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T
his is the final installment in a 
series of articles published in 
ES&E Magazine relating to the 
Ontario-wide leakage testing pro-

gram using mobile district metered area 
testing.

The article “Municipalities wanted for 
new water loss testing project” in ES&E’s 
April 2019 issue introduced the project. 
This was followed by “Mobile district 
metered area testing helps cut watermain 
leak losses” in ES&E’s February 2020 
issue, which presented initial results.

The field-testing component of the 
project is now complete. The results 
have been compiled and a final report 
will be available later this year. This arti-
cle presents the key findings of the proj-
ect and the resulting benchmarks that 
can be used by utilities as performance 
indicators.

This project involved the develop-

ment and deployment of a mobile test-
ing unit to directly measure the mini-
mum night flow (MNF) into temporary 
and predominantly residential district 
metered areas (DMAs), which are rela-
tively small, isolated sectors of a water 
distribution network.

It also measured the pressure-leak-
age dependency of flow in the DMAs. 
Owing to the predictability of human 
behaviour and resulting water consump-
tion patterns, the MNF is a reliable indi-
cator of potential leakage and can help 
inform whether more efforts are needed 
to locate and repair meaningful leaks.

The project involved a total of 20 
DMAs across eight municipalities in 
Ontario and was a resounding success. 
Additional data, curated to the same 
standard as applied for this project, was 
provided from one of the municipalities 
that recently conducted a pilot DMA 

study to help strengthen the bench-
marking exercise.

The article in the April 2019 issue of 
ES&E Magazine presented a case study 
from one of the early test sites where 
a leak of 4.4 L/s was discovered and 
repaired. Resulting savings were impres-
sive: 139,000 m3 of annual water savings; 
$426,000 of annual financial savings; 
and 102 MWh in terms of annual energy 
savings.

This singular result largely contrib-
uted to the project receiving the Profes-
sional Engineers Ontario – York Chap-
ter’s 2020 Engineering Research Project 
of the Year Award and, in conjunction 
with York Region, the Ontario Water 
Works Association Water Efficiency 
Committee’s 2021 Award of Excellence 
(Public Sector).

In total, three of the test sites exhib-

Mobile district metered area testing unit connected to water distribution system in Ottawa.

Field-testing now complete on 
mobile district metering project 
to cut water losses
By Fabian Papa and Bradley Jenks
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treat water from abundant surface sources. Conversely, the 
highest costs occur for municipalities that rely on purchasing 
imported water from neighbouring jurisdictions.

Somewhat concerningly, the value of lost water for one of 
the “leaky” test sites is very low due to the low marginal cost of 
water for the municipality in question. This may lead to a lack 

ited excessive flows, suggesting high leakage or other forms of 
water (and energy) wastage, while the results from the other 
test sites were used to help establish the benchmarks repre-
senting “healthy” systems discussed below.

For each of the DMAs, key information was obtained to 
help characterize the results, such as:
• Energy consumption drivers, including the overall lift and 
distance from the source water to the DMA.
• Demand drivers, such as the numbers of residential connec-
tions and units, population estimates and watermain lengths.
• Historical average consumption data as well as land use 
information.

For the most part, much of this information was readily 
available from the participating municipalities through their 
GIS and billing databases. To estimate DMA population, an 
algorithm (using Python) was developed to overlay the test 
area boundaries on 2016 census data, enabling the extraction 
of population data following appropriate filtering processes.

This technique was applied with success and yielded the 
strongest correlation for benchmarking purposes. The plots 
shown in Figure 1 provide the benchmarking results for the 
(centralized) 60-minute moving average MNF value (MNF60) 
based on the residential unit count, the number of residential 
connections and the population.

Each of the plots segregates the data between the “healthy” 
DMAs (in blue), “leaky” DMAs (in orange), and provides the 
derived benchmark values (broken grey lines) for each perfor-
mance indicator.

While correlations were also conducted for watermain 
length and the ratio of MNF60 to the average annual billed 
demand, these indicators were found to be somewhat less reli-
able than those offered in Figure 1.

Additional discourse on these particular results will be pre-
sented in the final report, as well as the dissertation of one of 
the authors, both of which are available publicly on the project 
website. For practical purposes, it is often instructive and use-
ful to consider several performance indicators when assessing 
the health of a particular DMA.

For each of the test sites, the participating municipalities 
received a detailed test report which, in addition to presenting 
the DMA characteristics and field measurements, provided an 
economic evaluation to give a sense of the degree of invest-
ment that may be warranted based on the degree of leakage 
identified and the value thereof.

Figure 2 provides a graphical representation of the annual 
value of excess leakage, as indicated by the size of each bubble. 
These are relative to the annual volume of the excess leakage 
and the marginal cost of water to the municipality for all sites 
with MNF rates exceeding the established benchmark value. 
The colour of the bubbles similar to the above represents 
“healthy” DMAs (in blue) and “leaky” DMAs (in orange).

Unsurprisingly, the highest values of leakage occur when 
both the leakage amount and the cost of water are relatively 
high. This graphic illustrates the impact of the wide disparity 
in the marginal cost of water among the municipalities where 
testing occurred.

The lowest costs occur for municipalities that draw and 

Figure 1. Benchmarking results.
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The Cost Effective Solution 
to Sewer Odor and Corrosion 
from IPEX

• Aerates flow to increase dissolved oxygen
concentration of incoming sewage

• Easily connects using simple flanges
and supports

• Reduces the need for costly chemical feeds,
biofilters and air scrubbers

Vortex Flow Inserts from IPEX are a proven method 
for dealing with odor and corrosion in sewer drops. 
Simple, cost-effective, and reliable, Vortex Flow 
Inserts have been proven to deliver significant 
cost savings across North America. Designed by a 
practicing municipal engineer, there are over 100 
Vortex Drop structures operating worldwide in trunk 
sewers with flows from less than 1 MGD to over 
100 MGD.

The patented spiral flow design eliminates odorous 
and corrosive gases in a unique way by using the 
wastewater’s own flow energy to suppress the 
turbulence which releases noxious gases. The spiral 
flow creates a downdraft to trap airborne gases 
and force air into the sewage flow, oxidizing the 
odorous gases. By installing a Vortex drop structure, 
municipalities can save thousands of dollars in 
monthly chemical feed, air-phase treatment, and 
maintenance costs.

• Reduces concrete and metal corrosion,
extending sewer life

• Chemical free odor control, reducing the need
for chemical injection, biofilters and air scrubbers

• Virtually maintenance free with no moving parts,
dramatically reducing maintenance costs

• Built-to-spec for any size

Vortex Force Aerator 
The Vortex Force is a specially designed aeration 
device for sewer forcemains, wet wells, storage 
tanks and irrigation ponds to reduce odor and 
corrosion. Vortex Force easily installs using a simple 
flange connection in flows ranging from 125 GPM to 
6,000 GPM.

The Vortex Force is a specially designed aeration 
device that draws in and powerfully mixes air into 
sewage flow, transforming the anaerobic conditions 
that produce odors and oxidizing the H2S and other 
odor producing compounds in the sewage flow. 
By dramatically increasing the dissolved oxygen 
(DO) content in the sewage flow, the benefits of the 
Vortex Force extend for a long distance downstream.

Vortex Flow Insert 

MUNICIPAL 
SYSTEMS

To discover the Vortex Force and 
the Vortex Flow, call us toll-free 
at 1-800-463-9572 or visit ipexna.com



of financial motivation to actively seek and repair leaks.
Raw financial costs alone, however, are not the only costs 

borne by society. In addition to the obvious waste of water that 
has been extracted from the natural environment and treated, 
it is also instructive to look at the energy implications of leak-
age. The largest part of water utility energy consumption is 
typically attributable to pumping.

Figure 3 provides a similar graphical representation, 
although the results show a stronger correlation between the 
amount of leakage (x-axis) and the energy consumption (size 
of bubbles). This is due to the smaller disparity in the embed-
ded energy in the water, which is a function of how high the 
water is lifted from the source, as well as the distance it needs 
to travel from the source to the customer.

Of course, both the financial and energy implications are 
only components of an overall theme of responsible steward-
ship of both natural resources and infrastructure assets.

One municipality contributed advanced metering infra-
structure (AMI) data to the project, which assisted in further 
dissecting the basic components of the MNF, being legitimate 
consumption and leakage.

Further deployment of AMI or similar technologies to 
record granular consumption data at hourly (or sub-hourly) 
frequencies allows for deeper analyses of consumption char-
acteristics that can further improve estimates of excess leakage, 
lending an increasing degree of confidence in the results.

That said, this project has demonstrated that there is often a 
clear distinction between generally “healthy” DMAs and those 
that are “leaky,” such that the latter represent the low hanging 
fruit which can be most affordably addressed for meaningful 
performance improvements.

As these practices continue to evolve with municipalities and 
practitioners become increasingly proficient and sophisticated, 
the additional accuracy afforded from widespread DMA and 
AMI adoption can be expected to assist in identifying and deal-
ing with smaller leaks, as well as the emergence of new leaks.

With this project now complete and the concept of mobile 
DMA testing proven, the method is available for replication 
and commercialization. The benchmarking results can be used 
for any DMA configuration, whether temporary or permanent, 
utilizing the mobile unit or otherwise. The results obtained 
through this project can assist in providing an objective and 
reliable basis for assessing DMA performance and determining 
whether any deeper examinations (e.g., leak detection) or other 
interventions (e.g., pressure management) are worthwhile.

Fabian Papa is with HydraTek & Associates (A Division of 
FP&P HydraTek Inc.) Email: f.papa@hydratek.com 
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Imperial College London. For more information, visit: 
www.hydratek.com/mobile_dma_testing
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Figure 3. Energy wasted through leakage.

Figure 2. Value of excess leakage.
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