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Abstract
The dramatic decline in renewable water resources, leakage and pollution in water distribution

systems has led to a significant increase in the focus on leakage management and control
approaches in most parts of the world. For this purpose, water distribution networks can be
subdivided into manageable subdivisions with connecting pipes of these subdivisions equipped
with flow meters to control leakage and better manage the water distribution network. In the
present study, based on graph theory, the concept of District Meter Area (DMA) is expressed. In
order to rank the optimal design of the water distribution network, AHP has been used to
minimize the balance in the subdivisions, the number of boundary pipes, the number of pipes
equipped with flow meters and for maximization of both flexibility and minimum pressure
indices. In this paper, by evaluating different algorithms for creating DMAs of water
distribution networks, the best method is suggested. Indexes were ranked by studying the
experts' opinion and forming the matrix of paired comparisons, so the first rank for maximizing
the resilience index IR was 0.401 and the last one was for minimizing the number of flow
meters with a score of 0.063. Based on the weight and criteria ranking, the water distribution
network algorithms were scored. In terms of weighted graph, the highest score belonged to EBC
algorithm and the lowest score to FGC algorithm. In terms of the unweighted graph spectral
clustering algorithms rank first and FGC and MA algorithms rank last. In the unweighted graph,
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some algorithms have equal scores, so more indices are needed to compare them. Due to the
simplification of the problem and the pairwise comparison of the criteria with each other,
according to the experts, this method offers an optimal and desirable result for selecting the
appropriate method for converting the water distribution network into DMAs. In this paper, the
EBC algorithm with a score of 0.182 for the weighted graph, the spectral clustering algorithms
with a score of 0.145 for the weighted graph were ranked first.

Keywords: Water Network Partitioning, Graph Theory, Partitioning Index, Analytic Hierarchy
Process (AHP).
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Table 3. Parete network characteristics

Junctions (n) 184
Pipes 282(m)
Pipe total length 32.67 (km)

Pipe material cast iron

Reservoir head two to 110 (m)

Total inflow (peak
demand) 110.2 (I/s)
h*; 25(m)

Diameter of pipes (mm) 200,150,125,110,100,80,60

Fig. 2. Parete network topology
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Table 4. Parete network partition indexes

Unweighted graph Weighted graph
- Min node ITLTe Gl Nm:fber - Min node I e Ol e
Method Resilience pressure bouin(lzslry flow Balance Resilience pressure bouin(laslry flow Balance
pip meters pip meters
MLRB 0.32 21.49 16 6 1.02 0.34 21.18 27 6 1.05
MA 0.34 21.42 18 6 1.00 0.34 21.18 23 6 1.00
FGC 0.34 20.73 14 6 1.24 0.28 19.65 13 6 2.35
EBC 0.33 21.31 14 6 1.22 0.35 21.63 13 6 1.35
LSC 0.29 22.78 16 5 1.04 0.33 21.58 15 5 1.65
L.SC 0.29 22.78 16 5 1.04 0.33 20.79 24 5 1.69
LeymSC 0.29 22.78 16 5 1.04 - - - - -
Best partitioning method
. Number of
Resilience I\grlgsgt?r%e bg%)d:zsfr(})/ fl‘f ggﬁg;ﬁ Balance
MLRB LynSC
Fig. 3. Hierarchical tree
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Table 5. Matrix of pairwise comparisons of criteria
Index Resilience Min node pressure I (.)f Number of Balance
boundary pipes flow meters
Resilience 1 2 3 5 4
Min node pressure 1/2 1 2 4 3
Number of boundary pipes 1/3 1/2 1 3 2
Number of
flow meters 1/5 1/4 1/3 1 1/3
Balance 1/4 1/4 1/2 3 1
Sum 2.28 4.08 6.83 16 10.33
bslre ala 055 5 s5ledlbe s =7 g
Table 6. Normalization and weighting of criteria
- Min node Number of Number of Absolute
L LLGINEE pressure boundary pipes  flow meters LiZIEL weight
Resilience 0.438 0.490 0.439 0.312 0.387 0.401
Min node pressure 0.219 0.245 0.292 0.25 0.290 0.262
Number of boundary pipes 0.144 0.122 0.146 0.187 0.193 0.161
Number of flow meters 0.087 0.061 0.048 0.0625 0.0319 0.063
Balance 0.109 0.080 0.073 0.187 0.096 0.111
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Table 7. Final rankings and scores

Weighted graph Unweighted graph

Score Algorithms Rank Score Algorithms Rank
0.182 EBC 1 0.145 LSC 1
0.174 LSC 2 0.145 L..SC 2
0.170 MA 3 0.145 LymSC 3
0.163 MLRB 4 0.141 MLRB 4
0.156 L.SC 5 0.141 EBC 5
0.152 FGC 6 0.140 FGC 6

- - - 0.140 MA 7
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