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Correlation analysis of key operating indicators of waterworks with
the Infrastructure Leakage Index (ILI)
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ABSTRACT

The ILI, developed by the IWA (International Water Association), has been used in many countries as an indicator of
water leakage. In Korea, the revenue water has been used as a performance indicator for waterworks although there
is an opinion to replace it with the ILI. Hence, it has been necessary to investigate whether the ILI can replace the revenue
water in Korea. The four main operating indicators (i.e., water service population, profit-loss ratio, fiscal self-reliance,
and aged pipe rate) of 162 Korean waterworks were compared with the ILI with the linear regression method. Local
water authorities with more than 1 million water service population, with more than 60% profit-loss ratio, more than
40% and less than 60% fiscal self-reliance, and more than 20% aged pipe rate showed meaningful correlation between
the four parameters and the ILI. In the remaining cases, their correlations were little or weak. This means that using
the ILI may not be an efficient method to represent the performance of the water supply system in Korea because of
the lack of UARL (Unavoidable Annual Real Losses) data accuracy. To use the ILI in Korea, it will be required to carry
out an additional research to accumulate reliable CARL (Current Annual Real Losses) and UARL data in the future.
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6]7] 4], Ly : Length of water main (km)
N; : Number of connections
L, : Length of private pipe (m)
P : Average Pressure (m)
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Table 1. Grouping criteria for four operational parameters of a water authority
Group Service Population(P) Profit-loss Ratio(R) Fiscal Self-reliance(F) Aged Pipe Rate(A)
I 1x10° = P 100% = R 60% = F 20% = A
I 0.5x10° < P < 1x10° 70% = R < 100% 40% = F < 60% 10% = A < 20%
I 0.1x10° < P < 0.5x10° 40% = R < 70% 20% = F < 40% 5% = A <10%
v P < 0.1x10° R < 40% F < 20% 0% < A < 5%
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Fig. 1. Service population group and the ILI distribution.
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Table 2. Linear regression for service population and the

ILI

Group No. of cities Linear Fitting Formula R?
I 9 y = —9E-07x + 10.756 0.5119
II 12 y = —8E-07x + 8.023 0.0023
III 45 y = 1E-05x + 8.2611 0.0265
v 96 y = 3E-05x + 9.2353 0.0061
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Fig. 2. Profit-loss Ratio(R) and the ILI distribution.
Table 3. Linear regression for Profit-loss Ratio(R) and the ILI
Group No. of cities Linear Fitting Formula R?
I 5 y = 0.1564x — 7.8519 0.1374
II 67 y = —0.0573x + 14.5 0.0045
III 67 y = 0.0071x + 10.559 6E-05
v 23 y = 0.23x + 2.218 0.1135
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Fig. 3. Fiscal Self-reliance(F) and the ILI distribution.
Table 4. Linear regression for Fiscal Self-reliance Ratio(F) and the ILI
Group No. of cities Linear Fitting Formula R?
I 7 = —-0.1964x + 21.124 0.4299
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Fig. 4. Aged Pipe Rate(A) and the ILI distribution.
Table 5. Linear regression for Aged Pipe Rate(A) and the ILI
Group No. of cities Linear Fitting Formula R?
I y = -0.1x + 19.629 0.0064
II 12 y = -0.602x + 20.893 0.0595
I 18 y = 2.1303x — 6.3439 0.2049
v 46 y = 0.6167x + 7.8458 0.0308

Table 6. Linear regression for Service Population and the ILI

Service Population

Linear Fitting Formula: ILI (as y axis) vs. R, F, and A (as x axis)

Group Profit-loss Ratio(R) Fiscal Self-reliance Ratio(F) Aged Pipe Rate(A)

I y = —-0.0813x + 15.057 y = —0.1924x + 19.883 y = 0.1448x + 7.6484
R* = 0.0224 R* = 0.4198 R* = 0.0083

I y = 0.071x + 0.8881 y = 0.0017x + 7.3697 y = 0.1885x + 7.0023
R* = 0.1018 R* = 0.0000005 R* = 0.0770

- y = 0.0139x + 9.7196 y = —-0.0355x + 12.099 y = 0.3491x + 8.9677
R* = 0.0006 R?* = 0.0039 R* = 0.1772

- y = 0.0164x + 9.458 y = 0.3079x + 5.4067 y = 0.1060x + 9.9233
R* = 0.0015 R® = 0.0752 R* = 0.0089
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Table 7. Linear regression for Profit-loss Ratio(R) and the ILI
Profit-loss Ratio Linear Fitting Formula: ILI (as y axis) vs. R, F, and A (as x axis)
(R) Profit-loss Ratio(R) Fiscal Self-reliance Ratio(F) Aged Pipe Rate(A)
I y = 5E-06x + 6.3388 y = —0.0587x + 11.228 y = 0.1857x + 8.0670
R* = 0.4252 R* = 0.0913 R® = 0.3112
I y = —9E-07x + 10.255 y = —0.0361x + 11.083 y = 045141x + 7.7158
R* = 0.0317 R? = 0.0104 R* = 0.2509
I y = —1E-05x + 11.623 y = 0.1864x + 7.4536 y = —0.0905x + 11.290
R* = 0.0092 R? = 0.0383 R* = 0.0058
v y = 9E-05x + 5.9396 y = 0.2004x + 6.4171 y = 0.3138x + 8.3859
R* = 0.1246 R? = 0.0156 R® = 0.0433
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Table 8. Linear regression for Fiscal Self-reliance and the ILI
Fiscal Self-reliance Linear Fitting Formula: ILI (as y axis) vs. R, F, and A (as x axis)

() Profit-loss Ratio(R) Fiscal Self-reliance Ratio(F) Aged Pipe Rate(A)

I y = —6E-07x + 8.9931 y = 0.2295x - 12.726 y = —0.6727x + 8.908
R* = 0.5919 R® = 0.2045 R* = 0.2927

I y = —1E-06x + 10.091 y = —0.1025x + 17.777 y = 0.9363x + 6.7353
R* = 0.0266 R® = 0.0313 R* = 0.4790

- y = —9E-06x + 14.694 y = —0.0549x + 16.929 y = 0.1526x + 12.248
R* = 0.0224 R® = 0.0113 R* = 0.0185

v y = 1E-05x + 8.8656 y = 0.0043x + 9.0566 y = 0.1446x + 8.6738
R* = 0.0026 R* = 0.0002 R* = 0.0347
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& vebd ARA-E 20% ©]4~40% 1]2k] Group
1ol 4 A3 A 4= 0.01850] ATk,

3.5 ZEE HIZ OFE 30 I XL ILI9| 2t
2|

g 15 &= AAATE G5
% 9 dT o] mE ILL A
oy Z4Zpe] Qlxpel ILIZEe] A= A A
HAA BA AE Table 90 A2ttt
W F2=o1ol L] A HE

4 o o

gt A3t Addeige] et Ui vl A 1F BF
Faoleb LI Bxo] AAA 27} 0.0010~0.1039%
Fedtet I Aol Ao ¢l AC = eyttt
Ul A O1F F 7MY =2 A4S vEd Fdd
H|E 10% ©]A4H~20% 1|ukel Group IO A AR AL

0.10398 7H¢ =okoh 7P W2 AdS vetd 4
A& 5% o]4F~10% H1|ekQl Group IIIof| 4] 277
2= 0.00100.2 714 Wort)

AEE v 1Y d4skEed I AU HE
gt A3, Fdd vl wet vie Wl JHe IF F
ZAAH & 20% ©]/d?] sh+e] Group T4 A A

Table 9. Linear regression for Aged Pipe Rate and the ILI

71 057112 AL LIV} AR ARlog =
< A4S UERRAINE YA A o) 252 A%

ES
Aro] gle oz yebyth v A a5 F 7

S AHAS yERH A E 3 18 20% ©]4FS] Group
1A AAASLE 057112 7 =9tk Add v

=

Hlg 15 A =} I A HE
gt Ay}, Ay vlgo) ot e Yl Jie I1F 2F
ANAAL E o} [LI EZ o] AAA ST} 0.0237~0.27822
AHAFH = of TLIof| oFgt Aol AL, A9l Aol
S Aoz etk |l 9 15 F 7P =2 AT
= HEbd A vl 10% ©]/4d~20% v|Rkel Group
ol A AAASL 027822 714 =9kth AW v
5% ©]4~10% u]qtel Group 1o Al A& Al4+= 0.0237
2 7PY 92 A YERth

3.6 ILI? 47 X|ES| Autd ZHE

ot @Sk, AAEE B Fdd v
et ZE oide THAlE AARAE 1Y aFLe
Lol 2R IR} LI Afo] o) S HESH
T B Ao 5= TolA Faelat 1005 o)<l
ARA o] APAH =S} ILL 232, A3 100% ©]
&R AAA O] Qe ILL =32, APA- = 60%
ol AAA 9] Tl Sk ILT &2, A7
A E 40% ©]A~60% ulFkel x| &}A Q] Add v
OF ILI 23, Fd¥t B& 20% o]l AAAo] d4
k&t ILIEE 67]ol ARt S 2he Ao s UEy
o, Yz 42719 Af-olx= 2AS 0.16 vyt

Aged Pipe Rate Linear Fitting Formula: ILI (as y axis) vs. R, F, and A (as x axis)

(A) Profit-loss Ratio(R) Fiscal Self-reliance Ratio(F) Aged Pipe Rate(A)

I y = 2E-05x + 14.820 y = 0.3432x — 4.9598 y = 0.2120x + 11.574
R* = 0.0451 R* = 0.5711 R* = 0.1652

- y = 1E-05x + 10.405 y = —0.0546x + 16.344 y = 0.4356x + 3.3538
R* = 0.1039 R?* = 0.0392 R* = 0.2782

- y = —5E-07x + 10.077 y = 0.0345x + 7.7007 y = 0.0601x + 8.4119
R* = 0.0010 R?* = 0.0150 R* = 0.0237

v y = —8E-07x + 9.6863 y = —0.0167x + 10.299 y = —0.0682x + 11.237
R* = 0.0569 R?* = 0.0041 R* = 0.0550
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