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ABSTRACT

In light of recent social concerns related to issues such as water supply pipe deterioration leading to problems like leaks
and degraded water quality, the significance of maintenance efforts to enhance water source quality and ensure a stable
water supply has grown substantially. In this study, scan statistic was applied to analyze water quality complaints and
water leakage accidents from 2015 to 2021 to present a reasonable method to identify areas requiring improvement
in water management. SaTScan, a spatio-temporal statistical analysis program, and ArcGIS were used for spatial information
analysis, and clusters with high relative risk (RR) were determined using the maximum log-likelihood ratio, relative risk,
and Monte Carlo hypothesis test for | city, the target area. Specifically, in the case of water quality complaints, the
analysis results were compared by distinguishing cases occurring before and after the onset of "red water." The period
between 2015 and 2019 revealed that preceding the occurrence of red water, the leak cluster at location L2 posed
a significantly higher risk (RR: 2.45) than other regions. As for water quality complaints, cluster C2 exhibited a notably
elevated RR (RR: 2.21) and appeared concentrated in areas D and S, respectively. On the other hand, post-red water
incidents of water quality complaints were predominantly concentrated in area S. The analysis found that the locations
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of complaint clusters were similar to those of red water incidents. Of these, cluster C7 exhibited a substantial RR of
4 58, signifying more than a twofold increase compared to pre-incident levels. A kernel density map analysis was performed
using GIS to identify priority areas for waterworks management based on the central location of clusters and complaint

cluster RR data.
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Table 1. Number of cases in regions with latitude and longitude (Study period: 2015-2019)

District Population Leaks Complaints Longitude Latitude
B 488,579 7,842 501 126.72191 37.50784
D 60,023 1,660 85 126.64324 37.47402
G 59,968 3,474 50 126.48784 37.74693
K 223,999 4,368 243 126.73774 37.53771
] 92,773 3,692 197 129.33282 35.56971

NU 443,626 6,634 507 126.73097 37.44971
N 330,375 7,549 54 126.65030 37.46370
(0] 6,608 333 3 126.46085 37.25569
S 401,134 7,195 580 126.67596 37.54546
Y 377,669 2,248 291 126.67827 37.41038
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Table 2. Attributes of prospective space-time clusters for total water leak and complaints at the district level

Accident  Cluster R&(ﬁll)ls LLR %:;Zr;Zi/ p-value RR  Population at risk Longitude Latitude
C1 3.10 21.48 1.35 <0.00000011 1.42 327790 126.73373 37.45323
G2 5.35 88.97 2.01 <1E-17 2.21 197242 126.69093 37.58733
Complaints C3 0.45 69.43 4.5 <1E-17 4.64 20401 126.63544 37.46577
C4 0.00 42.78 8.83 <3.3E-16 8.93 3654 126.37645 37.45530
C5 0.00 14.52 2.03 <0.000067 2.06 34182 126.73059 37.53019
L1 0.00 663.77 2.18 <1E-17 2.25 67623 126.68532 37.45839
L2 3.98 1618.89 2.27 <1E-17 2.45 138385 126.62308 37.48586
Water leak L3 0.00  100.02 15.71 <1E-17 15.73 191 126.70371 37.57343
L4 0.00 47.68 1.37 <1E-17 1.38 41657 126.71246 37.51363
L5 0.00 35.09 1.30 <8.2E-13 1.30 46904 126.66485 37.50639

Table 3. Attributes of prospective space-time clusters of 2021 water quality complaints at the district level
Accident  Cluster R&(ﬁll)ls LLR %2;22;23/ p-value RR Population at risk Longitude Latitude
Complaints C6 0.00 17.48 2.18 <3.6E-7 2.22 41657 126.71246 37.51363
C7 5.35  252.52 3.87 <1E-17 4.57 122429 126.64195 37.61584
C8 1.49 43.14 2.37 <2.2E-16 2.48 77114 126.66485 37.50639
C9 0.00 37.12 2.87 <4.6E-15 2.96 39515 126.67925 37.54136
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(a) (b)

Fig. 3. Comparison of significant water quality complaints clusters location changes through SaTScan analysis;
(@ 2015-2019, (b) 2021.
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Fig. 4. Map based on water leak accidents hotspot.

(a) (b)

Fig. 5. Map of changes in the relative risk of water quality complaints before and after the red water accidents (a) 2015-2019,
(b) 2019-2021.
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