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Abstract

One of the advantages of designing water distribution networks
(WDNSs) as district metered areas (DMAS) is that the leakage
in each area can be identified by controlling the input and
output flow, which of course requires that the areas are
separated and flowmeters are installed between the
interconnecting pipes of each area. Since most existing WDNs
have been expanded traditionally and not as DMA, turning
them into DMAs would require huge costs and might not be
even practical in some networks. In this paper, the theoretical
idea of virtual DMA is presented to identify the leakage in each
areas. The innovation of this paper is the ability to transform
networks into DMAs using a combination of the graph theory
and artificial neural network to find leaks without using a
flowmeter. The proposed method, in addition to reducing the
costs for the flowmeters, increases the speed of detection of
leakage areas. Furthermore, there is no need to specify the
number of leakage nodes before the leak detection begins. The
proposed method has been applied to the Balerma WDN in
Spain with 443 nodes and 454 pipes for two, three and four
simultaneous leaks. The results of this paper showed that the
proposed theory is able to detect leakage in each area, and this
method can determine the number of optimal virtual DMAs for
each network. In all examples, the leakage area was correctly
predicted and the maximum leakage error was about 6.5%.
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Fig. 1- The steps to identify leaky DMAs with ANN
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Fig. 2- Balerma network (Reca and Martinez, 2006) and the leakage positions for all scenarios
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the network (2.5% of all nodes)

0,5 S w0 p3 /0 aSud ggmian L ()50 —Y U
s. &

ITAQ 5l Y 0 lowd e 5L Jlw ¢l ! O ol ol
Volume 16, No. 3, Fall 2020 (IR-WRR)

oy



Table 1- The final result for 2 DMAs (Scenario 1)
(Y 52,Um) 40U 93 sl 2 led 295 =) Jgo

DMA No. 1 2
Predicted Demand (L/S) 11.96 8.02
Base Demand (L/S) 5 5
Real Leakage (L/S) 7 3
Real Demand (L/S) 12 8
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Fig. 4- Clustering the network into 2 DMAs
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Table 2- The final result for 3 DMAs (Scenario 1)
() 525ba0) an b (10 (2d (2955 -Y Jgoa

DMA No. 1 2 3
Predicted Demand (L/S) 11.75 8.33 5.04
Base Demand (L/S) 5 5 5
Real Leakage (L/S) ~7 3 0
Real Demand (L/S) 12 8 5
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Table 3- The final result for (a) 4, (b) 5 DMAs (Scenario 1)
() g2)lww) 4l iy (@) ol (W) gl 2ed (295 Y Jg

DMA No. 1 2 3 4
Predicted Demand (L/S) 8.10 491 5.16 12.22
(@) Base Demand (L/S) 5 5 5 5
Real Leakage (L/S) 3 0 0 7
Real Demand (L/S) 8 5 5 12
DMA No. 1 2 3 4 5
Predicted Demand (L/S) 4.69 5.56 5.11 12.59 7.91
(b) Base Demand (L/S) 5 5 5 5 5
Real Leakage (L/S) 0 0 0 =7 =3
Real Demand (L/S) 5 5 5 12 8
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Table 4- The final result for (a) 6, (b) 7 DMAs (Scenario 1)
() g2 lw) an b cadd () o iend (A1) (150 25 (2955 -F Jg
DMA No. 1 2 3 4 5 6
Predicted Demand (L/S) 4.63 4.77 4.63 12.78 7.83 5.23
@ Base Demand (L/S) 5 5 5 5 5 5
Real Leakage (L/S) 0 0 0 7 3 0
Real Demand (L/S) 5 5 5 12 8 0
DMA No. 1 2 3 4 5 6 7
Predicted Demand (L/S) 5.37 5.32 5.84 12.24 4.34 8.29 3.88
(b) Base Demand (L/S) 5 5 5 5 5 5 5
Real Leakage (L/S) 0 0 0 7 0 3 0
Real Demand (L/S) 5 5 5 12 5 8 5
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Fig. 8- Clustering the network into 11 DMAs
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Table 5- The final result for 11 DMAs (Scenario 1)

() g2,bm) 4l 033 (612 (25 (29,5 -0 Jogu>

DMA No. 1 2 8 4 5 6 7 8 9 10 11
Predicted Demand (L/S) 516 | 8.09 | 493 | 5.11 | 473 | 5.03 | 4.61 | 5.09 | 5.08 | 11.26 | 5.89
Base Demand (L/S) 5 5 5 5 5 5 5 5 5 5 5
Real Leakage (L/S) 0 3 0 0 0 0 0 0 0 7 0
Real Demand (L/S) 5 8 5 5 5 5 5 5 5 12 5
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Table 6- The final output of ANN (scenario 2)
(¥ 92,0) (mas 45w (2l (2955 —F Jgu>

DMA No.

1 2

3 4 5 6 7

12.98 5.94
8.87 411
4.98 11.45
9.21 5.38
7.56 5.32
4.70 9.78

STEP

TMOO @ >

12.04 -
8.54 5.02 = = =
9.53 6.58 421 =
8.45 4.99 4.74 9.09 =
6.64 4.49 6.17 4.45 8.60
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Table 7- The final output of ANN (scenario 3)
(¥ 92 )lw) (omas aSnd (2lod (2905 -V Jgu>

DMA NO. 1 2 3 4 5 6
Predicted Demand (L/S) 7.8911 7.9646 5.0555 10.5365 8.4517 5.1003
Base Demand (L/S) 5 5 5 5 5 5
Real Leakage (L/S) 3 3 0 55 35 0
Real Demand (L/S) 8 8 5 10 9 5
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Fig. 9- The new placement of the pressure data loggers in the network (1.5% of all nodes)
(45 (50,5 S )3 1/B) aSs s (gt Ll (150 - JSUi

YR 500 oF o ke e 5L Jlw ¢l ol O @alio Coligdioe
Volume 16, No. 3, Fall 2020 (IR-WRR)
A



2 b5 58 lagio)lad ialS Gile & o) Sluy ol
50 geoylid a8 ol b e (4S5l g Gl LIS g5
Gl 0313 plodl Jod8 BB o i

&S cwl &s’\ 93.)[;..» dw (9> @L.s dé\w:‘.w-" )‘l a>g5 J.»L% L;a\’.’SJ
o @l iy By gline 4 guwylid obj sl U}JI
s gl u"?‘ (o yid eSS i b &S 1 odmlie 4 AW PN
Jol e & baye mls awlis 5l o 6ud oluld 2w &
e (i ki) pe o &y a5 sloggio )

D) 3939 Llon 90y (oS sl s> 9 0

o Gl oid plulid swpd 40 9 F (ganb g0 (call) clb o

wadude Culs gl ganl flee 4 30 Y gasl Jb ey

s BB Rl e s céy cul jaseie oA s
Sy Gl (380 Hlade i gy (sl egMe 5 cunlaiily

OUES 1y s Lid <l 93 55 pod (oo)liw sl (295 A Js>
Al g3 gl (2o gl 298 o0 sdalio gyl (ol > B o

Table 8- The final output for the condition where the pressure data loggers are placed in (a). 1.5% and (b).
2.5% of all nodes (scenario 1)

() 92 buw) Lo Ll 0 )3 Y10 (g1 () cbrgeinn jLid 003 V/0 (512 (W) s 02 (295 —A Jgo

DMA No. 1 2 3 4 5 6

Predicted Demand (L/S) 5.2579 4.9861 6.3876 10.2562 8.2656 4.8474
@) Base Demand (L/S) 5 5 5 5 5 5
Real Leakage (L/S) 0 o [ s 0
Real Demand (L/S) 5 5 5 12 8 5
DMA No. 1 2 3 4 5 6

Predicted Demand (L/S) 4.63 4.77 4.63 12.78 7.83 5.23

(b) Base Demand (L/S) 5 5 & 5 5 5
Real Leakage (L/S) 0 0 0 7 3 0
Real Demand (L/S) 5 5 5 12 8 5

Table 9- The final output for the condition where the pressure data loggers are placed in (a). 1.5% and (b).
2.5% of all nodes (scenario 2)

DMA No. 1 2 3 4 5 6

Predicted Demand (L/S) 7.3528 5.0196 8.1470 47242 5.2435 9.5117
(@) Base Demand (L/S) 5 5 5 5 5 5
Real Leakage (L/S) 2 o 3 0 0 4
Real Demand (L/S) 8 5 8 5 5 9
DMA No. 1 2 3 4 5 6

Predicted Demand (L/S) 7.56 5.32 8.45 4.99 4,74 9.09

(b) Base Demand (L/S) 5 5 5 5 5 5
Real Leakage (L/S) H 0 3 0 0 4
Real Demand (L/S) 8 5 8 5 5 9

Table 10- The final output for the condition where the pressure data loggers are placed in (a). 1.5% and (b).
2.5% of all nodes (scenario 3)

(¥ 92 0u0) Laginw L 0,3 Y10 (5152 () i LS 20,3 1/ (512 (W) :2ld (295 Y+ goe

DMA No. 1 2 8 4 5 6
Predicted Demand (L/S) 8.0166 8.3195 5.3966 9.8648 8.2844 5.0756
(a) Base Demand (L/S) 5 5 5 5 5 5
Real Leakage (L/S) 3 3 0 =50E o
Real Demand (L/S) 8 8 5 10 9 5
DMA No. 1 2 3 4 5 6
Predicted Demand (L/S) 7.8911 7.9646 5.0555 10.5365 8.4517 5.1003
(b) Base Demand (L/S) 5 5 5 5 5 5
Real Leakage (L/S) 8 3 0 =5 0
Real Demand (L/S) 8 8 5 10 9 5
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11- Dissimilarity Matrices

12- Design Support Methodology (DSM)
13- Simulated Annealing Algorithm
14- Artificial Neural Network
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16- Vertex

17- Multilayer Perceptron

18- Feedforward
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