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Development of the Non-revenue Water Analysis Equation through the Statistical
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Abstract

In deciding priorities for waterworks maintenance, a scientific and systematic approach would be needed
to examine and analyze the main parameters affecting the leakage, along with water demand quantity, water
pressure, energy costs, and so forth. In this study, a statistical analysis was performed to estimate the
physical parameters in waterworks maintenance with the highest correlation with the leakage. For this purpose,
water distribution analysis was performed to assess the demand energy ratio. The formula of non-revenue
water estimation consists of independent variables related with physical parameters for waterworks.
Deterioration rate of pipes, demand energy ratio and water supply quantity at each demand point were
used in a multiple regression equation for water distribution network analysis. If regional characteristics of
distribution network and demand patterns are considered in developed formula, the estimated accuracy for
calculating the non-revenue water rate will be improved.

Key words: water distribution network, non-revenue water, demand energy, multiple regression analysis
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Table 1. Water distribution network blocked system in Incheon Metropolitan City

Large block Middle block Small block

GongChon (1) 'Inc‘heon International Airport, Geomamg, Yeonhui, Ganghwa, Seongnam, (96)
Gajwa, Etc, (16)

NamDong (1) * Manwol Mt, Subong Mt, Jangsu, Songhyeun (4) (87)
BuPyung (1) + Chunma Mt, Wonjeok Mt, Heemang stream (3) (79)
SuSan (1) + Ohbong Mt, Yeonsu, Songdo, Hagik, Dohwa, Munhak, Seochang (7) (101)
Yeongheung (1) * Yeongheung (1) (2)
NoOn (1) * NoOn (1) 2)

Total : 6 Total : 32 Total : 367

% Source: Waterworks Headquarters Incheon Metropolitan City(2015)
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Table 2. Clustered parameter data of quantitative evaluation
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Non—revepue Deteriorated pipe| Demand energy Pipe length Pipe diameter | No, of demand Daily averagfed
water ration @) ratio (km) (mm) points supplyj quantity
(%) (m'/day)

3.4 3.7 1,47 8.5 1712 587 4.9
9.6 6.9 1,45 8.7 164.0 692 4.3
13.9 9.7 1,57 9.2 166.4 720 3.7
20.1 16,1 1,68 8.0 153.4 908 2.5
27.1 14,3 1,49 7.7 163.9 1,049 2.2

43.8 17.7 1,64 10.6 153.3 886 2.6

Table 3. Regional characteristics of parameter

Area Non-revenue water rate Deteriorated pipe Demand energy ratio
() ()
Old apartment area 10,54 6.87 2.07
Old apartment/detached house 13,98 12,60 1,52
Old industrial area 15,99 9.53 1.49
Old industrial/apartment/
detached house/business area 20.32 9.31 170
Old detached house 27.09 14,67 1,46
Old business area 18,88 14,13 1,69
Old business/apartment/detached house 15.76 9.58 1.46
New development(apartment/business) 9.19 0,10 1,31
New development apartment/
Old apartment, detached house 15.05 10.60 154
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Table 4. Correlation analysis of waterworks main parameter

7

pus

Non— . . No. of Pipe Wate}" Water | Deterior | Demand | No, of
Classification revenue | Pipe Pipe demand length/ | quantity supply |ated pipe| ener leakage
water | length |diameter . demand |/demand PRy PP 8y . &
point . . quantity | rate rate |accidents
rate(%) point point
Non-revenue water rate(%)| 1.00 - - - - - - - - -
Pipe length 0.00 1,00 - - - - - - - -
Pipe diameter -0.11 0.09 1.00 - - - - - - -
No, of demand point 0.17 0.40 0.06 1.00 - - - - - -
Pipe length/demand point -0.18 0.06 0.19 -0.29 1.00 - - - - -
Water quantity/demand point| —0,13 -0.10 0.31 -0.25 0.36 1.00 - - —
Water supply quantity -0.03 0.71 0.32 0.33 -0.09 0.12 1.00 - - -
Deteriorated pipe rate 0.50 —0.06 0.05 0.25 -0.18 0.06 0,01 1,00 - -
Demand energy rate 0.16 -0.19 0.09 -0.05 -0.13 0.03 -0.05 0.05 1.00 -
No, of leakage accidents 0.36 -0.13 0.00 0,37 —-0,26 -0,11 -0.05 0.50 0,14 1,00
50.00 5.000
45.00 - . 4.500 .
4.000 B
g 3.500
]
a2 @ 3000
s g
T
H 3
s w
®
o
s
et e .
000 +mibmmes o’y oo o0 . 0.000 + = : 5 = = -
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Non-revenue water rate(%) Non-revenue water rate(%)
(a) Deteriorated pipe rate (b) Energy rate
450
451.000 ¢ 400 .
.§ 401.000 350
! .
~~351.000 ]
g ; g o : .
5301&0 g . .
= S i
gzsmw :; %
_>'201000 g g
&151.000 §
2 . z
3101030
g 51.000 ..:. . .
1000 e DNt i elins Sem s e 4 @ e s s 0 4 . . . .
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Non-revenue water rate(%) Non-revenue water rate(%)

(c) Water supply quantity per demand point

Figure 2. Single correlation analysis of main parameter
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