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Evaluation of Risk Factors in Water Supply Networks using
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In this study, the priority of risk factors in supplying water through water supply pipeline network was
evaluated by PROMETHEE and ANP multi-criteria decision analysis. We chose ‘corrosion’, ‘burst’ and
‘water pollution’ in pipe as major reference criteria and selected eight risk factors to evaluate the priority,
and then we compared the results of PROMETHEE with those of ANP. We also analyzed the results of
the sensitivity analysis by changing the weights and parameters of preference functions in PROMETHEE.
We investigated the possibility of integrating two methods by using the results of ANP as the weights of
preference function in PROMETHEE. The priority of risk factors for supplying municipal water which is
evaluated by this study may provide basic data to establish a contingency plan for accidents, or to establish

the specific emergency response procedures.
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5229) 7)20] EAse YA AR thetolL} 2918 4
A3 F= th71E YJAFE A Multi-Criteria Decision Making, MCDM)
FAZ 74249

Ee BlE AR el 7 A ESe
(utility function)Z T-3}] 2t thFHE-2] H4(score) S F -8 E(utility)
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Raiffa, 1976)¢} A% A2 YeR) 7] o3& 845S 11
ato] 723}, AFSFo RN Brhald] 7S AAdhe
71 ©_ & Saaty7} A|2+8+ AHP(Analytic Hierarchy Process)7} $1TF
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AHPE Z£&A 1} 1) & W(feedback)S 7} Y EY A A2 3
43 mdojtt AHP 710l 2+ T AT FA A EC] 45
=y Zolojof gith= 71 o] F A g v, ANPE 2t 44 8 4
2t AHBAE EAste Afol® A8 4 ltkSaay,
1996). Brans$} Vincke= =941 S (outranking)7}'d S vl o 2
7]&9 A5 8 (preference function)$} A5 9] K leaving flow)
5§ emcing low) 2 0} §00] 9] 49

L85

Enrichment Evaluatlons) 7190 & 71 4F5}S3 thBrans and Vincke, 1985).
Roy= AN /N S vt O 7 tigts 9] sk gt
& X] A(concordance index) & B Y XA R 4(discordance index) S
o]-§at] 53 teks AAH R A AsHAA H Tt
915 A%3l= ELECTRE [, II, I, IV, IS(Elimination Et Choix
Traduisant la Réalité)7]|H S A7 31 ChHokkanen and Salminen,
1997; Maystre, 1999; Roy, 1968; Roy and Hugonnard, 1982; Park,
S-Y et al., 2005).
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« Analyze the vulnerability ||
« Calculate the parameters

Early Warning] mergency

Response

Analysis Information of
Monitored Data & Risk Factors
GUI(Graphical User Interface)
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+ Alarm

« Suggest alternative emergency measure

Monitored Data &
Emergency Response,
Decision Maker

* Recognition of failure in Water Supply Networks through GUI
+ Alarm the Emergency Situation
» Implementation of the Emergency Measure

Response
Measures

Emergency Measures &
Control of the Measuring Unit

Figure 1. Layout of Integrated Decision Support System.
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Table 1. Comparison between PROMETHEE and ANP

PROMETHEE ANP
Type of
Preference Mathematical Function Not applied
Function

Determination
of Weights

DM's Subjective

Use Supermatrix method
assessment

Pairwise Comparison by
DM’s Subjective
Judgment

Evaluation of
Alternative

Pairwise Comparison in
the Algorithm

Determination

o Use Outranking Method| Use Supermatrix method
of Priority

Hierarchy of
Problem
Structure

Not reflected Network Structure

Determination of
Weight and Parameters
in the Preference

Too many
Questionnaires,
Complexity of Problem,
Difficulties of Calculation

Disadvantage

Function
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Bl(incomparable) ]9+ 0. 2 E-R3|F= EA o] Qlth AA| & o]
g HlaEse UitE e A9 A7N6ize)7} AAHA JAEA
A7y 2o 722 B &5 gefetA] Xaf wdEo] A=
A5 B7E 1z g ke AR Ho|Hyt FEato]
A7t ol & 734, B7HES] 7|t A] of] gk &4
o2 Qs JAARATL A5 T8-S W3] 817 ofH&
73$-ol] YEhdt} PROMETHEES] Al 5 8 (preference function)
& 343} B3 a0l N Al e A9 ARS B
Slth= Aol A MAUTY] 8 -83H(utility function)$} FrAFEEA]
2 21}, PROMETHEE®] A 3 847} -t H] 2l(pairwise comparison)
o] 7128kl lths oM v dALEG A7} HIkgE
ot spetelE & 24 eHd W7 dare] 5o oaf viekEte &
sl AE A0 FaHEE vte 47} B, A2
& thgtol 37} B AEE A4, PR B8 H0 2 4
HI W E & 4= QIThPark, S-Y et al,, 2005; Min and Song, 2003).
<Figure 2>T Brans$} Vincke(1985)7} A<+ PROMETHEE 9]
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Choice of the Preference
Function and Parameters

i

Calculation of Preference
Indices

Calculation of Leaving Flow
and Entering Flow

¥

Calculation
of Net Flow
¥

PROMETHEE I
(total
preorder)

v

PROMETHEE I
(partial
preorder)

Figure 2. Procedure of PROMETHEE.
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Table 2. Evaluation Data to detect the Tendency toward the Failure
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Figure 3. Type of Preference Functions in PROMETHEE.
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3
ﬂ-(a’ b): thph(az b) M
h

=1

Item| Max/ Residual |__. Electrical o Water Preference .
S . pH . Discharge | Pressure .| Turbidity | Leakage . Weight | Parameter
Criteria Min Chlorine Conductivity Temperature | Function
$=0.0
Corrosion | Max | 0.076 | 0.131 0.151 0.140 0.085 0.256 | 0.101 0.059 A% 0.333 r=0 1;5)
q=0.110
Burst Max | 0.032 | 0.044 0.228 | 0.183 0.043 0.077 | 0.355 0.038 \Y 0.333 P=0.200
Water
. Max | 0.143 | 0.268 0.033 | 0.034 0.174 0.259 | 0.044 0.045 VI 0.333 | 0=0.090
Pollution
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Table 3. Leaving Flow and Entering Flow

Residual | .. Electrical . Water

pH Chlotine Discharge | Pressure Conductiviy Turbidity | Leakage Temperaure
L;i;ilg 0648| 1627 | 0870 | 0679 | 0918 | 2735 | 1836 | 0005
B ) o |0 | 139 | |03 | L | 1

Bt o] A3 502735 AFdAA £
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Table 4. Net Flow

Residual
Chlorine

Water
Temperature

Electrical

pH Discharge | Pressure Turbidity | Leakage

Conductivity
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Figure 5. Total PROMETHEEII Relation.
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Figure 6. Procedure of ANP.
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vector)ol] &8t A o] 1, Unweighted Supermatrixe= Q. AE7HS]
A AL AR A AFAE 7D Fol 2 GE
S € E(column vector)ol] Y& gk Y Ho|t}.

Table 5. Cluster Matrix

Defect |Physical Factor|Chemical Factor| Other
Defect 0.31569 0.28200 0.16798 0.53900
Physical Factor [0.30769 0.40101 0.00000 0.00000
Chemical Factor|0.29071 0.21400 0.83202 0.46100
Other 0.08591 0.10300 0.00000 0.00000
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Table 6. Unweighted Supermatrix

Defect Physical Factor Chemical Factor Other

Water . . Residual |  Electrical s Water

Pollution Corrosion | Burst | Leakage | Pressure | Discharge | pH Chlorine | Conductivity Turbidity Temperature
Pgﬁit;;n 0.00000 | 0.83400 [0.34900|0.18600(0.00000| 0.00000 |0.51600|0.81700| 0.47101 | 0.67700 0.69600
Defect Corrosion | 0.66301 | 0.00000 [0.65100|0.00000|0.00000| 0.00000 |0.48400(0.18300| 0.52899 | 0.18300 0.00000
Burst 0.33700 | 0.16600 |0.00000|0.81400|1.00000| 1.00000 |0.00000|0.00000| 0.00000 | 0.14000 | 0.30400
) Leakage 0.00000 | 1.00000 |0.44600|0.00000|1.00000| 0.00000 |0.00000|0.00000| 0.00000 | 0.00000 0.00000
P}?ays:g?l Pressure 0.00000 | 0.00000 [0.20700 |0.34900{0.00000| 1.00000 |0.00000|0.00000| 0.00000 | 0.00000 0.00000

Discharge | 0.00000 | 0.00000 |0.347000.65100{0.00000| 0.00000 |0.000000.00000| 0.00000 | 0.00000 | 0.00000
pH 0.11511 | 0.27700 |0.00000 |0.00000{0.00000| 0.00000 |0.00000|0.00000| 0.00000 | 0.00000 | 0.16801

Residual
Chemical| Chlorine
Factor Electrical

0.35836 | 0.00000 |0.00000|0.00000{1.00000| 1.00000 |0.00000|0.00000| 0.00000 | 0.00000 | 0.64698

0.17417 | 0.15900 {0.00000 |0.00000|0.00000| 0.00000 |1.00000|0.00000| 0.00000 | 0.00000 | 0.00000

Conductivity

Turbidity | 0.35235 | 0.56400 |1.00000|0.00000|0.00000| 0.00000 |0.000000.00000| 0.00000 | 0.00000 0.18501
Other T Water 1.00000 | 0.00000 |0.00000|1.00000|0.00000| 0.00000 [0.00000|0.00000| 0.00000 | 0.00000 0.00000

emperature

Table 8. Limited Supermatrix

Defect Physical Factor Chemical Factor Other
Water . . Residual Electrical . Water
Pollution Corrosion | Burst | Leakage | Pressure | Discharge pH Chlorine | Conductivicy Turbidity Temperature

Weight | 0.23768 | 0.16026 | 0.12289 | 0.09261 | 0.04522 | 0.04511 | 0.02883 | 0.06974 0.04948 0.10655 0.04163

Table 9. Relative Weights

. Residual Electrical . Water
Turbidity Leakage Chlorine Conductivity Pressure Discharge Temperature pH
Weight 0.22236 0.19328 0.14553 0.10325 0.09437 0.09415 0.08688 0.06017
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Table 10. Results of PROMETHEEII by Changing the Weight
Weight PROMETHEEII Results(Priority)
No.
| Corrosion | Burst Pgﬁfli?én 1 2 3 4 5 6 7 8
s Residual Electrical . Water
@] 0333 |0333| 0333 | Turbidity Chlorine Leakage Conductivity Discharge Pressure pH Temperature
@) 0.2 0.4 0.4 Turbidity gﬁigﬁi Leakage Cfr{fic:crgjilty Discharge pH Pressure Ten\:ggiure
s Residual Electrical . Water
©) 0.4 0.2 0.4 Turbidity Chlorine | Conductivity Leakage pH Discharge | Pressure Temperature
- . Residual Electrical Water
@ 0.4 0.4 0.2 Turbidity | Leakage | Discharge Chlorine Pressure | ductivicy pH Temperature
1 Residual . Electrical Water
® 0.5 0.25 0.25 Turbidity Chlorine Leakage Discharge Conductivity Pressure pH Temperature
- . Residual Electrical Water
® 0.25 0.5 0.25 Leakage | Turbidity | Discharge Chlorine Pressure Conductivity pH Temperature
@ 0.25 0.25 0.5 Turbidity gﬁiﬁ?ﬁi C(])ﬂilcggfrlilty Leakage pH Discharge | Pressure Temwp:;ziure
e Residual Electrical . Water
0.2 0.3 0.5 Turbidity Chlorine | Conductivity Leakage pH Discharge | Pressure Temperature
. Residual . Electrical Water
©) 0.2 0.5 0.3 Leakage | Turbidity Chlorine Discharge Pressure Conductivity pH Temperature
. Residual Electrical . Water
) 0.3 0.2 0.5 Turbidity Chlorine | Conductivity pH Leakage Discharge | Pressure Temperature
- . Residual Electrical Water
@ 0.3 0.5 0.2 Leakage | Turbidity | Discharge Pressure Chlorine | Conductivicy pH Temperature
. Residual Electrical . Water
® 0.5 0.2 0.3 Turbidity Chlorine Leakage Conductivity Discharge pH Pressure Temperature
s Residual . Electrical Water
® 0.5 0.3 0.2 Turbidity | Leakage Chlorine Discharge Pressure Conductivity pH Temperature
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Table 11. Results of PROMETHEE []
Weight PROMETHEEII Results(Priority)
Corrosion | Burst \Y/atér 1 2 3 4 5 6 7 8
Pollution
0.333 0.333 0.333 Turbidi Residual Leak Electrical Disch p H Water
) ' ' UYL Chlorine caRage Conductivity Senarge ressure P Temperature
Table 12. Results of PROMETHEE [T using Weights obtained by ANP
Weight PROMETHEEII Results(Priority)
Corrosion | Burst | Water Pollution 1 2 3 4 5 6 7 8
. Residual . Electrical Water
0.456 0.308 0.236 Turbidity | Leakage Chlosine Discharge | Pressure Conductivity pH Temperature
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