol System Input by Velume 1656 10.9% 133 189
Hon Rievenue Water Basic (WA Level 1, Fina7) 4 ol System Input by Value 19.9%
*w0f Water Supplied (Distribution Systems) 08 2% 05 1.0
Apparert Lossos (TWA Op23)
% ol System Inpt Velume (Bulk Supaly Systems) 08 2.6% os 10
Be Litrea/servi when system 23 20.1% 178 289
RAeal Losses Baslc (WA Level 1, Dp24)
makm of mains/day, when system pressurised 127 24.0% 5.7 15.8
Real Losses Detalled {IWA Level 3, Op 25) Inlrastruziure Leakage Index ILI {nen-dimensional) 223 4% 146 250
Commants:
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WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PiFasiCalcs’ Standard | Version 1a [ 2nd Dec 2005] _ Canada
Utility |City of Niagara Falls | [_ov/ci/z004] to [oi/017/2005 |
|

365 |days

System|Whole System

Real Losses and 95% Confidence Limits

Water Balance Components as % of System Input Volume |

ial Pl for N

IWA Level 1 (Basic) Fi

Non-Revenue Water as % of System Input Volume

Water (Fin36)

0.60
—=—Cument
0.50 4— — Annual Real OWaler Exported
= Losses
§ 0.40 4 ]
—— i B Other Billed
2 Unavoidable Auth.Consumption
a 0.30 f—— Annual Real
2 Losses
= 0.20 {— - OUnbilled Authonsed
2 ) Consumplion
i —,
B Background
Leakage OApparent Losses
0.00 T T u
0.0 20 4.0 6.0 8.0 10.0
Real Losses in Mi per day, DReal Losses
when system pressurised
NRW % by Veolume; Comparison with International Data Set NRW % by Vol : G with North A Data Set

IWA Level 1 {Basic) Financial Pl for Non-Revenue Water (Fin36)

Non Revenue Watar %

5 7 9 m 13 15 17

w21 = o2 27

—&—Lower éslimale  —@—Bost oslimale

—d—Upper ostimate

a5

NAW as % of System Input Volume: Canadian data in blue

a0

1
o

Non Revenue Water %

12 3 4

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

—o— Lowr sstimale

—8—Bost astmate

== Lippir &slmmti—|

Real

Losses in litres/service connection/day
(when system is pressurised)

Real Losses in litres/service connection/day’

when system is pressurised

Compared with International data set
IWA Level 1 (Basic) Operational Pl for Real Losses (Op24)
Use Litres/service conn.iday il Density of Connections > 20 par km of mains

Compared with North American data set, Canadian data in blue
IWA Level 1 (Basic) Operational Pl for Real Losses (Op24)
Use Lires/senvice conn./day if Density of Conneclions > 20 per km of mains

I —&—Lower eslmale

___Allinternational data sel have density of connections > 20 per km of mains All European data set have density of connections > 20 per km of mains
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I—O—Lomrombe —@—Besl eslimale —k-Uppareslilmo-I —m—Bost vslimale

—d— Upper estimate

Infrastructure Leakage Index ILI for Real Losses
C: i with International data set

Infrastructure Leakage Index IL| for Real Losses

data in blue

Compared with North A

i data set, C.

IWA Level 3 (Detailed) Operational Pl for Real Losses (Op25) IWA Level 3 (Detailed) Operational Pl for Real Losses (Op25
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
____ WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM ‘PIFastCalcs’
PIFastCalcs | Standard | Version 1a| 2nd Dec 2005 | Canada [Master.0000 | ____City of Niagara Falls

THIS WORKSHEET COMPARES THE CALCULATED SYSTEM ILI WITH WORLD BANK INngTUTE GUIDELINES

World Bank Institute (WBI) Guidelines

The World Bank Insfitute has recently introduced, into its NRW Training Modules, a target matrix for Real Losses management performance, based on real losses in
volume/service connection/day for a range of average operating pressures, and classified into Bands A to D, The targets assume that customer meters are located at the
property boundary, with an average connection density of around 40 per km mains. Bands A to D in the WBI target matrix can also be shown as an equivalent range of ILIs,
which can be applied to a wider range of connection densities and customer meter locations, as shown below. Band limits in terms of ILls, general descriptions of each
Band, and appropriate recommended actions are as follows:

Developing| Developed Calculated L ” ; g
Courtries | Countries BAND ILI for this | @eneral description of Real Loss Manag Perforr Categories for Developed and Developing
Countries

ILl range | ILIrange System

Less than 4] Less than 2| A Further |°5_5 > on may be 1omic there are shortages; careful analysis needed to identify
cost-effective improvement
|Potenti impr t i 7
4t0<8 2t0<4 B 22 Potential for marked improv ; consider p re management, better active leakage control

practices, and better network maintenance
Poor leakage record; tolerable only if water is plentiful and cheap; even then, analyze level and nature of

§lo<16] 4to<d ¢ leakage and intensify leakage reduction efforts
16 or more| 8 or more D Very inefficient use of resources; leakage reduction programs imperative and high priority
| wBI Recommendations for BANDS AlBslc]|o
System IL| compared with WBI Bands for developed countries I igate pressure management options Yes | Yes | Yes
Il tigate speed and quality of repairs Yes | Yes | Yes
= lcheck economic intervention frequency Yes | Yes
g b | = Ilntroduceiimpruve active leakage control Yes | Yes
-§ T —— . e Identify options for improved maintenance Yes | Yes
e
£ 1 15 —
g | Assess Economic Leakage Level Yes | Yes
»Ei Review break freq i Yes | Yes
=
J % ; ; T |Review asset management policy Yes | Yes | Yes
0 1 2 8 4 5 6 7 B 9 Deal with deficiencies in p , training Yes | Yes
Infrastructure Leakage Index ILI and communications
—=—System ILI == Upper Limit BAND A Is-year plan to achieve next lowest band Yes | Yes
—Upper Limit BAND B ——Upper Limit BAND C Fundamental peer review of all activities Yes
— —————
GUIDELINE 2: The AWWA Water Loss Committee g | guidelines for setting a target ILI (in lieu of having a determination of a system-specific economic
level of leakage). Source of information: Table 7 in the AWWA Water Loss Committee Report in the AWWA Journal, August 2003

Note: since this table was published, simplified methods of calculating an economic frequency of intervention for active leakage control by regular survey have been been

developed and are included in the ALCCalc software. This has allowed the development of the ELLCalc software to calculate short-term ELL for an active leakage control

policy of regular survey. Data from England & Wales (where many Water Companies are recegnised as having achieved ELL) suggests that in developed couintries, the

ELL {in terms of ILI} is unlikely to exceed 3.0, even where water is plentiful and inexpensive.

Target ILI This
Range | System ILI

Water Resources Considerations Operational Considerations Financial Considerations

Operating with system leakage above this |Water resources are costly to develop or

ilable res: reatly limi by 2 PR 52 2 i
Avaity eingesare d ¥ Yimitad aud level would require expansion of existing  |purchase; ability to increase revenues via

1.0-3.0 22 are very difficult and/or environmentally

infrastructure and/or additional water water rates is greatly limited because of
unsound to develop = Pl
resources to meet the demand reg or low ratepayer affordability
Water resources are believed to be sufficient] _ . | . Water resources can be developed or
Existing water supply infrastructure £
to meet long-term needs, but demand capability is sufficient to meet long-term purchased at reasonable expense; periodic
3.0-5.0 management interventions (leakage P Y g water rate increases can be feasibly

demand as long as reasonable leakage

i imposed and are tolerated by the customer
management controls are in place

population

management,water conservation) are
included in the long-term planning

Superior reliability, capacity and integrity of|

Water resources are plentiful, reliable, and Cost to purchase or obtain/treat water is

.0 - 8. t 2 4 ;
5.0-8.0 easily abstracted e m.ra sk .s VEply infrastrachure ke It low, as are rates charged to customers
relatively immune to shortages
G Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective]
hreataa; utilization of water as a resource. Setting a target level greater than 8.0 - other than as an incremental goal to a smaller long-term
than 3. target - is discouraged.
ote: Simplified methods of calculating an economic frequency of Inlervention for aclive led age contral by regular survey have been been developed and are incl in

the ALCCales Standard software. This has allowed the development of the ELLCales standard software to calculate short-term Economic Leakage Level for an active
leakage control policy of regular survey.

Important Footnote: the Infrastructure Leakage Index (ILI) provides guidance as to how well real losses are being managed (in terms of repairs, active leakage control
and infrastructure management) at the current operating pressure. However, calculation of the ILI does not imply that pressure management in a system is optimal, or
economic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular,
a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks. So even it a low ILI is being achieved, there may still be
oppartunities to reduce annual real losses by improved pressure management. The PressCales Standard Software provides more detailed information on this topic.




'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs’ | Standard | Version 1a 2nd Dec 2005 | Canada |Master.0000
OPTIONAL DATA ENTRY SHEET FOR ANNUAL SYSTEM RUNNING COSTS Data entry Calculated Values | From another Worksheet
Utility [City of Niagara Falls 01/01/2004 Jto 1/1/2005 Number of Days in Period| 365 |days
System |Whode System Calculation by Steve Genser Date of calculation = 12/4/2006

[ Total running costs as calculated below = | 0.0[$Cx1000  [Transfer this figure to Gell L30 of WaterBalance&Pis Worksheet —_]
Note: The following definitions of annual system running costs should be considered as guidelines only. They are based on the Financial Definitions’ in pages 19 and
20 of the IWA "Manual of Best Practice ‘Performance Indicators for Water Supply Services', (Alegre H, Hirmer W, Baptista J.M. and Parena R, July 2000, ISBN 1
900222 27 2, IWA Publishing: this report should be consulted for further guidance as necessary.
Sub-total |Group total
Operational Costs SCx1000 $Cx1000 INCLUDES
Imporied watar Raw water 0.0 BULK SUPPLY IMPORTS: total payments for im orted raw water
Treated water BULK SUPPLY IMPORTS: total payments for imported treated water
Raw water
Energy T'eatme'?t 0.0 POWER: all energy costs for water supply electricity and fuel for motive ma chinery
Transmission
Distribution
Outsotireing Outsourcing of technical or administrative services, such as consullants, contraciors undertaking
operational tasks. meter reading and accounting fees
Elisdidliaanines S:::?.:_est?p‘;c:s s Licence fees on computer software and technical support by software companias
ubaecing Assoc|alled Costs of associated companies that are not included in other items
Companies
Third party Operating costs of providing water services to third parties (other than the regulated water
services supply fi ) that are not included in other items
Premises Payments for leasing or renting premises
Vehicles 'Pa yments for leasing or renting vehicles
Leasing and Rentals Mobile Plant 0.0 Payments for leasing or renting mobile plant
Fixed Plant Payments for leasing or renting fixed plant
Equipment Payments for leasing or renting equipment
Waiter treatignt All water treatment chemicals kfr water supply that are not in HIRED AND CONTRACTE
cHemisals 5_ERV1QES and which are required for operation of sources, treatment plants.trar ion and
Purch 0.0 distribution systems
Cther than a All materials and consumables other than energy and water treatment chemicals for water
chemicals and supply, that are not in HIRED AND CONTRACTED SERVICES and which are required for
energy operation of , treatment plants transmission and distribution systems
Taxes, levies and ; Any operating licences paid to a Government or municipal authority, abstraction charges, local
fees AllKinds a authority rates
Exceptional earnings All Kinds 00 Any exceptional income or expenditure from donations, investment subsidies, compensations or
and losses L dj related to salesfwriting off of fixed assets
Other direct costs Any other operating costs {but excluding interest and taxation, o an aggregated basis)
General snd The aggregate direct cost of GENERAL AND SUPPORT ACTIVITIES (Manpower costs
support
e excluded)
| _expenditures
A Costs directly associated with customer services that are not included in previous items, related
O:Eher Og_eratlng Customer services 0.0 to customer accounting, reading of meters, debt revovery, costs of disconnections,
*penditires customers'enquiries and complaints handling.
i 7 Costs directly associated with scientific and laboratory services and with the monitoring of quality
Scientific:sanvicss that are not included in previous items
Cther business Costs directly associated with other business activities that are not included in previous items,
activities |except for cost depreciation
Doubtful debts Charge/credit to the profit and loss t for bad and doubtiul debts
Sum of Operational|  All the above 0.0
Costs operational costs :
Internal manpower The sum of the total manpower costs of p it and t y personnel, ir ding
costs Employment sty [ | 2:0 employment-related social costs and benefits paid by the employer
c:z:itiﬁ;:;:f Megative o The summation of the amounts in each of the above cost categories that have been incurred in
allocation £ the construction of new or rehabilitated assets
assets
Sum of Operational costs and
Total Running | Internal Manpower Costs, minus 0.0
Costs capitalised cost of self- ¥
constructed assets
Comments:
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Appendix J

PIFastCalc Output
Niagara-on-the-Lake

Veritec Consulting Inc.



'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

101, 102 - May 4, and Oclobor 13, 2005
103 - August 10, and Novembeor 1, 2005

Procoss Rellablity Bands:
A-aclual data
B - calculaled based on actual data

C - calculaled estimato
D - no data [ defaull

No costs for operaling 1he system provided,

of for3 m por hydrant

104 - May 4 and Octobor 13, 2005 - problomatic mator ot s highest accounted for 6% of ovorall supply.

Combinations, for oxamplo, BIC may be used o illustrato a caleulated estimato based on pariial data

Water Supplied by Niagara Region from beth Decow Falls system (505, 506 & 509) as woll as Niagara Falls WTP {101, 102, 103, 1D4). Calibration reports provided as follows:

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFasiCalcs’ Standard | Version 1a 2nd Dec 2005 Canada
ANNUAL WATER BALANCE CALCULATION IN TWA STANDARD FORMAT, WITH 95% CONFIDENCE LIWITS Datn eriry Delaudis: Calculated Values From ancther Worksheal
Nete:Caleulations shoud be based on a 12.manth period for il aspects of the weeksheel 1o function carrectly Currency = sc "**U'N: units Ml il o
Wility |Town of Magara-anthe Lako M“‘”gfj ;;‘;‘""'" os o1z008 ™ 012006 . %65 |days
System |Whate System D""“:'.f,::"".',“;:; hans e Catcuation byl Seve Genser Date 4.Dec05
2 FINANCIAL PERFORMANCE INDICATORS FOR HON-
s WATER BALANCE CALCULATIONS Valume in g8m REVENUE WATER
g - peried | eonlidence Vaslance
& WA Terminalogy Limit as +- %) ool System | Calculated Value of NAW as % of System
COMPONENTS OF WATER BALANCE Ml Input Volume Running Costs in Perlod
W05 Valume from Own Sources lor known 1] (] 0.0% ] 1 &
2= g
A Wi Water { K errars) aeas|  so0% 9408 100.0% 33 4
> B
SIV: SYSTEM INPUT VOLUME 21826 so0% sas8 100.0% 58 2
z =
BACE Water Experted o 0% Se H
=z
[W5: WATER SUPPLIED = SIV - BACE nes| o s458 100.0% =3 3
BT [BACMI: Billed Authorised Consumplion: Metered Total 1250 15% 09 101.3% ‘:: é 8
g s
& Weterod (] 0.0% 28
2 E #
[BACM3: Billed Authorised Consumation: Metered L} 0.0% <8
O [BACU: Billed Autherl o 0.0% soms | scxioon L
NAW: NON-REVENUE WATER 18] arsan 10107 A% 0.0000 0.0) 00%
A |UACH: Unbilled Autharised Consumption: Metered [ .00 ! ol WS ] 00% 0.0 0.0%
O [UACU: Unbilied Autheri U Esil l' 1.250% | WS 8| 1oa0% a1z 13% 0.0] o.0%
WL WATER LOSSES 813  2aran 10519 2% 0.0000 aol 0.0%
D |UC:Unauthorised Censumptian: Estimated as|  0.250% ol WS 50| 100.0% 1% 0.3% 00 0.0%
B |ALMUR1: Apparent Loss - mater under-registrallon: Tetal 0.60% | of BACMI 105 0% 0 0.5% 0.0 0.0%
ALMURZ: Apparent Loas - meter under-registration: ol BACM2 0.0 (] 0.0% 0.0) 0.0%
ALMUR3: Apparert Loss - meter under-registration: :'r:f:::': 0.0 o 0.0% 0ol o0ow
D |[ALDCD Customer meter data hardiing errors o (18 0.0} 00
(AL: Sum of APPARENT LOSSES M4 A% T 0.9% 0.0000 og 0.0%
FL: REAL LOSSES AA0BT| 18500 10538 4% 00 0.0%
A %0l poriod sysiem pressurized = | 100.0% | 365.0 |da1. Cost of running system In period = $Cx1000
(CAFL: CURRENT ANNUAL REAL LOSSES {when system is pressurized) -n.:niumy
vz Valldfor ASSESSMENT OF UNAVOIDABLE REAL LOSSES, AND VOLUME AND COST OF
g 3E r P i UARLE L) | P CLE a8 POTENTIALLY RECONERABLE REAL LOSSES
£a %
L3 cale? Motes: 1l Lm and Lp are in km and peessure P is In -
A |Lm: Mains Length, km 424 Yes 1.0% UBLIn liresour »  (20xLm+ 126xNie 33xlplx  (prsg)
A |Nh: Number of Fire Hydrants 1080 1.0% UARL in  lresiday = (18xlm+ 08xN+ 2Bxlpjx P
AB [Nb: Number ol Separalely Billed Properiies 5308 2.0% COMPONENT OF REAL Ll M $Cx1000 8% G o
A: Ratic of bllled Service Connections (Ns, main 1o praperty LOSSES “
B fiine} 1o Bitled Progs (i) 1.000 0% perday | Inperod | inperiod
Ne: No. of billed Serviee Connections 5306 28% UBL: UNAVCHDABLE P2 L i
C _[Mu: Number of Unbilled Service Connections ] BACKGROUND LEAKAGE L
[Mi: Total Number of Service Conns (= Ns + Nu), mains 1o =
peoperty ling 5306 ¥ 8% UAAL: UNAVOIDABLE e — il
ANNUAL REAL LOSSES
[OC: Density of Connectiony km of mains = Nsflm n7 0%
Lp: A I line to mete, a5 25.0% L
8 p: Average pipe length, property line to meter {m} I:AHL.R::I.RIT_::MML e “ita e
Lp: Tolal pipe length, property line 1o meter {km) 4510 2w =
€ [P Average pe h {ps) 720 A0.0% Ly E
Yes 078 -286 T46%
P: Average pressure when system prossurised (m} s1.6 a0.0% AEAL LOSSES = CARL - UARL
6% Clsas| Lowest Highest
WA BEST PRACTICE PERFOAMANCE INDICATOR LNITS OF PERFORMANCE INDICATOR Best estimate ety Estimate Estimate
Non Reverus Water Basic WA Level 1. Finds) *4.0f System Input by Valume a3 475.2% 49 T8
Non Revenue Waler Basic WA Lavel 1, Find7) % al System Input by Value ATE2%
*uof Water Supplied (Distribution Systems) 0.9 30.0% 06 11
Apparent Losses (WA Op2J)
ol System Input Volume [Bulk Supply Systems] 0.0 20,0% 06 11
Beat Cp2a Pl > L when system d 65 185.1% 48 =160
Real Losses Basic {IWA Level 1, Op24)
midfkm of maine/dsy, when system pressurised A3 185.1% 11 3.8
Real Losses Detalled WA Level 3, Op 25) Inteastructure Leakage Index ILI (non-dimenalonal} 061 180.4% 058 177
Comments:
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Real Losses and 95% Confidence Limits
— 1250
——Cument
= 40 f Annual Real
> / n , ! k Losses
z ol THY
o / l ‘ ==—LUnavoidable
a 0.80 Annual Real
g FQ ot ;s Losses
Z -
€ o Unavoid
==—Unavoidable
7y unar
s Leakage
-1.0 0.5 0.0 05 1.0
Real Losses in Ml per day,
when system pressurised
NAW % by Volume; C iparison with Int | Data Set

IWA Level 1 (Basic) Financial Pl for Non-Revenue Water (Fin36)
Non-Revenue Water as % of System Input Volume

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM PiFasiCaies’ Standard Version 1a | 2nd Dec 2005 Canada
Utility[Town of Niagara-on-the-Lake 01701/2005( to [01/01/2006 | 365 days
System|Whole System

Water Balance Components as % of System Input Volume |

OWater Exported

B Other Billed
Auth.Consumption

OUnbilied Authorised
Consumption

DApparent Losses

OReal Losses

NRW % by Volume; Comparison with North American Data Set
IWA Level 1 (Basic) Financial Pl for Non-Revenue Water (Fin36)

NRW as % of System Input Volume: Canadian data in blue

Non Rovenue Water %
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Real Lesses in litres/service connection/day
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Compared with International data set
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs'
Pl_F_astCalcs _| Standard | Version 1a| 2nd Dec 2005 Canada Mae‘ﬂlﬂmn Town of Niagara-on-the-Lake =

THIS WORKSHEET COMPARES THE CALCULATED SYSTEM ILI WITH WORLD BANK INSTITUTE GUIDELINES

World Bank Institute (WBI) Guidelines
The World Bank Institute has recently introduced, into its NRW. Training Modules, a target matrix for Real Losses management performance, based on real lesses in
volume/service connection/day for a range of average operating pressures, and classified into Bands A to D. The targets assume that customer meters are located at the
property boundary, with an average connection density of around 40 per km mains. Bands A to D in the WBI target matrix can also be shown as an equivalent range of ILIs,
which can be applied to a wider range of connection densities and custemer meter locations, as shown below. Band limits in terms of ILIs, general descriptions of each
Band, and appropriate recommended actions are as follows:

Developing’ Developed Calculated . 5 5
Countries | Countries BAND ILI for this General description of Real Loss Managemsn!cze:.'?:ir::nce Categories for Developed and Developing
ILI range | ILI range System
Juct s = 1 - = - =
Less than 4] Less than 2| A 0.6 Further los_s reduction may be uneconomic unless there are shortages; careful analysis needed to identify
cost-effective improvement
4to<8 St B Potential for marked improvements; consider pressure management, better active leakage control
2 25 practices, and better network maintenance
8lo< 16 L10<B c Poor leakagef t‘ecor.c'lg t'olelrabla ozly F water is plentiful and cheap; even then, analyze level and nature of
leakage and y T 1 efforts
16 or more| 8 or more D Very inefficient use of resources; leakage reduction programs imperative and high priority
| WEI Rec lations for BANDS A B c D
System IL| compared with WBI Bands for developed countries ll tigate pressure management options Yes | Yes | Yes
Investigate speed and quality of repairs Yes | Yes | Yes
> Check ecc ic intervention frequency Yes | Yes
% |Introduce/improve active leakage control Yes | Yes
-'lg Identify options for improved maintenance Yes | Yes
e
=3 |
o Assess Economic Leakage Level Yes | Yes
£ / - :\ i Review break frequencies Yes | Yes
o
H y : ! : 5 T Y Review asset management policy Yes | Yes | Yes
<t =8 w2 o 0 1 2 2 * 8 8 7 8 2 Deal with deficiencies in manpower, training Yes | Yes
Infrastructure Leakage Index ILI and communications
e System ILI === Upper Limit BAND A 5-year plan to achieve next lowest band Yes | Yes
==—Upper Limit BAND B ~—Upper Limit BAND C Fundamental peer review of all activities Yes
———————— S T T T T T ——————— |
GUIDELINE 2: The AWWA Water Loss Committee general guidelines for setting a target ILI (in lieu of having a determination of a system specific economic

level of leakage). Source of information: Table 7 in the AWWA Water Loss Committee Report in the AWWA Journal, August 2003

Note: since this table was published, simplified methods of calculating an economic frequency of intervention for active leakage control by regular survey have been been

developed and are included in the ALCCale software. This has allowed the development of the ELLCalc software to calculate short-term ELL for an active leakage control

policy of regular survey. Data from England & Wales (where many Water Companies are recognised as having achieved ELL) suggests that in developed couintries, the

ELL (in terms of ILI) is unlikely to exceed 3.0, even where water is plentiful and inexpensive,

Target ILI This
Range | System ILI

Water Resources Considerations Operational Considerations Financial Considerations

Operating with system leakage above this |Water resources are costly to develop or

Ava ources tly limite = 3 L 2 2 :
Hable'tes are.groaty d.and level would require expansion of existing  |purchase; ability to increase revenues via

1.0-3.0 -0.6 are very difficult and/or environmentally

sifisound ta deval infrastructure and/or additional water water rates is greatly limited because of
i resources to meet the demand regulation or low ratepayer affordability
Water resources are believed to be sufficient|_ . . i Water resources can be developed or
Existing water supply infrastructure o
to meet long-term needs, but demand o Ry purchased at reasonable expense; periodic
" capability is sufficient to meet long-term ¥ 5
3.0-5.0 management interventions (leakage e o water rate increases can be feasibly
o 2 C 1 as long as reasonable leakage
manag ,water vation) are imposed and are tolerated by the customer

management controls are in place

included in the long-term planning population

I i liabili i i f] 5 =
Water resources are plentiful, reliable, and Superior reliability, capacity and integrity o Cost to purchase or obtain/treat water is

- p at i t it
580 easily abstracted fhio w 2 .5 Apply lifrastrunture ake low, as are rates charged to customers
relatively immune to shortages
i Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective|
th:f:; utilization of water as a resource. Setting a target level greater than 8.0 - other than as an incremental goal to a smaller long-term

target - is discouraged.

: Simplifie s of calculating an economic frequency of intervention for active leakage control by regular survey have been been developed and are ncluded
the ALCCales Standard software. This has allowed the development of the ELLCalcs standard software to calculate short-term Economic Leakage Level for an active
leakage control policy of reqular survey.

|Important Footnote: the Inirastructure Leakage Index (ILI) provides guidance as to how well real losses are being managed (in terms of repairs, active leakage control
and infrastructure management) at the current operating pressure. However, calculation of the ILI does not imply that pressure management in a system is optimal, or
econemic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular,
a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks. So even if a low ILI is being achieved, there may still be
opportunities to reduce annual real losses by improved pressure management. The PressCales Standard Software provides more detailed information on this topic.




'LEAKS' Suite of LEAKAGE EVALUATION

and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM PlFastCalcs’ | Standard | Version 1a 2ndDec2005 | Canada |Master.0000
OPTIONAL DATA ENTRY SHEET FOR ANNUAL SYSTEM RUNNING COSTS Data entry Calculated Values | From ancther Worksheet
Utility |Town of Niagara-on-the-Lake 01/01/2005 [to 1/1/2006 Number of Days in Period| 365 [days
System [Whole System Caleul by Steve Genser Date of calculati =| 12/4/2006
| Total running costs as calculated below = | 0.0[$Cx1000 _[Transfer this figure to Cell L30 of WaterBalance&Pis' Workshast =

Note: The following definitions of annual system running costs should be considered as
20 of the IWA 'Manual of Best Practice 'Performance Indicators for Water Supply Services', (Alegre H, Hirner W, Baptista J.M, and Parana R, July 2000, ISEN 1

guidelines only. They are based on the ‘Financial Definftions' in pages 19 and

Costs

capitalised cost of self-
constructed assets

800222 27 2. WA Publishing: this report should be consulted for further guidance as necessary.
Sub-total |Group total
Operational Costs $Cx1000 $Cx1000 NCLUDES
Imported water Raw water 0.0 BULK SUPPLY IMPCRTS: total payments for Iimported raw water
Treated water BULK SUPPLY IMPORTS: total payments for imported treated water
Raw water
Energy Treatment 0.0 POWER: all energy costs for water supply electricity and fuel for motive machinery
Transmission '
Distribution
Outsourcing Out ing of technical or admin services, such as consultants, contractors undertaking
operational tasks, meter reading and accounting fees
Exdemal saricas: S::\:T;BSLIO:DILC:S - Licence fees on computer software and technical support by software companies
Qutsourcing Associated : . : ; : ;
; Costs of associated companies that are not included in other items
Companies
Third party Operating costs of providing water services to third parties (ofher than the regulated water
senvices supply f ) that are not included in other items
Premises Payments for leasing or renting premises
Vehicles Payments for leasing or renting vehicles
Leasing and Rentals Mobile Plant 0.0 Payments for leasing or renting mobile plant
Fixed Plant Payments for leasing or renting fixed plant
Equipment Payments for leasing or renting equipment
Waisi tealisnt All water treatment chemicals for water supply that are not in HIRED AND CONTRACTED
2 SERVICES and which are required for operation of sources, treat t plants ission and
chemicals AR
Purch 0.0 dnsmbutu?n systems _
Other than All materials and consumables other than energy and water treatment chemicals for water
chemicals and supply, that are not in HIRED AND CONTRACTED SERVICES and which are required for
energy tion of 1 plants, ion and distribution syst
Taxes, levies and Z Any operating li paidoa G it or icipal authority, abst 1 charges, local
feas Allkinds o authority rategs i
Exceptional eamings Al kinds on Any exceptional income or expenditure from donations, investment subsidies, compensations or
and losses : adj ts related to hwriting off of fixed assets
Cther direct costs Any other operating costs (but excluding interest and taxation, on an aggregated basis)
Gansral ard The aggregate direct cost of GENERAL AND SUPPORT ACTIVITIES (Manpower costs
stpport excluded)
expenditures
. Costs directly associated with customer services that are not included in previous items, related
O'Eh;;;c:g;?::g Customer services 0.0 to customer accounting, reading of meters, debt revovery, costs of disconnections,
customers’enquiries and complaints handling.
N . Costs directly associated with scientific and laboratory services and with the itoring of quality
Scientilic services that are not included in previous items
Other business Costs directly associated with other business aclivities that are not included in previous ftems,
activities except for cost depreciation
Doubtiul debts Charge/credit to the profit and loss account for bad and doubtiul debls
Sum of Operational|  All the above
& 0.0
Costs operalional costs
Internal manpower The sum of the total manpower costs of p tand yp 1el, including |
costs Employment cnslsl | 29 employment-related social costs and benefits paid by the employer
C::::t:l::l;&::;f Megative o The summation of the amounts in each of the above cost categories that have been incurred in
allocation : the construction of new or rehabilitated assets
assets
Sum of Operational costs and
Total Running | Internal Manpower Gosts, minus 0.0

Comments:
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Appendix K

PIFastCalc Output
Pelham

Veritec Consulting Inc.



'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFasiCales’ Stondard | Verelon 12 and Dos 2005 Canada
ANNUAL WATER BALANCE CALCUL Wa ORMAT, WITH 95% ENCE LIMITS Data ordry Dofaulle Caleulsted Valuds Fram anothor Workshaot
Neto:Caltulations should bo based cn a 12.month perlod for all aspacte of the workehsot to funetion carroctly Curroncy = e "““"‘: el gy and w
Bulk Déstributian
Uity [Town of Pelham """g;m ﬂ‘m, fibtian o8 U005 o oU02006 . a5 |daye
System |Whel Syetom a "‘;‘.‘u‘r:':““;':;‘; Hite No Stous Gansar Dato 8.Feboy
3
E WATER BALANGE CALCULATIONS FINANCIAL PERFORMANCE INDICATORS FOR NOMN.
gd Veluma in Py ENUE WATER
8= Rperlod | comtigence | Varlanco
£E5 1WA Tarminology Limit as o/ % *ol System | Calcutated Value of NAW a5 % of System
2 |COMPONENTS OF WATER BALANCE M Inpat Valume Running Cests InPoriod
WO3: Velumo from Own Sources (comectod lor known cystematic errors) 0 0.0% ¢ = § B
= 2z
A |wi Water Importad (corroctod tor knawn syctomatle arrors) wazz|  aem 695 Ll R i3 3
£l &
SIV: SYSTEM INFUT VOLUME w2z 0% 05 100.0% ;E i H § H 2
BacE Water Experied [ oo% 5E% | 5% £
Ws: WATER SUPPLIED = 5V - BAcE waza| o 635 oo | ES E % : s
[ A Matared Tota! Billea e 1sm 122 wen | $3< | 3 i
23 25 -
[BACM2: Billod Authoricod Consumption: Mstored o oo | 32 is :
-4 ]
BACM: Billod Authoriced Consumption: Metared o 0.0 5 £
A [BACU: Bliled L] 0.0% SCIma SCx1000 *
NAW: NON-REVENUE WATER 2818 19.9% 818 Tea 04537 130.7] 12T
A |UACH: Unbilled Authoriced Consumplion: Matered 1 0.00% | ol WS [ 0.0% 04460 o] 0.0%
D [UACU: Unbilled Autheel "I 1.250% | ol WS 218 100.0% m 1% 04480 2.6 0.5%
(WL WATER LOSSES 260.3 A% a7 181% 04852 121 7%
D |uc:Unauthariced Consumption: Estimatod os|  0.250% ol W 4.3 100.0% L} 0% 0.0300 0 0%
ALMUR1: Apparent Lose - metor undor-rogietration; Tetal Bllled 0LED% of BACMY a7 To% ] 5% oI008 7.2 T
ALMUR2: Apparent Loss - moter under-regictration; of BACMZ 0.0 [} 0.0% 0.0| (X0
ALMURS: Apparort Lose - moter undar-roglstration: :;«mmuu; 0.0 0 00 00 0.0%
ALDCD Customer moter data handling errars o oo% 0.5300 0.0 (X0
[AL: Sum of APPARENT LOSSES 120 4w 5 nE% 0.8300 0.8 1.0%
AL: REAL LOSSES 13| M 42 18.4% 04360 1103 10.7%
*%of pariod systom proceurized = 100.0% I 5.0 lm-r: Cost of running systom In poried =) 10317} $Cx1000
(CARL: CURRENT ANNUAL REAL LOSSES (when systom ie preccurizod) 0.68|MVday
wz il e ASSESSMENT OF UNAVOIDAELE REAL LOSSES, AND VOLUME AND COST OF
§ z 5 1 UARLA ILI 5% Cleoe POTENTIALLY RECOVERABLE REAL LOSSES
2 SYSTEM INFRASTRUCTURE AND PRESSURE DATA. ot
£F wakc? MNetos: It Lm and Lp ars In km and prosswra P i In metros
A |Lm: Maine Longth, km 60.66 ¥ 1% UBLin litreethour = (20xLm+125xM e 2xlphx  gyse)®
A |Nh: Number of Fire Hydranie a3 10% UARL in  lireciday = Bxlms 0BxN+ 28xlplx P
AB P 4237 200 COMPONENT OF REAL ] Ml Ll L
ae (s, maln 1000 2% Los3Es perday | Inperled | Inperlod =
R L b Lo lad L
Ne: No. of billed Sorvico 237 2E% UBL: UNAVOIDABLE
019 05 7
€ [Mu: Numbar oi Unbilled Service 4 25.0% BACKGROUND LEAKAGE 2 G
M1: Total Numbar of Sorvieo Conns {= N + My alre to
praperty ling e fetie vt m A i AMRL IR 0.28 102 453 3%
ANNUAL REAL LOSSES :
DC: Denslty of Connsctions! km of malns = NelLm (3K} 0%
B |Lp:Average pipe longth, property line to mator (m) 10.2 24% 2
“n";é:zf:;s?sm“" 0.68 247 103 24.3%
Lp: Tatal plpe length, property line to mater (km) A3z A%
AB P Average prassure when syslom pressuriced (pel) 2.0 s.0%
¥ gﬁ":é‘;:é‘;ﬁimfmf .40 148 5.0 arss
P: Average prosgure when eystem precsurisod (m) 48.8 5.0% ke
¥5% Cleas| Lowest Highost
Le¢h BEST PRACTICE PERFORMANCE INDICATOR LTS OF PERFORMANCE INDICATOR Bost estimate| Ectimate Ecilmate
Nen Ravenun Water Bagle (WA Lovel 1, Finds) %ol Syslem Input by Velumo 164 W% 131 w7
e Rovorno Water Basic (WA Lovel 1, Find7) *4 of System Input by Yaluo 127 20.1% 10,1 152
24 F *of Water Supplied [Dictribution Syctome) 3] F06% (1] 1.0
Apparort Loceos (WA Op23)
% of Sysiom fnput Volumo (Buk Supply Systoms) 0.8 22.6% 05 1.0
L ¥, whon 160 24.5% 121 158
Roal Losses Bacle (WA Lovol 7, Opaa)
mkm of when systom p 9.9 24,9% 75 123
Foal Lozees Detadlod (IWA Lovel 3, Op 25) Infrastruciure Leakage ndex IL| {nen-dimensional) 243 24.9% 10 a0a
r_wﬂ ents;
[Region billing equation = 307 + 302
Ho Callbration Reports.
Frocess Rollabiity Bands;
A - actual data
B - calculated basod on actual data
C - ealoulatod estimate
D - no data / delauk
Combinations, for example, B/C may be used to llustrato a calculated estimate based on partial data
Ti gih of for 2 m por hydrant
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Utility | Town of Palham

WATER BALANCE AND PERFORMANCE INDICAT ORS PROGRAM PIFastCales’

Systern|Whole System

Standard Version 1a | 2nd Dec 2005 Canada
01/01/2005] te [01/01/2008 365 Idays
1

Real Losses and 95% Confidence Limits

Water Balance Components as % of System Input Yolume |

5.00
Fal =——Curmrant
s / ‘ Annual Real
> 4.00 \ Losses
3 oo —
5 300 I \ —a—Unavoidable
& 250 Annual Real
2 s00 .I' \ Losses
3 [ \
< 1.50 ! \
& 1.00 1 Ly =—Unavoidable
0.50 g
L L]
0.00 - r T T fako
0.0 0.2 0.4 06 08 1.0
Real Losses in MI per day,
when systom pressurised
NRW % by Volume; Comy with ional Data Sot
IWA Level 1 (Basic) Fi ial Pl for Non-R Water (Fin38)

Non-Revenue Water as % of System Input Volume

OWater Exported

OOther Billed
Auth.Consumpticn

O Unbilled Authorised
Consumption

OApparent Losses

DReal Losses

NRW % by Volume; C

HNon Rovenue Water %

=
il

1w 21 23 25 27

—— Uppor sstimala |

—&—Lowor ostimale  —ll—Basl ostimalo

Non Rovenue Water %

with North A Data Set

IWA Level 1 (Basic) Fi ial Plfor Non-R Water (Fin36)

NRW as % of System Input Volume: Canadian data in blue
35
0 _[HH
2 — HHH
20 sttt _ 1ML
= : : : e o P o o e D
10 47— I H = HHHHHH
5 | L Lt ] 1= - L e
0 = B

12 3 45 6 7 8 8 191 121314 15 168 17 18 19 20 21
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Real Lesses in litres/service connection/day’
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Compared with International data set
IWA Level 1 (Basic) Operational Pl for Real Losses (Op24)
Use Lires/service conn./day it Density of Connections > 20 par km of mains

All international data set hava density of connections > 20 par km of mains

Real Losses Lilres/service/day
588585388

s

[ —+—Lowor ostimato  —@—Best astimato

—a—Uppor estinto |

All Europsan data set have density of

Real Losses Litres/service/day

g§ B 8

Real Losses in litres/service connection/day
when system Is pressurised
Compared with North A data set, C, fian data in blue
IWA Level 1 (Basic) Operational Pl for Real Losses (Op24)
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
—_— o ——
WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs’

__PlFastCalcs | Standard ] Version 1a] 2nd Dec 2005 | Canada —_Master.0000 | Town of Pelham

THIS WORKSHEET COMPARES THE CALCULATED SYSTEM ILI WITH WORLD BANK INSTITUTE GUIDELINES - |

World Bank Institute (WBI) Guidelines
The World Bank Instilute has recently introduced, into its NAVY Training Modules, a target matrix jor Real Losses management performance, based on real losses in
volume/service connection/day for a range of average operating pressures, and classified into Bands A to D. The targets assume that customer meters are located at the
property boundary, with an average connection density of around 40 per km mains. Bands A to D in the WBI target matrix can also be shown as an equivalent range of ILIs,

which can be applied to a wider range of connection densities and customer meter locations, as shown below. Band limits in terms of ILls, general descriptions of each
Band, and appropriate recommended actions are as follows:

Developing| Developed Calculated S . <
Countries | Countries BAND LI for this General description of Real Loss Management Petforfnance Categories for Developed and Developing
Countries
ILI range | ILI range System
Less thian 4l Less thand A Further Ios‘s re.fduction may be uneconomic unless there are shortages; careful analysis needed to identify
cost-effective improvement
4lo<B o B 24 Pote‘r_-tial for marked impro _‘ ; consider pressure management, better active leakage control
p , and better network maintenance
Blo< 18 Yo c F‘oor leakage record; tolerable only it water is plentiful and cheap; even then, analyze level and nature of
leakage and intensify leakage reduction efforts
16 or more| 8 or more D Very inefficient use of resources; leakage reduction programs imperative and high priority
| WBI Rec fations for BANDS AlB|lc]| o
System ILI compared with WBI Bands for developed countries Ilmrestiggte pressure manag t options Yes | Yes | Yes
Ilnvestigate speed and quality of repairs Yes | Yes | Yes
= ,‘! , ICheck economic intervention frequency Yes | Yes
= + |
= + t L Ilntroducelimprove active leakage control Yes | Yes
- . |
-:-; . : ! Identify options for improved maintenance Yes | Yes
o i
8 {4 r —
@ . — ge Level Yes | Yes
2 N |
- * . .
2 = {1 Review break frequencies Yes | Yes
1 i
! ) ! ' L Review asset management policy Yes | Yes | Yes
g
0 1 2 3 4 5 & & 8 ks eal with deficiencies in manpower, training ves | iz
Infrastructure Leakage Index ILI and communications
~s—System ILI =~ Upper Limit BAND A S-year plan to achieve next lowest band Yes | Yes
—=—Upper Limit BAND B ——Upper Limit BAND C IFundamentaI peer review of all activities Yes
GUIDELINE 2: The AWWA Water Loss Committee general guidelines for setting a target IL| (in lieu of having a deter tion of a sy pecific economic

level of leakage). Source of information: Table 7 in the AWWA Water Loss Committee Report in the AWWA Journal, August 2003

Note: since this table was published, simplified methods of calculating an economic frequency of intervention for active leakage control by regular survey have been been
developed and are included in the ALCCalc software. This has allowed the development of the ELLCale software to calculate short-term ELL for an active leakage control
palicy of regular survey. Data from England & Wales (where many Water Companies are recognised as having achieved ELL) suggests that in developed couintries, the

ELL (in terms of ILI) is unlikely to exceed 3.0, even where water is plentiful and inexpensive.

Target ILI This

Range | System ILI

Water Resources Considerations Operational Considerations Fi ial Considerati

Available resources are greatly limited and Operating with system leakage above this |Water resources are costly to develop or

1.0-3.0 24 are very difficult and/or environmentally !e\rel would require exper}s.[on of existing |purchase; a!:nlﬂy to increase revenues via
unsound to develop infrastructure and/or additional water water rates is greatly limited because of
resources to meet the demand regulation or low ratepayer affordability
Water resources are believed to be sufficient Water r can be devel 1or

P

purchased at reasonable expense; periodic
water rate increases can be feasibly
imposed and are tolerated by the customer
population

Existing water supply infrastructure
capability is sufficient to meet long-term
demand as long as reasonable leakage
management controls are in place

to meet long-term needs, but demand
3.0-5.0 management interventions (leakage
management,water conservation) are
included in the long-term planning

4 . Superior reliability, capacity and integrity of
5.0-8.0 Wat‘er resources are plentiful, reliable, and the water supply infrastructure make it
easily abstracted 5 -
relatively immune to shortages

Cost to purchase or obtain/treat water is
low, as are rates charged to customers

Gt Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective
peater utilization of water as a resource. Setting a target level greater than 8.0 - other than as an incr tal goal to a ller long-term

than 8.0 target - is discouraged.
e R R R
ote: Simpliied methods of ca cu|allng an economic irequency of intervention for actve eaEage control B:.r reguiaf survey have been been aevefopea and are included n

the ALCCales Standard software. This has allowed the development of the ELLCales standard software to calculate short-term Economic Leakage Level for an active
leakage control policy of regular surv

Important Footnote: the Inirastructure Leakage Index (IL1) provides guidance as to how well real losses are being managed (in terms of repairs, active leakage control
and infrastructure management) at the current operating pressure, However, calculation of the IL| does not imply that pressure management in a system is optimal, or
economic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular,
a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks. So even if a low ILl is being achieved, there may still be
opportunities to reduce annual real losses by improved pressure management. The PressCales Standard Software provides more detailed information on this topic.




'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCales' | Standard [ Version 1a 2nd Dec 2006 | Canada |Master.0000
OPTIONAL DATA ENTRY SHEET FOR ANNUAL SYSTEM RUNNING COSTS Data entry Calculated Values | From another Worksheet
Utility |Town of Pelham 01/01/2005 [to 1/1/2006 Number of Days in Peﬁodl 365 Idgys
System |Whole System Calculation Steve Genser Date of calculation =| 7-Sep-06
| Total running costs as calculated below = | 0.0[sCx1000 _ [Transfer this figure to Cell L30 of WaterBalance&Pis Workshest |

900222 27 2, IWA Publishin

 this raport s

Nots: The following definitions of annual system running costs should be considered as guidelines only. They are based on the
20 of the IWA 'Manual of Best Practice 'Parformance Indicators for Watar Supply Services', (Alagre H, Hirmer W, Baptista J.M.
hould be consulted for further guidance as necessary.

‘Financial Definitions' in pages 19 and
and Parena R, July 2000, ISBN 1

Costs

capitalised cost of self-
constructed assels

Sub-total |Group total
Operational Costs SCx1000 $Cx1000 INCLUDES
" datar Raw watar 0.0 BULK SUPPLY IMPORTS: total payments for imported raw water
& Treated water 3 BULK SUPPLY IMPORTS: total payments for imported treated water
Raw water
Treatment 2 2 .
E —— . :
nergy TiarEmizsion 0.0 POWER: all anergy costs for water supply alectricity and fusl for motive ma chinery
Distribution
Outsourcin Outsourcing of technical or administrative services, such as consultant 1 lertaking
g operational tasks, mater reading and accounting fees
Software licences ; 2 2
Extomal sanvicos: and IT support e Licence fees on computer software and technical support by softwara companies
Out ing Associated i % : A R ;
Companks Costs of associated companies that are not included in other items
Third party Operating costs of providing water services to third parties (other than the ragulated water
services supply function) that are not included in other items
Premises Payments for leasing or renting premises
Viehiclas Payments for leasing or renting vehicles
Leasing and Rentals Maobile Plamt 0.0 Payments for leasing or renting mobile plant
Fixed Plant Payments for leasing or ranting fixed plant
Equipmant Payments for leasing or renting equipment
Wiler traatrant All water treatment chemicals for water supply that are not in HIRED AND CONTRAGTED
h :i:als SERVICES and which are required for operation of sources, treatment plants.tr i 1and
Purct SN 0o  |distribution systems
Cther than ; All materials and consumables other than energy and water treatment chemicals for water
chemicals and supply, that are not in HIRED AND CONTRACTED SERVICES and which are required for
enargy oparation of treatment plants ion and distribution sy
Taxes, lsvies and Al kinds 0.0 Any operating licences paid to a Government or municipal authority, abstraction chargas, local
fees ! authority rates
Exceptional earnings : Any exceptional income or expenditure from donations, investment subsidies, compensations or
All kinds 0.0 i £ e .
and losses adj related to riting off of fixed assets
Cther direct costs Any other operating costs {but excluding interest and taxation, on an aggregatad basis)
Génar] i"“ The aggregate direct cost of GENERAL AND SUPPORT ACTIVITIES (Manpower costs
suppdl excluded)
axpenditures
Other O i Costs directly associated with customer services that are not included in previous items, related
£ £ ndplera ng Customer services 0.0 to customer accounting, reading of meters, dabt Y. cosls of disconnactions,
xpandilures customers'enquiries and complaints handling.
s F Costs directly associated with scientific and laboratory services and with the monitoring of quality
Sciantific servicas that are not included in previous items
Other business Costs directly associated with other business activities that are not included in previous items,
activities except for cost depreciation
Doubtful debts Charge/credit 1o the profit and loss account for bad and doubtiul dabts
Sum of Operational|  All the above
7 0.0
Costs operational costs
Internal manpower Empl Atccets 0.0 |The sum of the total manpower costs of permanent and temorary personnel, including
costs npigyma = : employment-related social costs and benefits paid by the employer
Car.;?alise‘: Wf‘;‘ b The summation of the amounts in each of the above cost categories that have been incurred in
sRl-eangiucie : the construction of new or rehabilitated assets
assets
Sum of Operational costs and
Total Running | Internal Manpowar Costs, minus 0.0

Comments:




Niagaraw Region Water Loss Assessment Project — Phase 11 Final Report

Appendix L

PIFastCalc Output
Port Colborne

Veritec Consulting Inc.



'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs’ Slandard | Version 1a 2nd Dec 2005 Canada
ANNUAL WATER BALANCE CALCULATION N IWA L WITH 65% LIMTS Data eniry Delauils Calculated Values From snolber Worksheet
Note:Caleulations shaud be based on a 12:manih pericd for all aspects of th worksheel 1o humetion cormecily (s 5c Yeomeudn]  y) and o
Wility |Town of Pert Calbarme “””9':“&‘:;;',“"“'"“ os 0102008 1o oueLIeE = 365 |days
System [Whole System N"::',:::'::‘:: i Mo by Stave Genser Date 40008
2 WoicA [
H- WATER BALANCE CALCULATIONS Volume In o5% REVENUE WATER
4 peied | eontidence Varlarce
E WA Terminalogy Limit as +- %] *ol System | Caleulated Value of NAW as % of Sysiem
COMPONENTS OF WATER BALANCE W Inpust Volume Running Cests in Perlod
WOS: Volume trom Own Sources {f lor krigven 3 o 0,0% E E é "
A |WiWater 4 for errars) wong|  aew asa0 e ) £
55 ]
s1v: SYSTEM INPUT VOLUNE ao00.0]  aom 3580 o | S 5| 58 5
H = =
BACE:Water Exported o 0.0% T; E E 2 E 5
282 > -
WS: WATER SUPPLIED = SIV - BACE w050 3% 2580 oo | 2 55| =3 5
AB  [BACH1: Billed Authorizsd Consumplion: Metered Fesldential .55 15% 140 20.0% % ‘-% & ?s, £ g
& B
A Metered Large Users #22.5| 1.8% 50 22.6% iz H E 2
2E
BACHI: Bllled Metered ] 0.0% - <3
[BACU: Billed i L ] 0.0% soma | scxtoon %
HRW: NON-AEVENUE WATER 143020 B4 ane 8% 0.4616. 664.3] 0.0%
A Metered | 0.00% I of WS o 0.0% 04460 0.0) 0.0%
UACU: Unbilied Authorised Consumplion: Unmetered: Estimated asI 6.700% I ol WS 2B10)  S0.0% 4464 67% 0.4460 1168} 0.0%
WL WATER LOSSES 173 s 8234 30.1% 04551 5475 0.0%
€ JUC:Unawtherised Consumplion: Estimated as| 0.250% olWs 9.5 B0.0% & 0% 07560 74 oo
B |ALMUR1: Apparerd Loss - meter inde 0.50% | ofBACMI 78 Te% 0 02% 15810 123 0.0%
B [ALMURZ: Apparort Loss - meter under-registraticn: Large Users 1.00% | of BACM2 83 Ton ] 0.2% 15810 14.7) 0.0%
) 5 of BACM3
ALMURD: Apparent Lass - meter under-cegistration: and UACM 0.0, o 0.0% 15810 0.9 0.0%
D |ALDCD Customer meter data handling errars ] 0.0% 15810 0.9) 0.0%
AL: Sum of APPARENT LOSSES 260 1BE% 6 0.7% 1.2000 344 0.0%
AL: AEAL LOSSES 1150.4]  15.5% 8240 204% 04460 5111 0.0%
*aol period system pressurized = 100.0% [ 265.0 [dlyn Cost of runring system in period =| SCx1000
CARL: CURRENT ANNUAL REAL LOSSES (when system is pressurized} msfwm
g = Valid 1 ASSESSHMENT OF UNAVOIDABLE REAL LOSSES, AND VOLUME AND COST OF
52 P UARLE L1 | 5% CLeas POTENTIALLY RECOVERABLE REAL LOSSES
‘g 24 p
2 cale? Motes: Il Lm and Lp are In km and pressure P iz in metres
A [Lm: Mains Length, km 138.00 Yo 1.0% UBL in litres/howr = {20xlm+ 1355+ Wxlp)x sy
A |Nh: Mumber of Fire Hydrants 551 1.0% UARL in  Nitrealday = {1l8zlm+ 0BxMi+ 2Wxlpjx P
A8 |1ib: Humber of Szparately Billed Properties 5807 20% P Mi ] 1000 [ o am e
Fi: Aatle of billed Service Connections (Ms, main 1o property - LOSSES »
M8 [ o) ie Billed Progs i) 1.040 20% perday | inperied | inperied
Ns: No, of billed Service Connections §029 0% UBL: UNAVCIDABLE
022 L1} 26,0 4%
B [Nu:Number of Unbilled Service Connections 28 10.0% BACKGROUND LEAKAGE
i: Tod: It::.nberal Service Conns (= Ns + Nu), mains to 5067 Yea 28% UARL: UNA ! o
oo ANNUAL REAL LOSSES Lol = 2 Fo
OC: Density of Canneelion/ km of malns = Nsilm 4.0 3.0%
B |Lp: Aver, o length, property line to meter {m) 10,2 24% 3
p: Average pip ty lin mmﬁ::?:_sog::"uu 318 1180 5121 16.5%
Lp: Tetal pipe lengih, property line 1o meter {km) 61,60 7%
A [P Aver hi stem pressurised a0 0%
BN BSATTR Wem AR S MtIC ) Yea - iy Los;s'a AR “F;_ 279 1018 4838 17.5%
P: Average pressure when system pressurised {m) 41,0 2.0% = i
95% Cleas| Lowest Highest
WA BEST PRACTICE PERFORMANCE INDICATOR UNITS OF PEAFORAMANCE INDICATOR Best extimatel 7 Estlmate Eatbmate
Mon Revernse Water Basic [WA Level 1, Fin3g) "ol System Input by Valume %8 9% 15 401
Men Roverue Water Basic WA Level 1, Find7) % ol Systom Input by Value %
Best ool Water Supplied (Distribution Systems} 0.7 18.7% 0.6 08
Apparent Losses (WA Op23)
*s0l System Irgud Volume (Bulk Supply Systems) 0.7 12.7% 06 08
Li 7, when sy 519 157% 428 &01
Real Losses Basic (WA Level 1, Op24)
mkm of maina/day, when system pressurised 228 16.5% 103 264
Real Losses Detafled (IWA Level 3, Op 25) Intrastructure Leakage Index ILI (non-dimensional) 866 16.7% 7.0 10.02
[Commants:
[Fegion billing equation = 4T1 + 4T2
Loop Calibration Roports dated Oclobor 28, 2005 highlight the foBowing errors:
22.9 % of full scale = +26.7% arror
45.8 % of full scalko 0.1% arror
76.4 % of full scake = no error
91.5 % of full scale = no errar
Procoss Rokability Bands:
A-ochualdala
B - calculated based on sctual data
C - calculated estimato
D - no data | delault
Combinations, for example, BIC may be used to iustrale 2 calculated estimate based on partial data
Total length of watormain aliow for 3 m per hydrant (Le., 591 hydrants x 3m = 1.773 km)
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WATER BALANCE AND PERFORMANCE INDICAT ORS PROGHAM PlFast

Utility [Town of Port Colborne
System|Whole System

Cales' Standard Version 1a | 2nd Dec 2005 Canada
| [01/01/2005] to [01/01/2008 365 days
=

Real Losses and 95% Confidence Limits

Water Balance Components as % of System Input Volume

OWater Exported

BOther Billed
Auth.Consumpfion

OUnbilled Authorised
Consumplion

DOApparent Losses

O Real Losses

1.80
== Current
1.60 Annual Real
= 140 -{_ Losses
3 120
: S ' T |
o f 1 Annual Real
R S ’ l Losses
= 060 1 ! ‘
o
= 0.40 ! \ =~ Unavoidable
0.20 B8
Leakage
0.00 . - |
0.0 1.0 20 a0 4.0
Real Losses in Mi per day,
when system pressurised
NRW % by Volume; G with | Data Set

IWA Level 1 (Basic) Financial Pl for Non-Revenue Water (Fin3s)

NRW % by Vol ; Ci ison with North American Data Set
IWA Level 1 (Basic) Fi ial Pl for Non-R Water (Fin36)
NRW as % of System Input Volume: Canadian data in blue

Non-Revenue Water as % of System Input Volume
lgan HH
Zx L H
3
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& 45 L HHH - JHH
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2 10 THHHI HHHHH- -
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Tt 3 5 7 8 1 13 15 17 18 21 2 25

[ ——Lower sstimate  —m—Best estmate  —a— Upper sstimate

MNon Revenue Water %

12 3 45 6 7 8 9 101112 1314 15 16 17 18 10 20 21

—t—Lower estimale  —B—Bos! estimale  —a— Upper eslimate

Real Losses in litres{service conneclion/day
(when system is pressurised)
Compared with International data set
IWA Level 1 (Basic) Operational Pl for Real Losses {Op24)
Use Lires/service conn./day if Density of Connections = 20 par km of mains
All international data set have density of connections > 20 per km of mains

Real Losses Litros/servica/day
5388883838

7

g 1 13 5 7 19 21 23 2 27
|—0—Lonwe=i:rue —B—Bost estimate —A—vapans!usﬁlel

nnl'lﬂl]

3 5

All Ewropean data sel have density of connections > 20 per km of mains

Real Losses in litres/service connection/day
when system is pressurised
Compared with North A data set, C. data in blue
IWA Level 1 (Basic) Operational Pl for Real Losses (Op24)
Use Litres/senvice conn fday i Density of Connections > 20 per km of mains
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Infrastructure Leakage Index ILI for Real Losses
Compared with International data set

Infrastructure Leakage Index ILI for Real Losses
Compared with North American data set, Canadian data in blue
IWA Level 3 (Detailed) Operational Pl for Real Losses 25

IWA Level 3 (Detailed) Operational Pl for Real Losses (Op25)

12
1 -
10 1

- :

FE
; -

E 5 —— R

g sl JHHHHHHHKH

T || AR

ol el HHH L

S JHHHHHHHE ]
1] {1 L

1 3 5 7 8 1M 13 15 17 19 21 23 25 27
[ ——towsresimats  —m—Bostestimatle  —a—Upper ostimate ]

13
12
11 -
10

Infrastructure Leakage Index

O=NWsENO~ND©O

12 34 568 7 8 91011121314 151617 181920 21

[—Q—Lomlwmn ——Best astimala —d&— Upper eslimale




'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs'
PlFastCalcs | Standard | Version 1a| 2nd Dec 2005 | _ Canada IMastet.ODlJE]

Town of Port Colborne
THIS WORKSHEET COMPARES THE CALCULATED SYSTEM ILI WITH WORLD EIKNK INSTITUTE GUIDELINES

World Bank Institute (WBI) Guidelines

The World Bank Insfitute has recently introduced, into its NRW Training Modules, a target malrix for Real Losses management performance, based on real losses in
volume/service connection/day for a range of average operating pressures, and classified into Bands A to D. The targets assume that customer meters are located at the
property boundary, with an average connection density of around 40 per km mains. Bands A to D in the WBI target matrix can also be shown as an equivalent range of ILIs,

which can be applied to a wider range of connection densities and custemer meter locations, as shown below. Band limits in terms of ILIs, general descriptions of each
Band, and appropriate recommended actions are as follows:

Developing| Developed Calculated o o . . A
Countries | Countries BAND ILI for this General description of Real Loss Management Peﬂorrnanr.-a Categories for De ped and D ping
Countries
ILIrange | ILI range System
Less than 4| Less than 2 A |Further lnﬁs re on may be unless there are shortages; careful analysis needed to identify
cost-effective improvement
Potential for marked improvements; consider pressure management, better active leakage control
410<8 2to<4 B 2 2
practices, and better network maintenance
Blo<i6 o<t c Poor leakage record; tolerable only if water is plenﬁul and cheap; even then, analyze level and nature of
© leakage and intensify leakage reduction efforts
16 or more| 8 or more D 8.7 Very inefficient use of resources; leakage reduction programs imperative and high priority
| WBI Re dations for BANDS AlBslc| o
System ILI compared with WBI Bands for developed countries llnvesﬁgﬁg pressure man t opti Yes | Yes | Yes
finvesti ate speed and quality of repairs Yes | Yes | Yes
> Check economic intervention frequency Yes | Yes
§ § __§ . Introduce/improve active leakage control Yes | Yes
| .g ?’\ Identify options for improved maintenance Yes | Yes
5 e e ! —
| o i Assess Economic Leakage Level Yes | Yes
g / =
2 1 - [
Ez ‘,0' \. |Review break frequencies Yes | Yes
J ¥ i ¥ ¥ ! ¥ Review asset management policy Yes | Yes | Yes
0 1 2 3 4 S 6 7 8 g 0 oM Deal with defici in p r, training Yes | Yes
Infrastructure Leakage Index ILI and communications
=== System ILI === Jpper Limit BAND A Is-year plan to achieve next lowest band Yes | Yes
—Upper Limit BAND B ~Upper Limit BAND C Fundamental peer review of all activities Yes
— | | ]

GUIDELINE 2: The AWWA Water Loss C ittee general guidelines for setting a target ILI (in lieu of having a determination of a ystem-specific ec
level of leakage). Source of information: Table 7 in the AWWA Water Loss Committee Report in the AWWA Journal, August 2003

Note: since this table was published, simplified methods of calculating an economic frequency of intervention for active leakage control by regular survey have been been
developed and are included in the ALCCalc software. This has allowed the development of the ELLCalc software to calculate short-term ELL for an active leakage control
|policy of regular survey. Data from England & Wales (where many Water Gompanies are recognised as having achieved ELL) suggests that in developed couintries, the

ELL (in terms of ILI} is unlikely to exceed 3.0, even where water is plentiful and inexpensive.

Target ILI This

Range | System ILI

Water Resources Considerations Operational Considerations Financial Considerations

il it kage al i Wate| costl lop or
Available resources are greatly limited and Operating with system leakage above this ater resources are y to develop

x Id i io isti urc ; ability to il enue
1.0-3.0 are very difficult and/or environmentally !wel would require expar‘hs. n of existing |purchase ability m::‘re.ase revi s Via
wrisourid te davalc infrastructure and/or additional water water rates is greatly limited because of
i3 resources to meet the demand regulation or low ratepayer affordability
Water resources are believed to be sufficient] _ . 3 Water resources can be developed or
Existing water supply infrastructure R
to meet long-term needs, but demand A Al purchased at reasonable expense; periodic
3 P capability is sufficient to meet long-term 2 >
3.0-5.0 management interventions (leakage 12 2 water rate increases can be feasibly
i C as long as reasonable leakage s
management,water conservation) are 2 ol arbinbleas imposed and are tolerated by the customer
included in the long-term planning ks i P population

ior reliabili i i ity of
Water resources are plentiful, reliable, and HSupermr r "a""“?" sapachy and mteg.nty
5.0-8.0 the water supply infrastructure make it
easily abstracted 4 s
relatively immune to shortages

Cost to purchase or obtain/treat water is
low, as are rates charged to customers

Great Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective|
reater

thasao 8.7 utilization of water as a resource. Setting a target level greater than 8.0 - other than as an incremental goal to a smaller long-term
AT target - is discouraged.

requency of intervention for active leakage control by regular survey have been been eveloped and are included in

ware. This has allowed the development of the ELLCalcs standard software to calculate short-term Economic Leakage Level for an active
leakage control policy of reqular survey.

Ilmponant Footnote: the Infrastructure Leakage Index (ILI) provides guidance as to how well real losses are being managed (in terms of repairs, active leakage control

and infrastructure management) at the current operating pressure. However, calculation of the ILI does not imply that pressure management in a system is optimal, or
economic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular,
a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks. So even if a low ILI| is being achieved, there may still be
oppertunities to reduce annual real losses by improved pressure management. The PressCales Standard Software provides more detailed information on this topic,




'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PlFastCaics’ | Standard | Version 1a 2ndDec2005 | Canada |Master.0000
OPTIONAL DATA ENTRY SHEET FOR ANNUAL SYSTEM RUNNING COSTS Data entry Calculated Values I From another Worksheet
Utility [Town of Port Colborne 01/01/2005 [to 1/1/2006 Number of Days in Period] 365 |days
System IWho[e System Calculation by Steve Genser Date of calculation =] 12/4/2006

[ Total

] costs as calculated below = |

0.0]sCx1000

|Transfer this figure to Cell L30 of 'WaterBalance&Pis Workshast ]

Note: The following definitions of annual system running cests should be considered as guidelines only. They are based on the 'Financial Definitions' in pages 12 and
20 of the IWA "Manual of Best Practice ‘Performance Indicators for Water Supply Services', (Alegre H, Hirmer W, Baptista J.M. and Parena R, July 2000, ISBN 1

800222 27 2, IWA Publishing; this report should be consulted for further guidance as necessary.
Sub-total GrouE total

Software licences

Operational Costs SCx1000 SCx1000 INCLUDES
i §watir Raw water 0.0 BULK SUPPLY IMPORTS: total payments for imported raw water
= Treated water 2 BULK SUPPLY IMPORTS: total payments for imported treated water
Haw water
Energy Trealnlier?t 0.0 POWER: all energy costs for water supply electricity and fuel for motive machinery

Transmission

Distribution

Otitsowreing Qutsourcing of technical or administrati rvices, such as consullants, contractors undertaking

oparational tasks, meter reading and acco unting fees

Licence fees on computer software and technical support by software companies

constructed assets

External services: and |T support
Outsourcing Associated 2
3 Costs of associated companies that are not included in other items
Companies
Third party Operating costs of providing water services to third parties (other than the regulated water
services supply function) that are not included in other items
Premises Payments for leasing or renting premises
Vehicles Payments for leasing or renting vehicles
Leasing and Rentals Mobile Plant 0.0 Payments for leasing or renting mobile plant
Fixed Plant Payments for leasing or renting fixed plant
Equipment Paymants for leasing or renting equipment
Witsiiroatmart All water treatment chemicals foIr water supply that are not in HIRED AND CONTRACETF:‘D
chemilcals SEHVIQES and which are required for operation of , treatmant plants, and
Purch 0.0 distribution systems
Gthar than ; All materials and consumables other than energy and water treatment chemicals for water
chemicals and supply, that are not in HIRED AND CONTRACTED SERVICES and which are raquired for
energy operation of sources, treatment plants,transmission and di i ¥
Taxes, levies and c Any operating licences paid to a Government or municipal authority, abstraction charges, local
Al kinds 0.0 ;
fees authority rates
Exceptional earings All kinds o0 Any | income or diture from d i ir nt subsidies, comp ions or
and losses & adjustments related to salesfwriting off of fixed assets
Cther direct costs Any other operating costs (but excluding interest and taxation, on an aggregated basis)
GQBT.-Z{:J;M The aggregate direct cost of GENERAL AND SUPPORT ACTIVITIES (Manpower costs
expenditures P 4elusled)
Other Operating Costs directly associ‘ated wilh_ customer services that are not includesi in pmvi?us items, related
E dit Customer services 0.0 to customer accounting, reading of metars, debt Y. costs of di 1 .
Apanerdes L ‘anquiries and complaints handling.
Scierilfie services Costs directly associated with scientific and laboratory services and with the manitoring of quality
that are not included in previous items
Other business Costs directly associated with other business activities that are not included in previous ftems,
activities except for cost depreciation
Doubtful debts Charge/credit to the profit and loss account for bad and doubtful debts
Sum of Operational| Al the above 0.0
Costs operational costs 2
Internal manpower The sum of the total manpower costs of p and t ¥ p 18l, including
costs Employment costs | o:0 employment-related social costs and benefits paid by the employer
Capitalised costof Negative A The summation of the amounts in each of the above cost categories that have been incurred in
self-constructed # 0.0 s 5
allocation the of new or 1 assets
assets
Sum of Operational costs and
Total Running | Internal Manpower Costs, minus 0.0
Costs capitalised cost of self- ¥

Comments:




Hiagaraw Region Water Loss Assessment Proiect — Phase Il Final Report

Appendix M

PIFastCalc Output
St. Catharines

Veritec Consulting Inc.



'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PlFastCalcs’ Standard | Version 1a 2nd Dec 2008 Canada
ANKUAL WATER BALANCE CALCULATION IN IWA , WITH o5% LIMITS Data eniry Defaudis | Calculated Values. From another Workshest
Note:Caleulations shoud be based ona 12-month pericd for all aspects of the workshee! 1o hmeticn correctly Currency = sc """"": uris ]y and e |
¥ |City of S1. Catharines M“”s':ﬂﬁ ;;‘,‘"" "l os oMDI2004 to owIr008 - 25 [days
System |Whale System D""‘;’;r:::‘:x:"‘“ Ha y] Sleve Genser Bate 4-Dec-os
=
& T 1 FINANCIAL PERFORMANCE INDICATORS FOR NON-
2 :- WATER BALANCE CALCULATIONS Volume in % REVENUE WATER
g = parod Conlidence Varlance
o WA Terminalogy Limit as +- % *eol Sysiem | Caleulated Value of NAW a8 % of System
£ |COMPONENTS OF WATER BALANCE M Input Velume Running Costs in Period
WOS: Valume trom Own Sources Tor known 1 0 0.0% ¢ E i &
= = H
A |WiWater Tor kno: errars) z227  aen 111880 100.0% § : é 3 B
SIV: SYSTEM INPUT VOLUME 21823.7) 0% 111680 100.0% s E 52 2
3 © T
BACE Water Exported o 0.0% s H % 3 s
2EZ =z
WS: WATER SUPPLIED = SIV - BACE 28237 2 11800 oo | ESE | E3 3
& - o | 4
A |BACH1: Billed Authorised Consumplion: Metered Cycles 17067.9) 15% 17062 TE.Z% H ‘;:. = \:; ‘E g
A e Aushort WMetered Bulk Metering & industrial 2008 15% 340 ow | &2 i ’
E E
& Metered 0 0.0% 29
[BACU: Billod Authorl (] 0.0% som3 | scxio00 L
NAW: NON-AEVENUE WATER 262 30.0% 128082 10.8% 04626 10854 0.0%
A Auth Metered | n.0o% | ol WS 0.0 o a.0% 04460 0.0) 0%
0 |uAcy: Unsilled as| zsee | orws 2728|1000 19372 1.3% 04460 121.7| 0.0%
WL WATER LOSSES 20734]  36.a% 140353 2.5% 04648 953.7| (158
D |UC: Unauthorised Consumption: Estimated as|  0.250% ol Ws 546 100.0% T 0% 2.4460 24.9] (S
B [ALMURT: Apparert Loss - meler Lndar-regisirati Cyeles 050% | orBACHN s Tom [ 4% 08900 695 0%
B [ALMURZ: Apparert Loss - meter under-regiatration: BolkMetering® 4 o, | ot macH2 23 7o 1 0.1% 0.8000 ws| oo
ALMUR): Apparent Loss - meter inder-registration: :':::::"; 0.0 0 0.0% 0.8000 oo  dom
0 |ALDCD Customer meter data handiing errors [] a0 ns000 0.9) 0%
AL: Sum of AFPARENT LOSSES Tear|  aaam 788 08% 06827 1124 n.o%
AL: AEAL LOSSES wos7| 2w 149133 Y 04450 251.9] 0.0%
A %ol period system pressurized = | 100.0% 3650 |days Gost of runring system In period =| sCxiono
[CARL: CURRENT ANNUAL REAL LOSSES {when system is pressurized) lmf:mudn
sz Vel tor ASSESSHENT OF UNAVOIDABLE AEAL LOSSES, AND VOLUME AND COST OF
53¢ POTENTIALLY RECOVERABLE REAL LOSSES
355 SYSTEM INFRASTRUCTURE AND PRESSURE DATA UARLE 1LY
=2 cale? Notes: M L and Lp are In km and pressure Pisin metres
A |Lm: Mains Length, km 541.40 Yes 1.0% UBL in litres/hour = (0xlme125xN+ 3xlp)x  mso)®
A [t: Number of Fire Hyarants 3803 10% UARL in  Titresiday = {18xlms+ 09xN+ 25xlpjx P
B |Nb: Number of Separately Billed Propertics a1210 20% o — [ [ SOXI00 | o ana
[A: Ratio of billed Service Connecticns (Ns, main o property LOSSES N “
B liine}to Eiljed frope e 1000 2.0% perdayy | inpedod | inperied
[Ns: No. of billed Service Connections 41210 2.8% UBL: UNAVOIDABLE 152 s v L
€ [Nu:Number ol Unbilled Service [ LEAKAGE
Hi: Total Number of Service Conns {= Ns + Nu), mains to o = e
iy 1l ¢ : UARL: UNAVGIDABLE
propety e ANNUAL REAL LOSSES i bl 735 i
DC: Density of Cornections/ km of malns = NalLm 751 20%
B |Lp:Average pipe length, property line la meter (m 78 50.0% ;
P e s mmhgﬁm:gme 523 1000 513 T
Lp: Total pipe length, praperty line ta meter (km} 288,47 £0.1%
€ |P:Average pressure when system pressurised {psi) 5.0 26.0%
[t IRCOR R R e
[P: Average pressure when system pressurised {m} a6.0 26.0% "
96%Clsas| Lowest Highest
[WA BEST PRACTICE PERFORMANCE INDICATOR LUNITS OF PERFORMANCE INDICATOR Beat estimate| = S e | Esilmate
Hon Aevenue Water Basie (WA Level 1, Finds) %ol System Inpus by Volume 108 20.2% 75 140
Hon Revenue Water Basic (WA Level 1, FinaT) % of System Input by Value 20.2%
Best 0p23 Pl > *s 0l Water Supplied [Distribution Systems) 08 8% 0s 1.0
Apparert Lossos (WA Op23) -
%0l System input Velume {Bulk Supply Systoms) ne 5% (1] 1.0
Li ¥, when 127 W% 76 m
Aeal Losses Basic (WA Level 1, Op24)
mkm of maina/day, when sysiem pressurised o1 20.7% 58 125
Feal Losses Detalled (IWA Level 3, Op 26) Infrastruciure Leakage index IL| {non-dimensional) 228 47.5% 1.20 236
Commants:

Region Biling Equation = (5T1+ 572+ 573+ 5T4+5T5)-501-502-503-504-505-506-507-508-509

5T1, 5T2, 573 - June 30 & November 1, 2005
5T4 - no report

501, 502, 5D5, 5D6 - May 20, 2005

503 - May 24, 2005

SD7 & 508 - August 15 & November 2, 2005
50% no report

Process Roliabifity Bands:

A-actualdala

B - calculated based on actual data

C - calculated estimato

D - no data f default

‘Combinations, for examplo, BIC may bo used to lustrale o calculated estimate based on jpartial data

Allowance for 3m hydrant lead for each hydrant bulll in 1o kBomotors of waler maln.,
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Utility |City of St. Catharines

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM PiFastCalos’

System|Whole System

Standard
01/01/2004] to [01/01/2005

Version 1a | 2nd Dec 2005
365 days

Canada

Real Losses and 95% Confidence Limits

Water Balance Components as % of System Input Volume

Non-Revenue Water as % of System Input Volume
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——Current
0.35 —— (\7 ﬁ ] Annual Real OWater Exported
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§ 0.25 ’ I , \ BOther Billed
==—Unavoidable " .
E 0.20 ] / \ Annual Real Auth, MR
£ 015 I , \ Losses
- ’ / \ OUnbilled Authorised
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& 0.10 l l/ \ —— Unavoidabla e
0.05 4 — Background
Leakage oA tL
0.00 . g pparent Losses
0.0 20 4.0 6.0 8.0 -
Real Losses in M per day, BReal Losses
when system pressurised
NRW % by Volume; C fson with Int TData Set NRW % by Volume; Comparison with Norih American Data Set
IWA Level 1 (Basic) Fi ial Pl for Non-R Water (Fin36) IWA Level 1 (Basic) Fi ial Pl for Non-R: Water (Fin36)

NRW as % of System Input Volume: Canadian data in blue
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(when system is pressurised)
Compared with International data set
IWA Level 1 (Basic) Operational Pl for Real Losses (Op24)
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All European dala set have density of connections > 20 per km of mains
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Infrastructure Leakage Index ILI for Real Losses
Compared with International data set
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"LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs'
PIFEtCalcs _| Standard | Version 1a| 2nd Dgr.- 2005 _Eanada Master.0000 ]. City of St. Catharines

THIS WORKSHEET COMPARES THE CALCULATED SYSTEM ILI WITH WBHLD BANK INSTITUTE GUIDELINES

World Bank Institute (WBI) Guidelines
The World Bank Institute has recently introduced, into its NRVW Training Medules, a targel matrix for Real Losses management performance, based on real losses in
volume/service connection/day for a range of average operating pressures, and classified into Bands A to D. The targets assume that customer meters are located at the
property boundary, with an average connection density of around 40 per km mains, Bands A to D in the WBI target matrix can also be shown as an equivalent range of ILIs,
which can be applied to a wider range of connection densities and customer meter lecations, as shown below. Band limits in terms of ILIs, general descriptions of each

Band, and appropriate recommended actions are as follows:
Developing| Developed Calculated i . ooy PO
Counlries | Countries BAND ILI for this General description of Real Loss Manag it Perio-' Categories for D ped and Developing
Countries
ILI range | ILI range System
113 T , r = ]
Less then 4lLess than 2 A Further losvs re 1 may be unless there are shortages; careful analysis needed to identify
cost-effective improvement
A15<a 2to<4 B 23 Potar!tlal for marked lmpm\remer!ts; consider pressure management, better active leakage control
l_practlces, and better network maintenance
Sto<16 P c Poor leakage record; tolerable only if water is plentiful and cheap; even then, analyze level and nature of
o< leakage and intensify leakage reduction efforts
16 or more| 8 or more D Very inefficient use of resources; leakage reduction programs imperative and high priority
WBIR 1dati for BANDS A B C D
System IL| compared with WBI Bands for developed countries Ir tigate pressure it options Yes | Yes | Yes
Investigate speed and quality of repairs Yes | Yes | Yes
> |Check economic intervention freq y Yes | Yes
= [} ‘ [— Introduce/improve active leakage control Yes | Yes
-§  ——— I — _— Ildentify options for improved maintenance Yes | Yes
= - —_— —
@ Assess Economic Leakage Level Yes | Yes
% i |Review break frequencies Yes | Yes
= |
' i - ¥ y ! Review asset management policy Yes | Yes | Yes
0 1 2 3 4 5 6 7 8 8 eal with deficiencies in manpower, training veu | Was
Infrastructure Leakage Index ILI and communications
—=—System ILI == Upper Limit BAND A 5-year plan to achieve next lowest band Yes | Yes
—Upper Limit BAND B —Upper Limit BAND C Fundamental peer review of all activities Yes

GUIDELINE 2: The AWWA Water Loss Committee general guidelines for setting a target ILI (in lieu of having a determination of a system-specific economic
level of leakage). Source of information: Table 7 in the AWWA Water Loss Committee Report in the AWWA Journal, August 2003

Mote: since this table was published, simplified methods of calculating an economic frequency of intervention for active leakage control by regular survey have been been
developed and are included in the ALCCalc software. This has allowed the development of the ELLCale software to calculate short-term ELL for an active leakage control

policy of regular survey. Data from England & Wales (where many Water Companies are recognised as having achieved ELL) suggests that in developed couintries, the
ELL (interms of ILI) is unlikely to exceed 3.0, even where water is plentiful and inexpensive.
Target ILI This

Range | System ILI

Water Resources Considerations Operational Considerations Financial Considerations

5 i ti i I hi: S to deve
Available resources are greatly limited and Operating with system leakage above this |Water resources are costly to develop or

2 " evel re e i Xi se; abi increase ia
1.0-3.0 23 are very difficult and/or environmentally I would requi xpaqs‘lon of existing |purchase; a!:llﬂy to |nc_ " evenues v
unsound to develo infrastructure and/or additional water water rates is greatly limited because of
P resources to meet the demand lation or low ratepayer affordability
Water resources are believed to be sufficient] _ . . Water resources can be developed or
Existing water supply infrastructure —
to meet long-term needs, but demand oo oy purchased at reasonable expense; periodic
i % capability is sufficient to meet long-term -
3.0-5.0 management interventions (leakage water rate increases can be feasibly
2 S demand as long as reasonable leakage p
g it,water vation) are imposed and are tolerated by the customer

i + = ana trols il 2
included in the long-term planning management controls are in placa population

Superior reliability, capacity and integrity of

Water resources are plentiful, reliable, and z % Cost to purchase or obtain/treat water is
5.0-8.0 : the water supply infrastructure make it
easily abstracted : low, as are rates charged to customers
relatively immune to shortages
Gréat Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective
reater

than 8.0 utilization of water as a resource. Setting a target level greater than 8.0 - other than as an incr tal goal to a ller long-term
a3 target - is discouraged.

_— ]
ote: Simplified methods of caEulatlng an economic irequency of Intervention for active eakage control Ey regular survey have been been developed and are Included in

the ALCCales Standard software. This has allowed the development of the ELLCales standard software to calculate short-term Economic Leakage Level for an active
leakage control policy of regular survey.

Important Footnote: the Infrastructure Leakage Index (ILI) provides guidance as to how well real losses are being managed (in terms of repairs, active leakage control
and infrastructure management) at the current operating pressure, However, calculation of the IL| does not imply that pressure management in a system is optimal, or
economic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular,
a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks. So even if a low ILI is being achieved, there may still be
opportunities to reduce annual real losses by improved pressure management. The PressCales Standard Software provides more detailed information on this topic.




WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM PIFastCalcs'

'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

| Standard | Version 1a]  2ndDec2005 | Canada |Master.o000

OPTIONAL DATA ENTRY SHEET FOR ANNUAL SYSTEM RUNNING COSTS Data entry Calculated Values I From another Worksheet
Utility |City of St. Catharines 01/01/2004 |to 1/1/2005 Number of Days in Period] 365 [days
System |Whole System Calculation by Steve Genser Date of calculation =| 12/4/2006
L Total running costs as calculated below = | 0.0[sCx1000  [Transfer this figure to Cell L30 of WaterBalance&Pis' Worksheet |

20 of the IWA 'Manua

| of Best Practica

Note: The following definitions of annual system running costs should be considered as guidelines only. They are based on the
‘Performance Indicators for Water Supply Services', (Alegre H, Hirmer W, Baptista J.M.

‘Financial Definitions' in pages 12 and
and Parena R, July 2000, ISBN 1

900222 27 2, IWA Publishing; this repor should be consulted for further guidance as necessary.
Sub-total |Group total
Operational Costs $Cx1000 $Cx1000 INCLUDES
Impored wts Raw water 0.0 BULK SUPPLY IMPORTS: total payments for imported raw watar
Treated water BULK SUPPLY IMPORTS: total payments for imported treated water
Raw water
Treatment L : :
Energy = 0.0 POWER: all energy costs for water supply electricity and fuel for motive machinery
Distribution
Outs in Outsourcing of technical or administrative services, such as consullants, contractors undertaking
oRring: operational tasks, meter reading and accounting fees
Software licences : ; i
Bl caricass and IT support 2 Licance fees on computer software and technical support by software companies
Qutsourein, 3 :
g g:so{:::ei Costs of associated companies that are not included in other items
| __~-ompanie
Third party Operating costs of providing water services to third parties (other than the regulated water
services supply function) that are not included in other items
Premises Payments for leasing or renting premises
Vehicles Payments for leasing or renting vehicles
Leasing and Rentals Mabile Plant 0.0 Payments for leasing or renting mobile plant
Fixed Plant Payments for |easing or renting fixed plant
Equipment Payments for leasing or renting equipment
Water irsatment All water treatment chemicals for water supply that are not in HIRED AND CONTRAGTE
EANTS SERVICES and which are required for operation of sources, treat plants transmission and
chemicals S
Purch 0.0 distribution systems
Uitnases Other than - All materials and consumables other than energy and water treatment chemicals for water
chemicals and supply, that are not in HIRED AND CONTRACTED SERVICES and which are required for
energy operation of A plants,trar and distributi 1
Taxes, levies and All kinds 00 Any operating licences paid to a Government or municipal authority, abstraction charges, local
fees i 4 hority rates
Exceptional earnings All kinds 0.0 Any exceptional income or ex from d , investment subsidi or
and losses L $ adjustments related to salesfwriting off of fixed assets
Other direct costs Any other operating costs (but excluding interest and taxation, on an aggregated basis)
Gansil 4t The aggregate direct cost of GENERAL AND SUPPORT ACTIVITIES (Manpower costs
support
. excluded)
expenditures
h A Costs directly associated with customer services that are not included in previous items, related
OtE er Og_eratmg Customer services 0.0 to customer accounting, reading of meters, debt revovery, costs of disconnections,
Apendslres « ‘enquiries and complaints handling.
R ) Costs directly associated with scientific and laboratory services and with the menitoring of quality
Scientific services that are not included in previous items
Other business Costs directly associated with other business activities that are not included in previous ftems,
activities except for cost depreciation
Doubtful debts Charge/credit to the profit and loss account for bad and doubliul debls
Sum of Operational|  All the above 0.0
Costs operational costs ;
Internal manpower The sum of the total manpower costs of permanent and temorary personnel, including —l
costs Employment costs | I %0 employment-related social costs and b fits paid by the employ
Ca[};lal[ser;l c::t:f Negative a0 The summation of the amounts in each of the above cost categories that have been incurrad in
e consintlaty allocation ' the construction of new or rehabilitated assets
assets
Sum of Operational costs and
Total Running | Internal Manpower Costs, minus 0.0
Costs capitalised cost of self- :
- 1 assets

Comments:
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'FIFasiCalcs' Sandard | Version 1a 2nd Dec 2005 Canada
ANNUAL WATER BALANCE CALCULATION IN IWA ) FORMAT, WITH 05% CONFIDENCE LIMITS Dataeniry || Defauils Caleulated Valuss From analher Werksheat
Hote:Caleulations should be based on a 12. for ail aspects ol the 10 luncticn comeety Gt = sc Vohowckal o, and m?
Bulk supply (85} or Distribution
Unility |Gty of Thorold Systam (D57 DS oLo12005 ta 01012006 - 365 |days
System |Whole System s m:’o‘rxm; e Ne b Seve Ganser Date A0ee06
5
5 WATER BALANCE CALCULATIONS FINANCIAL PERFORMANCE INDICATORS FOR NON-
82 Velumain | - gu REVENUE WATER
§ =2 parfod Conlidence Varlance
& g WA Terminology Limit as +f- % %ol System 1 Value of HRW 2 % ol Sy
2 |COMPONENTS OF WATER BALANCE M Input Valume Running Costs in Period
WOS: Velume from Own Sources [cemected for known systematic errors) [ 0.0% s § ‘3 i
5 o=
A Wi Water imparted for knawn cerars) neral e 2080 100.0% %g 33 H
4 &
SIV: SYSTEM INPUT VOLUME R 2380 100.0% SE25 § 2 g
-}
A [BACEWater Exported o bo% s if % g g
] £
WS: WATER SUPPLIED « SV - BACE s am 280 s | 2 §5 | 23 s
BC  [BACMI: Billed Authorised Consumption: Metered Residertial {- 70%) 1670.6)  15% 163 5Z4% H g & :s‘: % 8
H 8 e L
BT [BACMZ: Bliled Authorised Consumption: Metered 1C1 (- 30%) 7150 15% 20 25% £3- 1 H
£ 8 E #
BACH: Billed Metored [ 0.0% B <3
BACL: Billed 0 0.0% $Cma SCx1000 L
NAW: NON-REVENUE WATER 8008 124% 2673 25.1% 0.4850 a4 14.7%
A |UACH: Unbilled Autharised Consumption: Metered | 0.00% | ol WS ] 00% 04460 0.0 0.0%
0 |uscy: Unbilled as| tzson | otws ang|  1oeon an 1% 04450 s o7
WL WATER LOSSES 7618 4% 2007 22.0% 04570 7086 14.0%
D [US:Unawthorised Consumption: Estimated as| o.‘.'ﬂn'b_ ol WS 80| wm 7 0.3% 1.7600 141 0.5%
BT |ALMURY: Apparent Loss - meter e & 0.50% | of BACMI B4l Tom (1 0.3% 17890 143 06%
BT [ALMURZ: Apparent Loss - meter under-registration: 1.00% | ol BACMZ 7.3 To% (1 0.2% 17650 128 05%
ALMUR3: Apparert Loss - meter undsrregistration: SIRAENY 0.0 o 00% 17690 a0l oow
D [ALDCD Customer meter data handling errors ) 0.0% 17800 0.0) 0.0%
[AL: Sum ol APPARENT LOSSES 228 anom 7 07% 17690 417 1%
[AL: REAL LOSSES TITAl 1465 3903 23.4% n.ads0 3203 12.4%
A #401 period system pressurized = | 100.0% | 2650 I“"' Cost of running system In period = 26484  scxro00
[CAAL: CURRENT ANNUAL REAL LOSSES (when sysiem Is pressurized) :_oziuw-y
-z Valld o ASSESSHENT OF UNAVOIDABLE REAL LOSSES, AND VOLUME AND COST OF
SE - UARLE L1 | 95" CLs as POTENTIALLY RECOVERABLE REAL LOSSES
g 23 SYSTEM INFRASTRUCTURE AND PRESSURE DATA oo
& cale? Metes: Il Lm and Lp are in m and pressure Plsin melres
A JLm: Mains Length, km 90.60 Yes 10% UBEL in litresfhour = ([xlme125xM+ Nxlplx  msg'”
A [Nh: Number of Fire Hydrants €00 1.0% UARL in litresiday = [1BxLm+ 08xM+ 25xilpjx P
B | of Bifled Prope 6260 2.0% COMPONENT OF REAL Ll Ll 1onro00: |
R: Ralio of b N3, mai perty 2 LOSSES *
B ine) 1o Billed Props (b} 1.000 20% per day Inpericd | Inperiod
[Ns: Ho. of billed Service Connections 6269 28% ug_-,mmu:fﬁﬁ‘ 023 o T 24%
B of Untilled Service Connections 25 10.0%
M1 Tatal Number of Service C = N3 + Nuj), mains to
erepryine IR o o il UARL: UNAYIDABLE 038 122 9.0 21%
ANNUAL REAL LOSSES i
DC: Density of Connections/ km of mains = N/Lm 69.5 20%
B |Lp:Avsrage pipe lengih, property line 1o meter m| 102 4% %
P enih, prope {m) cmh:msm ANNUAL ot 9 i 1%
Lp: Total pipe length, property line to meter (km} B354 T OssEs
A F: Average pressuse when system pressurised (psi 82,0 1.0%
P: Average pressure when system pressurised {m) a3s 1.0%
95t CLeas| Lowest Highest
\WA BEST PRACTICE PERFORMANCE INDICATOR st e 1 Boatestimate| 5| L | e
Nea Reverwe Waler Basie (WA Level 1, Findg) %ol System Input by Volume 261 12.5% 219 203
Nen Revernse Water Basic (WA Level 1, Finat) *a of System nput by Value 147 12.8% 128 165
*aal Waler Supplied [Distribution Systoms) o7 3W1% 05 1.0
Apparerd Losses (WA Op23)
% ol Sysiem Inpust Volume (Buk Supply Systems) (54 34.1% 0.5 1.0
Best Op2d B Li i ¥, whon £ 14.0% 273 269
Aeal Lesses Basic (TWA Level 1, Op24)
mkm of maint/day, when system pressusised 223 14.6% 18.0 255
Real Losses Detailed (IWA Level 3, Op 25} Inlrastructure Leakage index IL| {nen-dimensional) 558 14.7% 478 640
Taammous:
[Rogion biling equation = 1D4+501-502 e p
501 & 502 - May 20
503 - May 24
504 - No repart
104 - calibratlon report for May 4 tha meter lgnik ol and was repained.
- calibration report on Oct, 13 e meter L i and was repaired,
Process Reliability Bands:
A-actualdala
B - calculatod based on actunl data
C - caleulated estimaloe
D - no data [ defoult
Combinations, lor example, B/C may bo used to illustrate a caleulatod ostimate based on partial data
gih of for 3 m por hydrant
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System|Whole System

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PiFasiCales’ Standard Version 1a |[2nd Dec 2005] Canada |
Utility [City of Therold | 01/01/2005] to |01/01/2006 365 days |
I SN |

Real Losses and 95% Confidence Limits
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PiIFastCalcs’
| PIFastCales [ Standard | Version la| 2nd Dec 21]7)?_1 Canada |Master.0000 | __City of Thorold _ [

THIS WORKSHEET COMPARES THE CALCULATED SYSTEM ILI WITH WORLD BANK INSTiTU_TE GUIDELINES » B |
T T T e e ————————————— |

World Bank Institute (WBI) Guidelines

The World Bank Institule has recently introduced, into its NRW Training Medules, a target matrix for Real Losses management performance, based on real losses in
veolume/service connection/day for a range of average operating pressures, and classified into Bands A to D. The largets assume that customer meters are located at the
property boundary, with an average connection density of around 40 per km mains. Bands A to D in the WBI target matrix can also be shown as an equivalent range of ILIs,
which can be applied to a wider range of connection densities and customer meter locations, as shown below. Band limits in terms of ILIs, general descriptions of each

Band, and appropriate recommended actions are as follows:
Developing| Developed Calculated : S Bart Catedori Dévslanad i
Gourtries | Courtiies BAND ILI for this General description of Real Loss Mar Perforr gories for ped and Developing
Countries
IClrange | ILI range System
s ihas ieatisia A Further loss re:-ductmn may be uneconomic unless there are shortages; careful analysis needed to identify
cost-effective improvement
Potential for ked improv ts; consider pressure management, better active leakage control
g ol 2l B practices, and better network maintenance
Sto<ie 41048 c 56 Foor leakage record; tolerable only if water is plentiful and cheap; even then, analyze level and nature of
.= o= : leakage and intensify leakage reduction efforts
16 or more| 8 or more D Very inefficient use of resources; leakage reduction programs imperative and high priority
' | WBI R dations for BANDS AlBlc]|o
| System ILI compared with WBI Bands for developed countries Investigate pressure manac t options Yes | Yes | Yes
Investigate speed and quality of repairs Yes | Yes | Yes
> T Check ic intervention freq y Yes | Yes
E T — =1 — e — Ilntroduceiimprova active leakage control Yes | Yes
% 7 f \‘ Identify options for improved maintenance Yes | Yes
‘5_ - e m——r]
) f i Assess Economic Leakage Level Yes | Yes
% ;’ \. Review break frequencies Yes | Yes
i
j ! H i ) Iﬁeuiaw asset management policy Yes | Yes | Yes
0 1 2 3 4 5 6 7 g 9 Deal with deficiencies in manpower, training Yes | Yes
Infrastructure Leakage Index ILI and communications
—=—System ILI —— Upper Limit BAND A 5-year plan to achieve next lowest band Yes | Yes
——Upper Limit BAND B = Upper Limit BAND C |Fundamental peer review of all activities Yes
—— ———
GUIDELINE 2: The AWWA Water Loss C ittee general guidelines for setting a target ILI (in lieu of having a determination of a ystem-specific i
level of leakage). Source of information: Table 7 in the AWWA Water Loss Committee Report in the AWWA Journal, August 2003

Note: since this table was published, simplified methods of calculating an economic frequency of intervention for active leakage control by regular survey have been been
developed and are included in the ALCCalc software. This has allowed the development of the ELLCalc software to calculate short-term ELL for an active leakage control
policy of regular survey. Data from England & Wales (where many Water Companies are recognised as having achieved ELL) suggests that in developed couintries, the

ELL (interms of ILI) is unlikely to exceed 3.0, even where water is plentiful and inexpensive,

Target ILI This

Range | System ILI

Water Resources Considerations Operational Considerations Financial Considerations

Operating with system leakage above this |Water resources are costly to develop or

Available resources are greatly limited and level would require expansion of existing |purchase; ability to increase revenues via

1.0-3.0 are very difficult and/or environmentally

unsound to develo linfrastructure and/or additional water water rates is greatly limited because of

P resources to meet the demand regulation or low ratepayer affordability
Water resources are believed to be sufficient] _ . Water resources can be developed or

Existing water supply infrastructure -
to meet long-term needs, but demand s e purchased at reasonable expense; periodic
3 p capability is sufficient to meet long-term : %
3.0-5.0 management interventions (leakage water rate increases can be feasibly
A e i demand as long as reasonable leakage A

manag ,water vation) are : imposed and are tolerated by the customer
2 . O management controls are in place B
included in the long-term | g population

Water resources are plentiful, reliable, and Superior reliability, capacity and integrity o Cost to purchase or obtain/treat water is

.0 - B. ) % il t it
5.0-8.0 ZB5 = | asify abstracted the water supply infrastructure make i low, as are rates charged to customers
relatively immune to shortages
Gieat Although operational and fi ial iderations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective
":ea ::; utilization of water as a resource. Setting a target level greater than 8.0 - other than as an incremental goal to a smaller long-term
an 8.

target - is discouraged.

ote: Simplified methods of calculating an economic frequency of intervention for active lea age control by regular survey have been been developed and are Inclu
the ALCCales Standard software. This has allowed the development of the ELLCales standard software to calculate short-term Economic Leakage Level for an active
leakage control policy of regular survey.

Important Footnote: the Infrastructure Leakage Index (ILI) provides guidance as to how well real losses are being managed (in terms of repairs, aclive leakage control
and infrastructure management) at the current operating pressure. However, calculation of the IL| does not imply that pressure management in a system is optimal, or
economic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular,
a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks. So even if a low ILI is being achieved, there may still be
oppertunities to reduce annual real losses by improved pressure management. The PressCales Standard Software provides more detailed information on this topic.




WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFastCalcs’

'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

| Standard | Version 1a]  2nd Dec2005 |

Canada _|Master.0000

OPTIONAL DATA ENTRY SHEET FOR ANNUAL SYSTEM RUNNING COSTS Data entry Calculated Values I From another Worksheet
Utility |City of Thorold 01/01/2005 [to 1/1/2006 Number of Days in Period| 365 [days
System |Whole System Calculation by Steve Genser Date of calculation =[ 12/4/2006
[ Total running costs as calculated below = | 0.0]SCx1000 _[Transfer this figure to Cell L30 of WaterBalance&Pis’ Worksheet ]

Note: The following definitions of annual system running costs should be considered as guidelines only. They are based on the
20 of the IWA 'Manual of Best Practice 'Performance Indicators for Water Supply Services', (Alegre H, Hirner W, Baptista J.M.

‘Financial Definitions' in pages 19 and
and Parena R, July 2000, ISBN 1

900222 27 2, IWA Publishing: this report should be consulted for further guidance as necessary.
Sub-total |Group total
Operational Costs $Cx1000 $Cx1000 | INCLUDES
Imported water Raw water 0.0 BULK SUPFLY IMPORTS: total payments for impcrled raw water
Treated water BULK SUPPLY IMPORTS: total payments for imported treated water
Raw water
Energy T;::::?:sri‘;n 0.0 POWER: all energy costs for water supply electricity and fuel for motive machinery
Distibor
Outsourcing Outsourcing of technical or administrative services, such as consullants, coniraclors undertaking
operational tasks. meter reading and accounting fees
T S:::T: s';:::s o Licence fees on computer software and technical support by software companies
O Msomh.sd Costs of associated companies that are not included in other items
Companies
Third party Operating costs of providing water services to third parties (other than the regulated water
senvices supply function) that are not included in other items
Premises Payments for leasing or renting premises
Vehicles Payments for leasing or renting vehicl
Leasing and Rentals|  Mobile Plant 0.0 |Payments for leasing or renting mobile plant
Fixed Plant Payments for leasing or renting fixed plant
Equipment Payments for leasing or renting equipment
Water treatment All water treatment chemicals for water supply that are not in HIRED AND CONTRAGTED
s SERVICES and which are required for operation of , reatment plants, ission and
chemicals ! f
Purchases 0.0 dlslri:u_yg_u?n systems -
Cther than All materials and consumables other than energy and water treatment chemicals for water
chemicals and supply, that are not in HIRED AND CONTRACTED SERVICES and which are required for
energy [ ion of sources, treatmerit plants,ir ission and distribution
Taxes, levies and X Any operating licences paid to a Government or municipal authority, abstraction charges, local
All kinds 0.0 i
faes authority rates
Exceptional earnings| All kinds 0.0 Any exceptional income or expenditure from di investment subsidies, comy or
and losses : adjustments related to salesfwriting off of fixed assets
Cther direct costs Any other operating costs (but excluding interest and taxation, on an aggragated basis)
General and The aggregate direct cost of GENERAL AND SUPPORT ACTIVITIES (Manpower costs
support
. excluded)
expenditures
Other Operatin Costs directly associated with customer services that are not included in previous items, related
Eiian dituresg Customer services 0.0 to customer accounting, reading of meters, dabt revovery, costs of disconnections,
customers'enquiries and complaints handling,
Sclentific services Costs directly associated with scientific and laboratory services and with the menitoring of quality
|that are not included in pravious items
Cther business Costs directly associated with other business aclivities that are not included in previous ftems,
activities pt for cost depreciati
Doubtiul debts Charge/credit to the profit and loss account for bad and doubtiul debts
Sum of Operational| Al the above 0.0
Costs operational costs ¥
Internal manpower The sum of the total manpower costs of permanent and temorary personnel, including
L costs Employment comsl | o0 employment-related social costs and benefits paid by the employer
c:;;‘_it?::;‘:::{ MNegative ot The summation of the amounts in each of the above cost categories that have been incurred in
allocation i the construction of new or rehabilitated assets
assets
Sum of Operational costs and
Total Running | Internal Manpower Costs, minus 0.0
Costs capitalised cost of self- 3
constructed assets

Comments:
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM 'PIFasiCalcs' Sandard | Version 1a 2nd Dec 2005 Canada
ANNUAL WATER BALANGE CALCULATION IN IWA STANDARD FORMAT, WITH 05% CONFIDENCE LIMITS Data entry Delauils Calculatod Values From anciber Worksheet
MNote:Caleulations should be based on 2 12- foe all aspects of the wark 10 unctien comecily Currency = s¢ Vellna iy Ml and m
Bulk s
Towmship of West Lincoln o en 1 gy o008 o avnzons - 5 Jaays
D
Whols System % "’:;';::'l"a"‘:l"?“"" ™ Seve Genser Date 4Dec0s
5
3 WATER BALANCE CALCULATIONS Velumein EMARIRL PR PSR MIICATORG BOR b
g9 ohimel o5 REVENUE WATER
H § - e Conlidence Varlance
i WA Terminology Limitas /- % *eol System | Calewdated Value of NAW s % of System
2 |COMPONENTS OF WATER BALANCE M Input Volume Rurning Costs in Peried
[WOS: Volume from Own fer knewn errors) ] 0.0% 5 E ; E
A Wi Water Imported Tat known 827.4| 30% 160 100.0% iz 2= 3
g3 2 @
SIV: SYSTEM MPUT VOLUME 24| a0 160 1000% '_: H = s
[BACE Water Experted o 0,0% 8 g é E E
WS: WATER SUPPLIED = SV - BACE wra| 2w 160 wee | £ H 3 5
BACH1: Billod Autharised Consumption: Metered Reslidertial / 1 s58.8)  15% 18 675%. § ] E ‘E 3
A |BACM2: Billed Authorised Consumption: Metered Bulk metering 1627 15% 19.7% 3 § 2 E :
= 4E
BA i Metored o 0.0% < 3
BACU: Billed Autharised Consumplion:Unmetered o oo0% som3 | scx1000 “
[NRW: NOM-AEVENUE WATER 1059  24.0% 180 12.8% 04598 487 134%
UACM: Unbilled Authorised Consumplion: Meterad I 0.00% ] ol WS (] 0.0% 04460 0.0 0.0%
UACU: Unbilled Autherised ul 1.250% | al WS 103 100.0% 25 1.3% 04460 45 12%
WL WATER LOSSES 956 29.6% 208 11.6% 04613 441 1.8%
UC: Unatshorised Consumption: Estimated as| 0.020% of WS L0 X 0 0.0% 0.0 0.0%
ALMURT: Apparent Loss - meter unds Hel | osonw | orBACH: 28 rew (] LR 07919 23] ne%
(ALMURZ: Apparert Loss - meter tnde 1.00% | ofBACMZ 18] T ] 02t 07919 1. 0.3%
: i of BACMI
(ALMURZ: Apparert Loss - meler under-registration: andUASM 0.0 (] 0.0% azets 00 0.0%
D [ALDCD Cusiomer meler dala handling errors 0 0.0% ores 0.0 0.0%
AL:Sum of APPARENT LOSSES a8 s (] 0.6% 07635 25 0%
AL: REAL LOSSES 1.0 3% 208 0% EEEL 20.85| 10.9%
A %ol pericd system pressirized -[ 100.0% I 650 qun Cest of running system In period =| ares| $Cx1000
CAAL: CURRENT ANNUAL REAL LOSSES {when system Is pressurized) 0.25Wliday
s E Valdtor ASSESSMENT OF UNAVCIDABLE REAL LOSSES, AND VOLUME AND COST OF
§ ) "=’ TEM INFRAST UARLS IL| | 95 CLsas POTENTIALLY RECOVERABLE REAL LOSSES
g8 SYSTEM INFAASTRUCTURR AND PAESSUAE DATA -
£z cale? Motes: I Lm and Lp arein k. and pressure P is in metres
A |Lm:Mains Length, km 28,563 No 1.0% UBLIn liireshowr = [20xLlm+ 128 x N+ Ixlplx  gvsp)®
A |Nh: Humber of Fire Hydrants 175 1.0% UARL in litres/day = (1Bxlm+ 06xNi+ 25xlplx P
B |Nb: Number of Separately Billed Properties 1755 20% PN AL ] M SCx1000 [ e
F: Ratic of billed Service Connections (s, main 1o praperty LOSSES Ll
B line} 10 Billed Progs () 1.000 0% per day inperiod | inperiod
Ne: No. of billed Servies Cennections 1756 2i% UBL: UNAVOIDABLE
008 24 106 15.9%
B |Nu: Number of Unbilled Service Connections 3 16.0% BACKGROUND LEAKAGE
::a;::: It::nh:rd Service Conns (s Ns « Nuj, malns 1o 1761 He 2% ARL: LR
ANNUAL neulmmssss 010 ar 16.5 10.3%
[DC: Density of Connections/ km of mains = Na/Lm 617 2.0%
B LA e length, fine 1o mete a0 11.0% o
i Average pipe length, property line v (m) cmL.cuRiiENT ANNUAL i 0 305 Al
Lp: Tetal pipe length, property line 1o meter (km) 1580 11.4% QEsEs
B |P:Averags pr when system {psi} 62,0 10.0% Ly LE
Yes 015 54 240 52.9%
P: Average pr when system {m) ae 10.0% REAL LOSSES = CARL - UARL
95% Clsas| Lowest Highest
3 ICE Wi LUNITS OF PEAFORMANCE INDICATOR P Estimate Estimate
Hon Roverase Water Basic WA Level 1, Findg} %ol System Input by Volume 128 25.0% 9.5 16.0
Non Reverue Water Basic [WA Level 1, FindT) *5 of Syslem input by Value 131 26.0% 2.8 163
Best Op23 Pl > *% o Water Supplled {Distribution Systems) 0.6 60% 05 05
Apparent Lasses (WA Op23)
ol System Input Velume (Bulk Supply Systems) 0.5 6.0% 05 0.6
fe L , vhen 142 2% 1 188
Real Losses Baslc (WA Level 1, Op24a)
mkm of maina/day, when system pressurised a7 A% 60 15
Feal Losses Detalled {IWA Level 3, Op 25} Infrastructure Leakage index ILI (nen-dimensional) 245 2.7% 1.65 226
Commaonts:

Waler supplied vin Reglonal Municipality of Niagara's Grimsby Water Trealment Plant via Mudstreel.

Mator (ID 602). Metor Calibration Report datod May 24, 2005,

AR Biling Data broken into Quantities Motored cach menth combines manthly reads and quarterly reads. Second calagory ks Bulk Metering with monthly record,

Procass

A-aciua

Refiability Bands:

Idata

B - calculated based on actual data
C - calculated estimale
D - no data [ default

Combinations, for example, BIC may be used 1o ilustrate a calculated estimato basod on partial dats

Tolal longth of watermain aliow for 2 m per hydrant
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Utility | Township of West Lincoln

WATER BALANCE AND PERFORMANGE INDICATORS PROGRAM 'PIFastCaics’

System|Whole §Yshm

Standard Version 1a | 2nd Dec 2005 Canada
01/01/2005] to [01/01/2006 365 days
|

Real Losses and 95% Confidence Limits

Water Balance Col nents as % of System Input Volume

OWater Exported

BOther Billed
Auth.Consumplion

OUnbilled Authorised
Consumption

OApparent Losses

87.2%

OReal Losses

12.00
== Current
10.00 - 1 Annual Real
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3 800
‘E / \ ==—Unavoidable
a 600 Annual Real
2 / \ Losses
E 400
£
200 / \ =—Unavoidable
% i Ay Background
Leakage
0.00 - : =
0.0 0.1 0.2 0.3 04
Real Losses in MI per day,
when system pressurised
NRW % by Volume; Comparison wilh Inter Data Set
IWA Level 1 (Basic) Fi ial Pl for Non-Ri Water (Fin36)

Non-Revenue Water as % of System Input Volume

NRW % by Volume; Comparison with North American Data Set
IWA Level 1 (Basic) Financial Pl{or Non-Revenue Water (Fin36)
NRW as % of System Input Velume: Canadian data in blue
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'LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE
WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM PIFastCalcs'
PIFastCalcs | Standard | Version 1a| 2nd Dec 2005 Canada _|Master.0000 | Township of West Lincoln

THIS WORKSHEET COMPARES THE CALCULATED SYSTEM ILI WITH WORLD BANK INSTITUTE GUIDELINES B |

World Bank Institute (WBI) Guidelines
The World Bank Instilute has recently introduced, into its NEW Training Modules, a target matrix for Real Losses management performance, based on real losses in
volume/service connection/day for a range of average operating pressures, and classified into Bands A to D. The targets assume that customer meters are located at the
property boundary, with an average connection density of around 40 per km mains. Bands A to D inthe WEBI target matrix can also be shown as an equivalent range of ILIs,
which can be applied to a wider range of connection densities and custoemer meter Iocations, as shown below. Band limits in terms of ILIs, general descriptions of each

Band, and appropriate recommended actions are as follows:
Developing| Developed Calculated - . : 7 E 5
Courtries | Countries BAND ILI for this General description of Real Loss Mar cl‘-':;;:t.;ies Categ for D ped and Developing
(+]
ILI'range | ILI range System
Less than 4lLess than2 A Further Ios.s refduchon may be uneconomic unless there are shortages; careful analysis needed to identify
cost-effective improvement
[Potential for marked impr ts; consider pressur it, better active leakage control
41028 2l024 = &> practices, and better network maintenance
Bl0< 16 Ato<8 c f’o?r leakage. r.ecor_t;l; tolerable ur}ly rt water is plentiful and cheap; even then, analyze level and nature of
ge and y leakage r 1 efforts
16 or more| 8 or more D Very inefficient use of resources; leakage reduction programs imperative and high priority
| WEI Re« fations for BANDS AalBslc]o
System IL| compared with WBI Bands for developed countries Ilnvesﬁgate pressure management options Yes | Yes | Yes
I tigate speed and quality of repairs Yes | Yes | Yes
> Check economic intervention frequency Yes | Yes
§ ?,-\ — [‘_ Introduce/improve active leakage control Yes | Yes
.g 7] Identify options for improved maintenance Yes | Yes
= de———0 N A
e / ] Assess Economic Leakage Level Yes | Yes
% Y |Review break frequencies Yes | Yes
o«

N s ; ! T Review asset management policy Yes | Yes | Yes
| 0 1 2 3 4 5 & 7 8 o Deal with deficiencies in manpower, training Yes | Yes
| Infrastructure Leakage Index ILI and communications

—+=System ILI —=—Upper Limit BAND A |5-year plan to achieve next lowest band Yes | Yes
=——Upper Limit BAND B ~=Upper Limit BAND C IF""'J tal peer review of all activities Yes
S —mBBRBRRmmmn—————————

— e R e w—
GUIDELINE 2: The AWWA Water Loss Committee general guidelines for setting a target IL| (in lieu of having a determination of a system-specific economic
|level of leakage). Source of information: Table 7 in the AWWA Water Loss Committee Report in the AWWA Journal, August 2003

Note: since this table was published, simplified methods of calculating an economic frequency of intervention for active leakage contral by regular survey have been been
developed and are included in the ALCCalc software. This has allowed the development of the ELLCalc software to calculate short-term ELL for an active leakage control
palicy of regular survey. Data from England & Wales (where many Water Companies are recognised as having achieved ELL) suggests that in developed couintries, the
ELL (interms of ILI) is unlikely to exceed 3.0, even whare water is plentiful and inexpensive.

Target ILI This

Range | System ILI

Water Resources Considerations Operational Considerations Financial Considerations

Operating with system leakage above this |Water resources are costly to develop or

Avai rces tly li 5 . L 5 3 %
iabla Teasu are greatly limited and level would require expansion of existing purchase; ability to increase revenues via

1.0-3.0 25 are very difficult and/or environmentally

unsound to develo infrastructure and/or additional water water rates is greatly limited because of
P resources to meet the demand regulation or low ratepayer affordability
Water resources are believed to be sufficient Water resources can be developed or

Existing water supply infrastructure
|capability is sufficient to meet long-term
demand as long as reasonable leakage
management controls are in place

to meet long-term needs, but demand
3.0-5.0 management interventions (leakage
management,water conservation) are
included in the long-term planning

purchased at reasonable expense; periodic
water rate increases can be feasibly
imposed and are tolerated by the customer
population

Superior reliability, capacity and integrity of

Water resources are plentiful, reliable, and the water supply infrastructure make it

5.0-8.0 Cost to purchase or obtain/treat water is

sil ed 2 " low, as a harged to customers
sasily shstianh relatively immune to shortages o re rates charg M5t
Biasi Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective
‘hrea ik utilization of water as a resource. Setting a target level greater than 8.0 - other than as an incremental goal to a smaller long-term
an 8.0 target - is discouraged.
ote: Simplified methods of calculating an economic requency of intervention for active leakage control by regular survey have been been deve oped and are included in

the ALCCalcs Standard software. This has allowed the development of the ELLCales standard software to calculate short-term Economic Leakage Level for an active
leakage control policy of regular survey.

Important Footnote: the Infrastructure Leakage Index (ILI) provides guidance as to how well real losses are being managed (in terms of repairs, aclive leakage control
and infrastructure management) at the current operating pressure. However, calculation of the IL| does not imply that pressure management in a system is optimal, or
economic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular,
a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks, So evenif a low ILI is being achieved, there may still be
opportunities to reduce annual real losses by improved pressure management. The PressCales Standard Software provides more detailed information on this topic.




'LEAKS' Suite of LEAKAGE EVALUA

TION and ASSESSMENT KNOW-HOW SOFTWARE

WATER BALANCE AND PERFORMANCE INDICATORS PROGRAM

'PIFastCales’ | Standard | Version 1a 2nd Dec 2005 | Canada |Master.0000 |
OPTIONAL DATA ENTRY SHEET FOR ANNUAL SYSTEM RUNNING COSTS Data entry Calculated Values I From ancther Worksheet
Utility |Township of West Lincoln 01/01/2005 [to 1/1/2006
System |Whole System Calculation by Steve Genser
Total running costs as calculated below = | 0.0[5Cx1000_[Transfer ihis figure to Call L30 of WalerBalancedPis' Workehoat =1 |

200222 27 2. WA Publishing: this report <

Note: The following definitions of annual system running costs should be considered as
20 of the IWA 'Manual of Best Practice 'Performanca Indicators for Water Supply Services', (Alegre H, Hirner W, Baptista J.M. and Parena R, July 2000, ISBN 1

hould be consulted for further guidance as necessary.

guidelines only. They are based on the ‘Financial Definitions' in pages 19 and

Sub-total |Group total
Operational Costs S$Cx1000 $Cx1000 INCLUDES
| Awater Raw water 0.0 BULK SUPPLY IMPORTS: total payments for imported raw water
‘. Treated water : EULK SUPPLY IMPORTS: total payments for imported treated water
Raw water
Energy Treatment 0.0 POWER: all energy costs for water supply electricity and fuel for motive machinery
Transmission 5 )
Distribution
Ouisourcing Outsourcing of technical or administrative services, such as consufiant . contractors undertaking
operational tasks, meter reading and accounting fees
Exiiral saivices: s:ﬂ?:;{;zf:s = Licence fees on computer software and technical support by software companies
Subomcng Assocralled Costs of associated companies that are not included in other items
Companies
Third party Operating costs of providing water services to third parties (other than the regulated water
services supply function) that are net included in other items
Premises Payments for leasing or renting premises
Vehicles Payments for leasing or renting vehicles
Leasing and Rentals|  Mobile Plant 0.0 Payments for leasing or renting mobile plant
Fixed Plant Payments for leasing or renting fixed plant
Equipment Payments for leasing or renting equipment
Watsrtrsatingit All water treatment chemicals for water supply that are not in HIRED AND CONTRAGTED
v SERVICES and which are required for operation of sources, treatment plants ission and
chemicals i
Purch o [|distibution systems -
Cther than All materials and consumables other than energy and water treatment chemicals for water
chemicals and supply, that are not in HIRED AND CONTRACTED SERVICES and which are requirad for
energy op ion of sources, treatment plants transmission and distribution y
Taxe&[lewas and All kinds 00 An'{r op!araung licences paidto a G it or pal authority, ab: n charges, local
ees y rates
Exceptional earnings All kinds 0.0 Any exceptional income or expenditure from donations, investment subsidies, compensations or
and losses o adjustments related to salesiwriting off of fixed assets
Cther direct costs Any other operating costs (but excluding interest and taxation, on an aggregated basis)
General and The aggregate direct cost of GENERAL AND SUPPORT ACTIVITIES (Manpower costs
support excluded)
expenditures
A Costs directly associated with customer services that are not included in previous items, related
OlEh;L%:::::g Customer services 0.0 to customer accounting, reading of meters, debt y, costs of di tions,
customers'enquiries and complaints handling.
Sclentific sarviess Costs directly associated with scientific and laboratory services and with the monitoring of quality
that are not included in previous items
Cther business Costs directly associated with other business activities that are not included in previous items,
activities except for cost depreciation
Doubtful debts Charge/credil to the profit and loss account for bad and doubtful debts
Sum of Operational|  All the above
. 0.0
Costs operational costs
Internal manpower The sum of the total manpower costs of parmanent and temorary personnel, ineluding
L costs 3 | Employment costs | J 22 |smplomanl-ferated social costs and bs:ef'rls paid by the employer
c:::zgi:rzz::f MNegative i The summation of the amounts in each of the above cost categories that have been incurred in
s ats allocation B the construction of new or rehabilitated assets
Sum of Operational costs and
Total Running | Internal Manpower Costs, minus 0.0
Costs capitalised cost of self- 4
constructed assets

Comments:
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	Executive Summary 
	With increasing regulatory requirements dealing with water quality, water takings, and full cost recovery the need to understand the performance of water systems has never been more prevalent.  Efficient management (and operational control) of water distribution system includes managing real and apparent water losses.  In November 2004, representatives from both the Region and its area municipalities attended a two day workshop on current industry best practices for dealing with water loss assessment, valid
	The Region contracted Veritec Consulting Inc. to complete water balances for each of the area municipalities. This report highlights the results of the water balances completed for each participating area municipality. 
	Balances were completed using PIFastCalc for Canada, a licensed software tool incorporating the standard water balance procedure and terminology adopted by both the AWWA and Canadian InfraGuide.  PIFastCalc also calculates many benchmarking Performance Indicators (PIs).  With respect to validation PIFastCalc for Canada incorporates confidence intervals that highlight data quality. 
	Non-Revenue Water (NRW) is a “Basic” financial PI.  Excluding demands in the City of Welland, the project identifies that collectively, the percentage of NRW in the Region is approximately 14% (i.e, 86% of water sold by the Region is accounted for by billed consumption in the area municipalities).  The components of NRW are: 
	 Unbilled, Authorized Consumption,  Apparent Losses, and  Real Losses  
	 Unbilled, Authorized Consumption,  Apparent Losses, and  Real Losses  
	 Unbilled, Authorized Consumption,  Apparent Losses, and  Real Losses  
	 Unbilled, Authorized Consumption,  Apparent Losses, and  Real Losses  



	Individually the percentage of NRW in the area municipalities ranges from 0% to 37%. Percentages of NRW, however, should not be used to compare and contrast the performance of one system versus another.   
	The Infrastructure Leakage Index (ILI) is a ratio of the volumes of Current Annual Real Losses (CARL) to Unavoidable Annual Real Losses (UARL). Unavoidable losses vary from system to system based on their characteristics (e.g. kilometers of water main, average system pressures, etc.).  Calculated values of ILIs may facilitate the comparison of systems with respect to others as well as benchmark individual performance for annual comparisons. 
	The World Bank Institute and AWWA have developed general descriptions, guidelines, and recommendations based on the Infrastructure Leakage Index and these may be reviewed by each municipality based on its calculated ILI. 
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	1.0 INTRODUCTION 
	1.0 INTRODUCTION 
	With increasing regulatory requirements dealing with water quality, water takings, and full cost recovery the need to understand the performance of water systems has never been more prevalent.  Efficient water system(s) management and operational control includes managing real and apparent water losses.  The now defunct term “unaccountedfor-water” undermined efficiency in so far as the term “unaccounted-for” failed to identify causes or solutions.  The term non-revenue water underlines inefficiencies and hi
	-

	Recognizing both costs and regulatory requirements, successful water loss programs must be two-fold; firstly, establishing the level of water losses and secondly, establishing programs to control and/or reduce these losses.  The former justifies the investment in water loss reduction and control programs and may be used to track and report on project successes as well as identify program short-comings.  
	In 2004, the Regional Municipality of Niagara created a working group consisting of Regional staff and representatives of its twelve area municipalities (AMs).  The purpose of the “Water Loss Reduction Task Force” is to share experiences regarding water loss levels and strategies.  In November 2004, a two day workshop on current industry best practices for dealing with water loss assessment, validation, measurement and control was sponsored by the Region. 
	The task force identified that a proper assessment and validation of the water loss levels within each AM’s water system should be initiated.  The AWWA and the Canadian InfraGuide have both adopted the International Water Association’s (IWA) Standard Water Balance. 
	Using PIFastCalc for Canada V1, a licensed software package purchased by the Region on behalf of its area municipalities, water balances were completed based on the data provided by the area municipalities themselves. 
	The following report summarizes the data collected as well as the results of the water balances with respect to the benchmarking performance indicators calculated within the software package.  Individual copies of the PIFastCalc outputs are included in the appendices. 
	Veritec Consulting Inc. 
	Figure

	2.0 PROJECT METHODOLOGY 
	2.0 PROJECT METHODOLOGY 
	The goal of the Water Loss Assessment Project is to provide an appreciation of the components of water loss across the region and to identify areas in which losses can be addressed and ultimately reduced.  Traditionally many distribution systems describe water losses as the percentage of unaccounted-for-water based on the simple calculation illustrated below: 
	Figure
	The IWA/AWWA Standard Water Balance (Figure 1) accounts for the total volume of water supplied by identifying the various components of  both consumption as well as water losses using either measured or estimated quantities 
	1

	Own Sources 
	Own Sources 
	Own Sources 
	System Input (allow for known errors) 
	Water Exported 
	Authorised Consumption 
	Billed Authorised Consumption 
	Revenue Water 
	Billed Water Exported 

	Water Supplied 
	Water Supplied 
	Billed Metered Consumption 

	Billed Unmetered Consumption 
	Billed Unmetered Consumption 

	Water Imported 
	Water Imported 

	Unbilled Authorised Consumption 
	Unbilled Authorised Consumption 
	Non-Revenue Water 
	Unbilled Metered Consumption 

	Unbilled Unmetered Consumption 
	Unbilled Unmetered Consumption 

	Water Losses 
	Water Losses 
	Apparent Losses 
	Unauthorised Consumption

	Customer Metering Inaccuracies 
	Customer Metering Inaccuracies 

	Real Losses 
	Real Losses 
	Leakage on Mains 

	Leakage and Overflows at Storages 
	Leakage and Overflows at Storages 

	Leakage on Service Connectionsup to point of Customer Metering 
	Leakage on Service Connectionsup to point of Customer Metering 


	Figure 1:  Overview of the Components of the IWA/AWWA Standard Water Balance 
	PIFastCalcs is a licensed software package, purchased by the Region on behalf of its area municipalities, underlying the water loss assessment program.  As evidenced in Figure 2 on the following page the standard water balance methodology is incorporated into the software.  Based on the water balance,  PIFastCalcs automatically calculates “Performance Indicators” (PIs) to assess both real and apparent water losses.  And these performance indicators benchmark current losses allowing each area municipality to
	Tools (e.g., process reliability bands and 95 % confidence limits) highlight the potential need to further evaluate and/or verify data as well as track the overall effect of uncertainty regarding the data used to derive the water balance. 
	Veritec Consulting Inc. 
	Figure
	Figure 2:  Copy of the “Water Balance & PIs” worksheet from PIFastCalc V1a 
	Veritec Consulting Inc. 
	 Appendix A includes the standard terminology of each of the balance’s components as included in PIFastCalcs. 
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	Figure
	3.0 RESULTS:   PHASE I  –  DATA COLLECTION   The following section summarizes the data collected with respect to the various  components of the standard water balance.  3.1.0`Water Supply  The Regional Municipality of Niagara itself is responsible for bulk water supply, treatment, transmission, and storage.  Therefore the Region directly provided a monthly summary of metered volumes for each of its thirty-three billing meters.  Based on the billing equations provided (Table 1) the data was used to derive th
	3.0 RESULTS:   PHASE I  –  DATA COLLECTION   The following section summarizes the data collected with respect to the various  components of the standard water balance.  3.1.0`Water Supply  The Regional Municipality of Niagara itself is responsible for bulk water supply, treatment, transmission, and storage.  Therefore the Region directly provided a monthly summary of metered volumes for each of its thirty-three billing meters.  Based on the billing equations provided (Table 1) the data was used to derive th
	The Region also provided copies of the meter calibration tests completed in 2005 (Appendix B).  Meters for accuracy reports were provided are highlighted in Table 1. 
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	Table 1 
	Regional Billing Equations 


	Percentages of Regional Water Sales Attributed  to  Individual Area Municipalities West Lincoln Pelham Lincoln 1% 2% 3% Niagara-on-the-Lake 4% St. Catharines Thorold 31% 4% Grimsby 4% Port Colborne 5% Niagara Falls Fort Erie 24% 7% Welland 15% Figure 3:  Water Supply in Niagara Region 

	Area Municipality 
	Area Municipality 
	Area Municipality 
	Area Municipality 
	Billing Equation (Accuracy Reports provided for highlighted meters) 

	Fort Erie 
	Fort Erie 
	2T1+2T2-2S 

	Grimsby 
	Grimsby 
	6T1-6D1
	-

	6D2 

	Lincoln 
	Lincoln 
	5D7+5D8+6D1 

	Niagara Falls 
	Niagara Falls 
	1T1+1T2-1D1
	-1D2-1D3-1D4 

	Niagara-on-the-Lake 
	Niagara-on-the-Lake 
	5D5+5D6+
	1D1+1D2+1D3
	+5D9 

	Pelham 
	Pelham 
	3D1+3D2 

	Port Colborne 
	Port Colborne 
	4T1+4T2 

	St. Catharines 
	St. Catharines 
	(5T1+5T2+5T3+5T4+5T5)
	-

	5D1-5D2-5D3
	-5D4
	-

	5D5-5D6
	-5D7-5D8-5D9 

	Thorold 
	Thorold 
	1D4+
	5D1-5D2+5D3
	+5D4 

	Welland 
	Welland 
	3T1+3T2+3T3-3D1-3D2 

	West Lincoln 
	West Lincoln 
	6D2 


	Veritec distinguished between calibration reports for the meter vs. loop calibration reports. 
	Veritec Consulting Inc. 
	Figure
	Table 2 summarizes the results of the meter accuracy tests.  Each meter is tested at several flow rates.  The range of accuracies recorded for each individual flow rate was between 96.5 and 101.6 percent.  Based on this data, and that meter accuracy reports for all the meters were not available, the confidence interval used in the PIFastCalcs software for the Region’s meters is +/- 3%. 
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	Table 2 
	Summary of Supply Meter Accuracy Results 

	Table
	TR
	% Accuracy 

	Meter ID 
	Meter ID 
	Date Tested 
	As Found 
	As Left 

	Avg.
	Avg.
	 Min.
	 Max. 
	Avg.
	 Min.
	 Max. 

	6D2 
	6D2 
	5/24/2005 
	99.7 
	97.0 
	101.0 

	1D1 
	1D1 
	5/4/2005 
	97.0 
	94.3 
	101.0 
	99.3 
	96.5 
	101.0 

	TR
	10/13/2005 
	99.7 
	99.7 
	101.0 

	1D2 
	1D2 
	5/4/2005 
	99.8 
	97.0 
	100.6 

	1D3 
	1D3 
	5/20/2005 
	101 
	100.8 
	101.3 

	1D4 
	1D4 
	5/4/2005 
	49.8 
	9.8 
	101.3 
	100.2 
	98.2 
	101.1 

	TR
	10/13/2005 
	0.0 
	0.0 
	0.0 
	100.4 
	99.9 
	100.9 

	5D1 
	5D1 
	5/20/2005 
	100.1 
	99.7 
	100.6 

	5D2 
	5D2 
	5/20/2005 
	99.4 
	98.8 
	100.0 

	5D3 
	5D3 
	5/24/2005 
	100.7 
	99.3 
	101.6 

	5D5 
	5D5 
	5/202005 
	100.0 
	99.7 
	100.4 

	5D6 
	5D6 
	5/20/2005 
	99.4 
	97.5 
	101.0 

	OVERALL 4 
	OVERALL 4 
	70.5 (100.0) 
	0.0 (97.0) 
	101.6 (101.6) 
	100.0 
	96.5 
	101.1 


	Accuracy reports did highlight problems with the Mewburn Road meter.  This meter records flows out of the Niagara Falls system and into the Niagara-on-the-Lake system. Figure 4 suggests that the meter was failing to record demands in N-O-TL prior to being calibrated in May ‘05 and that it began failing again within weeks of the calibration.  The failure of this meter may lead to overestimating supply to Niagara Falls and underestimating supply to N-O-T-L. Figure 4:  Monthly Volumes from Mewburn 
	-
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	Figure
	Data for the remainder of the balances were collected from the individual area 
	municipalities.  Table No. 3 on the following page summarizes, based on the input parameters of the PIFastCalc software, which area municipalities provided supporting data for each of these parameters.  3.2.0 Billed, Authorized Consumption – Metered (BACM)  All municipalities provided at least partial data with respect to BACM6.  The information provided ranged from complete billing databases to a single figure identified as the annual volume of water sold.   With respect to establishing the water balances,
	Monthly Volumes Registered at Mewburn Road 0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 Jan-05Feb-05Mar-05Apr-05May-05Jun-05Jul-05Aug-05Sep-05Oct-05Nov-05Dec-05 Cubic Meters / monthMeter Accuracy Test / Meter RepairMeter Accuracy Test / Meter Repair Rd. 
	   Excludes meters that required calibration.   Overall results for the “As Found” are summarized both with (and without) the meters requiring calibration.    Based on the original billing equations provided it also appears that flows recorded at 1D4 were subtracted from Niagara Falls but were not added to Niagara-on-the-Lake. It is likely that issues 
	3
	4
	5


	Meter accuracy and data handling errors are specifically addressed within the framework of the IWA Standard Water Balance and therefore are not evaluated with respect to the defining confidence in the value of BACM.  
	Meter accuracy and data handling errors are specifically addressed within the framework of the IWA Standard Water Balance and therefore are not evaluated with respect to the defining confidence in the value of BACM.  
	Estimated readings and meter lag times may be used to indicate confidence in the value of BACM.  The percentage of estimated reads reported by the AMs ranged from none (or, at least, no data was provided) to 16.4 % in St. Catharines.  Municipal methods for estimating ranged from using the previous month, an average of the previous six months, or even doubling the previous bill (to get the customer’s attention).  It is impossible to quantify or address errors due to estimated reads without copies of the bill
	Meter lag times introduce a difference between when water is consumed and when it is billed.  As an example, in an analysis of the Niagara Falls billing approximately 7.6 % of billing in 2004 relates to water consumed prior to the start of the year, and similarly, 7.3 % of 2004’s consumption is derived based on meter readings recorded in 2005 (assuming that water is consumed equally throughout the period between meter readings).  On an annual basis, it is often assumed these values will counter balance each
	surrounding this meter account for N-O-T-L reporting more water sold within the municipality than purchased from Region.  Billing data for Welland contained a limited number of accounts (~530).  Much of Welland remains un-metered and customers are billed a flat rate. There was not deemed enough data to complete a water balance for Welland. 
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	Table 3 Summary of Data Collected by PIFastCalc Input Parameters 
	Input Parameters for PIFastCalc (refer to Appendix A for Definition of Terminology) 
	Input Parameters for PIFastCalc (refer to Appendix A for Definition of Terminology) 
	Input Parameters for PIFastCalc (refer to Appendix A for Definition of Terminology) 
	Fort Erie 
	Grimsby 
	Lincoln 
	Niagara Falls 
	N-O-T-L 
	Pelham 
	PortColborne 
	St. Catharines 
	Thorold 
	Wainfleet 
	Welland
	West Lincoln 

	WOS 
	WOS 
	Volume from Own Sources 
	All water supplied via the Regional Municipality of Niagara 

	WI 
	WI 
	Water Imported 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 

	BACE 
	BACE 
	Billed, Authorized Consumption Exported 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 

	Assessed marginal cost of RL 
	Assessed marginal cost of RL 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 

	BACM 
	BACM 
	Billed, Authorized Consumption Metered 
	√ 
	√ 
	√
	 ‘04 
	P 
	P 
	√
	 ‘04 
	P 
	√ 

	BACU 
	BACU 
	Billed, Authorized Consumption Un-metered 
	- 
	√ 
	- 

	UACM 
	UACM 
	Unbilled, Authorized Consumption Metered 

	UACU 
	UACU 
	Unbilled, Authorized Consumption Un-metered 
	√ 
	√ 
	√ 

	UC
	UC
	 Unauthorized Consumption 
	√ 
	√ 
	√ 
	-  
	√ 

	ALMUR 
	ALMUR 
	Apparent Loss – meter under-registration 
	√ 
	√ 
	√ 

	ALDCD 
	ALDCD 
	Apparent Loss – customer meter data handling errors 

	Lm
	Lm
	 Mains Length 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 

	Nh 
	Nh 
	Number of Hydrants 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	?  
	√ 

	Nb 
	Nb 
	Number of Separately Billed Properties 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 

	R 
	R 
	Ratio of billed Service Connections to Billed Properties 

	Nu 
	Nu 
	Number of Unbilled Service Connections 
	√ 
	√ 
	√ 
	√ 

	Lp 
	Lp 
	Average pipe length, property line to billing meter 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 

	P 
	P 
	Average pressure when system pressurized 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 

	Retail Cost / m3 (excluding base rate) 
	Retail Cost / m3 (excluding base rate) 
	Assessed marginal cost of UACM 
	√ 
	√ 
	√ 
	√ 
	√ 

	Assessed marginal cost of UACU 
	Assessed marginal cost of UACU 

	Assessed marginal cost of UC 
	Assessed marginal cost of UC 

	Assessed marginal cost of ALMUR 
	Assessed marginal cost of ALMUR 

	Assessed marginal cost of ALDCD 
	Assessed marginal cost of ALDCD 

	Costs of Running system over period (excluding capital projects) 
	Costs of Running system over period (excluding capital projects) 
	√ 
	√ 
	√ 
	√ 
	√ 
	√ 
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	3.3.0 Billed, Authorized Consumption – Un-metered (BACU)   With the exception of identifying 179 flat rate customers in one specific municipality no details were provided with respect to what the flat rate was or what the estimated consumption was equal to.  The remaining AMs provided no details regarding the volume  of BACU.  There are several flat rate customers in Welland.  3.4.0 Unbilled, Authorized Consumption – Metered (UACM)  The Town of Grimsby identified street sweeping and sewer flushing as compon
	3.3.0 Billed, Authorized Consumption – Un-metered (BACU)   With the exception of identifying 179 flat rate customers in one specific municipality no details were provided with respect to what the flat rate was or what the estimated consumption was equal to.  The remaining AMs provided no details regarding the volume  of BACU.  There are several flat rate customers in Welland.  3.4.0 Unbilled, Authorized Consumption – Metered (UACM)  The Town of Grimsby identified street sweeping and sewer flushing as compon
	Figure 3 illustrates calculated estimates provided by Grimsby. 
	Figure 3 illustrates calculated estimates provided by Grimsby. 
	Figure 3 illustrates calculated estimates provided by Grimsby. 
	Components of Authorised Consumption 
	Components of Authorised Consumption 
	Components of Authorised Consumption 
	Components in Ml 
	Total 
	Additional information on sources of data and basis of estimates 

	Billed Metered 
	Billed Metered 
	Billed Unmetered 
	Unbilled Metered 
	Unbilled Unmetered 
	E = estimated 

	R = Based on recordings 
	R = Based on recordings 

	Hydrant Usage (mobile meter) 
	Hydrant Usage (mobile meter) 
	2.12 
	2.12 
	R = Based on recordings, less Avertex 

	New Construction/Rehab 
	New Construction/Rehab 
	2.45 
	2.45 
	E = estimated; 6 jobs x 3/job x 500 gpm x 1 hr. 

	Fire/Training 
	Fire/Training 
	13.64 
	13.64 
	E = estimated; 1 fire/yr. 2,000 Imp. Gal; Training 68 hrs/yr @ 1,000 gpm = 3,000,000 Imp. Gal 

	Hydrant Flushing 
	Hydrant Flushing 
	18.18 
	18.18 
	E = estimated; dead-end 20 locations x 6/yr. x 3,000 Imp Gal + 3,000,000 Imp. Gal 

	Hydroguard 
	Hydroguard 
	2.95 
	2.95 
	E = estimated; 20 gpm x 6-4 hrs./day (50% of this in winter) 

	Recreation 
	Recreation 
	0.47 
	0.47 
	E = estimated; 3 parks approx. 6 gpm x 2 hrs/day x 5 months 


	Figure 3:  Portion of the “Consumption” worksheet extracted from Grimsby’s Balance 
	Table 4 on the following page illustrates that Grimsby and Port Colborne provided breakdowns of their estimates that equate to 1.17% and 6.7 % of Water Supply, respectively.  Thorold, Niagara-on-the-Lake, and Fort Erie identified relevant sources of UACU in their system and the latter provided an overall estimate equal to 5 % of Water Supply.  The default estimate in PIFastCalcs is equal to 1.25% of Water Supplied.   In the absence of estimates made by the municipality themselves the balances accept the def
	3.6.0 Unauthorized Consumption (UC) 
	3.6.0 Unauthorized Consumption (UC) 
	Common components of unauthorized consumption are by-pass tampering, unauthorized use of fire services, and unauthorized use of hydrants. 
	The default estimate in PIFastCalcs is equal to 0.25 % of Water Supply (+/- 100%).  Both Grimsby and Fort Erie estimated 1 % whereas West Lincoln estimated 0.02 %.  Port 
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	Colborne suggests approximately 5 household per year tamper with the meter by-pass but did not estimate the amount of loss.  In the absence of a provided estimate the default value is accepted. 
	Table 4 
	Summary of Data Collected Pertaining to UACU 

	Table
	TR
	Estimates in ML/year √ indicates the AM recognizes this as a use but did not provide an estimate 

	Fort Erie 
	Fort Erie 
	Grimsby 
	Lincoln 
	Niagara Falls 
	N-O-T-L 
	Pelham 
	Port Colborne 
	St. Catharine 
	Thorold 
	West Lincoln 

	Water Main Construction & Repairs 
	Water Main Construction & Repairs 
	7.8 
	1.8 

	Water Service Repairs 
	Water Service Repairs 
	94.2 

	Water Quality 
	Water Quality 
	√ 
	86.4  
	√ 

	Hydrant Flushing 
	Hydrant Flushing 
	√ 
	18.4 
	13.1  

	Blow-offs 
	Blow-offs 
	√ 
	√ 

	Fire Fighting / Training 
	Fire Fighting / Training 
	√
	 13.6 
	√
	 44.4 
	√ 

	Sewer Flushing 
	Sewer Flushing 
	√ 
	14.6 
	√ 

	Street Cleaning 
	Street Cleaning 
	√ 
	√ 

	Recreation 
	Recreation 
	0.6 
	6.4  

	TOTAL 
	TOTAL 
	197 
	40.4 
	-
	 - 
	- 
	260.9 
	- 
	- 
	- 


	3.7.0 Apparent Losses – Meter Under-Registration (ALMUR) 
	3.7.0 Apparent Losses – Meter Under-Registration (ALMUR) 
	As meters deteriorate with age and usage they are more likely to under-register water use.  Because of the relative small number of meter accuracy reports provided an aggregated analysis of the tests provided by Grimsby, Niagara-on-the-Lake, and Port Colborne (Appendix C) was completed.  The results of this analysis are summarized below. 
	Table 5 Calculated Values of Meter Under-Registration & 95% Confidence Limits 
	Table
	TR
	% Under Registration 
	95 % Confidence Limits 

	Meters < 1” 
	Meters < 1” 
	0.5 
	7 

	Meters > 1” 
	Meters > 1” 
	1.0 
	7 


	Most municipalities provided a breakdown of consumption based on accounts for which meters are read based on cycles (e.g., 3 or 4 times per year) and those that are read monthly.  In these cases the former group was associated with meters smaller than one inch and the latter with meters larger than one inch.  If no breakdown was provided a 70/30 ratio was estimated and an overall value of 0.6% under-registration was assumed (with 95% confidence limits equal to +/- 7 %). 
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	3.8.0 Apparent Losses – Customer Data Handling (ALDCD)  Across the Region, numerous methods are employed to retrieve and manage meter  readings.  Meter reads are collected using customer reading cards, physical meter reads,  roll dial remotes, touchpads, and radio-reads.  Billing software packages include: Easyroute, USTI Water System, Vadium, Vailtech, and AS400.  Niagara Falls maintains  a customized database.  Sources of customer data handling errors are numerous and may collectively introduce significan
	3.8.0 Apparent Losses – Customer Data Handling (ALDCD)  Across the Region, numerous methods are employed to retrieve and manage meter  readings.  Meter reads are collected using customer reading cards, physical meter reads,  roll dial remotes, touchpads, and radio-reads.  Billing software packages include: Easyroute, USTI Water System, Vadium, Vailtech, and AS400.  Niagara Falls maintains  a customized database.  Sources of customer data handling errors are numerous and may collectively introduce significan
	These examples are of errors that have been identified and corrected within the balance but undoubtedly there are errors that remain undetected – either because they are inherent in the data provided or because not all the data was provided 
	3.9.0 Length of Water Mains (Lm) 
	3.9.0 Length of Water Mains (Lm) 
	The total length of water mains in the 2,000 kilometers. 
	reporting AMs is equal to approximately 

	Age and material are not specifically 
	required in the water balance. 

	Nonetheless most municipalities provided data on materials and Figure 4 provides an overall breakdown of the mains across the Region. 
	It is assumed that the inventory of water 
	mains is most likely accurate to within +/- 2 %.   
	F


	 Pecentage of Water Mains by Material CPP 3% PE PVC 36% CI 23% AC 11% DI 18% Unknow n 5% 4% igure No. 4 – Water Main Materials 
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	Veritec Consulting Inc. 
	Veritec Consulting Inc. 
	Figure
	Some inaccuracies may be as a result of some AM including Regional water mains while others may not.  Additionally, databases may be out of date with regards to new construction.  3.10.0 Number of Hydrants (Nh)  There are approximately 10,500 hydrants in total.  All of the AMs provided this data.  3.11.0 Number of Separately Billed Properties (Nb)  PIFastCalc uses two values, the Number of Separately Billed Properties and the Ratio of Service Connections to Billed Properties (R) to calculate the Number of B
	Most AM did not provide any data with regards to the number of unbilled service connections.  Table 6 summarizes the data that was provided. 
	Most AM did not provide any data with regards to the number of unbilled service connections.  Table 6 summarizes the data that was provided. 
	Most AM did not provide any data with regards to the number of unbilled service connections.  Table 6 summarizes the data that was provided. 
	Most AM did not provide any data with regards to the number of unbilled service connections.  Table 6 summarizes the data that was provided. 
	Table 6 
	Summary of Reported Unbilled Service Connections 

	Area Municipality Number of Unbilled Service Connections (Nu) Fort Erie 100 Port Colborne 28 Thorold 25 West Lincoln 6 
	3.13.0 Average Pipe Length – Property Line to Meter (Lp) 
	3.13.0 Average Pipe Length – Property Line to Meter (Lp) 
	Private service pipe length is an important consideration in the calculation of the performance indicators assessing real losses.  This is because it is generally accepted that the majority of leaks occur on service connections.  Table 7 summarizes the reported data. 
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	Table 7 
	Summary of Reported Lengths (in meters) – Property Line to Meter (Lp) 

	Area Municipality 
	Area Municipality 
	Area Municipality 
	Lp 
	Area Municipality 
	Lp 

	Fort Erie 
	Fort Erie 
	10 
	St. Catharines 
	7 

	Grimsby 
	Grimsby 
	10 
	Thorold 
	10 

	Niagara Falls 
	Niagara Falls 
	18 
	West Lincoln 
	9 

	N-O-T-L 
	N-O-T-L 
	8.5 


	3.14.0 Average System Pressure (P) 
	3.14.0 Average System Pressure (P) 
	The average system pressure entered in PIFastCalc should be a weighted average determined, for example, based on a list of static hydrant pressures many AM record during hydrant inspections.  Table 8 summarizes the data provided which in some cases was simply a range of pressures. 
	Table 8 
	Summary of Reported Pressures (in PSI) 

	Table
	TR
	Pressure(s) 

	Fort Erie 
	Fort Erie 
	75 

	Grimsby 
	Grimsby 
	75 

	Lincoln 
	Lincoln 
	- 

	Port Colborne 
	Port Colborne 
	58 

	Niagara Falls 
	Niagara Falls 
	94 

	Niagara-on-the-Lake  
	Niagara-on-the-Lake  

	Zone 1 
	Zone 1 
	44 – 69 

	Zone 2 
	Zone 2 
	56 – 97 

	Zone 3 
	Zone 3 
	45 – 102 

	Zone 4 
	Zone 4 
	66 – 92 

	St. Catharines 
	St. Catharines 

	Zone 1 
	Zone 1 
	50 – 100 

	Zones 2 & 3 
	Zones 2 & 3 
	50 – 80 

	Thorold 
	Thorold 
	62 

	West Lincoln 
	West Lincoln 
	62 


	3.15.0 Assessed Marginal Costs 
	3.15.0 Assessed Marginal Costs 
	Within PIFastCalc several marginal costs are used to attempt to more accurately reflect the actual costs of various components of NRW. 
	Unbilled, authorized consumption is typically valued at the cost which the AM purchases the water from the Region.  Justification of this is that the AM, by not billing the customer, is assuming the costs.  The costs of apparent losses is equal to the rate which the AM charges customers because this water is in fact being consumed by customers (sewer surcharges may also be applicable).  Unauthorized consumption such as theft may be valued at a rate equal to the retail costs of water without the applicable s
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	Figure
	surcharge.  Real losses are valued at the wholesale costs of water because this water is not consumed or used by anyone – eliminating the real losses eliminates the demand! 
	Many AM may have never considered assessed marginal costs based on the components of the IWA Water Audit and therefore could not identify costs according to this breakdown. 

	3.15.1 Assessed Marginal Costs of UACM 
	3.15.1 Assessed Marginal Costs of UACM 
	The rate(s) at which the individual AMs re-sell water vary.  If base rates apply it may be difficult to directly distinguish the marginal costs of UACM.  Table 9 summarizes the data collected. 
	Table 9 
	Summary of Reported Water Rates 

	Table
	TR
	Rate(s) 

	Grimsby 
	Grimsby 
	$0.73/m3 

	Port Colborne 
	Port Colborne 
	$0.756/m3 

	Thorold 
	Thorold 
	$47.76 for the first 27 m3 ($1.769/m3) 

	TR
	 $0.742/m3 in excess 

	West Lincoln 
	West Lincoln 
	$1.109/m3 



	3.15.2 Assessed Marginal Costs of UACU 
	3.15.2 Assessed Marginal Costs of UACU 
	In most cases the assessed marginal cost of unbilled, authorized consumption will be the same regardless of whether it is metered or un-metered.  Possible exceptions may include considerations of sewer surcharges related to water consumption. 

	3.15.3 Assessed Marginal Costs of UC 
	3.15.3 Assessed Marginal Costs of UC 
	No data. 

	3.15.4 Assessed Marginal Costs of ULMUR 
	3.15.4 Assessed Marginal Costs of ULMUR 
	No data. 

	3.15.5 Assessed Marginal Costs of ALDCD 
	3.15.5 Assessed Marginal Costs of ALDCD 
	No data. 

	3.15.6 Assessed Marginal Costs of RL 
	3.15.6 Assessed Marginal Costs of RL 
	The assessed marginal cost of real losses is equal to the wholesale water rate at which the AM purchase water from the Region.  This rate was equal to $0.40/m and $0.446/m in 2004 and 2005, respectively. 
	3
	3
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	3.16.0 Costs of Running the System Over the Period of the Balance The costs of running the system should be determined based on the operational costs plus the internal manpower costs minus the capitalized costs of self-constructed assets. Reported costs are summarized in Table 10 on the following page. Table 10 Summary of Reported Costs ($) of Running Water System(s) 
	3.16.0 Costs of Running the System Over the Period of the Balance The costs of running the system should be determined based on the operational costs plus the internal manpower costs minus the capitalized costs of self-constructed assets. Reported costs are summarized in Table 10 on the following page. Table 10 Summary of Reported Costs ($) of Running Water System(s) 

	Reported Costs Grimsby $3,166,740 Lincoln $3,505,747 Thorold $2,648,400 West Lincoln $  372,750 
	Reported Costs Grimsby $3,166,740 Lincoln $3,505,747 Thorold $2,648,400 West Lincoln $  372,750 
	Reported Costs Grimsby $3,166,740 Lincoln $3,505,747 Thorold $2,648,400 West Lincoln $  372,750 
	Reported Costs Grimsby $3,166,740 Lincoln $3,505,747 Thorold $2,648,400 West Lincoln $  372,750 

















	4.0 RESULTS: PHASE II – WATER BALANCES 
	4.0 RESULTS: PHASE II – WATER BALANCES 
	The following sections highlight the results of the individual water balances included in Appendices F through O. 

	4.1.0 Financial Performance Indicators 
	4.1.0 Financial Performance Indicators 
	4.1.1 Non-Revenue Water as a Percentage of System Input Volume 
	Percentage of Non-Revenue Water by Volume is considered a “Basic Level” Financial Performance Indicator.  NRW may be particularly misleading with regards to comparing one system to another. 
	Region wide the combined volume of BACM reported accounts for approximately 85% of the water purchased from the region by the reporting area municipalities. Individually the percentage of NRW within the area municipalities ranges from  -1.3 % to 36.8 %. 
	FArea Municipalities  
	  Percentage of Aggregated NRW in Participating Area Municipalities Lincoln West Lincoln 1% 3% Grimsby 5% Niagara Falls Thorold 28% 9% St. Catharines 25% Fort Erie 14% Port Colborne 15% igure 5: Percentage of Aggregated NRW in Participating 
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	Figure
	Figure 6 illustrates the values of NRW in each area municipality.  Confidence intervals are derived based on the confidence attributed to both the Region’s billing and the billing meters.  The negative value calculated for Niagara-on-the-Lake may be accounted-for in part due to meter error discussed on page 5 of this report. 

	 Percentages of Non-Revenue Water (NRW) -10 0 10 20 30 40 50 Percentage of System Input Volume 95 % Confidence Limits Fort Erie Grimsby Lincoln Niagara Niagara-on-Pelham Port St. Thorold West LincFalls the-Lake Colborne Catharines igure 6: Non – Revenue Water as a Percentage of System Input Volume oln F
	Insofar as trends in NRW may be more telling than an annual volume, a monthly analysis was completed for those municipalities that provided sufficient data (Appendix D).  Figures 7a & 7b illustrate two examples of monthly variations in NRW which suggest different potential causes.   
	Insofar as trends in NRW may be more telling than an annual volume, a monthly analysis was completed for those municipalities that provided sufficient data (Appendix D).  Figures 7a & 7b illustrate two examples of monthly variations in NRW which suggest different potential causes.   
	  Illustration of Non-Revenue Water in 2005, Grimsby Regional Billing Record Grimsby Billing Record Cubic Meters per Month 500,000 450,000 400,000 350,000 300,000 250,000 200,000 150,000 100,000 50,000 Jan-05 Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 0 
	Illustration of Non-Revenue Water in 2005, Port Colborne 0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000 500,000 Jan-05 Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 Cubic Meters per Month Regional Billing Record Port Colborne Billing Record 
	Figures 7a & b – Trends in Non-Revenue Based on Monthly Volumes Purchased & BACM 
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	Figure
	Figure 7a (Grimsby) suggests excessive unbilled water use in the summer period accounting for approximately 5 % of Water Supplied annually.  Use of estimated reads, based on average annual consumption, may also account for Grimsby’s trend.  Figure 7b (Port Colborne) suggests unbilled water use underlying billed consumption throughout the year.  This underlying water use may be attributable to several factors including leakage. 

	4.1.2 Non-Revenue Water as % of System Input by Value 
	4.1.2 Non-Revenue Water as % of System Input by Value 
	As identified any Section 3.16 of this report many municipalities did not provide the costs of running the system during the period of the balance.  Table 11 summarizes the results. 
	Table 11 Non-Revenue Water as % of System Input by Value 
	Table 11 Non-Revenue Water as % of System Input by Value 
	Table 11 Non-Revenue Water as % of System Input by Value 

	TR
	% of Non-Revenue Water as % of System Input by Value 

	Fort Erie 
	Fort Erie 
	8.4 % (+/- 25.2 %) 

	Grimsby 
	Grimsby 
	3.6 % (+/- 35.6 %) 

	Lincoln 
	Lincoln 
	14.7 % (+/- 12.8 %) 

	Thorold 
	Thorold 
	13.1 % (+/- 25.0 %) 


	4.2.0 Operational Performance Indicators 
	4.2.0 Operational Performance Indicators 
	4.2.1 Apparent Losses as a % of Water Supply 
	The recommended Performance Indicator for Apparent Losses is the % of Apparent Losses relative to Water Supply.  Apparent losses include meter under-registration, errors in customer data handling, and unauthorized consumption.  The values calculated for each of the municipalities are identified below. 
	Table 12 Summary of Apparent Losses by Area Municipality 
	Table 12 Summary of Apparent Losses by Area Municipality 
	Table 12 Summary of Apparent Losses by Area Municipality 

	TR
	% of Apparent Losses 
	95 % Confidence Limits 

	Fort Erie 
	Fort Erie 
	1.4 
	35.1% 

	Grimsby
	Grimsby
	 2.1 
	36.6% 

	Lincoln 
	Lincoln 
	0.8 
	31.9% 

	Niagara Falls 
	Niagara Falls 
	0.7 
	36.6% 

	Niagara-on-the-Lake 
	Niagara-on-the-Lake 
	0.9 
	30.0% 

	Pelham
	Pelham
	 0.8 
	33.6% 

	Port Colborne 
	Port Colborne 
	0.7 
	18.7% 

	St. Catharines 
	St. Catharines 
	0.8 
	33.5% 

	Thorold 
	Thorold 
	0.7 
	34.1% 

	West Lincoln 
	West Lincoln 
	0.6 
	6.0% 


	Differences in apparent losses primarily reflect the estimated percentages of unauthorized consumption (page 9).  Values of meter-under registration were assumed equal in all the 
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	municipalities and no municipalities provided any estimates regarding data handling errors.  Therefore, because Fort Erie and Grimsby estimated unauthorized consumption to be higher than the default value their apparent losses are greater. 

	4.2.2 Current Annual Real Losses in litres/service connection/day 
	4.2.2 Current Annual Real Losses in litres/service connection/day 
	Figure 8a illustrates the Current Annual Real Losses (CARL) in each of the area municipalities.  CARL are calculated by subtracting authorized consumption and apparent losses from the total volume of water supplied.  The recommended Performance Indicator for Real Losses (Figure 8b) expresses the value of CARL in litres/service connection/day, when the system is pressurized. 
	7

	Comparative Volumes of Current Annual Real Losses (CARL) -500 0 500 1000 1500 2000 2500 Fort Erie Grimsby Lincoln Niagara Falls Niagara-on-the-Lake Pelham Port Colborne St. Catharines Thorold West Lincoln Millions of Litres per Year IWA Level 1 Performance Indicator Op#24 - Real Losses (CARL / Total No. of Service Connections) -200 -100 0 100 200 300 400 500 600 700 Fort Erie Grimsby Lincoln Niagara Falls Niagara-on-the-Lake Pelham Port Colborne St. Catharines Thorold West Lincoln Litres per Service Connect
	Figure 8a & b:  Comparative, calculated values of Current Annual Real Losses expressed in (a)  ML/yr, and (b) litres/service connection/day when pressurized 
	As illustrated in Figures 8a and b the volume of real losses in itself may be misleading in comparing area municipalities because it fails to account for the relative size of the 
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	Figure
	distribution systems.  By expressing losses in terms of litres/connection per day when the system is pressurized the volume of losses is put into context.  Nonetheless the expression of CARL in these terms is considered a Level 1 (or basic) performance indicator because it does not account for differences in system pressure which significantly influence water losses due to leakage. 
	7 In the case of all these audits the systems are pressurized 100% of the time. 
	7 In the case of all these audits the systems are pressurized 100% of the time. 


	4.2.3 Infrastructure Leakage Index (ILI) 
	4.2.3 Infrastructure Leakage Index (ILI) 
	The advanced (Level 3) operational performance indicator for real losses is the Infrastructure Leakage Index (ILI).  The ILI is a ratio of the CARL to Unavoidable Annual Real Losses.   
	Unavoidable Annual Real Losses (UARL) 
	Some “measure” of water loss due to leakage is unavoidable in all water distribution systems.  Background leakage, including small leaks and weeps, is unavoidable in that individual sources are either undetectable and/or the cost-to-benefit does not justify repair/replacement.  In addition there are unavoidable losses due to reported/unreported leakage.  These losses relate to the time between when leak(s) occurs and is repaired.   
	Unavoidable losses are controllable through various best-management-practices (e.g., speed and quality of repairs, active leakage control).  The calculated values of UARL assume best-management-practices.  Appendix E provides a summary of the component analysis for calculating UARL. 
	Based on the assumptions described in Appendix E, the value of UARL in each area municipality is calculated based on the following: 
	• 
	• 
	• 
	total length of water mains 

	• 
	• 
	total number of service connections 

	• 
	• 
	total length of customer supply pipe, and  

	• 
	• 
	the average system pressure 


	Figure 9, on the following page, illustrates the components of CARL in each of the area municipalities.  Potentially recoverable losses represent the difference between CARL and UARL. 
	The Infrastructure Leakage Index (ILI) provides guidance as to how well real losses are being managed (in terms of repairs, active leakage control and infrastructure management) at the current operating pressure. 
	8
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	Breakdown of Current Annual Real Losses -500 0 500 1000 1500 2000 2500 Fort Erie Grimsby Lincoln Niagara Falls Niagara-on-the-Lake Pelham Port Colborne St. Catharines Thorold West Lincoln Million of Litres per Year Potentially Recoverable Losses Unavoidalbe / Detectable Losses Unavoidable / Undetectable Background Losses 
	Figure 9: Illustration of the components making up the Current Annual Real Losses (CARL) 
	Comparative Infrastructure Leakage Indexes ILI = CARL/UARL -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 Fort Erie Grimsby Lincoln Niagara Falls Niagara-on-the-Lake Pelham Port Colborne St. Catharines Thorold West Lincoln ILI = CARL / UARL 95 % Confidence Limits 
	Figure 10:  Illustration of Calculated ILI for each area municipality 
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	Figure
	An ILI equal to 2, for example, suggest Current Annual Real Losses (CARL) are two-times greater than the Unavoidable Annual Real Losses (UARL) if best-management-practices were followed.  Figure 10 on the preceding page illustrates the calculated ILIs of each of the participating area municipalities. 
	Based on the calculated ILIs and on the guidelines provided by both the World Bank Institute and the AWWA the following section provides some general discussion of the real losses in the area municipalities. 
	 The ILI does not imply that pressure management in a system is optimal, or economic. If system pressures are excessive, or subject to surges, then pressure management may result in additional benefits for real losses management - in particular, a reduction in new burst frequency and annual repair costs, and a reduction in flow rates of existing leaks. So even if a low ILI is being achieved, there may still be opportunities to reduce annual real losses by improved pressure management. 
	8



	5.0 DISCUSSION 
	5.0 DISCUSSION 
	5.1.0 World Bank Institute Target Matrix / Banding 
	PIFastCalc identifies where the calculated ILI fits into a target matrix developed by the World Bank Institute and incorporated into its NRW training modules.  These guidelines are included in the individual reports in Appendices F through O and summarized in the following table.  In the WBI’s target matrix, general descriptions are made which describe a system’s performance in real loss management based on its calculated ILI. 
	Table 13 General Description of Real Loss Management Performance 
	Table 13 General Description of Real Loss Management Performance 
	Table 13 General Description of Real Loss Management Performance 

	ILI Range 
	ILI Range 
	Band 
	Area Municipality 
	ILI 
	General description of Real Loss Management Performance 

	< 2 
	< 2 
	A 
	Niagara-on-the-Lake 
	-0.6 
	Further loss reduction may be uneconomic unless there are shortages; careful analysis needed to identify cost-effective improvement 

	Grimsby
	Grimsby
	 1.3 

	TR
	Lincoln 
	1.6 

	TR
	Niagara Falls 
	2.2 
	Potential for marked improvements; consider pressure management, better active leakage control practices, and better network maintenance 

	TR
	St. Catharines 
	2.3 

	2 to 4 
	2 to 4 
	B 
	Pelham
	 2.4 

	TR
	West Lincoln 
	2.5 

	TR
	Fort Erie 
	2.7 

	4 to 8 
	4 to 8 
	C 
	Thorold 
	5.6 
	Poor leakage record; tolerable only if water is plentiful and cheap; even then, analyze level and nature of leakage and intensify leakage reduction efforts 

	>8 
	>8 
	D 
	Port Colborne 
	8.7 
	Very inefficient use of resources; leakage reduction programs imperative and high priority 


	5.2.0 AWWA General Guidelines 
	5.2.0 AWWA General Guidelines 
	Table 14, on the following page, summarizes the general guidelines developed by AWWA’s Water Loss Committee which again categorize system based on the calculated ILI.  
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	Table 14 AWWA General Guidelines Pertaining to Infrastructure Leakage Index 
	Table 14 AWWA General Guidelines Pertaining to Infrastructure Leakage Index 
	Table 14 AWWA General Guidelines Pertaining to Infrastructure Leakage Index 

	ILI Range 
	ILI Range 
	Band 
	Area Municipality 
	ILI 
	Water Resource Considerations 
	Operational Considerations 
	Financial Considerations 

	< 2 
	< 2 
	A 
	Niagara-on-the-Lake 
	-0.6 
	Available resources are greatly limited and are very difficult / environmentally unsound to develop 
	Operating with system leakage above this level would require expansion of existing infrastructure and/or additional water resources to meet demand 
	Water resources are costly to develop or purchase; ability to increase revenues via water rates is greatly limited because of regulation or low ratepayer affordability 

	Grimsby
	Grimsby
	 1.3 

	Lincoln 
	Lincoln 
	1.6 

	2 to 4 
	2 to 4 
	B 
	Niagara Falls 
	2.2 
	Water resources are believed to be sufficient to meet longterm needs, but demand management interventions (leakage management, water conservation) are included in long-term planning 
	-

	Existing water supply infrastructure capability is sufficient to meet long-term demand as long as reasonable leakage management controls are in place 
	Water resources can be developed or purchased at reasonable expense; periodic water  rate increases can be feasibly imposed and are tolerated by the customer population 

	St. Catharines 
	St. Catharines 
	2.3 

	Pelham
	Pelham
	 2.4 

	West Lincoln 
	West Lincoln 
	2.5 

	Fort Erie 
	Fort Erie 
	2.7 

	4 to 8 
	4 to 8 
	C 
	Thorold 
	5.6 
	Water resources are plentiful, reliable, and easily abstracted 
	Superior reliability, capacity and integrity of the supply infrastructure make it relatively immune to shortages 
	Cost to purchase or obtain/treat water is low, as are rates charged to customers 

	>8 
	>8 
	D 
	Port Colborne 
	8.7 
	Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective utilization of water as a resource.  Setting a target level greater than as an incremental goal to a smaller long-term target – is discouraged 
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	6.0 R
	ECOMMENDATIONS  The water balances have been completed based on the data provided.  In all cases it is advisable to update and complete the data.  With regards to managing real losses (leakage and overflows from systems up to the point of customer metering or consumption) best management practices recognize the following:   Pressure Management  Speed and Quality of Repairs  Active Leakage Control, and  Pipeline and Assets Management 
	PIFastCalc’s recommendations are based on the World Bank Institute’s ILI Bands.  Individual municipalities are grouped in these bands in Tables 13 and 14.  Table 15 is reproduced from the ILI Guidelines worksheet within the software. 
	Table 15 WBI Recommendations 
	Table 15 WBI Recommendations 
	Table 15 WBI Recommendations 

	WBI Recommendations for BANDS 
	WBI Recommendations for BANDS 
	A 
	B 
	C 
	D 

	Investigate pressure management options 
	Investigate pressure management options 
	Yes 
	Yes 
	Yes 

	Investigate speed and quality of repairs 
	Investigate speed and quality of repairs 
	Yes 
	Yes 
	Yes 

	Check economic intervention frequency 
	Check economic intervention frequency 
	Yes 
	Yes 

	Introduce/improve active leakage control 
	Introduce/improve active leakage control 
	Yes 
	Yes 

	Identify options for improved maintenance 
	Identify options for improved maintenance 
	Yes 
	Yes 

	Assess Economic Leakage Level 
	Assess Economic Leakage Level 
	Yes 
	Yes 

	Review break frequencies 
	Review break frequencies 
	Yes 
	Yes 

	Review asset management policy 
	Review asset management policy 
	Yes 
	Yes 
	Yes 

	Deal with deficiencies in manpower, training and communications 
	Deal with deficiencies in manpower, training and communications 
	Yes 
	Yes 

	5-year plan to achieve next lowest band 
	5-year plan to achieve next lowest band 
	Yes 
	Yes 

	Fundamental peer review of all activities 
	Fundamental peer review of all activities 
	Yes 


	Veritec Consulting Inc. 
	Figure
	Figure
	Volume from Own Sources: 
	Volume from Own Sources: 
	Volume from Own Sources: 
	The volume of water input to a system from the Water Supplier’s own sources 

	Water Imported or Exported: 
	Water Imported or Exported: 
	The volume(s) of bulk transfers across operational boundaries 

	System Input Volume: 
	System Input Volume: 
	The volume input to that part of the water supply system to which the water balance calculation relates, corrected for known errors. Equal to VOLUME FROM OWN SOURCES plus WATER IMPORTED 

	Water Supplied: 
	Water Supplied: 
	Equal to the SYSTEM INPUT VOLUME minus WATER EXPORTED 

	Authorized Consumption: 
	Authorized Consumption: 
	Volume of metered and/or un-metered water taken by registered customers, the water supplier and others who are implicitly or explicitly authorized to do so by the water supplier, for residential, commercial and industrial purposes.  Authorized consumption may include items such as fire fighting and training, flushing of mains and sewers, street cleaning, watering of municipal gardens, public fountains, frost protection, building water, etc.  These may be billed or unbilled, metered or un-metered. 

	Water Losses: 
	Water Losses: 
	The difference between SYSTEM INPUT and AUTHORISED CONSUMPTION.  Water losses can be considered as a total volume for the whole system, or for partial systems such as raw water mains, transmission or distribution systems, or individual zones.  In the above definition of Water Losses, 'Authorized Consumption' includes bulk exports of water across operational boundaries. When doing the Water Balance calculation, a convenient alternative method of calculating Water Losses is 'Water Supplied - (Authorized Consu

	Apparent Losses: 
	Apparent Losses: 
	Includes all types of inaccuracies associated with customer metering, plus unauthorized consumption (theft or illegal use). Over-registration of customer meters, leads to under-estimation of REAL LOSSES.  Under-registration of customer meters, leads to overestimation of REAL LOSSES. 
	-


	Real Losses: 
	Real Losses: 
	Physical water losses from the pressurized system, up to the point of measurement of customer use.  The annual volume lost through all types of leaks, breaks and overflows depends on frequencies, flow rates, and average duration of individual leaks, breaks and overflows.  Although physical losses after the point of customer flow measurement or assumed consumption are excluded from the assessment of REAL LOSSES, 
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	Figure
	Table
	TR
	this does not necessarily mean that they are not significant or worthy of attention for demand management purposes. 

	Revenue Water: 
	Revenue Water: 
	Those components of SYSTEM INPUT which are billed and produce revenue (also known as BILLED AUTHORISED CONSUMPTION). Equal to BILLED WATER EXPORTED, BILLED METERED CONSUMPTION and BILLED UNMETERED CONSUMPTION 

	Non- Revenue Water: 
	Non- Revenue Water: 
	Those components of SYSTEM INPUT  which are not billed and do not produce revenue. Equal to UNBILLED AUTHORISED CONSUMPTION, APPARENT LOSSES and REAL LOSSES 

	Unbilled, Authorized 
	Unbilled, Authorized 
	Those components of AUTHORISED 

	Consumption: 
	Consumption: 
	CONSUMPTION which are not billed and do not produce revenue. Equal to UNBILLED METERED CONSUMPTION and UNBILLED UNMETERED CONSUMPTION 
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	Figure
	Figure
	Figure
	Figure
	Figure
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	Analysis background 
	Analysis background 
	Customer meters are the cash register of the utility and are responsible for ensuring an equitable distribution of water volume and income throughout various different customer classes within a utility and as such it is extremely important to analyze the accuracy of the meters on a regular basis and where necessary make repairs or replace groups of meters. In addition to being the cash register meters are responsible for a large amount of consumption data which can be used for other engineering functions su

	Using AWWA test flows and volumetric participation to identify weighted average accuracy for water balance purposes 
	Using AWWA test flows and volumetric participation to identify weighted average accuracy for water balance purposes 
	Data has been imported into our analysis programs and analyzed using the volume weighted percentages suggested in AWWA manual M36 table 2-7 for small meters and table 2-10 for large meters. It should be noted that further improvements to this analysis could be made by data logging samples of meter consumption profiles and applying them to the weighted average calculations as opposed to using the suggested values in M36 and M6. 
	1
	2

	AWWARF Project No. 418 Residential Water Use Patterns of 1993 states; 
	“Standards for domestic 5/8in. and 3/4in. water meters are based on a flow range of 0.25gpm to 20gpm. The range is assumed to be typical of the average domestic consumer. However, limited surveys of these domestic water use rates have not, until now, adequately substantiated this range.” Although the project concluded that “overall patterns of water use across the range of hours and flow rates were remarkably stable across geographic regions” 
	Based on AWWA published data the following weighted % volumes have been used for the 5/8 inch and ¾ inch meter weighted accuracy calculations. There were no 1 inch meters in the test sample so these have not been considered. In order to check if the volumes used in the M36 report are representative Veritec has undertaken a detailed analysis of 1200 data logged residential consumption profiles consisting of meters 5/8 to 1 inch in diameter, which were undertaken as part of the national AWWARF REUWS study in 
	3

	Percent of Time 
	Percent of Time 
	Percent of Time 
	Range 
	Average 
	Percent of Volume 

	(gpm) 
	(gpm) 
	(gpm) 

	15% 
	15% 
	Low 
	0.50 to 1 
	0.75 
	2% 

	70% 
	70% 
	Medium 
	1 to 10 
	5.00 
	63.8% 

	15% 
	15% 
	High 
	10 to 15 
	12.50 
	34.2% 


	Table 1 percent of volume calculations used for small meters taken from AWWA M6 
	and M36 table 2-7 The results shown below in Table 2 clearly indicate that the M36 results are in the right order of magnitude and that the volumes actually passed at the flow rates used to generate the low flow test results are very small compared to those volumes which pass at the medium and high test flow rates. It is important to note that this data set included 100 profiles from an Eastern Ontario utility. 
	Flow range GPM 
	Flow range GPM 
	Flow range GPM 
	Volume 
	% 

	0 – 0.25 
	0 – 0.25 
	4,978.79 
	0.05 

	0.26 – 0.50 
	0.26 – 0.50 
	63,756.66 
	0.59 

	0.51 – 0.75 
	0.51 – 0.75 
	121,274.58 
	1.13 

	0.76 – 1.0 
	0.76 – 1.0 
	192,455.03 
	1.79 

	1.01 – 10.0 
	1.01 – 10.0 
	7,835,760.04 
	72.77 

	> 10 
	> 10 
	2,549,331.51 
	23.68 

	Total 
	Total 
	10,767,556.61 
	100.00 


	Table 2 volumes consumed at different flow ranges from AWWARF REUS 
	The percent of volume at each flow rate changes for larger meter sizes and  based on the same AWWA publication material available the following percent of  volume were used for the estimations of weighted  meter accuracy for large  meters;   Low 10%  Medium 65%  High 25%  It should be noted that larger customer meters are generally subject to a wider variation of flow profile as the nature of demand can differ – Veritec therefore reiterates the need to check a sample of flow profiles for the larger meter cl
	“Water audits and leak detection” American water works association (AWWA) manual of water supply practices M36 second edition 1999 page 20 table 2-7 (5/8 inch meters) “Water meters-selection installation testing and maintenance” AWWA manual of water supply practices M6 fourth edition 1999 page 60 “Residential end uses of water” American Water Works Association Research Foundation 1999 
	1 
	2 
	3 


	No information was provided as to whether or not the test samples were  representative of random samples so for Veritec analysis we have assumed  they are. Veritec recommends stratified random sampling of  various meter  sizes for future more  detailed analysis of economic meter maintenance.  Data supplied broken into small and large  meter classes was as follows:    Small me ters are classed  as 1 inch and  less – 11 samples  Large meters  classed as 1.5 inch and more – 26  samples   The total meter popula
	No information was provided as to whether or not the test samples were  representative of random samples so for Veritec analysis we have assumed  they are. Veritec recommends stratified random sampling of  various meter  sizes for future more  detailed analysis of economic meter maintenance.  Data supplied broken into small and large  meter classes was as follows:    Small me ters are classed  as 1 inch and  less – 11 samples  Large meters  classed as 1.5 inch and more – 26  samples   The total meter popula

	Results 
	Results 
	The tables below show the first look at the weighted meter accuracy by volume for small meters in Table 3 and for large meters Table 4. 
	Both sets of meters have an overall meter accuracy which is within the AWWA recommended range. However upon review of the low flow accuracy it can be seen that on average it is significantly below the recommended AWWA range however using the volume weighted % contribution the lower flows have little impact on the overall average.  
	Test Flow Rate 
	Test Flow Rate 
	Test Flow Rate 
	Test  High 
	Test Medium 
	Test Low 

	No. of Test Results 
	No. of Test Results 
	11 
	11 
	11 

	Average Accuracy 
	Average Accuracy 
	98.46% 
	99.84% 
	84.28% 

	Variance 
	Variance 
	0.001 
	0.000 
	0.089 

	Standard Dev 
	Standard Dev 
	2.47% 
	1.80% 
	29.78% 

	95% Confidence 
	95% Confidence 
	1.46% 
	1.06% 
	17.60% 


	Average Meter Error at each flow rate 
	Average Meter Error at each flow rate 
	Average Meter Error at each flow rate 
	-1.54% 
	-0.16% 
	-15.72% 

	% of Consumption Volume Passed at Test Flow 
	% of Consumption Volume Passed at Test Flow 
	34.2% 
	63.8% 
	2.0% 

	Contribution to Overall Average Meter Error 
	Contribution to Overall Average Meter Error 
	-0.53% 
	-0.10% 
	-0.31% 


	Overall Meter Error -0.94%  Overall Meter Accuracy 99.06%  
	Table 3 First look meter accuracy for small meters Veritec would suggest that the cities continue to review meter accuracy using this component based approach paying particular attention to the medium flow range which has most impact on the overall meter accuracy.  
	Once this starts to deteriorate then it is time to consider meter replacement in the case of the smaller meters and meter replacement or repair in the case of the larger meters. 
	Test Flow Rate 
	Test Flow Rate 
	Test Flow Rate 
	Test  High 
	Test Medium 
	Test Low 

	No. of Test Results 
	No. of Test Results 
	26 
	26 
	26 

	Average Accuracy 
	Average Accuracy 
	100.10% 
	99.50% 
	92.54% 

	Variance 
	Variance 
	0.001 
	0.001 
	0.035 

	Standard Dev 
	Standard Dev 
	2.25% 
	2.47% 
	18.59% 

	95% Confidence 
	95% Confidence 
	0.87% 
	0.95% 
	7.15% 


	Average Meter Error at each flow rate 
	Average Meter Error at each flow rate 
	Average Meter Error at each flow rate 
	0.10% 
	-0.50% 
	-7.46% 

	% of Consumption Volume Passed at Test Flow 
	% of Consumption Volume Passed at Test Flow 
	25.0% 
	65.0% 
	10.0% 

	Contribution to Overall Average Meter Error 
	Contribution to Overall Average Meter Error 
	0.03% 
	-0.32% 
	-0.75% 


	Overall Meter Error -1.04%  Overall Meter Accuracy 98.96%  
	Table 4 First look meter accuracy for large meters 

	Confidence 
	Confidence 
	Confidence in the test results has been calculated first for each of the test flow rates used in this analysis and then secondly confidence in the overall meter accuracy has been calculated for use in the annual water balance. 
	Both small and large meter tests sets display a small variance around the mean for the medium and high flow rates and a larger variance around the mean for the low flow results. 
	The small meter test sample has one stuck meter at the low flow rate which makes a big difference to the small test set. Table 5 below shows the difference in confidence if this meter is removed from the sample. 
	Test Flow Rate 
	Test Flow Rate 
	Test Flow Rate 
	Test  High 
	Test Med 
	Test Low 

	No. of Test Results 
	No. of Test Results 
	10 
	10 
	10 

	Average Accuracy 
	Average Accuracy 
	98.48% 
	100.24% 
	92.71% 

	Variance 
	Variance 
	0.001 
	0.000 
	0.012 

	Standard Dev 
	Standard Dev 
	2.60% 
	1.31% 
	10.83% 

	95% Confidence 
	95% Confidence 
	1.61% 
	0.81% 
	6.71% 


	Average Meter Error at each flow rate 
	Average Meter Error at each flow rate 
	Average Meter Error at each flow rate 
	-1.52% 
	0.24% 
	-7.30% 

	% of Consumption Volume Passed at Test Flow Rate 
	% of Consumption Volume Passed at Test Flow Rate 
	34.2% 
	63.8% 
	2.0% 

	Contribution to Overall Average Meter Error 
	Contribution to Overall Average Meter Error 
	-0.52% 
	0.15% 
	-0.15% 


	Overall Meter Error -0.51%  Overall Meter Accuracy 99.49%  
	Table 5 Confidence is increased in low flow tests if the stuck meter is removed 
	Confidence in that range of tests improves from 17.6% as shown in Table 3 to 6.7% as shown in Table 5. 
	This example indicates the influence that one stuck meter can have on a sample test set, particularly when the test sample is small. Veritec would recommend that a larger set of data is used for future more detailed analysis and that stuck meters are removed from the test sets and the issue of stuck meters is dealt with as a separate component of the water balance. Further details can be supplied upon request. 
	Analysis by percentage meter error 
	Analysis by percentage meter error 
	Analysis by percentage meter error 

	Total pop (N) 
	Total pop (N) 
	104,848 

	Sample count (n) 
	Sample count (n) 
	10 

	Average registration % (AWWA method) 
	Average registration % (AWWA method) 
	99.49% 

	Average meter error % 
	Average meter error % 
	0.51% 

	Sample variance off % under-reg 
	Sample variance off % under-reg 
	0.0126 

	N-n 
	N-n 
	104,838 

	n-1 
	n-1 
	9 

	Var(Ybar) 
	Var(Ybar) 
	0.001396929 

	Sqrt(Var(Ybar)) 
	Sqrt(Var(Ybar)) 
	0.037375507 

	Zstat for 95% 
	Zstat for 95% 
	1.96 

	CI limits +/- of meter error % 
	CI limits +/- of meter error % 
	7.33% 


	Table 6 Confidence in overall meter accuracy for small meters for annual water balance 
	As there has been no analysis of stuck meter frequency or response time to replace stuck meters the stuck meter has been removed from the test set and overall confidence increases from +/-17 to +/-7.3%. However this is still a large range and could be improved by a larger test sample. 
	Analysis by percentage meter error Total pop (N) 8,380 Sample count (n) 26 Average registration % (AWWA method) 98.96% Average meter error % 1.04% Sample variance off % under-reg 0.0357 N-n 8,354 n-1 25 Var(Ybar) 0.001423053 Sqrt(Var(Ybar)) 0.037723377 Zstat for 95% 1.96 CI limits +/- of meter error % 7.39% 
	Table 7 Confidence in overall meter accuracy for large meters for annual water balance 
	There were no stuck meters in the large meter test sample and therefore the overall average accuracy and the confidence have been taken at face value. 

	Recommendations 
	Recommendations 
	This analysis serves as a first look at the impact of weighted overall meter accuracy by small and large meter category and allows volumes of apparent loss to be calculated in the annual water balance along with the confidence in 
	This analysis serves as a first look at the impact of weighted overall meter accuracy by small and large meter category and allows volumes of apparent loss to be calculated in the annual water balance along with the confidence in 
	those volumes. Should the Region wish  to refine this analysis in order to  improve confidence in the apparent loss volumes and also to build a stronger  business case for the correct meter accuracy intervention plan then Veritec would suggest that ongoing analysis include the following tasks:   Undertake flow profiling of key meter sizes and classes to  determine weighted volume components for low, medium and high flow rates  Undertake stratified random sampling and analysis of key meter  sizes  Increase s

	Figure
	Cubic Meters per Month Illustration of Non-Revenue Water in 2005 *, Fort Erie (* All meters appear to be read monthly) 700,000 600,000 500,000 400,000 300,000 200,000 100,000 0 6,000 5,000 4,000 3,000 2,000 1,000 0 Jan-05 Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 Regional Billing Record Fort Erie Billing Record Annual Volumes ('000 m3/year) 5,219 3,943 
	Veritec Consulting Inc. 
	Illustration of Non-Revenue Water in 2005 * , Grimsby (* Monthly Billing for Grimsby based on a combination of monthly reads and 3 times annually reads) Cubic Meters per Month 500,000 450,000 400,000 350,000 300,000 250,000 200,000 150,000 100,000 50,000 0 Jan-05 Feb-05 Mar-05 4,000 3,500 3,000 2,500 2,000 1,500 1,000 500 0 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 Regional Billing Record Grimsby Billing Record Annual Volumea ('000 m3/year) 3,220 2,742 
	Veritec Consulting Inc. 
	Illustration of Non-Revenue Water in 2005 *, Lincoln (* All meters appear to be read monthly) 0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 Cubic Meters per Month Regional Billing Record Lincoln Billing Record Annual Volumes ('000 m3/year) 2,601 2,363 0 500 1,000 1,500 2,000 2,500 3,000 Jan-05 Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 
	Veritec Consulting Inc. 
	Illustration of Non-Revenue Water in 2004 *, Niagara Falls 1,800,000 1,600,000 1,400,000 1,200,000 1,000,000 800,000 600,000 400,000 200,000 0 Jan-04 Feb-04 Mar-04 Regional Billing Record Niagara Falls Billing Record Annual Volumes ('000 m3/year) 13,244 15,873 0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 Cubic Meters per Month Apr-04 May-04 Jun-04 Jul-04 Aug-04 Sep-04 Oct-04 Nov-04 Dec-04 
	Veritec Consulting Inc. 
	Cubic Meters per Month 500,000 450,000 400,000 350,000 300,000 250,000 200,000 150,000 100,000 50,000 0 Jan-05 Illustration of Non-Revenue Water in 2005 *, Niagara-on-the-Lake (No metering data beyond annual value provided) Regional Billing Record Niagara-on-the-Lake Billing 4,000 3,500 3,000 2,500 2,000 1,500 1,000 500 0 Annual Volumes ('000 m3/year) 3,225 3,184 Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 
	Veritec Consulting Inc. 
	Illustration of Non-Revenue Water in 2005 *, Pelham (* No metering data beyond annual value provided) 0 50,000 100,000 150,000 200,000 250,000 Cubic Meters per Month Regional Billing Record Pelham Billing Record Annual Volumes ('000 m3/year) 1,440 1,722 0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 Jan-05 Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 
	Veritec Consulting Inc. 
	Illustration of Non-Revenue Water in 2005 *, Port Colborne (* Monthly Billing for Port Colborne based on a combination of monthly reads and quarterly reads) Cubic Meters per Month 450,000 400,000 350,000 300,000 250,000 200,000 150,000 100,000 50,000 0 Jan-05 Feb-05 Mar-05 Regional Billing Record Port Colborne Billing Record Annual Volumes ('000 m3/year) 4,500 3,909 4,000 3,500 3,000 2,469 2,500 2,000 1,500 1,000 500 0 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 
	Veritec Consulting Inc 
	Illustration of Non-Revenue Water in 2004*, St. Catharines (* Monthly Billing for West Lincoln based on a combination of monthly reads and quarterly reads) 0 500,000 1,000,000 1,500,000 2,000,000 2,500,000 Cubic Meters per Month Regional Billing Record St. Catharines Billing Record Annual Volumes ('000 m3/year) 19,477 21,824 0 5,000 10,000 15,000 20,000 25,000 30,000 Jan-04 Feb-04 Mar-04 Apr-04 May-04 Jun-04 Jul-04 Aug-04 Sep-04 Oct-04 Nov-04 Dec-04 
	Veritec Consulting Inc. 
	Illustration of Non-Revenue Water in 2005 *, Thorold (No metering data beyond annual value provided) 0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 Cubic Meters per Month Regional Billing Record Thorold Billing Record Annual Volumes ('000 m3/year) 2,386 3,187 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 Jan-05 Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 
	Veritec Consulting Inc. 
	Veritec Consulting Inc. 
	1,400,000 1,200,000 1,000,000 800,000 600,000 400,000 200,000 0 Jan-05 Feb-05 Mar-05 Illustration of Non-Revenue Water in 2005 *, Welland (No data provided for 2005 / partial data for 2004) Regional Billing Record Welland Billing Record Cubic Meters per Month Annual Volumes ('000 m3/year) 10,449 0 2,000 4,000 6,000 8,000 10,000 12,000 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 

	Veritec Consulting Inc. 
	Illustration of Non-Revenue Water in 2005 *, West Lincoln (* Monthly Billing for West Lincoln based on a combination of monthly reads and quarterly reads) Jan-05 Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05 0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 Cubic Meters per Month Regional Billing Record West Lincoln Billing Record Annual Volumes ('000 m3/year) 721 827 0 100 200 300 400 500 600 700 800 900 1,000 
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	Appendix D: Component Analysis to Calculate Unavoidable Annual Real Losses 
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