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Optimal Layout of Monitoring Stations for
Detecting Accidental Contaminations in Water
Distribution System

TAO Tao, LV Cunzhen , XIN Kunlun, LU Yi
( College of Environmental Science and Engineering, Tongji
University , Shanghai 200092, China)

Abstract: An approach for optimal layout of monitoring

stations was presented to monitor the accidental
contaminations in water distribution system. A mixed-integer
programming model was used to express the multi-objective
monitoring stations placement. Through the simulation of
accidental contaminations in water distribution system. the
impact of the contaminations was calculated. The improved
greedy randomized adaptive search procedure was used to
solve the model, and the efficiency of the algorithm was
verified by the testing of Z] water distribution system. Based
on an analysis of the results, the optimization locating of the
monitoring stations of ZJ water distribution system was

presented.

Key words: water distribution system; water quality

monitoring station; optimal locating; greedy randomized

adaptive search procedure

ks A8 2010 - 03— 16

AR Tt B T 2 TR 8]
BT K TS e P R (XL e T TR 2
P B PR A B R e B A Ay R
BT 4 B R BK 2010 454 R 25 %
FEHURI 1. 2020 4R35 5 FI R ) e, O i e 265 ) o
™ 9 P O K W03 XK K 4 5
Wik

KT 5 R A 44 W i
B P ARSI S B 0 43 B
WX G575 e K R M

BRI 5 B L T K Ty S A
ST KB 4 o Al IS 4R N
P B 1T 0 2 K AR T R
0GB A WK A e 1 5
I e 5 B 5 e YT Al A 2 A T
AR5 383 R BB 1 A (R 2R
AT o JE K 5 4 SR
ARITBE 15 4 AR 15105

XTI 2 15 T P K 2 B K I 3
ALy Bl 03 40T 15 e L e
U R 1 A T B 5 1 175 e S
HCREE 0 R 24 T R 4 R A
R R S35 YT A BT R of X
PRI 2 b R BMMTE 35 6 0
I 1 £ S W 5 147 R0 9D L 4
75 e PR 2 ST R M5 e o et P
.

5 SV G AR TS e B T B XE P R
St U M ZEAT I 7T A
G 55 0y . DBt
A B R S SCHE 465 9 4 LA 1R
S 15 S R L
ATf .

FEAIH ¢ KRG Yedis il 576 PR B K LI (2008ZX07421 — 001) 5 E A H SRRl 564 ¥ B33 H (50908165)
TEB RIS : B ¥ (1974 Lo, BIB%  FBEWFSE 7 18 3R T /K 9545 2E . E-mail : taotao@ tongji. edu. cn



1622 [ 3 K 2 2 RO KB 2R

% 38 &

1 REGEEGR SN R AL EERE

H Al E NAMIFTR 22 it T — S X 58 &k i Y
HAE R WIS A B vk H AR R R —
22 18 DA N R A 7 = 2 0l A T AR 0 2] oy 28 5
FAT RS () ) ML H 0 4875 G 7K St B R T i B R
TR W o5 A B 2 HAREDR , Berry BTG Y
A7 AR SR 5 — WS (R R, 4 T
Z HARIR A B BOR KB . 2 R A £ XA [] 1) 2k
Sk E AR, RO R R BT 0k TR T
MR A B (1 2540 3 F T 2 B bRt hik [n) . B
) H bR eRELANT

min 2aa Zda,;xai (1)

a€A i€l

Sy =1, Yac A

=
i)Cm<S;‘,7 VOLGA»iela
s.t zsigp (2

ieL
s; € {0.,1}, Yie L
0<wrus<1l, YVa€ A, €l,
KA NERFMES a0 RTGYEFF o KAER
WE s d o R s Lo W] RER TS Y F 4 @ V5 G4 11
WEERH LSLs L HEMSER: vo BRR
AR AT, L FETG e R o R VR G — MR
D5 Gy 5T s MME R 1. 2 055 Ry kil
PR AR R AR R e L WE WM S L, RZH
05 p Ryl BEAT B WA A48

FEMAH d o EBBR AR I O SE. A SRR
RUFG LA T, B2 BT XS ) W A 1 5 i {15
Tk
1.1 RN E

PRI S ] (9 7 SOV Y R A 25—
T 00 2] 55 Y g I T 2 2k R 1) (B8 TS e
a RAETEN S TFIREF RN o BB R 1o, 1Y
RLJAE (B =10 B35 — U 0 38035 YL My o 1 14
B A ERET A5 S W D% E R s e {5
NN

Ay (1) = Dty = tr) Ak 3

kel,
AP TR kS — U BES Je  RA IF(E] 5 A
R ke BRI AR A BUELER Y RURL P R R
SE > QIR L BRI T s BN TR v ) S A XY

AL TR A AU 2% 0 DACTRT T 588 o336 6 45 5 Y
I DL #54S F bR i R 0 B AR T
1.2 HPZHmE) AR

X TR BT P b 5 252 NS 15
Yy 5 1A BB JB A O T 75 e 4 SR 1) B3R BB SR e
T 0 0 5 0 SO PR T S BB A AT
] — A~ W D0 AR I B 35 S By B A A P AN T
SIS Y s ELY Y AR T B — e W s
Qe BT 7 i i o AR 19 s BT A K N e S B
Wi FEARCBE Y At Bl e N H A R
HESEZ B E T

d;(P) = AZ)PM,{ (4
(e

AL Pre sk NS
1.3 EOHBEMIGHEKE
PRI 5 YK B R R P IHAE R & —
E TR ET5 e o (R 7K s AR 24 2 — A i AR
D5 Gy Bt s TP AP E8 BT G 1K - 1% H s
AISE e an T =X
dy (V) = szlk (5

kel,

A Qe ARG YL B ke FENEI A 7 K BT G
th
T X AMIE S A TE YK i, Q) = ;qk»/ﬁ\q“ qr N

Tk SR T KR
1.4 SREATRNGE

TELE i i AT BRI OL T 15 Be SR 1Y
AR AT R

1 S
Z=-=->,d, (6)
S

A d, D9 il A2, 2575 e R BRI 2 i
{HA 1AW 05 S g5 G A4

TE 4 A BARH AT 3 A4S H AR 2 A5 1 5/ M E 5
T 4 A H AR 0 A5 B e KA HUE R TR 45 8
4 s 00 S A S 1 O T SRR B i H AR
B PG I A B S AR E R —

2 EiEigit

T (9 3K gk o3 S P A A B B S
EPANET Toolkit A /75 4 F 14, 715 A A H
PR BRI (LR G 3 SR D PR32 W (R A SR 2578 K4
AR A2 I o 2 MR (LR AR SIS Ik ] 2 s 34
A SNV S RO it N



5114 6]

T 5 T IR TS P B A A K B s A Al A 1623

2.1 @O BENERE X

FLOBEPL E & N R 57 2 (greedy randomized
adaptive search procedure, GRASP) J&—Fh L [ i
o7 a7 B e A, DA R O = e A 3 4 1Y
VIR 3G G TR AL A SRRk ) B Sk i) ik
i 8 Z [REAH B 37 B — 4 kA P A B B
2 8 - A 2 Y B R Ry A R T B

TERA 1 B B » W) 06 it R 50O BEATLAAE VA A5 3] 5 R
PR il i 158 511) #2 (restricted candidate list, RCL) FRFEHL
EFE—DICR A Y|/ B3 . XA 2O BEAL AL
BR300 FBE LA R A, 175 GRASP 533k
FRUGEACH A AN [F) B A3 B0 46 . 76 R 48 R By
B DRI Ry 348 2 A0k e e ey s B B3 2 s 1 e » DA
AT AP R A5 R
2.2 HRZEIER A (Path-relinking)

TLOREHL E S 0 R B R IE AT UG 4
A ICH bR R E B/ IMEAE A s 745 R H i T
25 0 B UK ACAH B ST o BRAT I & A Ja BB e U0 e O
AR 580 A . SR EERAR R —Fh s a0 g
R AAE RPN, v TR ARG 45 0 B B A
il 255 75 18 T8 R SRR s AL 2 AR AL
2.3 E-T GRASP #1 Path-relinking % R & ;%1% 1T

X 0 5P A B 455 T it JE 50 5 I S i [+
TR W B/ N 9 A BOE S RE M Y AT A 5
Ml {EL 5 /N 19 A5 B0 g E W THEERILATE 3
AR

(1) WG A WA 3 B B A SR AT REAIL 52 .0 5K
W A L) 325 400 T o B0 DA 8 3 19 A T 5 91) 3 o B AL 2B
P B Y A JE T P Ak Y A5 R I
BERZ A S5/ N Y S AR AR

(2) JRFHE R B LLC BRI G A A DA
RCL #FRHB A M AL e PRRE I R 2H & 52 (B
e/ N SRR BTG PRI A 7R BB
B B T SR R A e s A B

(3) PEARH 3% B Br. %A YA 310 09 I A
G Z RS s sc e, T ss i — 1 RS IR
M (E AR S AE R —A T R st i th R AR G

SRR EEA S BT

1) 250 B ARR SR imax; Bl AL %k A4~ 2
xnum; Wi & A BN 4L jmax.

GRASP—Path-relinking (imax, xnum, jmax) ;

{

TG Ml (B AR 4 5
for(i=1;i<=imax;i+ +)

{

for(x=1;x<=xnum)
{
PEHE xnum S E AR 5 5
R R EE SN ORENSY (VR IE G F
}
A T Attt s B0 A i — > jmax
AT AW S A
IRAFEE G BNE R ES
if (i>1)
{
M= AR G R B — M 5
5% 1 ME-S 317 Path-relinking;
R B Path-relinking j* A i) 52 il {5 e £
it RGOS 5
BRI S 5
}
}
ARG I A hsg e (e PO WD s 455
R B G
}
i NS0 B W S A AR Hor 2 A
ZEnT i I R

3 B

7] T A e A K AR A o A R &R
55 (GIS) A B R4 5 W45 2258 (SCADA) , Hopig
7K SRR A 545 4% 300 mm % L F A4S B, LAY
A 1500 24 B INIHA 4 A REHE H A K X
WA/ N ZE S K S S B T FEH He SR
PRV HE K DX T Ak S — AN R o 1 K A Ak
EBAFAET 5 1 057 A, 45 B 1 259 AR faifb )5 s
PSR ANTE 1 s

E1 BErZ) mEMRINEE
Fig.1 Simplified pipe network topology

diagram of ZJ city
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Fig.2 Layout of monitoring stations in water

distribution system
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