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Abstract

The quantity and quality of customer meters, as measuring instruments of water sales,

are important for water and wastewater companies and their customers. In this study, the
performance of customer meters and the amount of their measurement error are
comprehensively examined. While evaluating the accuracy of the meters, the effect of key
parameters on the accuracy of the meters is investigated. For this purpose, 702 meter tests
were performed at the customers level of 3 reservoirs. Customer meters of different
models and diameters were randomly selected. Tests were performed at 5 different flow
rates from the startup flow rate to the maximum flow rate that can be withdrawn from the
subscription. The effects of parameters such as meter diameter, meter age, meter operating
rate, pressure, and startup flow rate at the 5 tested flow rates were evaluated. A reference
meter was used to compare the accuracy of meters at different flow rates. For each meter,
a data set was created and a statistical analysis was performed by measuring the pressure
at the measurement site and calculating the accuracy of the meter at different flow rates in
comparison with the reference meter. The results show that 17% of the meters have an
error in the range of £2%, 57% in the range of +5%, and 6% of the meters are completely
damaged. The error rate of the meter depends on the meter model and its manufacturer, so
that 7 different meter models have shown completely different error ranges. Additionally,
linear correlations between the error at different test flow rates and the parameters under
study confirm the effect of these parameters on the error rate. Finally, recommendations
are provided to water network management officials for optimal management of customer
meters based on the analyses performed.
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1. Introduction Table 1. Five flow rates of meters test
The performance quantity and quality of water Flow ]
meters are important for both water and Row o Title Flow rate order (Lps)
wastewater companies, and their customers. Related to Meter’s R
Therefore, ensuring the proper operation and 1 Q1 Start value and starting to
accuracy of customer meters warrants particular work
attention (Ghasemi Razveh et al., 2019). If the 2 Q> Minimum 30
meter error Iowe_rs the _common consumption 3 Q;  Transition 120
class, a substantlal_p?rtlon of the_water and 4 Q Stable 1000
wastewater companies' revenues will be lost -
through apparent water loss (Salehi Servak et al., > Qs Maximum 1500
2006) and it seems that the cost of replacing
malfunctioning, damaged, and high-error meters After performing the desired tests and
is likely to have a return on investment in an collecting data related to the measured flow and
acceptable period of time (Mashayekh et al., volumes, a dataset is created from all test records.
2021). Also, in this dataset, common characteristics of
To date a comprehensive observation of the test item and the pressure measured at the test
customer meters has not been carried out on a site are added. Finally, the necessary statistical
large and appropriate number of meters and study analysis is performed on the data collected in the
area. Moreover, in previous studies, the relevant comprehensive dataset.
parameters affecting the performance of customer
meters have not been fully investigated. Also, the 3. Results and discussion
impact of certain parameters such as meter start- The overall results of the test show that 109 tests
up pressure and flow rate has become more result in failure or error above 50%. Of these, 68
important due to the new policies of water and cases included an error above 50% in at least one
wastewater companies to reduce network of the flows and 41 cases included failure. It is
pressure, and the approach of customers to using expected that the failed meters and meters with an
pumps and tanks. In this study, the results of error above 50% would be the first and second
cluster testing of customer meters are examined. priorities for meter replacement. On the other
While evaluating the accuracy of the meters, an hand, it can be seen that an acceptable number of
attempt is made to evaluate the impact of key error values fall within the standard range of £2%
parameters on the accuracy of the meters to or #5%. As an estimate for the statistical
provide the necessary recommendations to the population, the percentages of this category of
authorities for the optimal management of meters can be generalized to the entire statistical
customer meters. population. That is, from a probability
perspective, approximately 6% of all meters in
2. Methodology the studied network are out of order, and about
To select the target meters, meters from different 9% exhibit very high errors that render their
factories were randomly selected from the operation technically unjustifiable. Moreover,
customers list of the studied reservoirs. To select considering the acceptable standard error defined
the sample size in each reservoir, a percentage of for meters of up to 2 and 5 percent, it can be seen
the total customers of the reservoir was used as that the number of meters requiring repair or
the criterion. To select the desired flow rates, the replacement is increasing.
design flow rate Q3 and the design ratio R, which The error values of the meter types at 5
is the ratio of Q3 to the start-up flow rate, were different flow rates are shown in Fig. 1. The most
used. To evaluate the tested meters, the important point that can be understood from this
parameters of the meter brand, pressure, life, and figure is that the meter error at different flow
operating volume were examined. rates, before any other parameter, is completely
The five test flow rates in the present study ~ dependent on the meter model and the method
are as shown in Table 1. It is noteworthy that and quality of its construction. This is clearly
these values may vary somewhat in different evident from the diverse and wide range of meter
tests, depending on the type of meter and its errors in different models.
performance, especially in the starting and
maximum flow rates.
Water and Wastewater oMb 5 of
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Fig. 1. Error value of meter models in
five flow rates

As previously discussed, the meter error
depends on its model. Therefore, to examine the
effect of different parameters on the error rate, the
comparison should be limited to a specific model.
Generally, the results obtained for a specific
model cannot be generalized to all types of meter
models.

A comparison of the error rate of meters in
different diameters for the 5 flow rates tested for
the meter model A is shown in Fig. 2. This figure
indicates that in the range of different flow rates,
the meter shows variable behavior in different
diameters. As explained, in low flow rates, the
error is very small in the diameter of 0.5 inches,
and with increasing diameter, different behavior
is observed in diameters of 0.75 and 1 inches. On
the other hand, in high test flow rates, the error of
the meters in low diameters is greater, while
increasing the diameter causes a decrease in the
error rate.

As Fig. 3. shows, in model D meters, the
undershooting error of the meters increases with
increasing meter performance. This behavior is
visible in all 5 test discharges; although the slope
of the changes is different in different discharges.

The results show that the selection of the
desired meters for testing, while random, should
take into account the meter type and
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Fig. 2. Comparison of the error rate of meters in
different diameters for type A meter
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Fig. 3. Error at different flow rates for a Model D
meter with a diameter of 0.5 inches

manufacturer. The results also show that besides
the meter type, other parameters including
diameter, application, network pressure ranges
and meter working life affect meter performance.
The results also indicate that as network pressure
decreases, on average, the amount of undershoot
error increases, especially at low flow rates.
Based on the error values, most meters in the
water and sewage network are undersized,
resulting in significant apparent wastage.
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Table 1. Number of population meters and selected
statistical samples in each reservoir

Case Customer Test Test
study number number fraction
AA 5041 401 7.95%
BB 7503 301 4.01%
CcC 309 40 12.94%

(Water azbao)s T B o (Ul ansly 3352 50 glo s 28
and Wastewater Company of Iran, 2023)
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Table 2. Number of tested meters of each type

Meter 0.5in

0.751in

1lin

R type Diameter Diameter  Diameter All FEICEIEE

1 A 33 82 11 126 17.0%

2 B 76 46 7 129 17.4%

3 C 26 72 0 98 13.2%

4 D 112 107 0 219 29.5%

5 E 32 46 1 79 10.6%

6 F 15 11 9 35 4.7%

7 G 34 0 0 34 4.6%

8 H 2 8 2 12 1.6%

10 | 0 3 0 3 0.4%

11 J 0 3 0 3 0.4%

12 Others 0 2 2 4 0.4%

S SKSE 4 oad S gla, puS s 3L -Y Jsae
Table 1. Distribution of diameters of tested meters by usage
0.5in 0.75in lin
Usage Diameter Diameter Diameter All Percentage
Residential 285 341 28 654 88.1%
Residential-commercial 15 14 1 30 4.0%
Commercial 12 12 1 25 3.4%
Under construction 8 3 0 11 1.5%
Public and government places 10 10 2 22 3%
All 330 380 32 742 100%
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Table 2. Five flow rates of meters test

Flow 8 Flow rate order
Row i Title (Lps)
Related to Meter’s R
1 Q: Start Value and Starting to
Work
2 Q. Minimum 30
3 Qs Transition 120
4 Qs Stable 1000
5 Qs Maximum 1500
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Analyzing Results and
Extracting Patterns in the

Obtaining Details of
Customers in the Area
under Investigation

Customers Classification
Based on Target
Parameters

Random Selection of
Customers to the Target

Choosing a Calibrated,
High-Precision Reference

Data Percentage for Review Meter
Conducting Field Tests in
the Desired Flow Rates
Consolidating Results and
Forming a Comprehensive
Dataset
Fig. 2. The general algorithm of current study
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Table 3. Overall test results for 742 tests in three case studies
. Percentage Percentage Percentage Percentage
Row Title AL oA A oian BB oiee ©C ofcc
1  Total number of tests 742 100% 401 100% 301 100% 40 100%
Total number of meters with an error
2 125 17% 37 9% 74 25% 14 35%
between £2%
Total number of meters with an error
3 420 57% 198 49% 201 67% 21 53%
between £5%
Total number of meters with an error
4 633 85% 336 84% 267 89% 30 75%
between £50%
Total number of meters out of order
5  (atleast 3 dB error above 100% or 41 6% 29 7% 9 3% 3 8%
test not possible)
Water and Wastewater oMb 5 of
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Fig. 9. Error changes with meter operation at different
flow rates for a Model D meter with a diameter
of 0.75 inches
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flow rates for a Model A meter with a diameter
of 0.5 inches

6|ﬁm6u@>ﬁ)ﬁ§>,§)k§pw¢\m§:—\~JS_:
@QV/OJB):AJM)}:_S

Lol sai 53 5583 S ey s (ko 6l
Loy 5258 (6l Lo s il il s osls (il VY BV S8
.xteuﬁjmdu,&);D,AdM
LD Jus sla, 8 55 oS o0 0l bals i &8 5b ples
ol e ol 8 Lo 58 g5 hileS glas o 5Ss SIS 253
et ez sl saalia LB (s (030 e s 5L o)

Water and Wastewater

Error percentage

Linear (Q1) = « = Linear (Q2)
-7 - == « = Lijnear (Q3) |  ====- Linear (Q4)
5. = == = Linear (Q5) -
-5 4
-4 4
-3 4
2
-1 4
8 13 18 24 29 34 39 44 50 55 60
Age (Year)

Fig. 7. Changes in measurement error at three different
flow rates according to meter age

J&nﬁauﬁdﬁf@j\x|6wo\}¢gﬂj@—vw

Linear (Q1) = « = Linear (Q2)
-8 - == « = Ljnear (Q3) | ====- Linear (Q4)
7 = = = Linear (Q5) _
rd
83-6 E -
8 -
c -5 4 - -
8 - =
541 - ="
o z a2
S 31 .2 - ’; .=
=2 ~ B R LT Ly
w, -2l Toecee===="""
-1 .?_¢ -
0

0 2500 5000 7500 10000 12500 15000 17500 20000
Volume (cubic meter)

Fig. 8. Error changes with meter operation at different
flow rates for a Model D meter with a diameter

of 0.5 inches
6|ﬁmdbd>)>)jﬁaﬁjl§b&;’&|ﬁg}—/\“}$ﬁ
G;JJ /0 k3 3D Jue yguS

258 S 5-F-Y

2 olade U sSs S sSs Slas 5 Ko J3e bl
5,558 ol s ol 5558 608 Sas Jsb s 5528 Shaad s, O
o e sl s 53 S oa )25 O G e e
3 ab SRl 8l SHLS ol e )5S s G181 L S
sl 5 58 St 3 Shes 4 oMo 0S5 Sl Ol
oSS om0 355 gDl oS el 03Y s
2gh b5l 58 S

Vol. 36, No. 1, 2025

Q

\f'f deA UL;J.Y‘? 099



Flow rate (Lph)

dx.doi.org/10.22093/wwj.2025.508207.3473

OhSes 5 el nl ol et

O 3 55558 s L8550 31 ol g e | Lyl o]

b b o bl 5585 S 3101 iy 0

Sl O poas eciliie sla el sy i1y vt el 85
il a5 B bl i 0l 5 0

58 Il s —V-¥
NS osmS gslashly (o L S 4 g8 (o b sl (s
o3 93 oS e S e i 58 g sl el
ez baul S slhs fals ) corS e Sl g lahl,
2 LS s g e 585 slo il Bjlas (5 0525
3 g e 35S 95 S rien 5 ol 2SO sl
ol vomly Lo 53 035 T 5 oS e o 035
st ol ] Sl S ke gla S wasls
IS8 G e 51 S ke 5l 58 (5N (s D i
o ol Ol il sl 5 53D 35S sl VW IS5
35S e 531 L s o LS 3 508 ol Sy g oled
aS Coul a3 88 o0 st 55598 g5l o
I ol las =503l LUls VL e b (gla 58
Sl aal s S2alS 5 cby yumn ,iKay cpl 5l 5w oa Cas
G ol el s e 655 oS 5 O (S 2
Sl §950 5055 Saenl Sl S (Gl o3 Dl
ails 2ol gslashly (s Gl s ceas J s 5 gla, S

VU G5 b5 & oty i ol ol e il 531 L o8 aily

----- Linear (Model D; D=0.5in)
Linear (Model D; D =0.75 in)

25.0 4

----- Linear (Model A; D=1 in)

22.5 4
20.0 4
17.5 A

15.0 -
125 1

10.0

10 15 20 25 30 35 40 45 50 55 60
Age (Year)

Fig. 13. Starting flow rates of customer meters based

on meter age
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