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Investigating the Factors Affecting the Accuracy of Water Meters and
Providing Appropriate Approach for Replacing them Using Cluster
Analysis and Artificial Neural Networks

Mohammed Behruzian !, Mahdi Naseri 2, Mohamad Akbari?, Ali Nasirian?

Abstract

Non-Revenue Water(NRW) is one of the most important problems that beneficiaries companies are
trying to reduce. Most of researches have been done in this subject, focused on actual losses and leakage
in water conveyance and distribution systems and less attention has been paid to the second component
of NRW and Precision of Measurement Equipment (PME) yet. In this research, due to the lack of a
clear scientific knowledge about the replacement of Water Meters(WM) in national water and
wastewater engineering companies, field studies have been carried out on the PME and errors of
subscribers' WM and the performance range of the WMSs was compared using a new approach. At first,
the identification of effective parameters on the accuracy of the WM was investigated and then by
clustering method, the WM were compared and the effect of each parameter on the accuracy of the WM
was determined. In order to predicting the performance and accuracy of the WM, Artificial Neural
Network(ANN) algorithm was used and for optimizing the weights and biases matrix, Genetic
Algorithm(GA) was used too.

Keywords: Precision measuring equipments, Apparent loss, Test and replacement of
water meters, cluster analysis, Artificial neural network.
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Investigating the Factors Affecting the Accuracy of Water Meters and
Providing Appropriate Approach for Replacing them Using Cluster
Analysis and Artificial Neural Networks

Mohammed Behruzian 5, Mahdi Naseri ¢, Mohamad Akbari’, Ali Nasirian®
Introduction

Water as a socio-economic commaodity is produced and supplied by pipelines to cities and subscribers,
but over the time, water transmission systems are faced with problems such as reduced hydraulic
capacity, customer service disruption, water losses and even low water quality. In a municipal water
transmission and distribution system, if the total volume of water entering the network is reduced by
the amount of water for which the bill is issued, an approximate amount of water without revenue of a
network will be obtained. Governments are always trying to minimize the amount of water without their
income. Issuance of real and accurate bills requires the high accuracy of the main part of measuring the
water consumed by the subscribers, ie water meters. The American Water Association (AWWA) has
provided recommendations and regulations for testing and replacing water meters with different sizes.
Some countries consider the amount of water meter volume operation and some consider the water
meter installation date as a basic criterion for replacing and installing the new water meter (Davis,
2005); (Arregui et al., 2006); (Mutikanga, 2012); (Noss et al., 1987).Total losses (non-revenue water)

are divided into parts; apparent losses and actual losses (Farley and Trow 2003). The error of measuring
equipment is not taken into account in apparent losses, which has received less attention from
researchers. In this study, for the first time, the most important factors in reducing the accuracy of water
meters are identified separately. And their effectiveness in determining the error of the tested water
meters was determined

Methodology

In order to better identify the factors affecting the accuracy of the water meters, at first 18 broken
replacement water meters from different manufacturers (different models) were completely opened and
examined. Parameters such as life, performance under different pressure conditions, different usage,
depth of water meters and confinement or non-confinement of water meters (temperature parameter),
model (brand) of water meters and diameter of water meters (1/2 inch and 3/4 inch) as factors potentially
affecting the accuracy of water meters and the method of transport and installation of subscribers' water
meters (hit and damaging of water meters) were also identified as the most important factors.

Then, the subscribers' water meters were tested in order to determine the error of the water meters and
to investigate the effective factors in the error of each water meter. The reference water meter used in
this research is the PT901 ultrasonic water meter, a portable model with the ability to test subscribers'
water meters at the water meter installation site, which was tested and calibrated with the E-series Bajer
ultrasonic device before testing. 117 water meters were tested during this process. Finally, the results
were analyzed four flow rate ranges were introduced for each water meter and its performance and error
curves were plotted. Q; is the minimum discharge that passes through the water meter and the water

meter operating error is in the range of +5%. Q, is the flow rate at which the water meter operating
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error lie in the range of + 5% to = 2%. Q5 is the flow rate that the water meter operates continuously,

without exceeding the allowable error £ 2%, and Q,,.x is the maximum flow rate that the water meter
can operate continuously without exceeding the allowable error + 2% .

According to the existing manuals of meter manufacturers (eight meter models tested in this research),
flow rates in Qg, Q4, Q,, Q3 and Q,,,x Were adjusted and measured, and the average error of water
meters was specified in each model and in each discharge. The method of calculating the error in the
mentioned discharges was done by volumetric method and the number of repetitions of tests in each
discharge in order to prevent test error, was done four times. Due to the small and sensitive flow rate at
the Qg, the error in the starting flow of each water meter was measured and calculated using a calibrated
Beaker.

Discussion and Conclusion

According to the water meter testing procedures, it was found that the water meters at the start flow
have a much larger error than the standard and it is thought that the water meters are not able to read
the amount of water consumed by water coolers. Therefore, in a complementary experiments, five new
water meters with different accuracy at the start flow were selected. In complementary experiments, all

parameters such as water meter age, pressure, diameter, temperature, and environmental conditions
were the same and constant, and the results of how the water meters work at very low flow rates were
reported. As expected, water meters 2 and 6 had poor performance compared to other meters. According
to the clustering method, it was found that the life parameter (age) of the water meter alone can not be
a criterion for its replacement, but other identified parameters are also very effective in the accuracy of
the water meters. In general, it was found that the measurement accuracy of the water meters at the start
flow is very low and as the flow rate increases towards the nominal flow, the accuracy of the water
meters increases. Multi-jet water meters have a much higher accuracy than single jets. Enclosed water
meters located in water meter box are more accurate than non-enclosed water meters due to the
protection of the water meter against extreme temperatures (cold and heat), magnetic fields and impact.
The water meters are very sensitive to impact and in case of impact, they become significantly less
efficient and sometimes overworked, and as a result, they have an error in recording the volume of
water. Wet and semi-wet water meters have less accuracy and therefore more error compared to dry
water meters in starting flow.
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