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Abstract
This study investigated on-site leakage on 182 properties with relatively new municipal water meters in well-established
suburbs of Johannesburg. A methodology was developed to estimate the on-site leakage rate from readings taken from these
municipal water meters, which was then adjusted to account for metering errors. The results were analysed in 2 categories:
‘Residential’ properties, which consisted of single houses on individual stands, and ‘Other’ properties, which consisted
of non-residential users and blocks of flats. A high incidence, 64%, of measurable on-site leakage was found. The average
on-site leakage rates on ‘Residential’ and ‘Other’ properties were found to be 12 and 29 kℓ/month per property, respectively.
In both cases, this represented 25% of measured consumption. Apparent losses due to on-site leakage were determined to be
10% of the on-site leakage, or 3% of total consumption.
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Introduction
Losses from water distribution systems are a worldwide problem, but are of particular importance in water-stressed countries such as South Africa. The International Water Association
(IWA) and other bodies have put in a great deal of effort to
understand and manage leakage, although most of this work is
focused on municipal water distribution systems and does not
consider losses on consumers’ properties. The IWA’s standard
water balance, for example, classifies on-site leakage as part of
revenue water and not water losses (Farley and Trow, 2003).
Municipalities are not responsible for the private systems on
which on-site losses occur, and may even benefit from losses
in these systems through increased water sales. Thus, there is
a limited financial incentive for a municipality to address this
problem, even though, from the wider perspective of managing
a scarce resource, on-site leakage is just as undesirable as leakage from the municipal distribution system.
A special case exists when on-site losses are excessive and
are not paid for by consumers. This can occur where individual
users are not metered, users pay a fixed rate not linked to their
consumption, or water is not paid for at all. Under these conditions, on-site leakage is a direct loss to the municipality, and it
is often financially viable for the municipality to find and repair
on-site leaks itself. In South Africa, several examples of such
projects have been documented. McKenzie (2002) reported on
projects in Kagiso, Tembisa and Hermanus, where on-site leakage was found to vary between 20 and 35% based on the reduction in demand due to plumbing replacement programmes. A
similar project in Munsieville in Mogale City (Alliance to Save
Energy, 2006) found on-site leakage to be 38% of total consumption based on the reduction in minimum night flow from
45 to 28 kℓ/h.
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Comparatively little is known about on-site leakage in
higher income suburbs where consumers are individually
metered and levels of payment are high. Thus, the purpose
of this study was to estimate the extent and levels of on-site
leakage in selected higher income suburbs of Johannesburg.

Review of on-site leakage
On-site leakage is leakage that occurs on consumers’ premises.
In practice, for metered consumers, this implies all leakage
occurring downstream of the consumer’s water meter. On-site
leakage includes leaks from elements such as pipes, fittings,
taps, toilet cisterns and household appliances.
The IWA proposed a widely-used classification system for
water supply systems (Farley and Trow, 2003), which splits
the municipal supply into authorised consumption and water
losses. On-site losses are considered to be part of authorised
consumption, except in instances where this is not measured
due to meter under-registration. When this occurs, on-site
losses are considered a part of water losses. Meter underregistration is of particular importance for on-site losses since
continuous low-intensity leaks will typically fall in the lowest
accuracy zone of the water meter, and thus may be substantially
under-registered.
A number of previous studies on on-site losses have been
published. DeOreo et al. (1996) investigated the water demand
of 16 households in Boulder, Colorado. They found that 20% of
the households had on-site leakage. Mayer et al. (1999) logged
the consumption of 1 188 households in 12 study sites across
the USA. They found that a small number of houses were
responsible for the majority of the leakage: 67% of the households logged had measurable leaks of 1.6 ℓ/h or less, whilst
5.5% of the households lost an average of 15.8 ℓ/h. They found
the magnitude of on-site leakage to be only 14% of consumption on average for all logged households but 24.5% of consumption for the 5.5% of households with higher leakage rates.
Another study was conducted in Spain, on 64 households,
by Arregui et al. (2006). It was found that most measurable
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