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Performance Evaluation of Water Loss Management in Urban Areas Using Different
Performance Indicators

Shin-Ho Chung-r - Myong-Jin Yu - Ja-Yong Koo - Hwa-Kyoung Lee

Department of Environmental Engineering, University of Seoul

ABSTRACT : Recently International Water Association(IWA) has proposed new performance indicators for water supply services and their
successtul applications are being reported continually. According to the various reports, the percentage indicators were suggested not to be
used for performance comparison, especially where the targeted areas have great difference in consumption per service connection. But unfor-
tunately in Korea, the revenue water ratio, one of the percentage indicators is still being used to set up the goal of water-related administra-
tion and to compare the performances between systems. Therefore this study aimed to prove the inapplicability of the percentage indicators
with nation-wide data and to suggest better performance indicators for more efficient water loss management. According to the result of the
comparison of various performance indicators with conventional one, it is proved that percentage indicators can not evaluate the performance
efficiently where the local situations are significantly different. Tt is suggested that the better performance indicators such as real losses per
service connection or TLI should be used to benchmark the performances of water suppliers on water loss management so that the problems
of water losses could be identified easily and recovered effectively.
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Table 1. Effect factors supposed to affect revenue water ratio

Items Symbol Description
Res?dent Qopulation pe.r length of 7 Indication of high density of
distribution and service pipes water use
Ratio of residence aged over 20 7 Indication of age of the
years ‘ supply area
Ratio of condominium housing Z; |Indication of residential type
Ratio of household living without 7. Indication of poor

bath facilities residential level

. Indication of relatively man
Ratio of 13 mm customer meters Zs . . y . y
connection points on pipes

Total capacity of distribution
reservoirs per length of distribution | Zg
and service pipes

Indication of stability of
water pressure
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Table 2. Distribution of revenue water ratio of the cities EAM oz st W] onA 9k
Year 2000 2001 2002
lem |RW?%'| Cities |RW%  Cities |RW% | Cities Table 3. Similarity matrix of each effect factor
Max 93.9 | Uiwang | 93.0 | Goyang | 93.2 | Goyang RW. ratio  Z; 7, 7 Zs Zs Ze
Average’ | 753 | Wonju® | 732 | Yangsan® | 739 | Incheon® RW. ratio 1000 0548 -0.584 0494 0611 -0.594 0.468
Median 759 | Jecheon | 74.6 Gimhae 75.0 | Daejeon Z, 0.548 LO00 -0.735 0.708 -0.661 -0.635 0.699
Min | 512 | Masan | 36.1 | Tacback | 40.9 | Tacback Z -0.584 0735 1.000 -0932 0902 0.589 -0.595
Stdevp’ | 92 114 114 Z 0494 0708 -0.932 1000 -0.857 -0.569 0.531
“RW % : Revenue water ratio (% of system input) Z 0611 -0.661 0902 -0.857 1.000 0.606 -0.515
b . . .
Average : arithmetic mean () o Zs 059 -0635 0.589 -0.569 0.606 1000 -0.340
Wonju, Yangsan, Incheon : Nearest cities to the arithmetic mean
dStdevp . Standard deviation (o) Zs 0.468’ 0.699 -0.595 0.531 -0.515 -0.340 1.000
2000 2001 2002
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Fig. 1. Distributional histogram of revenue water ratio.
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Fig. 2. Comparison of the ranks by real losses ratio and by RW%,
Table 4. Promoted and demoted cities in real losses ratio compared to RW% rank
Used b
YVear Promoted Rank by  Rank by  Promoted SUS(;d“ebri Demoted Rank by  Rank by  Demoted su;i)lier};
it 0,2 o/b up e 0 ) '
Cities RW% RL% rank public(%) Cities RW% RL% rank public(%)
2000 Asan 67 24 43 14.0% Geoje 42 57 -15 0.0%
Jeongeup 71 49 22 11.7% Yeongju 22 36 -14 1.2%
Gimhae 38 23 15 43% Incheon 60 72 -12 0.1%
Wonju 41 27 14 55% Pyoengtaek 50 61 -11 0.9%
Boryeong 25 12 13 5.9% Seoul 56 67 -11 0.1%
Sangju 48 35 13 4.7% Gumi 8 18 -10 0.7%
2001 Nonsan 72 30 42 22.8% [ncheon 47 65 -18 0.3%
Asan 63 26 37 14.0% Seoul 37 54 -17 0.2%
Wonju 65 36 29 14.7% Busan 35 49 -14 0.9%
Jeongeup 604 44 20 11.4% Andong 44 58 -14 0.6%
Jinju 51 35 16 7.3% Paju 39 51 -12 1.8%
Gwangju 29 15 14 6.4% Daejeon 45 57 -12 1.0%
2002 Nonsan 74 34 40 22.8% Yeongju 38 55 -17 0.1%
Asan 60 27 33 13.8% Incheon 44 60 -16 0.4%
Seosan 55 29 26 10.5% Paju 46 61 -15 1.4%
Wonju 64 39 25 16.0% Gumi 47 62 -15 1.7%
Gimhae 48 30 18 8.7% Busan 34 48 -14 0.1%
Naju 51 33 18 9.1% Andong 35 49 -14 0.3%
* RW % : Revenue water ratio (%) ® RL % : Real losses ratio (%)
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Fig. 3. Comparison of the ranks by real losses per capita and by RW%.
Table 5. Promoted and demoted cities in real losses per capita compared to RW% rank
Vear Promoted | Rank by  Rank by  Promoted Used by Demoted Rank by  Rank by Demoted  Used by
Cities RW%"  RL/capita’ rank household Cities RW% RL/capita rank household
2000 Asan 67 0 27 57.2% Dongducheon 28 66 -38 35.9%
Jinhae 69 47 22 69.7% Gumi 8 36 -28 48.6%
Jeongeup 71 49 22 66.0% Daegu 35 62 27 46.5%
Miryang 45 25 20 66.1% Yongin 18 41 23 46.7%
Jeju 62 43 19 66.2% Cheongju 29 50 21 62.0%
Geoje 42 24 18 69.5% Siheung 6 21 -15 39.4%
2001 Geoje 59 29 30 69.6% Daegu 31 60 -29 47.1%
Asan 63 39 24 59.2% Seoul 37 61 24 66.9%
Jeongeup 64 40 24 66.7% Dongducheon 50 73 223 36.5%
Gimhae 41 21 20 67.8% Iksan 30 49 -19 49.7%
Gimje 54 34 20 70.0% Siheung 13 31 -18 40.9%
Naju n 52 19 65.3% Cheongju 20 38 -18 61.0%
2002 Gimje 58 23 35 68.7% Hwaseong 23 46 23 45.7%
Naju 51 22 29 62.6% Daegu 30 53 -23 47.6%
Gimhae 48 21 27 67.8% Cheongju 29 48 -19 58.7%
Seosan 55 35 20 62.2% Gumi 47 66 -19 50.7%
Nonsan 74 55 19 46.5% Dongducheon 56 75 -19 36.5%
Asan 60 42 18 58.5% Incheon 44 62 -18 57.6% .
" RW % : Revenue water ratio (%) b RL/capita : Real losses per capita
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Fig. 4. Comparison of the ranks by real losses per service connection and by RW%.
Table 6. Promoted and demoted cities in real losses per service connection compared to RW% rank
Year Promoted Rank by Rank by Promoted 13 mm Demoted Rank by Rank by Demoted 13 mm
Cities RW%* RL/conn’ rank meter% Cities RW% RL/conn rank meter%
2000 Jeongeup 71 8 63 96.0% Siheung 6 73 -67 31.4%
Taebaek 77 14 63 97.0% Yongin 18 76 -58 46.2%
Seogwipo 65 11 54 94.8% Gumi 8 65 -57 45.2%
Namwon 59 12 47 94.2% Yangsan 27 75 -48 80.2%
Sangju 48 4 44 91.2% Gunpo 2 45 -43 50.9%
Jeonju 58 15 43 95.9% Goyang 3 42 -39 26.8%
2001 Jeongeup 64 5 59 95.9% Siheung 13 71 -64 30.0%
Gimje 54 4 50 94.8% Yongin 9 70 -61 46.4%
Jeonju 68 18 50 95.9% Uiwang 2 45 -43 38.5%
Naju 71 23 48 93.5% Osan 11 53 42 56.9%
Sangju 56 10 46 91.2% Gunpo 3 41 -38 50.2%
Namwon 62 17 45 93.7% Goyang 1 36 -35 28.2%
2002 Jeongeup 63 7 56 95.9% Siheung 9 70 -61 29.4%
Gimje 58 3 55 95.0% Uiwang 7 55 -48 36.7%
Namwon 59 15 44 93.6% Goyang 1 43 -42 29.1%
Jeonju 66 24 42 94.7% Osan 24 63 -39 56.1%
Seogwipo 49 8 41 94.2% Hwaseong 23 59 -36 69.0%
Naju 51 10 41 93.3% Gunpo 4 37 -33 53.1%
"RW % : Revenue water ratio (%) ®RL/conn : Real losses per service connection
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Fig. 5. Comparison of the ranks by infrastructure leakage index and by RW%.
Table 7. Promoted and demoted cities in ILI compared to RW% rank
YVear Promoted Rank by  Rank by  Promoted 13 mm Demoted Rank by  Rank by  Demoted 13 mm
Cities RW%* LI rank meter% Cities RW% ILI rank meter%
2000 Jeongeup 71 9 62 96.0% Siheung 6 74 -68 31.4%
Taeback 77 19 58 97.0% Yongin 18 75 -57 46.2%
Seogwipo 65 10 55 94.8% Gumi 8 60 -52 452%
Naju 75 23 52 93.5% Yangsan 27 72 -45 80.2%
Namwon 59 13 46 94.2% Gunpo 2 43 -41 50.9%
Sangju 48 4 44 91.2% Bucheon 7 46 -39 76.7%
2001 Jeongeup 64 5 59 95.9% Siheung 13 74 -61 30.0%
Naju 71 15 56 93.5% Yongin 9 64 -55 46.4%
Gimje 54 2 52 94.8% Osan 11 57 46 56.9%
Sangju 56 9 47 91.2% Seongnam 21 58 -37 87.3%
Seogwipo 49 8 41 94.6% Gunpo 3 36 -33 50.2%.
Namwon 62 21 41 93.7% Suwon 18 49 31 63.2%
2002 Gimje 58 2 56 95.0% Siheung 9 66 -57 29.4%
Jeongeup 63 10 53 95.9% Uiwang 7 47 -40 36.7%
Naju 51 5 46 93.3% Osan 24 62 -38 56.1%
Sangju 62 19 43 91.3% Hwaseong 23 57 -34 69.0%
Seogwipo 49 7 42 94.2% Goyang 1 33 -32 29.1%
Namwon 59 18 41 93.6% Anyang 15 46 31 52.6%
"RW % : Revenue water ratio (%) °ILI : Infrastructure leakage index
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