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Abstract

Water distribution system (WDS) pipe bursts are caused from excessive pressure, pipe aging, and ground shift from temperature change
and earthquake. Prompt detection of and response to the failure event help prevent large-scale service interruption and catastrophic
sinkhole generation. To that end, this study proposes a improved Western Electric Company (WECO) method to improve the detection
effectiveness and efficiency of the original WECO method. The original WECO method is an univariate Statistical Process Control
(SPC) technique used for identifying any non-random patterns in system output data. The improved WECO method multiples a
threshold modifier (w) to each threshold of WECO sub-rules in order to control the sensitivity of anomaly detection in a water
distribution network of interest. The Austin network was used to demonstrated the proposed method in which normal random and
abnormal pipe flow data were generated. The best w value was identified from a sensitivity analysis, and the impact of measurement
frequency (dt=35, 10, 15 min etc.) was also investigated. The proposed method was compared to the original WECO method with respect
to detection probability, false alarm rate, and averaged detection time. Finally, this study provides a set of guidelines on the use of the
WECO method for real-life WDS pipe burst detection.
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Fig. 1. A representative Shewart control chart of pipe flow rate (left) and pressure (right) at a location
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Fig. 2. Generation procedure of normal (upper) and abnormal system output data (lower)
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Fig. 3. Austin network’s layout and meter locations
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Table 1. Detection probability (%) of the improved WECO methods
with different w values

Number A/

of meters | 0.8 1 1.2 1.4 1.6
1 90 58 41 37 33
2 98 64 48 43 39
3 99 71 57 51 45
4 99 77 65 59 52
5 100 81 67 62 55

Table 2. False alarm rate (%) of the improved WECO methods with
different w values

Number W

of meters 0.8 1 1.2 1.4 1.6
1 72 9 0 0 0
2 93 11 0 0 0
3 98 18 0 0 0
4 99 23 0 0 0
5 100 27 0 0 0

Table 3. Averaged detection time (hr) of the improved WECO methods
with different w values

Number w

of meters | 0.8 1 12 1.4 1.6
1 9.0 11.0 5.8 7.0 6.2
2 73 9.3 5.7 5.6 5.2
3 52 9.0 6.1 6.1 5.8
4 3.6 7.6 5.9 6.0 6.3
5 29 8.2 5.6 5.8 6.1
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= 27 HEHE mlZof o HA A= ol ZA17F A

o|& 7JAste] WECO HHHS &8 4 JA E‘r Jung
etal. (2015)& 5t © A€ To] A T -GS 0] 85}

1~570 AlS7 (= A} o2 91]) glolE ol 7] WECO %
HE 289t AT, 44~63% 2] A S ET o1 F 0 HHHI T
0.03~0.15712] AY}-E 255t T). wheba] 2 Aol A it
S 714 WECO W& Jung er al. (2015) 70| thB|51oIA]
T Hold &2 5-S Bk

4.2 A& 8o w2 gk
2 Ao M= A Rk o g2t g Qe ES

B WSHATE w=1.07w=1.29] ¢, = 7]& WECO S 7}
2| A AA 2] 22} w7/ H S5 A-8-2t i WECO B 2]
F 25 (DPLIRF)S ASAIZE M4 5, 10, 15, 30, 60 +2]
t|o]El & o]-85te] vl ottt 1 A}, Table 49 o] W
of glo] ASAITE 7HE o] Aojd 5 Fx|&-Eo] 7Ast
=1.0)2] 7%, AlE7] 2719] 52 HoEl &
= %Xl 50| 64% AR o THA-Z 1 AZH602) 2
23 41%= 7As1eh "ol 9] o2& EAst] 9
A= AS Sl =, Hlol" AES 3197t Eotofed-2 =4l
ST SPA] 1 Hie} Zo] F Ut ASHI L 0] 79 A
£0] 5751t Table 4 and 5).
91 7t EEFEASH
57} ‘*O}X‘ji 741%— 17J7J o] Z715) Wobxtt. 7]
= WECO 19| 737, ASAR A S 5204 6022 =
EY¢FE 7 Eﬂ 2022 st 74 WECO B+
= X4 w7 HS %k,% A eSS 7] w2l 1o Adatglo]
L& 9 7Kg0l oo},

Fig. 4= 71 WECO WRi(w=1.2) A& Al A5 7] 17117}
712 wuic G250 7N ADP)E AlS Rl ef 11t
(170l 270 = F7F, 27000l A 3702 571 -5 )ofl wheh vrebd
Zlo|t}, HIXIE 9] © 22,0 2 ZI=E Z-8 ADPo] ZhAgltt
= A2, 71E AR E A7 9] a7t BobdaS F7HA

Table 4. Detection probability (%) of the cases of w = 1.0 and 1.2 with different measurement intervals

Number of w=1.0 w=12
meters 5 min 10 min 15 min 30 min 60 min 5 min 10 min 15 min 30 min 60 min
1 58 49 47 41 35 41 36 38 33 28
2 64 55 51 48 41 48 40 43 36 34
3 71 62 58 55 47 57 48 49 41 38
4 77 70 65 63 55 65 56 57 48 45
5 81 73 70 66 58 67 59 60 51 48
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Table 5. False alarm rate (%) of the cases of w = 1.0 and 1.2 with different measurement intervals

Number of w=1.0 w=12
meters 5 min 10 min 15 min 30 min 60 min 5 min 10 min 15 min 30 min 60 min
1 9 5 4 2 0 0 0 0 0 0
2 11 5 4 3 0 0 0 0 0 0
3 18 8 5 3 0 0 0 0 0 0
4 23 10 7 4 0 0 0 0 0 0
5 27 10 9 4 0 0 0 0 0 0
10 -5 W A5 A5 AAste] ] astlt nix et
- 8 S 2 AS Wkof 2 WA E pestort. tha2 2
5 . Q7.0 AEoIY.
o I i al
S 1 1) 71 WECO 9] 4% Zistate AAIX 247w

Number of Meters
M dt=5 min W dt=60 min

Fig. 4. Increment of detection probability (ADP) when adding a meter
(“1&2” indicates DP difference of a single and two meters)

Z71°] ot & EHE 2] TVt Ak A oln|gitt. o]
S ES AlS R edglo] SR1E| it TRt ASHI =
P2 A, AN ET 22 7 E ot TR o] o A
2|1 &E0] FEo] 22 A2 FRIstTt. A& Eof, AlS A1kt
7HA0] 602L w A7) 2tioll A 3 2 F71E o &2 &E
Z7HE0] 4% 0| A9, SEA wi= 9%0]th(Fig. 4).
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R S R o e o = e ey tﬂ°1E1—§— %“A*%}%i
ok e A" g2 el
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fr_ [<]
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SRR R R e
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S HAe A S ), WECOWH ZH 28 oA |7 |+
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WECO ”J"?Q oﬂ H]sﬁ 7&&]—7\4 o] 151-1]/\-].‘:0] o]-\:]-

2) AAIR 242w go] 25 FAgE2 ST,

do 7 QARSEL ZI\eIt} @ AR} EE TSt
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”EW S AT 4 7] dioll et wite] Aol 2
Q35})

3) HlolE Y AS NIt 555, S ASARKE 0 4=
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WS AR 28517100l 9EA, AR 2787 ghat ASH
Tof| Tt R 2A-& REEA] S-3sfjof gttt 2 A+t
A 2 AZAIZ 7HA 5,10, 15, 30, 602-2] 79|, A
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4) AE71E F72 AAE o, 17 F HEAEE S7RHA
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T -
Z|ero 2 WECOWH] EoflA] OVJ 1~ L1l UHBHOIE}
= AR ES 2ok, Hoh 7] o] AL H olHE 11
Aol 7

S oJAtAA o] 7Hsot e E HMAT 4= Q. dl & 50, EAY
WECOHH-2 X|dfj 811 2] 3k S H tjo]E] & 1lg]s}o] o]
RS ol=Hl(E 4), ° 15 A 9, 10, ... 7He] Hlo|E =2 ¥7

T3 G2 d5S vlalsto] A HlolH -5 28 B art
oitt. mpz|are 2 oF& 7] 49bsll 4 (Pressure Driven Analysis)

2 5o 2 A7 Sl 2uE vl 4 k.

e
2

L

o

(AP o Al o= Aderir e
o] 2 QJ% o} 4= 5 A4 A(MOIS-A'H-2014-02).
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