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ABSTRACT

This study would present a risk analysis method to evaluate stable tap water supply in a multi-regional water supply
system and propose a measure for the evaluation of the effect of the conjunctive operation of the multi-regional water
supply system using this. Judging from the vulnerability for the crisis response of the entire N. multi-regional water supply
system, as compared to the result of Scenario 1 in which no conjunctive pipes were operated, it was found that in
Scenario 2, in which conjunctive pipes were partially operated, the vulnerability of crisis response decreased by about
30.6%, and as compared to Scenario 3, the vulnerability of crisis response decreased by 86.2%. In setting a plan for
stable tap water supply in N multi-regional water supply system, using the estimated value and the method for the
evaluation of the vulnerability of crisis response by pipe, by interval and by line, it is judged that this can be utilized
as a basis for the judgment of the evaluation of the operation or the additional installation of conjunctive pipes.

Key words: Multi-regional water supply system, Conjunctive operation, Risk analysis, Pressure driven analysis
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2.1 SI7IhS ok 24

B AveldE 3
7l Hoby Bae
o Aol $I71dhe Hop HAu wei we o

& AEstt 1 A3 S e BT
SIgA I e W oR 2 AR 2R
o % gtk E PEe FRA ASE el A
THALY BYHOR ASEA 4L AEL 23
She A3k Bese] glonl, selsha e And
A S gEoR fadel B FIEHA B
¥ e Post Zolth 45w Bkl 97
S FOPA BAoIA 9143 e Goulter and Coals

(1986), Kansal and Kumar (1995), Chen et al. (2002),
Jun (2005), Wang and Au (2009), Lee (2011), Choi and
Koo (2015) 5o 283 vt qlm, sejats e
Cullinane (1986), Fujiwara and Ganesharajh (1993),
Khomsi et al. (1996), Paik (2007), Kim (2009), Yoo
(2012), Choi and Koo (2015) 5-©] &-g3t v} Qi) o]
of o], & AtolAl= 7]1E AtollAl AAZE 91444
Wi ek N 5 sk e A8k

1=}
AN HOPS BAHSAOD, ol Fo oy

2.2 HIZ el 2dshA

[

S171ES Foy BALS AR A HASHE BE 4
i (e} /Ro

8 A Sl A 4 Ak ol

H BYsiAel  Zasi
DDA(Demand Driven Analysis)2} PDA(Pressure Driven
Analysis)®| T+ 7HA| = A F-EE k. LRk Ql A
s14 71¥el DDA 7 449 $a%e uE
ek 7P st Q) g1 SRS A4S 7
oz A sidol= Feb glok shAINE
sha) @ g A ke AE 5 o] Sejshd 4

Relation) #7141 Ea ul @A Eol 42 AA9] ¢
Y sRol hE FEMs AFS AT S A= B
Hozxy, 7t
1991) o] % 2[A 3} 7|Hof shE=AR S
(Baik, 2007), 29} 2 3 o=
o] A A et A5(Chang and Kang, 2014) 5 =
§-ole) g AFAEe] s chyHoR A7t B
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] A= ek Aue e 12 HFAAEE 2R gy gle] AA
B QAT AL Kewatero] A A7 7123t PDA 9 olHo] AelE Brjeks Aol Aluele 2 @)
14 Wl KARkQE ol §519tk KNRiQ  REAOR uAAURE AYstiu gl 294
+ EPANET 3.0 7[¥to 2 tohg /A-83he a4 £ Bk, Alue] L 3= Be v AAREES st
ZRIOHo| Hlaf ol W g o E & of 7|E AA] Hol Yle BE ulAARRS st
S oAb W AR 2E, sl rpre] i Aolth olejE Auele BAS o) @xjel weld
;e AAAT A e AR BE v SR QALY 4 Bk, B 29 Yol B3
BAERA WA, 7Nt anlds B4 5 stalxl skl om, ofzfgt 742 K-waterofl A 7idgt
of zpgstel 7% 52 $WY 4 G ZEadelth  PDAZINEY] ulgAAE me| Zzawel KNRiskQE
webd 2 L2 3) olgalo] T aheAle] WA A Seeldnh
B mojem, 1 AnE ol galel 7k B T A upxete s, ARtAbele] W aheA] BE g
NEe 8 FEFS Ao 971H-E FoF 3 F= A7) §E AluE e A A kel v uhEst
A skt 28319l F. B TEA BIALE BE] Ao 9
A For e ARAo ARt WeASE
3. ol AL WS FAstdch ATAAE Fig 1%
. od @—
B AT WA, YR AAeq B 2
[aN}
Sl §istel nAA TRt dAsel s 31 ATHEXIS 3
S e AT AT ST opigg ARG Ba Bl Adled WAS Y
GIS, 3% A&, ¥ w&EsE, & uEA BE 5 5 g de vk AsEs & Solwm 9, 3t e
TARE 59 AEE ST A= GIse 3 T 1l Qojzl@ o] 2azo] Lolsk N Pl r 2 AAa}
F AR 52 o]gsto] WS QI3 I EE & QT N FAeE oo 82-2=Qek0 180,572.09 m'/day
Fekaal, A 2o HodSs s ulAdAAR  cmn g4I IAEL TS Fig 29 2l ATLthAb
B 7IEoR Wy NS S Aol BN E SRR s, SPHD
O AdidAIge] # uhEAl B £8%¥E A% SCNH A%, CM-GJ A% Ha % 15719 u4t
sl flstel 3704 24 AueR| LS AAS AABEZF HA 2 Y= glom, 7F A5 e
step 1 Selection of target area I
l
I Data collection and definition I
Demand
Step 2 T
K-MRisk
: Scenario 2 .
(Cloge all ofstc:::::ui:tive pipes) (OPET g::r‘:r:t t:it'ij::::::ripes (Open all nfstc::z;;[.'?jui:me pipes)
i
Deficiency calculation at pipe breakage
R I | e |
Calculation
of risk and maintenance ranking
by Scenario
1
Evaluation
for conjunctive operation
Fig. 1. Flow chart of this study.
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Table 1. Pipeline overview of N multi-regional water supply system
Division SP line HD line SC line NH line CM line GJ line Sum
Number of pipe 23 15 16 28 85 39 206
Number of interval 5 5 4 5 11 12 42
Length of pipe(km) 38.96 23.53 19.89 34.99 60.46 78.22 256.05
Raw water Line
N Intake station
RW. Con. pipe RW. C‘o\n pipe  RW. c«:n pipe
‘) Y ?
e ‘RJ.W,Con,pipe J’
SC Purifictation plant Regulating
© ® (76 (1) (19) _ (20) _ (21) _(22) reevoir(23)  (24) _(25)
\:4 O
- : 29) | @0) M@ @M EYMEE3)  (34) MY (35) M @6) | | GJ Line
S R R ST | 6 tine |
o @ (26)
plpe3
CM Line |&..27)
(27) Pim"5
(38)
Legend ﬁ)s'g:ﬁr;( P
() Intake station @7 pipe 2 (28) pic:e"}
(13) 39)
|X| WTP T
[_- Regulating Reservoir SENHO (40)
. (18) ion.
— I
wmmmm= Conjunctive pipe (open)
------- Conjunctive pipe (close)
(N) Interval number
Fig. 2. Distribution diagram of N multi-regional water supply system.
9 P AjekslE B9 77 @IS ohS Table 13} P, T B 5L B km/year) = 0.08
ZF —
EE]— Tdiameter: u’]"é‘/\l 176]% EF:[L}\]Z_}(day)
_ : WA Em
3.2 27ICHS FoH APy (orn)
_ ; ok mhA R B Zak(m? vl
Alhe FoHe wutiots, Bopea] Bpagy P TR SEAL TS mday/2)
% WA BREGS FOE ARHES Fostel  abgE B 970 Aok ARES Felrw
zh g, 2, Al Q7S Fod Al aEgkol AALE B7tol|l &8st flsiAe 1 2 As
AFIE =5 sglen, ol 54 &=, 1, AlF W o7 S Hokg A xR FAEE At glow,
SolAo] I Eoro] WA 4 9l BREFS ou] 7 wpde kg 4 (), 4 3T 2t
abeh g2 9710 Hobd A4 ke A (ha
Z_:]'q RZSk17ltﬁrual _J ZR’LSkz (2)
RZSk Page S Lpzpe S Tdiameter S impaCti (1) 0317] /q
. = 3
Riskipyervar j+ 572 7108 HF(m”/year)
7] A,
Risk, : i <e0] o3t 917]d)-8- Fok4(m*/year) Riskyine = DiRiskinervar ) (3)
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o171 A,
Risk, ;00 AT AA 97|08 F kA

Risk D FE 29 7 FHebdm®/year)

superposition *

2, g uhd SEY ki whE i uhi
SHE(hkmlyean ) ¥ AFS Foto] FEHCE A
AP E g S Rt the Fig 32 A= 34

% % BYGIES F ABE S Lgsislel 2
Aol w2 u%ér" S A3} g Alojoh vkdg Sl
HQFS uf] A3 A Q] bathtub curveS VERJ L ¢l o,
(km) (No./km/yr)
1800 0.500
mmmm Pipe length emmes  Pipe burst rate

1500 | |

0.400
1200 |

0.300
900 |

0.200
600 |

0.100
300 + I

0} . . . . . 0,000

0~5 5~10 10~15 15~20 20~25 25~30 30~35 35~40 40~
Pipe age

Fig. 3. Burst rate by pipe age of multi-regional water supply
pipes (K-water, 2014).

Table 2. Recovery time by pipe diameter (K-water, 2012)

I Aol 5 o]ale} 404 oAl WEE A st
==

al
MEo] UehiA: ggrom, A4 F 2
o]

dE&rr HEO TEES 0.08(/kmlyear) H=
AHog kol & 4~ Q) (K-water, 2014).
webA], N I ee T2 o] 30| oye

Huel Al 52 A
ol Qe M st N Foitrm ga A
o] HupE3tES 0.08(/km/year) 0.2 73T
1
A~

g, Bt GEHE BLAZ wEe g Y
Fayero] WAsA Hul, o) UvrHo w1
o AR I sk HTAL £apSYo) o

—Ll

Ul Siek. whebAl, N el phae] 17
NZHE A S T Table 29] A4S B8

2

-

riQFE

2 s Y 2ot
o 4 H o ot N

N %’4711’4%% HFde 74 AldEed=
ok Aol

P AlEW H=E dukEA] SRS 97
Fode AluE| ez Axket 23S HH, v
AB/Z7E e Aueleld A9t BlddAE
FEAA YRR 2) e AR (A ]2 3)3§
g =L sle AP Et‘r o 24 debd Ae &
°ﬂ°ﬂ TZHYSP J:‘7Vl>i§ W 2

AN

N
o

flo S oX o )y Ho L 2 ol

Diameter ~300 mm 400 mm 500 mm 600 mm 700 mm 800 mm 900 mm
Recovery time 10 hr 11 hr 12 hr 13 hr 14 hr 15 hr 16 hr
Diameter 1000 mm 1100 mm 1200 mm |1350~1650 mm |1650~2000 mm, 2000 mm~
Recovery time 18 hr 19 hr 20 hr 24 hr 30 hr 33 hr
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Table 3. Specification by pipe of SP line
SP line
. Diameter Recovery time Pipe burst probabilit PIpe length
Interval Pipe name (mm) [hr}], " [No./kIr)n/yr) ’ p(krn)g
nls-136 900 16 0.08 0.07
1672 900 16 0.08 0.54
! nls-521 900 16 0.08 0.25
Sum 0.85
n1s-690 300 10 0.08 0.04
2 nls-474 300 10 0.08 0.04
Sum 0.09
n1s-875 300 10 0.08 0.97
nls-411 300 10 0.08 0.01
n1s-796 250 10 0.08 2.43
3 nls-723 250 10 0.08 1.37
nls-771 200 10 0.08 0.33
n1s-831 200 10 0.08 3.03
Sum 8.14
nl1s-529 200 10 0.08 0.37
nls-627 200 10 0.08 7.15
* n1s-833 200 10 0.08 0.12
Sum 7.64
n2s-933 200 10 0.08 0.93
5 n1s-546 200 10 0.08 5.91
Sum 6.84
Total Sum 23.57
Holw, I, ¥4, BAFSS Lt A 7| 4.2 HASYH 27|tHS F e AM 2 HAHRH TI}t
Dol zF X H EX 2710 wWHylgaul 3
%“7?]%%%1%12(;; E RN WA 21 sp-HD E
SEAIRE S171g Fleky AEel Aeol B SPHD ABS T2 9 ABY SIS ey
I gAge] nefE v g, ol wuE B &4 AIE Table 59 i
Zro] Al A EQL7] wjZol SF= Byt ofyzf, SPA|-& 2 HDAI'E 9] 9171t FoF -2 Alve 2 1
54 1 54 AE, 54 FIdaE ARl gt ofld AuEle 308 AR I Fadshs Jor
A7 HeFdS AREA v F7t Thsds o UER T 3HAIEE SPAIE ] $171HH8 F oA Alvt
I qlen, o]E &gsto] HFAA TR &9 ofFo 2]2 10] 1,957.78 miyearo A @A FATE QL Al
3t Hrle 7isshe o 4 Qth 2 27} 461.13 m'/yearO 2 FA3| 7FA%E HEHO
o9} vlx7IA| 2 HDAE, SCA%, NHAS, CMA  HDAIEY 7IH8 F o2 14,615.80 m'/yearof A}

S GIAE & N Fd=r Ul 2067 w2of dfsto]

1547449 m'/year® Tha Z7}at Aoz Uepdt) o]

Aue] e 1-30] tigt Y71 ok B4S 5dst = SP-HD Aguel 1RIF} 2% vldAHRe] &9

WHOR APPSR, ABE, BIYSE A
Aol thg S171S Forg e Agahin] T8

stack o gt

T [e]
= A&

‘Jel= HDAES $71d& FoFd sfaoll F&ol 7
ofujsi, 23]2 2712 Bl AA A=
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Table 4. Calculation results of water shortage and risk according to pipe burst in SP line
Scenario 1 Scenario 2 Scenario 3
Interval | Pipe name | Water shortage Risk Water shortage Risk Water shortage Risk
(m®/day/No.) m®/yr) (m®/day/No.) m®/yr) (m®/day/No.) (m®/yr)
nls-136 4,128.14 15.08 0.00 0.00 0.00 0.00
1 1672 4,128.14 118.30 0.00 0.00 0.00 0.00
nls-521 4,128.14 54.39 0.00 0.00 0.00 0.00
Sum - 187.77 - 0.00 - 0.00
n1s-690 3,913.04 5.33 0.00 0.00 0.00 0.00
2 nls-474 3,913.04 5.84 0.00 0.00 0.00 0.00
Sum - 11.18 - 0.00 - 0.00
nl1s-875 3,903.48 125.65 0.00 0.00 0.00 0.00
nls-411 2,271.51 0.92 0.00 0.00 0.00 0.00
n1s-796 2,271.51 183.82 0.00 0.00 0.00 0.00
3 nls-723 1,814.14 83.08 0.00 0.00 0.00 0.00
nls-771 1,809.36 19.94 0.00 0.00 0.00 0.00
nl1s-831 1,345.76 136.08 0.00 0.00 0.00 0.00
Sum - 549.49 - 0.00 - 0.00
nl1s-529 1,345.77 16.67 1,235.83 15.31 0.00 0.00
4 nls-627 1,094.46 260.94 944.37 225.16 0.00 0.00 g
nl1s-833 1,060.99 4.25 951.05 3.81 0.00 0.00 %
Sum - 967.43 - 244.28 - 0.00 N
n2s-933 1,060.99 32.79 951.05 29.39 1,060.99 32.79 &
5 n1s-546 1,060.99 209.13 951.05 187.46 1,060.99 209.13
Sum - 241.92 - 216.85 - 241.92
Total Sum - 1,957.78 - 461.13 - 241.92
Table 5. Calculation results of Risk in SP-HD line
SP line HD line
Interval : Risk(m3/.year) : Interval . Risk[mg/-year) :
Scenario 1 | Scenario 2 | Scenario 3 Scenario 1 | Scenario 2 | Scenario 3
1 187.77 0.00 0.00 6 709.51 842.08 25.15
2 11.18 0.00 0.00 7 41.49 57.21 1.84
. SP,_HD . Close Open Open . SP,_HD . Close Open Open
conjunctive pipe 1 conjunctive pipe 1
3 549.49 0.00 0.00 8 4,544.29 5,419.31 133.17
. SP._HD . Close Open Open . SP__HD . Close Open Open
conjunctive pipe 2 conjunctive pipe 2
4 967.43 244.28 0.00 9 3,194.40 3,112.48 80.86
. SP.-HD . Close Close Open . SP,_HD . Close Close Open
conjunctive pipe 3 conjunctive pipe 3
5 241.92 216.85 241.92 10 6,126.11 6,043.41 6,167.29
Sum 1,957.78 461.13 241.92 Sum 14,615.80 15,474.49 6,408.30
=gl mE FadE 5o ¥l 93l HDAS gt Q= AUE e 22 L9gFFe g M 16,573.58 m’
7S HoFAJo] 2713t Aoz HurEch Ak /yearo| A 15,935.62 m'/year® 7rA3dto] & 637.96 m'
© 2 SP-HDAE AAle] gt 718 Fefd2 Hl lyear TFE2] 9171t FoF *éol sl &
FAATRRTE Qe AEolA BAAAASEES 27 & Atk 21231 371 ] SP-HD B[ A AATEZE 27 &9
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Table 6. Calculation results of Risk in SC-NH line

SC line NH line
Risk(m®/year) Risk(m®/year)
Interval - - - Interval - - -
Scenario 1 | Scenario 2 | Scenario 3 Scenario 1 | Scenario 2 | Scenario 3
6 709.51 842.08 25.15
11 899.94 893.34 148.82
15 19.46 19.31 0.00
SC-NH SC-NH
. . . Close Close Open . . . Close Close Open
conjunctive pipe 1 conjunctive pipe 1
12 6,907.23 5,475.82 455.47 16 3,832.31 3,891.92 0.00
SC-NH SC-NH
. . . Close Close Open . . . Close Close Open
conjunctive pipe 2 conjunctive pipe 2
13 5,163.92 5,078.11 0.00 17 863.64 840.66 0.00
SC-NH SC-NH
. . . Close Close Open . . . Close Close Open
conjunctive pipe 3 conjunctive pipe 3
14 798.37 788.72 795.39 18 3,979.33 4,284.39 3,561.56
Sum 13,769.46 12,235.99 1,399.68 Sum 9,404.24 9,878.35 3,586.71
d A9ol= SP-HDAE Al 97Ids FHFAd uEle 194 23,173.70 m'year, AluE]L 20fA

665022 mjyear®. 2 F4:go2A 37h9] SPHD wl
AAWRE BT LslA] LS ASHT} 992336 m
fyear RH5 9}71dls Fefdo] dad As & = Atk

4.2.2 SC-NH AE

SC-NH A9 +7hd 4
HA Ayl= Table 6;.} dgu

SC-HN Al'&9] 7 $-oll= vAAATET} AR = o
A 2 AdEd] AlvtE e 13 EA =GdEIS] Al
] e 29 A= FYsA 9= Utk

SCAH& NHA'E2] $71H-8 FH 2 Alvte| e
13 AlUE] @ 204 AlUe]e 308 Zaes I 3
28t Ao = e shRARE AU 2 13 Alute]
L 29 HAAET ST FERlE Bt
SCAH-&2} NHA|F9] Alute] e 13} AJue] 2 29] 217]
g Fod2 tha ST AR YEyTh o= Al
e FAA] SC-NH AlFW o] BlgdA = #at
ofyel, SP-HDA|E1t CM-GIA-EW o] HgAA U=
= A 2ASIER 5197 wlZel thE AlEe vl
AALE P e E5avEo] WS
ojZolth. webA], SCAH S NHAE2] Alvhe] e 13t
AluE e 29] Q7|dE F Aol & Yul= §L
ol & 4= Qlty. 2yA o0& SC-NH Al Ao of
gt Y71dE HEE AlvE]le EE AASIEA A

A&d A71Hs

22,114.34 m'/year, AL 394 4,986.39 m'/year>
2 2 gaE AL ¢ 4 don, ol WA
29 24of we} SC-NH AlFol gk {171t-§ FoF

e T8 dAaAE o As HoEnh

423 CM-GJ S HARHE it

CM-GJ A9 F+7-d 2 AsE 718 Fofd
=4 A= Table 73} )
CMAIET GIAIES] 17108 FoHde Avzle 1,

AU L 2, Ay 308 4R Fasts o=
UEP o, 53] AU 204 Alvg|e 3082 Z
4% 345 washe A2 ¥ 4 A 9w
CM-GJ AlF AA] gt 917108 FeHde Alva]e
Wz AR AUk 104 310,426.06 m'year,
Ay 2 2904 205,320.60 m'/year, AJLE]L 3904
26,730.60 m/year® 2 AA| HAE AL & ¢ Qlom,
ol BT 2ol uje} BuhAl BRETS
A5 g2 2 A9 BBl Jow Bed

LIMAL =

AR IO M A

A7ICHS ok

—_

T W 2067 HEo] gk
T 7S FH R

i
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Table 7. Calculation results of Risk in CM-GJ line
CM line GJ line
Risk(m®/year) Risk(m®/year)
Interval - : - Interval - : -
Scenario 1 | Scenario 2 | Scenario 3 Scenario 1 | Scenario 2 | Scenario 3
1 187.77 0.00 0.00 29 1,891.26 0.00 0.00
19 5.48 0.00 0.00 30 690.70 0.00 0.00
CM:-G CM-G
. . ] . Close Open Open . . ] . Close Open Open
conjunctive pipe conjunctive pipe 1
20 1,428.29 0.00 0.00 31 34,299.42 0.00 0.00
CM-G CM-G
. . J . Close Close Open . . ] . Close Close Open
conjunctive pipe conjunctive pipe 2
21 1,446.63 0.00 0.00 32 31,959.15 0.00 0.00
CM-G CM-G
. . J . Close Open Open . . J . Close Open Open
conjunctive pipe conjunctive pipe 3
22 1,828.79 0.00 0.00 33 38,173.13 0.00 0.00
23 921.56 0.00 0.00 34 2,187.53 0.00 0.00
CM-G CM-G
. . ] . Close Open Open . . ] . Close Open Open
conjunctive pipe conjunctive pipe 4 o
24 20,104.96 20,166.71 0.00 35 30,734.66 31,257.48 3,417.56 g
©
CM-G CM-G
. . ] . Close Close Open . . ] . Close Close Open (:_
conjunctive pipe conjunctive pipe 5 o
25 3,790.37 3,802.20 0.00 36 15,831.95 16,565.14 3,053.08
26 15,474.93 15,447.26 0.00 37 23,744.89 26,522.65 3,900.43
CM-G CM-G
. . ] . Close Close Open . . ] . Close Close Open
conjunctive pipe conjunctive pipe 6
27 18,289.88 18,137.94 0.00 38 35,804.94 39,993.53 5,124.02
CM-G CM-G
. . ] . Close Close Open . . ] . Close Close Open
conjunctive pipe conjunctive pipe 7
39 23,192.74 25,905.92 2,769.51
28 7,843.14 6,986.96 7,862.63
40 593.89 534.82 603.37
Sum 71,321.81 64,541.07 7,862.63 Sum 239,104.28 | 140,779.53 | 18,867.97
AL E3) SPAHE, HDAE, SCHE, NHAE, CMA Table 8. Risk by line of N multi-regional water supply system
%, GIA%, SP-HDAS, SC-NHAIE, CM-GIA 5 o . Risk(m/year)
- S = 1V1S10n
st f718 FHdS A AT = AT ol Scenario 1 | Scenario 2 | Scenario 3
UVWW WHOR N FAF,E A of gt 917] SP line 1,957.78 | 461.13 241.92
5 Fgde S 5 Qlen, O AuE|ed A= HD line 14,615.80 | 15,474.49 | 6,408.30
E}% Table 87} th. SC line 13,769.46 | 12,235.99 | 1,399.68
N FdXere AA o] Y7|HS FHAHeS 7|Eo = NH line 9,384.79 | 9,859.04 | 3,561.56
Bretg S A vAGATRREY E9E I QR 4L CM line 71,321.81 | 64,541.07 | 7,862.63
AU 19 AatEch vAdAdZE A5 935} GJ line 239,104.28 | 140,779.53 | 18,867.97
I Q= AUl 29] AFof oF 30.6%2 70§ N multi-regional
HQ}:}\E)‘ o] @_/]\_6}93\_]_’ ]q‘ai 3J_]_ H]_]_]_}\] 0"‘15 o_;p water supply 349,256.64 | 242,509.1 48,308.1
=t system

86.2%0] $171T1g Fokgol AaEl AL & 4

AN
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