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Abstract

Water distribution networks (WDNs) supply drinking water to end users by maintaining sufficient water pressure for reliable water
supply in normal and abnormal conditions. To design and operate WDNSs in efficient way, it is required to quantify water supply ability
of the network. Various reliability indices have been developed and applied in this field. Most of the reliability indices are calculated
based on the energy within a network; that is, the total energy entered the network, the energy dissipated through water supply process,
and the energy finally supplied at the nodes, etc. This study explains the energy composition in WDNs and introduces three well-known
reliability indices developed based on the energy composition of the network. The three indices were applied to a study network under
various demand loading scenarios that could occur in real-life operation practices. This study aimed to investigate the applicability of
the reliability indices under abnormal scenarios and proposed to illustrate the spatial distribution of the system reliability in more
intuitive way for proper responses to the abnormal situations.
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Fig. 1. Energy composition in WDS
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(a) Main pipe configuration in thick line

(b) Breakage of main pipe in red line

Fig. 4. Network layout for scenario 2
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(a) Area under fire

(b) Hydrant locations near fire

Fig. 5. Network layout for scenario 3
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Table 1. Comparison of system reliability index value

Index value (Reduction rate,%)
Index Base condition Scenario 1 Scenario 2 Scenario 3
(24-hr average) (24-hr average) (24-hr average) (at 19:00 only)
RI 0.639 0.554 (-13.3) 0.603 (-5.6) 0.315 — 0.105 (-66.8)
MRI 0.612 0.528 (-13.8) 0.575 (-6.1) 0295 —  0.103 (-65.0)
El 0.824 0.784 (-4.9) 0.807 (-2.0) 0669 —  0.556 (-17.0)
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G. Jeong and D. Kang / Journal of Korea Water Resources Association 50(7) 441-453 451

25 tilel 845 Faoks TR ST oA HeE
o] Zaoh= 212 & 4 Atk o] W, MRIj= $HA At vkt

Yo] Aol A 9] 2|49 of 2ol thet o ol | =] o] Hl&:
o™, MRI; k0] 2F0.5~1.0 71 ZAsHe 212 712 AFefofl
A dof | A7 F-25HA] 2 B T URAEF
A 712 £ 7Hs /o] e 21 S|t o] 2et At
= A A2 A2 A0 MRI gEo] 2A] 4-sHA] e
A= 2] £ AHol = oAl 855go] o] Fod
T §12-2 oJu|SiTt. Fig. 8(b)oll A vk} Zro] FF7Fo]
Ao Bold AR E 71 0 2 54=2] A5=gko] Lefit

ri

my

T 9w, Al BelE BAolA ol e} o] 24
TP T 98-S THeel ol 4 ek w3, A4

T 29| AT Ao vlasHA A egke] UK Ae &

-0.5

-0.5

(a) Base condition

(b) Scenario 2

(b) Scenario 3

o Bt 845 T w4
A i g7 0]
o] A1z 0] F7HA
R word 49, B} Askeh A 9 chanteto] 1t

) 2~
ity

iR
ra

(2) 2 S (A2 2 3)
Ale] 2 35 28Rt Eol A o] 194 o] HAE EolE]
[ez]

Mo

Fig. 9(b)ot 2ol SH7H g 9 A|ed o ge mog
EAE HHo] 3715198 2 4 Itk Fig 902 50 5
WA Qo] Belelo] 1.0 ol I 4SS L4
9Lom, Ao Sh WA S AH §48 B 55
BA0) BRI WA G2 RS BRIP4 ek o=

105

15
(c) Difference (Sce.2-Base)

Fig. 8. Nodal MRI comparison at 19:00 (Scenario 2 vs. Base condition)

F40.5

-0.5

(c) Difference (Sce.3-Base)

Fig. 9. Nodal MRI comparison at 19:00 (Scenario 3 vs. Base condition)



452 G. Jeong and D. Kang / Journal of Korea Water Resources Association 50(7) 441-453

2 Aol 2] A AP F7KE A9, 8558 A,
o 1T B AH LA AHH 02 74
22 ofulstu, o]} o] Aol 2] H a7 oy
ot 5702 oA A R A BU 7
o] A B} AR} 4 ) ol 3 S 4
HojFe} o 4 ARw o] THA BEE 44T 9]
TP A9, B 74 A D FRE FAHS
of Ap5 e QP Q) A 2 2ol BET 4 9
= Bee,

ol
=

DR
S
o 12 B o du

a%

OH‘UO
5%
IO

sl
o

4.2 E

L AeEd 2otolMe et g de T 8
su AEEE B ffsl, 8 s e R Sl e
A FAlOl L 4= Qs oA 7R A= = 7} 71
o] ghrs] E-8-=aL Qlet. Ay Hol A o] ol A Ex =
A7 Input energy, Loss energy, Output energy = =3t 4=

RO, 2 Aol A= ot o YA REE A A F =
Aot 245 E 7 E A5k, 7] HEEQZE 59
A-gotqt. o] uh, o] -84 35 o] AotEl=
ol A= 2]4=0] kS A H 7| Qo] AAHR] 487
7%, G5 TR o] Haf, s A 50 AUe] & HOlot%
£5], 8 ARgFoll T2 2] 3Ee] BIRHE /Al 5] w415}
7] 91l & 48 HElS Z-85to] A7HY §I3t S A5t
Ao, B3 A= A5Fe} 2|4 5 A P2t 7Rt
MRIE &g Edg o] FIH B s v, B4kt
A= 2| 4=2] A|7H §8} QRS Bl BAR A3 Y E
A3 Aol AA §4= ARgEFO] 15% S 7 ok= AluE] 2 19]
7RI, MR, El ko] B4 02 7¥7+13.3, 13.8, 4.9% A
She AC 2 Ueom, 9 #rar nkiro] F57= o
F7} A= Auhe] 2 29] 7-9-RI, MRL EI -2 B4 0
25.6,6.1,2.0% FA0h= A 02 VR T3, kA 1Ay
O g2 AF Ao A 9] 80| 45| F7ot= Alve]e
39] 7%, 2R A A| 2ol =714 © = RI, MR, EI %1°] 66.8,
65.0, 17.0% ask= 215 H ot o]2|gt A E| & 2]4=9]
e A o |2|7FS71sto, Aol g == o oy
2|7} Aot gl Ao = A4Sk v 57 &
ALE7L FE L ] -5 2ol B 2 A vehbe A, ¢
H Ao 8 Fado| v AW, T3 A= HA o]
H 29 9] 8535 dgo] eole == - Aot
o}, 2 Ao A= 71E B9 A0 MRIAPEHALE 3-8

[E |

o

l

oo

Sto] A MR g2 APgstaL, 370291 235 Hlalsto]
Al o] w2 ARl SdE 74 A

sttt Alvel2 291 4 3
Ao Me FEAHR &

QI RREES A5
=7t A7 o] §aaol et Aol o i sl=
A & 00T AR L 30 = s A A= 71 e

e o Jo o
)
N
N
).
il
1
I
Y,

7
2ol 29712 Edgo] IA fast= AS w49l
o, FH Ao FdFof| n|x|= YF L T AAE Bt A
5| 24T 4 Ak

Ao AR e 9 B8 2= Al AH O] A E 2
B2 S A 2| B2 8 E 1 glor, 717t B Z]
TEE e el et oot Mgt A Bt 2 A
oA = theFet A = 2|45 A 4Hg 5t Bl w Rt o 24
e A ARlo) P S nhels Tt T, A Sy
A5 A& Sl AL 0 412 3t 8 Q1S 47| mfef
o4 glom, o Yot dl&shr] of 3 A FAR1 S =
A 4= Sl oleF 2 AF|E Frt R o= ¥ PDA
(Pressure Driven Analysis)7|5tol|l 4] =3t o 24 Ht &

Y EYIE R A A5 HPotal, A ol
A& 7|6to = JH A= 2|4 o] 2]of TR of| A o] A E]| & 7
5 SAol Al Esto] b o] A=k B7H 7S 7R AdSsE
b ] =
H-MdY

T A BoJARE
At ol 7t4
nsource A28 Ul 599 -
npump A2E Y HImo] 4~
npipe  A|2F Y TEO]

nnode  A2HI Y BH O] 4

E"in,puf ﬂ—‘?«i—‘f‘«lﬂ /\]—/—\'@01] :C—),]_'}::]Llﬂ_ % ()1]1:1;(]
B o BUCERFE ALEO] 5 oA
E Hzo] oJsf] Al2deof F ol Al

By AEE WO EAE F oA
Eyicion  MZH WOlA A H b o | 2]

S~

B AN2R ol 248 24 o v 7]
By N2ROREE Ao 3FE & oW

B, AXRoRRE Ay 3 B3 ovX]
B,  AN2odomRe Ao 338 HaaT 4

2

i
g

I



G. Jeong and D. Kang / Journal of Korea Water Resources Association 50(7) 441-453 453

E,, AEHC2RE Ay gg 2 oflvA
E A2d o2 RE Aol 3§ QJL_QELOWZ]

Qsoul(f \J ]HIJ—ZZH %%%QETE-‘I E]

4 ok

source,j

S m
~ ~
rE rE
3
o, ol
Bzl
lo 1o
00 12
of ot ko

pump, i

m

loss,i —

o
=
)
KU
=2,
X
' Lo
B K
i)
>
n

S
":
)
rd
H
=
of
I
4n

ey JHAI AR 2

min, j

ISy
~
rE
)
i)
et
1o
i)
oS
1A/
1%
¥ I
n 4

surp,j

T
i)
Jubi)
=
>,
lo
o

),
4

tot

Sy
i)
UN
E
1o
B
B
o
—Ll

req

2] w%%k

=2

UMel 2

B ATEe IENSH/AENSIS &5 U] AY
O =2 FPEAS(IAHS 17AWMP-B083066-04).

References

Atkinson, S., Farmani, R., Memon, F. A., and Butler, D. (2014).
“Reliability indicators for water distribution system design:
comparison.” Journal of Water Resources Planning and
Management, Vol. 140, No. 2, pp. 160-168.

Barios, R., Reca, J., Martinez, J., Gil, C., and Marquez, A. L. (2011).
“Resilience indexes for water distribution network design: a
performance analysis under demand uncertainty.” Water
Resources Management, Vol. 25, No. 10, pp. 2351-2366.

Cabrera, E., Pardo, M. A., Cobacho, R., and Cabrera Jr, E. (2010).
“Energy audit of water networks.” Journal of Water Resources

Planning and Management, Vol. 136, No. 6, 669-677.

Creaco, E., Fortunato, A., Franchini, M., and Mazzola, M. R. (2014).
“Comparison between entropy and resilience as indirect
measures of reliability in the framework of water distribution
network design.” Procedia Engineering, Vol. 70, pp. 379-388.

Di Nardo, A., Greco, R., Santonastaso, G. F., and Di Natale, M.
(2010). “Resilience and entropy indices for water supply
network sectorization in district meter areas.” In Proceedings
of International Conference on Hydroinformatics, Tianjin,
China.

Dziedzic, R. M., and Karney, B. W. (2014.) “Energy Metrics for
Water Distribution System Assessment.”

EPANET2 User’s Manual (2000). United States Environmental
Protection Agency.

Farmani, R., Walters, G. A., and Savic, D. A. (2005). “Trade-off
between total cost and reliability for Anytown water distribution
network.” Journal of Water Resources Planning and Management,
Vol. 131, No. 3, pp. 161-171.

Greco, R., Di Nardo, A., and Santonastaso, G. (2012). “Resilience and
entropy as indices of robustness of water distribution networks.”
Journal of Hydroinformatics, Vol. 14, No. 3, pp. 761-771.

IPCC (2008). Climate change and water. IPCC Technical Paper IV,
200, UNEP.

Jayaram, N., and Srinivasan, K. (2008). “Performance-based optimal
design and rehabilitation of water distribution networks using
life cycle costing.” Water Resources Research, Vol. 44, No. 1,
W01417.

MATLAB User’s Manual (2000). The MathWorks, Inc.

Ministry of Public Safety and Security (2015). NFSC 109

Prasad, T. D., and Park, N. S. (2003). “Multiobjective genetic algo-
rithms for design of water distribution networks.” Journal of
Water Resources Planning and Management, Vol. 130, No. 1,
pp. 73-82.

Raad, D. N., Sinske, A. N., and Van Vuuren, J. H. (2010). “Comparison
of four reliability surrogate measures for water distribution
systems design.” Water Resources Research, Vol. 46, No. 5,
W05524.

Reca, J., Martinez, J., Banos, R., and Gil, C. (2008). “Optimal design
of gravity-fed looped water distribution networks considering
the resilience index.” Journal of Water Resources Planning
and Management, Vol. 134, No. 3, pp. 234-238.

Todini, E. (2000). “Looped water distribution networks design using
a resilience index based heuristic approach.” Urban Water,
Vol. 2, No. 2, pp. 115-122.



