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Abstract

Water Distribution Networks, one of the social infrastructures buried underground, has the function of transporting and supplying
purified water to customers. In recent years, as measurement capability is improved, a number of studies related to leak recognition and
detection by applying a deep learning technique based on flow rate data have been conducted. In this study, a cognitive model for leak
occurrence was developed using an LSTM-based deep learning algorithm that has not been applied to the waterworks field until now.
The model was verified based on the assumed data, and it was found that all cases of leaks of 2% or more can be recognized. In the future,
based on the proposed model, it is believed that more precise results can be derived in the prediction of flow data.
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Fig. 1. Regional based drought resiliency assessment procedure
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3. 7_~'||-g I:lil 7E4]|_|- Table 1. Flow time-series data based on 24-hrs demand pattern
Time (Hours) | Flow (CMD) | Time (Hours) | Flow (CMD)

3.1 7144 ti|OlE| 444 0:00 50902.64 12:00 64785.18
2 Aol A ﬁl—qﬂ A" F212] Hed By 1:00 45118.25 13:00 64785.18

= oFs5otal | YolA= AALE AR AIS 2:00 41647.62 14:00 61314.55
fEFHolHE o*éﬁ ”J517} _olof what, -=2uEl DA 3:00 39333.86 15:00 59000.79
oA AA 2 &&= AL IA| A BE22 Shtof st 4:00 38755.42 16:00 58422.35
g2 2152 285174} 514t DA A EA| AELS Fig. 4 5:00 38755.42 17:00 60736.11
o} Zro] 17H9] HjZ=2]ol| A 2857 2] WA Be TF5}1 9] 6:00 43382.93 18:00 64785.18
oW 373709 B2 2 FLAE O] I} SFo] AEEE 2|A 7:00 57843.91 19:00 68255.82
_Q_ HH/\X] o]-]a.o‘l #D501 2 7]_14 ]_(I" o D:] OHQ. HHTX]% o] 8:00 75775.52 20:00 67098.94
5784350 B2 22511 9= A0 = Lpehdt). 9:00 71148.02 21:00 63049.86
DA AT Al A8l o] A2 2] o A] SHa 92k o] gl 10:00 69412.7 22:00 61892.98
Table 13} Zt}. ©]= EPANET2.0 (Rossman, 2000)7]52] 1100 6767738 2300 87328
Average Flow 57,843.90

Table 2. Assumed demand multiplier for 24-hrs

Time (Hour) Demand Multiplier
Flow measurement 0:00 1.001
Point
R . (#D501 Pipe) 0:05 1.004
eservior 0:10 1.005
0:15 0.999
0:20 0.996
=3 0:25 0.995
>—4
,;% 0:30 1.002
Ihemew 0:35 1.007
0:40 1.008
0:45 0.993
0:50 0.992
Fig. 4. Target water distribution network for inflow data generation 0:55 0.998
Flow
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Fig. 5. Flow prediction results based on developed model
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Table 3. Pipe burst Scenarios

. Flowrate (1,000 CMD)
Case Time of Burst
Number | Occurrence Norl.n.al Added leakage
Condition flowrate
1 Random 1~15%
14% = 8.10
08:40 12%= | 694
(Peak point)
) Original flow 10% = 5.78
6% = 347
04:50
4% = 2.31
(Peak point) °
2% = 1.16

Table 4. Types of features for developed model
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Feature

Input data

First period (daily interval sequence of t-1)

t-1-(24hr) x 7, t-1-(24hr) x 6, t-1-(24hr) x 5, t-1-(24hr) x 4, t-1-(24hr) x 3,

t-1-(24hr) x 2, and t-1-(24hr) x 1

Second period (daily interval sequence of t-1)

t+1-(24hr) x 7, t+1-(24hr) x 6, t+1-(24hr) x 5, t+1-(24hr) x 4, t+1-(24hr) x 3,

t+1-(24hr) x 2, and t+1-(24hr) x 1

Third period (daily interval sequence of t-1)

t-(24hr) x 7, t-(24hr) x 6, t-(24hr) x 5, t-(24hr) x 4, t-(24hr) x 3, t-(24hr) x 2, t-(24hr) x 1

Fourth period (daily interval sequence of t-1)

t-35min, t-30min, t-25min, t-20min, t-15min, t-10min, t-5min
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Table 6. Results of performance indicators for Case 2

Table 5. Results of performance indicators for Case 1 Performanc Evaluation resuls

Performanc indicators (Unit: %) Evaluation results indicators (Unit) 04:50 (Peak time) | 08:40 (Lowest time)

TPR (True Positive Rate) 70.00 TPR (%) 93.33 73.33

FPR (False Positive Rate) 0.73 FPR (%) 0.02 0.21

FNR (False negative rate) 30.00 FNR (%) 6.67 26.67

TNR (True negative rate) 99.27 TNR (%) 99.98 99.79

ACC (Accuracy) 98.24 ACC (%) 99.95 99.70

PPV (Positive predictive value) 77.78 PPV (%) 93.33 55.00

MAPE (Mean Absolute Percentage Error) 0.08 MAPE (%) 0.11 0.08

Flow
(CMD)

140000 [ _ _ _ Observed value

Predicted value
———— Bound

105000

70000

35000

Time
(Hr)

0 06:00

12:00

16:00 24:00

Fig. 6. Flow time-series results (observed & predicted) for Case 1
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Table 7. Results of burst detection and false alarm according to the
amount of leakage

Results of burst detection and false alarm (O/X)
Leakage Peak flow (at 8:40) Lowest flow (at 4:50)
rate (%) - :
Burst detection | False alram | Burst detection | False alram
14% (0] X (0] X
12% (0] X (0] X
10% (0] X (0] X
6% (0] X (0] X
4% X (0] (0] X
2% X X (0] X
Flow
lllﬂﬂlggl "
75000
50000
25000 = = Observed value
Predicted value
Bound
° T 06:00 12:00 16:00 24:00 Time
(Hr)

(a) Observed and predicted flow data for amount of 2% water
leakage (Lowest Point)

(CMD)
lDl)DIgD )

75000

50000

25000 = = Observed value
Predicted value
Bound

0 06:00 12:00 16:00

0
24:00 Time

(Hr)
(b) Observed and predicted flow data for amount of 14% water
leakage (Peak Point)

Fig. 7. Results of performance indicators for Case 2
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