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Prioritization decision for hazard ranking of water distribution
network by cluster using the Entropy-TOPSIS method
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ABSTRACT

The water supply facilities of Korea have achieved a rapid growth, along with the other social infrastructures consisting
a city, due to the phenomenon of urbanization according to economic development. Meanwhile, the level of water
supply service demanded by consumer is also steadily getting higher in keeping with economic growth. However, as
an adverse effect of rapid growth, the quantity of aged water supply pipes are increasing rapidly, Bursts caused by
pipe aging brought about an enormous economic loss of about 6,161 billion won as of 2019. These problems are not
only worsening water supply management, also increasing the regional gap in water supply services. The purpose of
this study is to classify hazard evaluation indicators and to rank the water distribution network hazard by cluster using
the TOPSIS method. In conclusion, in this study, the entropy-based multi-criteria decision-making methods was applied
to rank the hazard management of the water distribution network, and the hazard management ranking for each cluster
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according to the water supply conditions of the county-level municipalities was determined according to the evaluation
indicators of water outage, water leakage, and pipe aging. As such, the hazard ranking method proposed in this study
can consider various factors that can impede the tap water supply service in the water distribution network from a
macroscopic point of view, and it can be reflected in evaluating the degree of hazard management of the water distribution
network from a preventive point of view. Also, it can be utilized in the implementation of the maintenance plan and
water distribution network management project considering the equity of water supply service and the stability of service supply.

Key words: Water distribution network, Hazard ranking, Multi-Criteria decision making, Entropy-TOPSIS
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Fig. 1. Flow chart of this study.
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Table 1. Influence factors for cluster analysis

Category Factor Division Investigation method
Water Revenue water ratio(%) X1
balance factor Leakage ratio(%) X2
Size of water supply area(km?) X3

2019 waterworks statistics

Number of service population(people) X4
Number of service connection(connection) X5
Service scale Pipe length(km) X6
factor Service population per pipe length(people/km) X7 X4/X6
Service connection per pipe length(connection/km) X8 X4/X6
Service population density(people/km?) X9 X4/X3
Service connection density(connection/km?) X10 X5/X3
Pipe density(km/km?) X11 X6/X3
Rate of pipes passing service life (%) X12
Length of pipes passing service life (km) X13
Rate of non corrosion pipe (%) X14
Pipes Rate of new pipeline(%) X15
condition Rate of pipeline replacement(%) X16 | 2019 waterworks statistics
factor Rate of pipeline rehabilitation(%) X17
New pipeline(km) X18
Replacement pipeline(km) X19
Rehabilitation pipeline(km) X20
Financial independence rate (%) X21
Rates of recovering costs from water rate(%) X22
Water price(won/m?) X23
Waterworks maintenance cost (1,000 won) X24 L.
2019 waterworks statistics
Water rate tax revenue (1,000 won) X25
. Capital income(1,000 won) X26
Finance :
factor Expansion cost(1,000 won) X27
Rehabilitation cost(1,000 won) X28
Unit cost of waterworks maintenance(1,000won/km) X29 X24/X6
Unit cost of water rate tax revenue(1,000won/km) X30 X25/X6
Unit cost of capital revenue(1,000won/km) X31 X26/X6
Unit cost of expansion cost(1,000won/km) X32 X27/X6
Unit cost of rehabilitation cost(1,000won/km) X33 X28/X6
Number of staff(people) X34 .
R 2019 waterworks statistics
Personnel Number of staff for water dlistrljbutlion network(people) X35
factor Rate of staff for water distribution network(%) X36 X34/X35
Staff per pipe length(people/km) X37 X34/X6
Staff for water distribution network per pipe length(people/km)| X38 X35/X6
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Table 2. Water distribution network hazard evaluation indicators

Category Hazard evaluation indicators Division
Water outage number of cases per year(number of cases/yr) W1
Water outage Water outage time per year (hr/yr) W2
management Water outage impact number of service connection per year(connection/yr) W3
Water outage time impact pipe length per year (km/yr) W4
Number of leakage reports per year (number of cases/yr) L1
Leakage Number of leakage detection per year (number of cases/yr) L2
management Leakage by leakage reports per year (m’/yr) L3
Leakage by leakage detection per year (m®/yr) L4
P Average water pipe age(yr) P1
.1pe . Rate of water pipe over 21 years(%) P2
deterioration - - -
Rate of aging corrosion water pipe (%) P3
management .
Rate of aged water pipe (%) P4
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Table 3. Result of correlation analysis about Influence factors for cluster analysis

Category Division Corcrizfi;uon v0.05 | Judgement Category Division Cozr;l;fa;uon v0.05 | Judgement

Water balance X1 - - o X21 0.367 *x
factor X2 -0.899 ¥ X22 0.149
X3 -0.052 X23 0.067

X4 0.435 *E o X24 0.349 *%

iz gis; ’ X25 0.451 ** o

Service scale <7 0.315 e X26 0.228 *x
factor X8 0.039 Finance factor|  X27 -0.008
X9 0.432 o X28 -0.187
X10 0.356 *x X29 0.272

X11 0.301 *x X30 0.401 o
X12 -0.158 X31 0.114
X13 -0.067 X32 -0.070

X14 -0.303 ** o X33 -0.245 .

Pipes X15 -0.140 X34 0.322 e

condition X16 -0.014

factor X17 -0.081 Personnel %99 0323 -

X18 20.030 factor X36 -0.128
X19 -0.007 X37 -0.353 o o
X20 0.037 X38 -0.330 o
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Table 4. Result of the descriptive statistics of cluster analysis

A Cluster
Division
2 3
Number of sample 24 46
. Avg. 75.84 69.95 63.07
X1 Revenue water ratio(%)
Std. 10.65 8.57 9.64
X4 Numb ¢ . Jation( le) Avg. 79,258 48,660 30,484
umber of service population(people
pop peop Std. 22,474 17,329 11,906
Y14 Rate of _ ipe(%) Avg. 6.27 7.26 7.57
ate of non corrosion pipe
PIpeso Std. 5.86 8.49 8.52
Avg. 11,890,588 6,272,115 2,410,558
X25 Water rate tax revenue(1,000 won)
Std. 2,571,524 1,125,945 1,022,046
Avg. 0.042 0.036 0.043
X37 Staff per pipe length(people/km
per pip gth(peop ) Std. 0.021 0.024 0.040
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Table 5. Result of the correlation analysis of water distribution network hazard assessment indicators

Division Correlation coeff.
W1 W2 W3 W4
. W1 1 0.638** 0.420** 0.169
Water suspension W2 0.638** 1 0.293** 0.231*
management - - -
8 w3 0.420%* 0.293%* 1 0.533%*
W4 0.169 0.231* 0.533** 1
L1 L2 L3 L4
Leak L1 1 0.170 0.091 -0.011
eakage
8 L2 0.170 1 0.006 0.256*
management
L3 0.091 0.006 1 0.327**
L4 -0.011 0.256* 0.327** 1
P1 P2 P3 P4
. . i P1 1 0.491** 0.41** 0.370**
Pipe deterioration P2 0.491%* 1 0.434%* 0.666**
management
P3 0.441* 0.434** 1 0.222
P4 0.370** 0.666** 0.222 1

** The correlation coefficient is significant at 0.01 level (both sides).
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Table 6. The result of Hazard evaluation indicators weight

322 YR WIKES| JK5K| A 2

TOPSIS 7% Fgsfo] Amnpel g 3
Az G 2 BT BeleE AR
AeAE A= HIAA R A Agstolof
o olo] & dolis A= 19 olgole) -
e Aol ofaf whelo] A ER HYH W
(A% G5PF FRAR), T BER A
HE LG SRRl 3 ), BRETE
T HUIREZ AAE P21Y oA &-vje=
Hlgel distel 24 FHE ASAE Agstel ke
Table 6°f YEHATE

Table 60] LrehWl £t M wegete o

3]

=

—

k9

>

|

Water suspension impact number of Leakage by leakage Rate of water pipe over
Division service connection per year (number/yr) detection per year (m®/yr) 21 years (%)
(W3) (L4) (P2)
E; 0.7187 0.2107 0.7992
Cluster 1 d; 0.2813 0.7893 0.2008
w; 0.2212 0.6208 0.1580
E 0.7791 0.3906 0.9417
Cluster 2 d; 0.2209 0.6094 0.0583
w; 0.2486 0.6859 0.0656
E 0.7897 0.4854 0.9226
Cluster 3 = d, 0.2103 0.5146 0.0774
w; 0.2621 0.6414 0.0964
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Table 7. Result of water distribution network hazard ranking by TOPSIS(Cluster 1)

Cluster 1
R Water distribution network hazard ranking by TOPSIS(Cluster1)
Division CC Rank
Local 4 0.9327 1
Local 6 0.9117 2
Local 7 0.8762 3
Local 1 0.8552 4
Local 2 0.8364 5
Local 5 0.7598 6 Foondl
v 1
[ B
Local 3 0.1976 7
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Table 8. Result of water distribution network hazard ranking by TOPSIS(Cluster 2)

Division CIUéth‘ 2 Rank Water distribution network hazard ranking by TOPSIS(Cluster2)
Local 22 0.9919 1

Local 17 0.9861 2

Local 9 0.9843 3

Local 28 0.9781 4

Local 13 0.9776 5

Local 15 0.9714 6

Local 10 0.9691 7

Local 23 0.9654 8

Local 21 0.9633 9

Local 19 0.9579 10

Local 12 0.9505 11

Local 27 0.9482 12

Local 14 0.9399 13 .
Local 14 0.9399 13 Y
Local 11 0.9337 15

Local 26 0.9294 16

Local 24 0.9205 17

Local 18 0.8991 18 C 7 Raim
Local 30 0.8588 19 ) '

Local 20 0.8490 20 L2
Local 29 0.8367 21

Local 16 0.7564 22

Local 8 0.2532 23

Local 25 0.2191 24
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Table 9. Result of water distribution network hazard ranking by TOPSIS(Cluster 3)

Division Cluétgr 3 Rank Water distribution network hazard ranking by TOPSIS(Cluster3)
Local 35 0.9979 1

Local 37 0.9927 2

Local 43 0.9923 3

Local 54 0.9893 4

Local 56 0.9864 5

Local 77 0.9844 6

Local 55 0.9839 7

Local 46 0.9830 8

Local 71 0.9823 9

Local 32 0.9812 10

Local 66 0.9802 11

Local 62 0.9799 12

Local 63 0.9784 13

Local 58 0.9750 14 h

Local 36 0.9749 15

Local 38 0.9744 16

Local 40 0.9725 17

Local 49 0.9723 18

Local 57 0.9689 19

Local 50 0.9687 20

Local 51 0.9682 21

Local 47 0.9673 22

Local 33 0.9620 23

Local 74 0.9616 24

Local 41 0.9612 25

Local 76 0.9606 26

Local 75 0.9589 27

Local 34 0.9530 28 '

Local 52 0.9487 29 Cluster 3

Local 65 0.9486 30 , A =

Local 70 0.9476 31 ! i

Local 42 0.9467 32 *

Local 73 0.9410 33

Local 72 0.9361 34

Local 45 0.9341 35

Local 64 0.9275 36

Local 61 0.9202 37

Local 68 0.9089 38 =
Local 48 0.9046 39 a3
Local 44 0.8950 40 =
Local 53 0.8920 41 =3
Local 69 0.8583 42

Local 59 0.8212 43

Local 39 0.7871 44

Local 67 0.6750 45

Local 60 0.1963 46
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