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Abstract

W astewater network is an inseparable part of urban life. Due to the importance of this network

as one of the urban infrastructures, the failure of this system will lead to stopping service,
causing many social, economic and environmental consequences. Hence, assessing the
wastewater networks condition and its failure is an important approach for managing it.
Generally, failure of system means any condition which leads to stopping service. In general,
artificial intelligence methods are used as a low-cost method to predict failure. In this research,
genetic programming (GP) is used to predict the number of blockage (hydraulic failure) in the
wastewater network and its results are compared with the results of the artificial neural network
(ANN). As a case study, here, a part of Isfahan wastewater network is investigated. The
parameters such as age, pipe length, slope and depth as input data and the number of blockage
are considered as the output data of the model. In this research, the number of blockage data in
the wastewater network in 1394 and 1395 are used, in which the 70% of the data is used for
training and 30% for the test. These data are classified in three ways leading to three models. In
the first model, data are classified based on the slope and in two other models the data are
classified according to the cover depth. The results show that all models predict the number of
blockage with good accuracy. In addition, the accuracy of the result of GP model is better than
the ANN model. For example, for GP model, the values of R? and RMSE for the second model
at the training stage are 0.97 and 0.8 and at the test stage are equal to 0.94 and 0.69,
respectively. However, these values for ANN model are 0.96 and 0.95 at the training stage and
0.87 and 0.96 at the test stage respectively. These results show the superiority of the GP model
in comparison with ANN model in which the results of second proposed model are better. The
results of these proposed models can be used for preventive maintenance, prioritization of
sewage network repairs and inspections, and finally to prevent the occurrence of sudden

accidents.

Keywords: Hydraulic Failure Prediction, Genetic Programming, Wastewater Network, Number
of Blockage, Artificial Neural Network.
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Table 1. Data classification of first model

Slope [S] Length [L] Age factor Depth factor [D] Number of

(m/m) (m) [A] (year) (m) blockage [B]
0.02 286.5 48.4 1.74 8
0.013 573.1 43.9 1.62 14
0.01 2414 45.9 1.84 68
0.006 742.5 46.6 2.1 17
0.005 1043.9 44 4 2.37 26
0.004 297.4 48.5 2.33 9
0.0033 296 44.2 3.18 8
0.0025 838.8 46.4 3.03 17
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Table 2. Data classification of second model

Depth Average depth Slope factor Length Age factor  Number of blockage

(m) [D] (m) [S](m/m) (L) (m) [A] (year) [B]
1.08-1.1 1.09 0.05 50 60 1
1.1-1.2 1.15 0.01 39.5 95.8 2
1.3-1.4 1.35 0.01 462.7 44.8 12
1.4-1.5 1.45 0.009 573 45.9 16
1.5-1.6 1.55 0.007 536.3 45.1 13
1.6-1.7 1.65 0.008 528 45.9 14
1.7-1.8 1.75 0.007 314.4 43.5 10
1.8-1.9 1.85 0.007 548.5 45.2 13

1.9-2 1.95 0.006 250 43.8 6

2-2.1 2.05 0.007 207 43.3 5
2.1-2.2 2.15 0.006 411.3 44.5 10
2.2-23 2.25 0.007 167 47.3 6
23-24 2.35 0.004 407.5 48.3 10
2.4-2.5 2.45 0.004 141.5 47.3 4
2.5-2.6 2.55 0.004 312 44 8
2.6-2.7 2.65 0.005 214.5 43.7 5
2.7-2.8 2.75 0.01 22 43 1
2.8-2.9 2.85 0.003 218.2 44.1 7

2.9-3 2.95 0.003 79 51.5 2

3-3.1 3.05 0.002 200 43.2 4
3.1-3.2 3.15 0.006 174 47.8 4
3.2-3.3 3.25 0.005 50 43 1
33-34 3.35 0.003 150 53.6 3
3.5-3.6 3.55 0.004 122 49.6 3
3.6-3.7 3.65 0.002 50 57 1
3.8-3.9 3.85 0.002 49 38.6 1

3.9-4 3.95 0.003 49 57.2 1

4-4.1 4.05 0.003 102 50.3 2
4.4-45 4.45 0.002 41.8 45 1
4.5-4.61 4.57 0.003 28 43 1

E Lg:\.@_’..i.".; Jde sl (S SleMb| Y d)u\."
Table 3. Data classification of third model

Depth Average depth Slope factor Length Age factor  Number of blockage

(m) [D] (m) [S](m/m) (L) (m)  [A] (year) [B]

1.08-1.5 1.29 0.01 1125.2 46.06 31
1.5-2 1.75 0.007 2177.2 44.9 56
2-2.5 2.25 0.005 13343 46.1 35
2.5-3 2.75 0.004 808.7 43.9 22
3-3.5 3.25 0.003 611 48.1 13
3.5-4 3.75 0.003 264 49.2 6

4-4.61 43 0.003 171.8 47.8 4
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Table 4. Result of proposed model using genetic
programming

Model Data RMSE R’
First Training 1.286 0.995
Testing 1.629 0.991
Second Training 0.804 0.971
Testing 0.695 0.944
. Training 0.941 0.997

Th

ird Testing 3.209 0.987

! Root Means Squared Error (RMSE)
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Fig. 3. Actual and predicted number of blockage for training and testing data of first model
(classification based on slope)
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Fig. 5. Actual and predicted number of blockage for training and testing data of third model
(classification base on depth in range of 0.5 meter)
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network

Model Data RMSE R’
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Second Training 0.955 0.967
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