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AECOM 
200 Indiana Avenue 

Stevens Point, WI 54481 
www.aecom.com 

To: Tara Roumeliotis; Heather Yates; Dave Belanger, City of Guelph 

From: Richard Hope  

Date: July 9, 2021 

Project #: 60612820 

Technical Memorandum 

Subject: City of Guelph Water Loss Management Strategy Review  

1. Purpose 

The purpose of the technical memorandum (TM) is to summarize the of existing water 

audit information provided by the City of Guelph (Phase I) and to provide opinions on 

the following: 

1. Water Audit Process 

2. Economic Level of Leakage (ELL) 

3. Leakage Management Strategy  

4. Level of Real Losses to be used in Water Supply Master Plan Update 

Water Demand Projections 

Phase II (if required) will develop the implementation plan for the agreed Water Loss 

Management Strategy identified in Phase I.  

Attachment B provides definitions for several terms and concepts that are used to 

evaluate the water losses within a water system as a reference. 

2. Introduction 

As a steward of water resources, the management of real losses is an important activity 

for all water utilities. A goal of managing real losses is to implement strategies that 

result in achieving the ELL or close to the ELL. The ELL is the point when the cost of 

the annual real losses is equal to the cost of the leakage strategy. The ELL concept is 

illustrated in Figure 1. As illustrated, the cost of water lost increases as real losses 

increases and the cost of leakage management increases to reduce real losses. 

Therefore, the total cost is the sum of the cost of water lost plus the cost of leakage 

management. This cost is a minimum when the ELL is achieved. 

http://www.aecom.com/
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Figure 1: Economic Level of Leakage (Real Losses) 

 

The ELL can also be influenced by the availability of water and the infrastructure 

needed to provide, treat and distribute the water. If capital expenditure can be deferred, 

reduced or even eliminated by the reduction in water losses, additional expenditure can 

be justified to support the leakage management strategy. 

3. Water Audit Review 

The American Water Works Association (AWWA) recommended water balance which is 

discussed in the following sections is illustrated in Figure 2 for reference. 

Figure 2: Water Balance 
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3.1 Historical Water Losses  

The City of Guelph has been completing a water audit following an industry-wide 

standard approach presented in the AWWA Manual M36 for over 10 years. To assist in 

the water audit, the City of Guelph has been using the Water Audit software developed 

by AWWA. The following section provides a summary of the information from the water 

audits since 2008. 

As can be seen from Figure 3, annual water losses have varied between approximately 

2,009 megalitres (ML) in 2013 to approximately 3,521 ML in 2015 with an average of 

approximately 2,865 ML over the 14-year period. The decline in water losses from 2011 

to 2013 is attributed to the leak detection program implemented in 2010 and the two 

extreme cold winters occurring in 2014 and 2015 resulted in increased leakage along 

with an increase in unbilled authorized consumption as customers were asked to run 

their taps to prevent freezing. As illustrated in this figure, the annual real losses have 

generally declined from 2015 to 2019.  

Figure 3: Historical Non-Revenue Water 

 

For evaluating the ELL, the 2019 water audit data was used.  

A key concept in the analysis of real losses is that all water systems have a level of 

leakage that cannot be economically prevented or recovered which is referred to as the 
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“Unavoidable Annual Real Losses” (UARL) and is dependent on a number of parameters 

that are specific to each water system, including length of water main, number of service 

connections, average length of service connection, and system pressure.  

A key performance indicator (KPI) referred to as the Infrastructure Leakage Index (ILI) 

has been introduced in the water industry to help compare water system with respect to 

leakage. The ILI is the ratio of real losses and UARL. An ILI of one (1) means that the 

current real losses are equal to the UARL and further reduction in real losses is unlikely 

to be economically achieved. The ELL is typical between the current value of annual 

real losses and the UARL. 

The ILI for the City of Guelph over the period 2008 through 2019 is illustrated in Figure 4 

along with the historical components of NRW. Note the UARL is lower in 2016 and 2017, as 

the number of service connections was estimated as one per service address and historical 

values were estimated based on the number of meters. It is AECOM’s understanding that 

Water Services is in the process of determining the number of service connections through 

a GIS/billing system cross reference and field verification. It is believed that the number of 

addresses was reflective of those entered in the billing system and is an underestimate. If 

the UARL was underestimated, that would result in a lower ILI.  

Figure 4: Historical Infrastructure Leakage Index for City of Guelph 
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As can be seen the ILI has ranged from approximately 1.61 (2013) to approximately 

3.42 (2010). More recently, the ILI was at 2.54 in 2014 and has declined to 

approximately 2.03 in 2019. 

Figure 5 illustrates the 2019 City of Guelph ILI compared to other communities based 

on the data in the Water Research Foundation (WRF) report 4372, Real Loss 

Component Analysis: A Tool for Economic Water Loss Control. Based on this set of 

data the City of Guelph ILI is between the 25th percentile and 50th percentile in the data. 

Figure 5: Benchmarking of Infrastructure Leakage Index 

 

3.2 Review of Water Audit Process 

One task of this project included a review of the water audit process which has been 

completed annually by the City of Guelph for over ten years. AECOM reviewed the data 

provided and had discussions with the City personnel responsible for completing the 

audit to review the process and data used. The completion of a water audit annually, is 

one of the first steps in developing a leakage management strategy and evaluating the 

economic level of leakage.  

A review meeting was held in April 2021 to discuss the water audit with the City of 

Guelph stakeholders to ensure validity and accuracy of the data (refer to Attachment C 

for the slides from the presentation). Another item discussed was the significance of the 
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uncertainty of the data. For example, some components of the water audit include 

unmetered data; therefore, the volume is estimated. However, the volume may be small 

compared to the system input volume which although the volume is estimated it has 

little impact on the water losses. 

For the review, AECOM developed a rating system for the data review and potential 

actions as summarized in Table 1.  

Table 1: Rating Criteria for Water Audit Data Review 

Rating Description  

⚫ Improvement, recommend additional effort to improve water audit data. 

⚫ Potential improvement, may have impact on water audit; therefore, consider change. 

⚫ 
Potential improvement, small impact on overall water audit; therefore, no change 
recommended. 

⚫ Good practice, continue with same effort/approach going forward. 

⚫ Not applicable. 

The only component of the water audit that was rated as “red”, needing improvement, is 

the customer meter accuracy. In 2017, 200 residential meters were sampled, targeting 

meters installed 15 or more years ago with higher volumes of water and 20 high volume 

mid-size meters. The meter testing program resulted in a weighted average of 

3.8 percent under-registration which was used in the 2019 water audit to estimate 

apparent losses associated with customer meter inaccuracies. The estimated 2019 

apparent losses associated with customer metering inaccuracies is approximately 

564 ML which is approximately 20 percent of the water losses. Note that if the estimated 

meter accuracy is higher than actual, the real losses would be higher leading to a higher 

potential recoverable leakage.  

The meter accuracy data is based on data from 2017 and may not be representative of 

the meter accuracy for all meter sizes/ages; therefore, AECOM recommends refining 

the meter accuracy going forward to get a better understanding of real losses and 

apparent losses. The WRF study Guidance on Implementing an Effective Water Loss 

Control Plan, 2019, states the generally accepted factors affecting customer meter 

accuracy include: 

◼ Mechanical wear over time, excess cumulative volume, poor water quality, 

damage and vandalism 

◼ Incorrect installation or lack of maintenance 

◼ Incorrect sizing 
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◼ Incorrect meter type for the application 

◼ Spinning or jetting 

◼ Environmental problems (freezing, overheating) 

◼ Low flow rates due to evaporative coolers and basement/rooftop storage 

tanks 

◼ Changing flow patterns due to water conservation changes in building codes 

and pluming fixture design. 

The WRF study states that proper meter sizing, selection and installation; routine 

testing; and optimal meter replacement mitigates most of the accuracy degradation 

issues.  

It was noted that the City has continued to improve its methods to meter more of the 

NRW to have a good handle on the actual volumes instead of estimating. The values 

that are estimated are typically small volumes which do not have a significant impact on 

water losses.  

A summary of the review, which is detailed in Attachment C, includes: 

◼ The City should continue with the good industry practice of completing the 

AWWA audit and consider using the latest version (Version 6 released in 

December 2020) along with completing the validation questions and the 

revised methods for estimating unbilled unmetered authorized consumption, 

unauthorized consumption, and system data handling errors. 

◼ The City has continued to improve the data for the water audit process 

including metering additional volumes of water over the years. 

◼ The City should consider a detailed list of the meters used and the accuracy 

of each meter to determine the volume of water input into the system. The 

volume in the audit should be adjusted based on the accuracy of the meters.  

◼ The City has a residential meter program with the goal to replace 

approximately 26,000 meters which was started before the pandemic in 2018. 

The confidence in the water audit results can be improved through a better 

understanding of the volume of real and apparent losses and an 

understanding of the meter accuracy is key. It is recommended that the City 

develop a meter testing program and continue with the meter replacement 

program.  

◼ The City should work toward completing the water audit by pressure zone or 

district metering area (DMA). One step toward this is the completion of the 

linking of the customer billing data with the GIS. 
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3.3 Cost of Water Losses 

The cost of water losses depends on the type of losses as follows: 

◼ Apparent Losses – Customer retail unit charge (volumetric portion of the 

charges, not the fixed charges) 

◼ Real Losses – Variable production cost of water  

The variable production cost of water is used to determine the cost of leakage (water 

losses) as discussed in the following section. 

3.3.1 Variable Production Cost of Water 

The variable production cost of water is the marginal cost of water supplied to the 

distribution system or the cost to supply the next unit volume of water.  

The variable production cost of water is important as it is used to determine the cost to 

the Utility of leakage (real losses) and is used in the evaluation of the ELL.  

Typically, the variable cost of leakage (water) is comprised of the following two main 

items: 

1. Electrical Cost (treatment and pumping) 

2. Chemical Cost  

Additional costs can be included, if appropriate, and can include: 

1. Deferred capital cost  

2. Reduction in maintenance/repair/replacement (equipment lasts longer and 

not being used as much) 

3. Cost of wastewater treatment (some of the water losses reaches the 

wastewater treatment facility) 

For the City of Guelph, electrical and chemical costs are tracked annually. Based on the 

2019 data summarized in Table 2, the chemical and electricity costs are estimated at 

$0.095 per m3 (cubic metre).  

For this analysis consideration was given to the three items that can be part of the 

variable cost of leakage. No deferred costs for capital have been included in this 

analysis. 

Since the amount of water for wastewater treatment is hard to define, the variable cost 

of wastewater was not available to AECOM, and the reduction in 
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maintenance/repair/replacement is also challenging to define; AECOM used a band of 

the variable cost of leakage from approximately $0.095 per m3 to $0.114 per m3 

(approximately $95 to $114 per ML). This is based on a 20 percent increase in variable 

cost of water to account for some of the additional items.  

Table 2: 2019 Variable Production Cost of Water 

Description 
2019 

Expenditures 

2019 Water 

Production 

(m3) 

Cost per Cubic 

Metre 

($/m3) 

Annual Cost of Operating Water System $32,168,822 - - 

721-6450 removed (full expense budget) ($791,627) - - 

Total Annual Cost of Operation Water System $31,377,195 17,160,653.96 $1.83 

Operating - - - 

Hydro (2301/2302) $1,542,368 - - 

Treatment Chemicals (2405/2429/2431) $79,467 - - 

721-3450 removed (for above expenses) $0 - - 

Materials and Supplies (sum 24 Operating) $442,261 - - 

Maintenance Costs (sum 31 Repairs and Maintenance) $460,211 - - 

721-6450 removed (for above expenses) ($29,123) - - 

Capital $1,261,398 - - 

Variable Cost (Unit Cost of Leakage) $1,621,835 17,160,653.96 $0.095 

Fixed Cost $2,134,747 17,160,653.96 $0.124 

Total Operational and Maintenance Costs $3,756,582 17,160,653.96 $0.22 

Source: City of Guelph O&M Cost Breakdown from Water and Wastewater Financial 

Specialist, Annette Indoe. 

3.3.2 Economic Analysis 

The following information was provided from the 2019 Water Audit for determining the 

cost of annual real losses (leakage). 

Total Water Supplied: ................................................................ 17,160 ML 

Total Annual Real Losses (TARL): ........................................... 2,020 ML 

Unavoidable Annual Real Losses (UARL): .............................. 997 ML 

Potential Annual Recoverable Real Losses (TARL-UARL): ... 1,023 ML 

Cost of Potential Annual Recoverable Real Losses: .............. $97,200 to $116,600 

The City of Guelph has an active leakage control program initiated in 2010 that consists 

of annual leak detection of the entire system at a cost of approximately $80,000 to 

$100,000 per year. 
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3.3.3 Summary 

The City of Guelph reduced their ILI from 2.54 in 2014 to 2.03 in 2019 which indicates 

that the management of real losses is good. This has been achieved through an active 

leakage control program of annual leak detection survey at a cost of approximately $80k 

to $100k per year. It is anticipated that over the last six years the backlog of leaks has 

been eliminated and current leak detection is locating new leaks or small leaks that 

have increased in size. AECOM believes that continuing the annual leak detection will 

keep water losses at the current level but may not achieve substantial further reduction. 

An additional expenditure of $97k to $116K per year for water loss management is 

available for additional active leakage management to reduce annual real losses to be 

equivalent to the UARL (ILI = 1).  

4. Economic Level of Leakage (ELL) and Water 
Supply Projections  

The City of Guelph has managed and controlled real losses well which is reflected in an 

ILI of 2.03 (reduced from 2.54 in 2014).  

In the AwwaRF report Evaluating Water Loss and Planning Loss Reduction Strategies, 

2007, it was reported that in a study, ILI data was collected from utilities operating at or 

near ELL in UK and Australia, showing that the economic ILI for utilities are normally 

below 3.  

The current active leakage control (ALC) of regular leak detection survey appears 

sufficient to keep real losses under control. This history of active leak detection along 

with the decline in ILI indicates that the backlog of leaks that might have existed in 2014 

have been fixed and a stable condition exists with respect to leaks.  

With the relative low unit cost of leakage and the low ILI, the potential cost saving 

($97,200 to $116,600) of reducing the annual real losses to the UARL is small in 

comparison with the implementation of more extensive leakage control strategies. For 

example, if the full $97,200 to $116,600 could be recovered by using DMA/step testing 

etc. the annual cost of implementation (capital and operations) would have to be less 

than $97,200 to $116,600 per year. However, it is doubtful if the entire potential 

recoverable real losses could be recovered. 

It is AECOM’s opinion that the City of Guelph could already be at or close to the ELL 

with an ILI of approximately 2.0.  
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5. Leakage Management Strategy 

The purpose of the leakage management strategy is to reduce and maintain leakage to 

an acceptable level agreed upon considering the ELL.  

5.1 Introduction 

The four pillars of a successful leakage management strategy are illustrated in Figure 6 

and are summarized as: 

◼ Pressure management seeks to optimize system pressure to minimize losses, 

while maintaining adequate levels of service.  

◼ Replacement and/rehabilitation of existing water mains is the 

replacement/rehabilitation of key infrastructure to reduce water main 

breaks/leaks and water loss. 

◼ The speed and quality of repairs reduces the time it takes to repair the leak 

once it is found. Reducing the time it takes from locating the leak to repairing 

it reduces the water lost. 

◼ ALC is the proactive approach to search for hidden (non-surfacing) leaks and 

includes such things as leak detection acoustic surveys and sounding. 

A brief description of each is provided in the following sections along with how each may 

be incorporated into an overall leakage management strategy for the City of Guelph. 

Figure 6: Four Pillars of Successful Leakage Management Strategy 
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5.2 Pressure Management 

Pressure management is typically the cheapest and easiest approach to decrease 

annual real losses; however, it does not find and repair the leaks. In addition, the 

minimum system pressure needs to be maintained in the water distribution system to 

provide adequate service to the customers. The 2019 water audit reported the average 

system pressure of 49.4 metres of head. For comparison, Ten State Standards 

specifies normal working pressure in the distribution system should be approximately 42 

to 56 metres of head. 

The system is segmented into pressure zones to address pressure/topography; 

therefore, pressure management is not considered a cost-effective option for the City of 

Guelph leakage management strategy.  

5.3 Replacement and/or Rehabilitation of Existing Water Mains 

The City of Guelph continues to replace water mains and while this will over time reduce 

leakage; it is unlikely in the short-term to have a dramatic impact on real losses. The 

following quote is from the American Water Works Association Research Foundation 

(AwwaRF) report, Evaluating Water Loss and Planning Water Loss Reduction Strategies: 

“From an economic perspective, it is rarely possible to justify mains replacement 

purely on the basis of the reduction in leakage anticipated, except in a few of the 

worst performing mains in the utility. In reality, mains are replaced for many other 

different reasons such as inadequate capacity, growth in demand, cost of 

continued repairs, water quality problems and good asset management.” 

As water mains age, the pipe will need to be replaced and a proactive water main 

replacement/rehabilitation program should be implemented by the City if not currently in 

place. However, replacement and/or rehabilitation of existing water mains is not 

considered a cost-effective option for the leakage management strategy.  

5.4 Speed and Quality of Repairs 

The time between the pinpointing of the leak and its repair also affects the volume of 

water lost. The shorter the repair time, the lower the water loss, as illustrated in 

Figure 7. The challenge of repairing leaks in a timely manner may increase as a more 

proactive approach is adopted by the City of Guelph to identify and repair the 

non-surfacing leaks. Sufficient staff should be available to repair leaks as soon as 

possible after the leaks are identified and leaks of higher volume should be prioritized 

over smaller leaks. 
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Figure 7: Leakage Volume – Speed and Quality of Repairs 

 

Source:  AwwaRF report, Evaluating Water Loss and Planning Loss 
Reduction Strategies 

5.5 Active Leakage Control 

A number of ALC approaches are available to assist in the detection and location of 

leaks. The following are the more common approaches as summarized in Table 3: 

◼ Sounding 

◼ Noise Mapping 

◼ Acoustic Survey 

◼ Acoustic Loggers  

◼ AMR/Meter Acoustic Loggers 

◼ Satellite Leak Detection 

To address the non-surfacing leaks, the most proactive approach is to increase the level 

of effort in sounding, noise mapping, acoustic survey, etc. To identify the appropriate 

level of effort in leak detection, it is necessary to establish the intervention period. In 

principle, it is a cost beneficial relationship between the cost of intervention (leak 

detection survey) and the cost of the volume of water lost through leakage. This concept 

is illustrated in Figure 8.  
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Figure 8: Leakage Reduction Cost Curve for Regular Acoustic Surveys 

 

It appears that a main contributor to real losses in the City of Guelph may be 

non-surfacing leaks/breaks; therefore, an initial goal should be to proactively identify 

and repair the non-surfacing leaks.  

Acoustic loggers, satellite leak detection, and customer meter loggers are effective at 

identifying areas to prioritize leak detection. The greatest benefit of these technologies 

typically occurs once a steady state of leaks has been reached which is believed to be 

the case for the City.  

Table 3: Summary of Active Leakage Control Measures 

Methodology Description Advantages Limitations Most Appropriate For 

Reactive 
Leakage 
Control 

◼ Response to leaks 
discovered through visual 
observation. 

◼ Lowest cost of 
detection 

◼ Only locates leaks 
reaching the 
ground surface 

◼ Small systems with 
a poor maintenance 
history and large 
number of leaks 

Regular 
Sounding 

◼ Identifies areas of high 
noise and potential non-
surfacing leaks by listening 
at system fixtures such as 
valves, hydrants, etc. 

◼ Low cost and easy 
to implement 

◼ Does not pinpoint 
leak  

◼ Background noise 
can mask leak 
noise 

◼ Sounding may 
need to be 
performed during 
night period 

◼ All systems 

Noise 
Mapping 

◼ Expands on regular 
sounding by tracking, 
documenting, and 
mapping the location of 
system noise to improve 
prioritization of leak 
detection. 

◼ Low cost and easy 
to implement 

◼ Helps prioritize of 
leak detection 

◼ Does not pinpoint 
leak  

◼ Background noise 
can mask leak 
noise 

◼ Sounding may 
need to be 
performed during 
night period 

◼ All systems 
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Methodology Description Advantages Limitations Most Appropriate For 

Leak 
Detection 

Survey 

◼ Identification and location 
of leaks using acoustic 
equipment. 

◼ Equipment and 
operators readily 
available 

◼ Relatively 
inexpensive 

◼ Preferred method 
for pinpointing 
leaks 

◼ Large leaks can 
mask smaller leaks 

◼ Less effective on 
non-metallic water 
mains 

◼ All systems to 
pinpoint 
non-surfacing leaks 

Acoustic 
Logger 

◼ Acoustic loggers attached 
to system fixture, either 
permanently or 
temporarily, that semi-
continuously listen for 
noise that could be 
associated with a leak. 

◼ Reduces 
awareness time 

◼ Helps prioritize leak 
detection 

◼ Does not pinpoint 
leak  

◼ High number of 
acoustic loggers 
needed to cover 
system (expensive) 

◼ All systems 

Acoustic 
Logger on 
Customer 
Services 

◼ Permanent acoustic 
loggers attached to AMR 
that semi-continuously 
listen for noise that could 
be associated with a leak. 

◼ Reduces 
awareness time 

◼ Helps prioritize leak 
detection 

◼ Does not pinpoint 
leak  

◼ Expensive unless 
installed with an 
AMR system 

◼ All systems 

Satellite Leak 
Detection 

◼ Identification of points of 
interest (POI) on GIS 
reports using satellite 
images and patented 
algorithm 

◼ Helps prioritize leak 
detection 

◼ No equipment 
required, low cost 

◼ Does not pinpoint 
leak/not all POI 
have leak 

◼ All systems 

The City of Guelph has an ALC program that consists of annual leakage detection of the 

entire distribution system (both plastic and metallic pipe) at a cost of approximately 

$80,000 to $100,000 per year which was started in 2010. This is a contributing factor in 

maintaining the current ILI of 2.0 and has likely removed the backlog of leaks in the 

system. 

The following sections discuss some additional enhancements that the City of Guelph 

may want to explore to enhance their current ALC program.  

5.5.1 Acoustic Loggers 

An acoustic logger is a small sound logging device that is attached to suitable existing 

fittings by means of a strong magnet. Acoustic loggers are designed to be deployed 

across a network at close enough intervals to ensure that any leak noise between two 

loggers can be detected. Once deployed, the acoustic loggers monitor leak noise during 

the quietest part of the night and indicate if a leak noise has been detected. The 

acoustic loggers are downloaded the next day to indicate if a leak noise has been 

detected. The leak than can be detected using leak noise correlators. 

Acoustic loggers may be used in permanent locations that may historically have had a 

high number of leaks/breaks and/or may be used in temporary locations which allows 

them to be relocated in the system. 
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It is recommended that the City consider budgeting approximately $20,000 to $30,000 

to implement a pilot program with acoustic loggers which would include purchasing and 

installing approximately 15 to 20 acoustic loggers that can be temporarily located in 

areas of the system to help prioritize areas for leak detection.  

5.5.2 Satellite Leak Detection 

An interesting recent development in ALC is the use of satellite imagery to help identify 

areas of potential leaks. The satellite takes a series of spectral aerial images over a 

subject area and by use of an algorithm technicians can identify soil saturated by 

treated water to a depth of approximately 12 feet in the ground by detecting its spectral 

signature. The points of interest (POI) are provided in a geographical information 

system (GIS) report to allow the field crew to search specific areas and pinpoint the 

previously undetected leaks. This technology has been adapted from the search for 

water on other planets, which underscores the high reliability and outstanding capability 

here on Earth. Further information on satellite leak detection is provided in Attachment 

E. 

The benefits of satellite leak detection include: 

◼ No equipment required, no upfront investment. 

◼ Significant reduction in field labour effort. 

◼ Entire system is surveyed as often as bi-weekly. 

◼ Leaks can be targeted before surfacing, reducing potential damage/additional 

costs of repairs. 

◼ Reduction in water losses/NRW. 

◼ Provides a good solution for large water networks. 

Based on discussions with Utils, the cost is approximately $60 to $65 per kilometre. 

Using 565 kilometres for the total length of the City of Guelph system, it is estimated the 

cost for the satellite leak detection (one delivery) for the entire system would be 

approximately $34,000 to $37,000.  

5.5.2.1 Case Study 1 

As documented in the AWWA Opflow, January 2020, New Braunfels Utilities (NBU), 

located in the greater San Antonio area, was able to significantly reduce its NRW 

because of the satellite leak detection program. The performance and value metrics 

comparisons of the traditional leak detection program and the satellite pre-locating 

program for NBU are summarized in Table 4. 
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Table 4: Satellite Leak Detection Case Study 1: Performance and Value Metrics 

Comparison 

Parameter 
Fiscal Year 2018 

Traditional Program 
Fiscal Year 2019 Satellite Pre-

Locating Program 

Leaks per Day Found 0.06 4.1 

Number of Leaks Found 16 229 

Cost per Leak Found $14,130 $678 

Crew Labour Days 249 56 

Crew Labour Costs $173,650 $42,900 

Overall Operating Budget $210,900 $155,500 

Capital Costs $24,000 $0 

Source: AWWA, Opflow, January 2020. 

5.5.2.2 Case Study 2 

According to a March 2021 article in the Journal of New England Water Works 

Association, the Green Bay Water Utility has lowered water losses in 2019 by 

approximately 91 million gallons per year (MGY) resulting in lowering their 

unaccounted-for water from approximately 7 percent to 6.3 percent (a 10 percent 

reduction) using two satellite surveys and subsequent field inspections. The Utility, 

which includes approximately 510 miles of transmission and distribution mains and 

approximately 35,600 service connections, found approximately 1.4 leaks per crew day 

and 1.0 leaks per mile physically inspected at a total cost of approximately $103,000 

(U.S. dollars). Based on the cost of water production, this equates to a $37,400 (U.S. 

dollars) savings per year with a simple payback period of 2.7 years.  

5.5.3 Historical Water Main Breaks and Leaks 

A preliminary review of the water main break and leak location history indicates there 

are areas of the water system that may be more prone to breaks and leaks as illustrated 

in Attachment D. The areas more prone to breaks and leaks may include geographical 

areas of the water system with particular pipe diameters, particular pipe materials, 

and/or based on soil corrosivity/pipe material, etc. For example, approximately 

95 percent of the leaks and breaks in the GIS layer were likely on cast iron pipes which 

comprise approximately 33 percent of the pipes in the water system. Potentially, the 

City could consider more frequent leak detection on cast iron mains versus other pipe 

materials in the system. It is recommended that the City of Guelph conduct a focused 

review of leak and break historical data and use the historical data evaluation to help 

prioritize areas for leak detection efforts going forward. 



  Memorandum 
July 9, 2021 

18 

5.5.4 District Metered Area (DMA) Program 

According to the Final Draft of the Water Loss Management Strategy, November 4, 

2020, the City began the DMA program in 2013 with the installation of flow meters and 

pressure sensors across the water distribution system. However, as the report 

indicates, the DMA program requires a one-time $2M to $4M capital expenditure to 

update valving and dead-end infrastructure, a $200K to $600K one-time expenditure to 

complete necessary telemetry, approximately $70K annual operating budget in cellular 

charges, batteries, spares, server licenses, server updates, and server support contract, 

and a $250K annual operating budget for maintenance and additional staff time.  

Reducing the ILI from 2.03 to 1.0 (which may be difficult to achieve) would result in a 

cost savings of approximately $97K to $116K annually; therefore, the additional cost for 

the DMA program is not cost-effective solely from a water loss perspective.  

5.5.5 Summary of Active Leakage Control 

It is recommended that the City of Guelph continue with the current ALC program of 

leak detection to help maintain the current level of real losses and consider exploring 

the addition of satellite leak detection, acoustic loggers, and/or prioritizing areas for leak 

detection based on historical leak/break data and/or other means. For example, the City 

may consider surveying cast iron water mains that have a higher historical leak/break 

frequency more often than PVC mains that have a lower leak/break frequency.  

5.6 Summary of Leakage Management Strategy 

The leakage management strategy summarized in the draft Water Loss Management 

Strategy dated November 2020 along with the recommendations from this evaluation 

are summarized in Table 5.  

Table 5: Recommended Water Loss Management Strategy Programs 

Apparent Losses Real Losses 

Residential Meter Replacement Contract Leak Detection Program 

Consider exploring the following enhancements: 

• Satellite Leak Detection 

• Acoustic Loggers 

• Prioritizing leak detection survey based on 
satellite leak detection, acoustic loggers, or 
historical data 

Automatic Meter Reading/ Infrastructure 
(AMR/AMI) 

District Metering Areas (DMA) Program 
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Apparent Losses Real Losses 

Industrial, Commercial, Institutional 
(ICI) and Large Residential Maintenance 
and Replacement Program 

Develop an annual private-side fire hydrant audit 
program 

Construction Development Water Use Complete retroactive fire suppression metering for 
tracking and input into the water audit/balance 

Key: Not Recommended 
Recommended 
Included in Draft Water Loss Management Strategy, City of Guelph, November 2020 

Note:  Refer to Draft Water Loss Management Strategy, City of Guelph, November 2020 for additional 
details regarding the programs. 

6. Non-Revenue Water Projections  

Typically, projections of water demands are based on per-capita water use with an 

allowance for NRW which is usually a percentage of the total water supplied. Therefore, 

NRW projections are assumed to increase proportionately to the 

population/employment rate growth.  

Because the City of Guelph has completed a good deal of work regarding NRW, it is 

possible to provide a more detailed estimate of NRW in future. 

AECOM is proposing that each of the NRW components can be estimated as noted in 

Table 6. 

Table 6: Estimation of NRW Component for Water Demand Projections 

Parameter Approach to Estimate Notes 

Real Losses Use target ILI of 2 to 
estimate  

Need to estimate projected 
UARL which may change based 
on length of water main and 
number of customer services. 

Apparent Losses  

◼ Unauthorized Consumption 

Same as estimate for water 
audit 

 

Apparent Losses  

◼ Customer Meter Inaccuracies 

1 to 2% of billed 
consumption 

Assume meters are under-
registering 

Apparent Losses  

◼ Systematic Data Handling Errors 

Same as estimate for water 
audit 

 

Authorized Unbilled Metered 
Consumption 

Similar to water audit 
method 

Increase based on growth 

Authorized Unbilled Unmetered 
Consumption 

Same as estimate for water 
audit 
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Assuming an ILI of 2.0 is maintained, the real losses can be estimated from the ILI 

multiplied by the UARL. The volume of UARL will increase as the growth of the population/ 

employment forecast (approximately 40 percent by 2051) and the water distribution system 

expands. The following assumptions were used to estimate the 2051 UARL: 

◼ Length of main in distribution system – increase by 20 percent 

◼ Number of service connections – increase the same percent as the 

population/employment rate 

◼ Assume average system pressure remains constant (49.5 m of head). 

◼ Assumes average length of services remains constant. 

Using these assumptions, the 2051 UARL is estimated to be approximately 3,790 m3 

per day (1,380 ML) which results in the projected 2051 annual real losses of 

approximately 7,585 m3 per day (2,770 ML) and total 2051 projected NRW of 

approximately 9,982 m3 per day. The current NRW projection for 2051 is approximately 

12,342 m3 per day.  

AECOM also suggests the City consider that real losses are typically constant and do 

not vary daily or seasonally with changes in water use; therefore, real losses should be 

kept constant when determining the maximum day demand. Currently the maximum day 

demand is assessed based on total system water production by comparing peak days 

to average days (e.g. Water Supply Master Plan, etc.); this approach does not consider 

variable and separate maximum day factors by sector (i.e. residential, ICI and NRW). 

With more consumer data available on a real time basis, this assessment may be 

feasible in future studies. 

7. Conclusions and Recommendations 

7.1 Water Audit 

It is recommended that the City continue to complete the water audit using the current 

version of the AWWA software and recommendations for estimating components if not 

other data is available.  

The City should consider documenting the supply meters used for the volume water 

input into the system for the water audit along with adjusting the data based on the 

annual accuracy testing performed.  

In addition, the City has a residential meter replacement program to replacement 

approximately 26,000 meters which was started before the pandemic in 2018; however, 

was placed on hold during the COVID-19 pandemic. It is recommended that the City 
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develop a meter testing program and continue with the meter replacement program. 

The water audit accuracy may potentially be improved with a more accurate estimate of 

accuracy based on meter type and size.  

In the longer-term, the City should work toward completing the water audit by pressure 

zone and/or DMA. One step toward this is the completion of the linking of the customer 

billing data with the GIS which AECOM understands is in progress. 

7.2 Economic Level of Leakage and Active Leakage Control  

The current ALC policy (regular leak detection survey and repair) has been effective in 

reducing real losses and should be continued. AECOM believes the leak detection 

program has removed the backlog of leaks in the City and has reduced the ILI to 

approximately 2.03 which based on the low unit cost of water is considered close to, if 

not at, the ELL. The potential annual recoverable real losses for 2019 are approximately 

1,023 ML, assuming an ILI of 1.0. The potential annual recoverable real losses 

represent approximately 6.0 percent of the total water supplied and an annual cost of 

approximately $97K to $116K.  

The following enhancements to the current leakage management strategy are 

recommended to be explored further: 

◼ Satellite leak detection 

◼ Acoustic loggers 

◼ Focused leak detection based on strategies above and history of leak 

locations and pipe materials/diameters with higher leak frequency 

This approach should allow the typical rate of rise of leakage to be controlled and 

leakage to be held constant or potentially reduced.  

7.3 Non-Revenue Water Projections 

For future water supply planning exercises, it is recommended that the City consider 

projecting NRW based on the various components and maintaining an ILI of 2.0. The 

City should also consider that real losses typically are constant and do not vary daily or 

seasonally.  

7.4 General  

While DMAs are not recommended solely based on savings due to the reduction in real 

losses, DMAs have other advantages for the operation and maintenance of a water 
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system. If DMAs are implemented as part of an improvement strategy to the overall 

operation, they should be used to also support the overall leakage control strategy. 

As mentioned earlier, the replacement of water mains is not a cost-effective approach to 

reduce real losses; however, as water mains age they need to be replaced and a 

proactive water main replacement/rehabilitation program should be implemented. 
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Statement of Qualifications and Limitations 

The attached Report (the “Report”) has been prepared by AECOM Canada Ltd. (“AECOM”) for the benefit 
of the Client (“Client”) in accordance with the agreement between AECOM and Client, including the scope 
of work detailed therein (the “Agreement”). 

The information, data, recommendations and conclusions contained in the Report (collectively, the 
“Information”): 

◼ is subject to the scope, schedule, and other constraints and limitations in the Agreement and 
the qualifications contained in the Report (the “Limitations”); 

◼ represents AECOM’s professional judgement in light of the Limitations and industry standards 
for the preparation of similar reports; 

◼ may be based on information provided to AECOM which has not been independently verified; 

◼ has not been updated since the date of issuance of the Report and its accuracy is limited to the 
time period and circumstances in which it was collected, processed, made or issued; 

◼ must be read as a whole and sections thereof should not be read out of such context; 

◼ was prepared for the specific purposes described in the Report and the Agreement; and  

◼ in the case of subsurface, environmental or geotechnical conditions, may be based on limited 
testing and on the assumption that such conditions are uniform and not variable either 
geographically or over time. 

AECOM shall be entitled to rely upon the accuracy and completeness of information that was provided to 
it and has no obligation to update such information. AECOM accepts no responsibility for any events or 
circumstances that may have occurred since the date on which the Report was prepared and, in the case 
of subsurface, environmental or geotechnical conditions, is not responsible for any variability in such 
conditions, geographically or over time. 

AECOM agrees that the Report represents its professional judgement as described above and that the 
Information has been prepared for the specific purpose and use described in the Report and the 
Agreement, but AECOM makes no other representations, or any guarantees or warranties whatsoever, 
whether express or implied, with respect to the Report, the Information or any part thereof. 

Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable 
construction costs or construction schedule provided by AECOM represent AECOM’s professional 
judgement in light of its experience and the knowledge and information available to it at the time of 
preparation. Since AECOM has no control over market or economic conditions, prices for construction 
labour, equipment or materials or bidding procedures, AECOM, its directors, officers and employees are 
not able to, nor do they, make any representations, warranties or guarantees whatsoever, whether 
express or implied, with respect to such estimates or opinions, or their variance from actual construction 
costs or schedules, and accept no responsibility for any loss or damage arising therefrom or in any way 
related thereto. Persons relying on such estimates or opinions do so at their own risk. 

Except (1) as agreed to in writing by AECOM and Client; (2) as required by-law; or (3) to the extent used 
by governmental reviewing agencies for the purpose of obtaining permits or approvals, the Report and 
the Information may be used and relied upon only by Client.  

AECOM accepts no responsibility, and denies any liability whatsoever, to parties other than Client who 
may obtain access to the Report or the Information for any injury, loss or damage suffered by such parties 
arising from their use of, reliance upon, or decisions or actions based on the Report or any of the 
Information (“improper use of the Report”), except to the extent those parties have obtained the prior 
written consent of AECOM to use and rely upon the Report and the Information. Any injury, loss or 
damages arising from improper use of the Report shall be borne by the party making such use. 

This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use 
of the Report is subject to the terms hereof. 

AECOM: 2015-04-13 
© 2009-2015 AECOM Canada Ltd. All Rights Reserved. 
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Attachment A: List of Abbreviations and Acronyms 

ALC ............... Active Leakage Control 

AWWA ........... American Water Works Association 

AwwaRF ........ American Water Works Association Research Foundation 

DMAs............. District Metering Areas 

ELL ................ Economic Level of Leakage 

ILI .................. Infrastructure Leakage Index 

KPI ................ Key Performance Indicator 

m3 .................. cubic metres 

ML ................. Megalitres 

NRW .............. Non-Revenue Water 

POI ................ Points of Interest 

psi .................. pounds per square inch 

TARL ............. Total Annual Real Losses  

UARL ............. Unavoidable Annual Real Losses 

WRF .............. Water Research Foundation 
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Attachment B: Glossary of Terms 

Term Definition 

Real Losses Physical water losses from the pressurized system (water mains and 
customer service connections) and the utility’s storage tanks, up to the point 
of customer consumption. In metered systems this is the customer meter, in 
unmetered situations this is the first point of consumption (stop tap/tap) within 
the property. 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. Also referred to as Total Annual Real 
Losses (TARL) and Current Annual Real Losses (CARL) 

Apparent Losses Losses in customer consumption attributed to inaccuracies associated with 
customer metering, systematic data handling errors, plus unauthorized 
consumption (theft or illegal use of water). Apparent losses represent 
nonphysical (paper) losses that result in uncaptured revenue for the Utility and 
distortion of customer consumption data. Note: Over-estimation of Apparent 
Losses results in under-estimation of Real Losses. Under estimation of 
Apparent Losses results in over-estimation of Real Losses. 

Unavoidable 
Annual Real 
Losses (UARL) 

The UARL is a theoretical reference value representing the technical low limit 
of leakage that could be achieved if all of today's best technology could be 
successfully applied. It is a key variable in the calculation of the Infrastructure 
Leakage Index (ILI). Striving to reduce system leakage to a level close to the 
UARL. The UARL calculation is based on leakage data gathered from well-
maintained and well-managed systems. 

Potential 
Recoverable Real 
Losses 

The difference between real losses and the unavoidable annual real losses is 
considered the recoverable annual real losses. If the ILI is 1, recoverable 
annual real losses would be zero.  Recoverable Real Losses = TARL – UARL 

Infrastructure 
Leakage Index 
(ILI) 

The ratio of the Total Annual Real Losses (Real Losses/TARL) to the 
Unavoidable Annual Real Losses (UARL). A performance indicator quantifying 
how well a distribution system is managed (maintained, repaired, rehabilitated) 
for the control of real (leakage) losses at the current operating pressure. A low 
ILI value indicates the Utility has managed its leakage down toward the UARL, 
or the theoretical low limit of leakage technically achievable. 

Variable Cost of 
Water (Cost of 
Water Losses) 

The cost to produce and supply the next unit of water. This cost is determined 
by calculating the summed unit costs for ground and surface water treatment 
and all power used for pumping from the source to the customer. It may also 
include other miscellaneous unit costs that apply to the production of drinking 
water. It should also include the unit cost of bulk water purchased as an 
import if applicable. It is common to apply this unit cost to the volume of Real 
Losses. However, if water resources are strained and the ability to meet future 
drinking water demands is in question, then the water auditor can be justified 
in applying the Customer Retail Rate to the Real Loss volume, rather than 
applying the Variable Production Cost. 

Economic Level 
of Leakage (ELL) 

 

The level found by determining the level (volume) of real (leakage) losses at 
which the sum of the cost of the real loss reduction and the cost impact of the 
real losses is at a minimum. Reducing leakage levels below the ELL is not 
cost-effective because the cost of the leak abatement activities exceeds the 
value of water saved. ELL is used for leakage reduction target-setting and 
setting the frequency of leak survey investigations. 



 

 

Attachment C  

Water Audit Review Summary 



 



























































 



 

 

Attachment D  

Summary of Water Main 
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◼ D.1: Water Main Materials 

◼ D.2: District Metering Areas 
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Attachment D-1: Water Main Materials 

 



 

Approximately 585 km (total, GIS) 
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