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Abstract

Due to the widespread use of computers and measuring equipment in the operation of water distribution
networks, a large amount of data is recorded for monitoring and evaluating the performance of water
distribution networks and it is used in the modeling and calibration process. The management of these
data is very necessary to achieve more accurate models on the one hand and the speed of their processing
on the other hand. In this research, the purpose is to process nodal pressure field data to select the best
statistical indicators for calibrating the water distribution network model. For this purpose, more than
5500 data collected in 22 stations of Ahar water distribution network and 12 stations of Oshnaviyeh water
distribution network have been analyzed. First, by categorizing the data with Sturges experimental
method, the probability of the data being placed in the central index categories of average, median, and
mode and other categories in different stations in the times of minimum, maximum, and average
consumption has been determined, and by summarizing the results, the best central index has been
selected. Then, to analyze how the data changes, the minimum and maximum values, the range of
variation, and the standard deviation of the data are presented along with the histogram of the categories.
The trend of data variations in different stations in the minimum, maximum, and average consumption
times shows that there is no specific harmony for data variations, so the maximum or minimum values of
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the range of variation and the standard deviation of the data are moved spatially in the stations. Also, the
process of data allocation to categories shows that in the Ahar water distribution network, most data is
allocated to the mode category at about 28.6 percent, followed by other categories at about 26.3 percent.
Also, in the Oshnaviyeh water distribution network, the highest allocation is related to other categories
with about 30.2 percent, followed by the mode category with 27.2 percent. Considering the multiplicity
and dispersion of other categories and the unity of the mode category, the mode category is the best
choice for both case studies. In general, by using mode values instead of other central indicators in the
calibration of water distribution networks, due to the effectiveness of more field data, more favorable
results will be obtained in the construction of the network model.

Keywords: Calibration, Field Data, Nodal Pressure, Statistical Indicators, Water Distribution
Network.
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2 Generalized Linear Model (GLM)

3 Relative Operating Characteristic (ROC)

4 Autoregressive Integrated Moving Average (ARIMA)
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Collecting pressure field data in measuring stations of water distribution networks
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Comparison of results at different times of minimum, average and maximum consumption

Fig. 4. Flowchart of the methodology
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Table 1. The pressure variation at each station for the minimum consumption time
in the water distribution network of Ahar

Station Average (m) Max(m) Min(m) Median(m) Mode(m) R (m) SD (m)
S1 58.16 59.70 56.50 58.20 59.42 3.20 1.14
S2 68.88 70.30 67.30 69.25 69.96 3.00 1.03
S3 69.58 72.70 55.90 70.61 71.19 16.80 3.75
S4 51.52 53.70 46.40 52.23 52.70 7.30 221
S5 20.78 21.20 20.10 20.83 21.17 1.10 0.38
S6 37.78 38.50 37.10 38.06 37.77 1.40 0.31
S7 50.04 50.80 49.10 50.13 50.21 1.70 0.42
S8 50.00 51.20 48.30 50.14 50.30 2.90 0.71
S9 52.15 53.90 50.80 52.07 52.00 3.10 0.76
S10 24.89 25.50 24.10 25.00 25.18 1.50 0.47
S12 65.20 68.40 52.00 67.00 67.93 16.40 4.66
S13 62.79 64.50 60.60 62.83 62.90 4.00 0.97
S14 23.80 25.00 22.20 24.09 24.27 2.80 0.75
S16 38.40 39.80 37.80 40.00 39.33 2.00 0.65
S17 42.83 43.00 41.00 43.30 43.20 2.00 0.59
S20 65.65 66.00 65.20 65.68 65.70 0.80 0.22
S21 38.23 38.80 37.30 38.25 38.30 1.50 0.43
S22 51.75 52.10 51.20 51.75 51.75 0.90 0.35
S23 55.78 56.60 54.80 56.00 56.17 1.80 0.62
S24 42.68 43.70 42.20 42.57 42.41 1.50 0.45
S25 26.75 28.30 24.90 26.50 28.00 3.40 1.42
S27 50.10 50.90 49.40 50.08 50.00 1.50 0.43
Sum 47.62 72.7 20.1 47.93 48.18 3.66 1.03
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Fig. 5. Frequency variation of nodal pressure data for the minimum consumption time at different stations
of the water distribution network of Ahar
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Table 2. Allocation percentage of field data to the average, median, mode and other categories for the

minimum consumption time at different stations of the water distribution network of Ahar

Station Average Median Mode Other
S1 0.114 0.114 0.409 0.477
S2 0.077 0.077 0.481 0.442
S3 0.365 0.519 0.519 0.115
S4 0.159 0.455 0.455 0.386
S5 0.205 0.205 0.432 0.364
S6 0.563 0.563 0.563 0.438
S7 0.563 0.563 0.563 0.438
S8 0.550 0.550 0.550 0.450
S9 0.575 0.575 0.575 0.425
S10 0.225 0.450 0.450 0.325
S12 0.275 0.500 0.500 0.225
S13 0.375 0.375 0.375 0.625
S14 0.100 0.425 0.425 0.475
S16 0.050 0.350 0.350 0.600
S17 0.200 0.600 0.600 0.200
S20 0.700 0.700 0.700 0.300
S21 0.400 0.400 0.400 0.600
S22 0.500 0.500 0.500 0.500
S23 0.250 0.438 0.438 0.313
S24 0.350 0.350 0.450 0.200
S25 0.000 0.160 0.500 0.500
S27 0.375 0.375 0.375 0.625
Sum 20% 25% 30% 25%

Table 3. The pressure variation at each station for the maximum consumption time in the water
distribution network of Ahar

sl %’T 32l S 53 Byan Sl ol s bl 51 G 5o jlas o s -V Jgas

Station Average(m) Max(m) Min(m) Median(m) Mode(m) R (m) SD (m)
S1 34.09 38.10 28.70 34.20 34.33 9.40 2.65
S2 43.30 47.70 36.40 4291 46.14 11.30 2.64
S3 45.00 51.90 31.40 49.08 49.20 20.50 4.46
S4 31.05 38.30 14.80 32.23 32.61 23.50 4.70
S5 17.61 19.40 11.00 18.00 18.13 8.40 1.84
S6 29.80 32.60 26.20 30.26 32.52 6.40 1.56
S7 25.88 33.30 16.10 26.20 26.57 17.20 3.86
S8 19.44 25.70 12.50 20.15 20.91 13.20 3.16
S9 43.92 46.90 23.50 45.40 45.81 29.00 5.97
S10 15.73 17.10 13.80 15.65 15.41 4.40 1.02
S12 43.40 47.40 37.30 44.00 4438 10.10 2.54
S13 31.03 38.40 21.80 32.13 34.94 19.50 5.72
S14 9.73 11.60 7.30 10.06 10.41 4.30 1.13
S16 32.70 34.10 25.00 34.00 32.00 9.10 2.65
S17 34.60 37.90 32.60 34.00 37.27 9.10 12.93
S20 46.90 53.20 28.40 51.25 52.43 24.80 9.13
S21 19.70 26.90 3.50 22.17 24.30 23.40 7.28
S22 48.14 49.80 41.20 48.81 49.14 8.60 1.98
S23 31.78 34.50 25.40 33.20 33.82 9.10 2.97
S24 19.95 25.70 7.40 21.48 22.40 18.30 4.13
S25 15.81 19.70 4.30 17.50 18.00 15.40 491
S27 17.23 26.70 4.30 21.63 24.96 31.00 10.67
Sum 29.85 53.20 3.50 31.10 32.08 14.82 4.45
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Fig. 6. Frequency variation of nodal pressure data for the maximum consumption time at
different stations of the water distribution network of Ahar
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Table 4. Allocation percentage of field data to the average, median, mode and other categories
for the maximum consumption time at different stations of the water distribution network of Ahar

Station Average Median Mode Other
S1 0.227 0.227 0.227 0.773
S2 0.262 0.262 0.31 0.429
S3 0.288 0.462 0.462 0.25
S4 0.682 0.682 0.682 0.318
S5 0.477 0.477 0.477 0.523
S6 0.208 0.208 0.396 0.396
S7 0.417 0.417 0.417 0.583
S8 0.225 0.425 0.425 0.35
S9 0.806 0.806 0.806 0.194

S10 0.325 0.325 0.35 0.325
S12 0.375 0.375 0.375 0.625
S13 0.167 0.167 0.271 0.563
S14 0.2 0.425 0.425 0.375
S16 0.2 0.4 0.4 0.4

S17 0 0 0.35 0.65
S20 0.15 0.6 0.6 0.25
S21 0.3 0.3 0.4 0.3

S22 0.158 0.632 0.632 0.211
S23 0.167 0.556 0.556 0.278
S24 0.2 0.55 0.55 0.25
S25 0 0.5 0.5 0.5

S27 0.2 0.2 0.45 0.35
Sum 18% 26% 30% 26%

»lol 32l S s B an Lo ta plog s el 51 G o s JLid Ol -0 g

Table 5. The pressure variation at each station for the average consumption time in the

water distribution network of Ahar

Station Average(m) Max(m) Min(m) Median (m) Mode (m) R (m) SD (m)
S1 43.96 59.20 35.60 43.50 41.43 22.60 5.58
S2 54.69 66.70 48.60 53.05 50.74 18.10 4.96
S3 54.13 68.90 38.50 53.92 52.32 30.40 7.12
S4 41.24 57.10 30.90 39.50 38.00 26.20 6.95
S5 19.98 20.60 18.00 20.03 20.08 2.60 0.49
S6 33.06 35.50 28.60 33.33 33.55 6.90 1.35
S7 35.81 45.10 15.70 36.64 37.09 29.40 5.67
S8 32.50 41.10 17.50 34.25 35.50 23.60 5.87
S9 48.43 50.70 46.90 48.50 48.50 6.60 1.29
S10 20.20 21.80 18.20 20.33 20.44 4.50 1.00
S12 52.40 65.60 42.80 50.70 51.10 22.80 6.11
S13 45.54 57.20 40.20 45.38 45.25 20.50 4.63
S14 16.48 28.20 10.20 13.41 11.96 18.00 5.41
S16 35.70 36.70 32.90 36.30 36.14 4.20 1.33
S17 38.25 40.70 36.30 38.29 38.50 4.40 1.24
S20 59.08 63.10 53.90 59.21 59.83 9.20 2.11
S21 31.81 35.80 28.40 31.75 32.50 7.40 2.03
S22 50.00 51.00 45.60 50.35 50.57 5.40 1.14
S23 41.40 53.90 27.10 40.50 39.00 26.80 8.33
S24 34.93 38.20 30.60 35.09 35.38 7.60 1.59
S25 21.75 24.70 18.30 21.90 22.80 6.40 1.83
S27 37.13 41.80 27.20 37.42 37.00 14.60 3.24
Sum 38.57 68.90 10.20 38.33 38.08 14.46 3.60
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Fig. 7. Frequency variation of nodal pressure data for the average consumption time at different stations
of the water distribution network of Ahar
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Table 6. Allocation percentage of field data to the average, median, mode and other categories for
the average consumption time at different stations of the water distribution network of Ahar
Station Average Median Mode Other
S1 0.182 0.182 0.432 0.386
S2 0.192 0.192 0.442 0.365
S3 0.25 0.25 0.308 0.442
S4 0.25 0.25 0.341 0.409
S5 0.432 0.432 0.432 0.568
S6 0.563 0.563 0.563 0.438
S7 0.458 0.458 0.458 0.542
S8 0.175 0.40 0.40 0.425
S9 0.40 0.40 0.40 0.20
S10 0.535 0.535 0.535 0.465
S12 0.375 0.375 0.375 0.625
S13 0.271 0.271 0.271 0.729
S14 0.108 0.514 0.514 0.378
S16 0.208 0.208 0.25 0.542
S17 0.292 0.292 0.292 0.708
S20 0.292 0.292 0.333 0.375
S21 0.25 0.25 0.25 0.50
S22 0.65 0.65 0.65 0.35
S23 0.15 0.15 0.30 0.55
S24 0.30 0.40 0.40 0.30
S25 0.25 0.25 0.30 0.45
S27 0.30 0.30 0.30 0.70
Sum 21% 23% 26% 31%
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Table 7. Allocation percentage of field data to the average, median, mode and other categories for the
minimum, maximum and average times in the water distribution network of Ahar

Average Median Mode Other
Minimum time 20% 25% 30% 25%
Maximum time 18% 26% 30% 26%
Average time 21% 23% 26% 31%
Sum 19.6% 24.6% 28.6% 27.2%
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Table 8. Allocation percentage of field data to the average, median, mode and other categories for the
minimum, maximum and average times at different stations of the water distribution network of Oshnaviyeh

Min consumption

Max consumption

Average consumption

Station

ve Med Mod Other Ave Med Mod Other Ave Med Mod Other
S1 0.177 0.427 0427 0395 0.266 0266 0266 0.734 0.169 0419 0419 0411
S2 0.274 0.274 0.274 0.726 0.452 0.452 0.452 0.548 0.242 0.524 0.524 0.234
S3 0427 0427 0427 0573 0226 0.226 0274 0.500 0.169 0.387 0.387 0.444
S4 0.169 0.379 0.379 0452 0.303 0.303 0.303 0.697 0.161 0.540 0.540 0.298
S5 0.650 0.650 0.650 0.350 0.500 0.500 0.500 0.500 0.600 0.600 0.600 0.400
S6 0.137 0.403 0403 0460 0405 0.405 0405 0.595 0.145 0.540 0.540 0.315
S7 0266 0.089 0315 0331 0274 0.274 0274 0.726 0.169 0.387 0.387 0.444
S8 0.355 0.250 0.355 0.395 0.339 0.274 0.339 0.387 0315 0.411 0411 0.274
S9 0.266 0.266 0.347 0.387 0.355 0468 0468 0.177 0.153 0419 0.419 0427
S10 0.183 0.300 0.300 0.517 0274 0.274 0290 0435 0400 0.400 0.400 0.600
S11 0.233 0.233 0.308 0.458 0.331 0.331 0331 0.669 0350 0.350 0.458 0.600
S12 0.105 0.460 0.460 0.435 0.350 0.350 0.350 0.650 0.169 0.548 0.548 0.282
Sum 19% 24% 27%  31% 21% 22% 22% 35% 16% 29% 30% 25%

Average Median Mode Other

Sum 18.6% 24.9% 26.3% 30.2%
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