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ABSTRACT

Waterworks facilities inevitably experience some amount of leakage even if there is a lot of investment or state-of-the-art
technology that is applied such as DMA(District Metered Area) system construction, leakage detection, repair, pipe
rehabilitation, etc. The primary reason is the leakage is naturally restored over time. In the UK, this restoration characteristic
is defined as NRR(Natural rate of rise of leakage) and used to decision making for prioritizing active leakage control
of DMAs. However, this restoration characteristic is well recognized, but researches on NRR in the water distribution
system are insufficient in Korea. In this study, the estimation method of NRR was developed suitable for applicating
in Korea considering of SCADA data, water infrastructure, and water usage patterns by modification of the UK's NRR
method. The proposed method was applied to 9 DMAs and verified it's applicability by comparing with the other water
loss performance indicators. It is expected that the proposed method can be used to support decision making for sustainable
NRW(Nor-revenue water) management in the water distribution system.

Key words: Active leakage control, District metered area(DMA), Natural rate of rise of leakage(NRR), Water distribution
system, Water leakage
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Table 1. Average leakage flow rate in UK

Leak type Median flow rate
(detected and reported) (m%/hr)
Mains 3.0
Mains fitting 0.15
Communication 0.4
Supply 0.4
Communication and Supply fitting 0.1

Tk (Rogers et al., 2007). 5=+2] Welsh water AKjit) ol 4|
= 20073 R E AR Femdds S48 9l
e vgo) WAL 9T 5L BAehen) o
23}31 Qth (Welsh Water, 2018).
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Fig. 1. lllustration of proposed method for estimating NRR.
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Table 2. State of DMA facility

DMA | Average flow rate | Pipe length Property Household
name (m’/day) (m) Number Density (/km) Number Density (/km)
A 1,798 56,555 1,788 (3.1%) 31.6 3,190 (2.0%) 56.4
2,541 15,158 437 (36.6%) 28.8 3,904 (4.4%) 257.6
C 1,763 35,221 1,821 (0.3%) 51.7 2,416 (0.2%) 68.6
D 1,409 28,737 1,429 (2.8%) 49.7 2,308 (1.7%) 80.3
E 1,943 26,220 1,664 (0.4%) 63.5 3,080 (0.2%) 117.5
F 5,865 19,349 576 (9.7%) 29.8 8,412 (1.0%) 434.8
G 2,359 37,613 1,105 (3.4%) 29.4 2,644 (3.9%) 70.3
H 3,408 32,541 1,141 (2.2%) 35.1 5,037 (1.0%) 154.8
1 1,094 21,531 1,078 (-0.1%) 50.1 1,663 (-0.1%) 77.2

* (): Year on year growth rate
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Table 3. State of number of repair, pipe material of leakage
[Unit : EA.]
DMA name DCIP PE PVC SP STS Unknown Total
A 1 3 4
B 1 2 3
C 2 5 7
D 1 4 4 9
E 1 1 1 5 8
F 1 1
G 2 10
H 8
I 10
Total 6 25 4 1 21 4 60
Table 4. State of location of leakage
[Unit : EA.]
[ G ot Gommiaon | Do | o | 1o
A 2 1 1 4
1 2 3
C 3 1 2 1 7
D 3 1 1 4 9
E 1 4 1 2 8
F 1 1
G 10 10
H 8 8
I 10 10
Total 6 10 7 5 32 60
Table 5. Average leakage flow rate by location type FZFH27F 2yt Yelo g o=
Location type of leakage (x?/ir;) Std.(ri?/‘ﬁgﬁon %Hﬂ_ T’E—fﬂg o =, JZJ-QL?‘%]:%% °) _1} °!
7b 252l uet Aol e dRde e F
Customer meter 1.23 0.25 ol -2eko] Aolyl o]Eem o]¥ GLof A Aot
Joint and fitting 1.79 0.73 Sl BAARE 2i =B Algo] B asit) o
Communication pipe 0.40 0.14 £
Distribution main pipe 2.35 0.71 3.2 L=4ELdEE APY Zn} ON’
Unknown 2.40 2.56 =
20 A 97 aESe dAF 2R Fig 29 HAj
7 Hojy ek gREAE tha 2 Zo 2 UE w2t FeRddS ARl Fig 4= 255 GY
g, E5 dARYE & 4 g A9(Unknown)  SIXF ORI AR WIS UER :LEHEOIEP, 17]
= o8 EoA S eSS ddst aFeR A e #7]1E A AEF HolHE #2713 A
Fol BALME Pl wep REAA7L Fughn  OlF, dedem BAE AL FesrE AR
g 2 42 2k ol Hod s B4 ARE- W= B THS o F RS ou|dith o7
H ARl 2872, AsHE ARE &g Ao = A, B *16“0}11 A2 79 oRrHARE At
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Fig. 4. MNF of DMA G.

Table 6. Estimate result of NRR

Table 7. DMA operation data

Unrepaired MNF

DMA NRR NRR NRR DMA ANRW ARWR AZP
name (m*/day) (/p/d) (m®/km/d) name (m®/yr) (%p/yr) (kgf/cm?)
A 192.0 107 3.4 A -10,420 +1.4 4.74
B 235.6 539 15.5 B -15,834 +1.8 3.96
C 66.4 36 1.9 C -34,745 +3.5 4.27
D 418.3 293 14.6 D 52,251 -9.9 4.15
E 0.0 0 0.0 E -5,286 -1.2 4.40
F 290.8 505 15.0 F 52,536 -2.5 4.37
G 369.6 335 9.8 G 60,140 -4.3 4.62
H 133.9 117 4.1 H 35,884 -2.7 3.40
I 272.4 253 12.7 I 20,447 -4.9 4.54
HEFS FrEddor Aetqlnh o, AgH 4 U= oJmjsti= Zo] ofet EA7I17F Fet
= o ©9 FFeR s f1ste] ofxh-d HAA T W o= omeith
4=(Night-Day Factor, NDF)E +3lj5=3ith T @Al 7P 2A EA £5 D=
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o] 757} 08 ol4to] HES HIRE RS 1
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LFE A U REUUr ATRAE ol £ o ‘;
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Table 9. Correction factor(DP, . ) according to pipe age T ’/ o I,’
Pipe age Correction factor - H
under 10 years 100 0.0 i . \‘:’\_._E_,':’/ i
11~20 years 90 5 = - - -
21~30 years 80 Score of deterioration
more than 31 years 7 Fig. 6. Scatter plot of deteriotation score vs. NRR.

Table 10. Weight factors for pipes condition assessment

Weight factors according to pipe material
Evaluation criterion
Steel CML-DIP CIP/DIP Non-metallic
(1) Pipe diameter 0.098 0.052 0.065 -
(2) Pipe laying years 0.255 0.236 0.234 0.050
(3) Water quality corrosion 0.041 0.034 0.085 -
(4) Soil corrosiveness 0.059 0.071 0.098 -
(5) Cathodic protection 0.118 - - -
(6) Type of soil - - - 0.160
(7) Depth of pipe laying 0.028 0.038 0.032 0.047
(8) Type of road 0.037 0.039 0.039 0.055
(9) Max. of pressure 0.083 0.125 0.103 0.187
(10) No. of failure 0.194 0.249 0.227 0.323
(11) No. of connection 0.087 0.156 0.117 0.178
Sum of weight 1.000 1.000 1.000 1.000
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Table 11. Scoring method for pipes condition assessment
Evaluation criterion Unit Benchmark Score of - Pipe type
< 500 0.00
500~700 0.35 Sp
800~1,200 0.70
o 1,200 > 1.00
Pipe diameter mm
< 300 0.00
300~500 0.35 DCIP
500~800 0.70 DIP
800 > 1.00
30years > 0.00
Pipe laying years years 20~30 0.35 Commonness
10~20 0.70
< 10years 1.00
LI<-2 0.00 Sp
. . L.L -2<LI<1 0.35
Water quality corrosion (Langelier Index) -1<LI<0 0.70 ]:])j(ﬁjp
0<LI 1.00
< 1,000 0.00
1,000~2,000 0.20
2,000~5,000 0.50 SP
5,000~10,000 0.80
10,000 > 1.00
Soil corrosiveness Q-cm < 700 0.00
700~1,000 0.20
1,000~1,200 0.50 DCIP
1,200~1,500 0.80 DIP
1,500~2,000 0.90
2,000 > 1.00
. . Electric potential X 0.00
Cathodic protection (-850~-2,500mV) 5 1.00 SP
Gravel 0.00
. Gravel + soil 0.35
Type of soil - Soil 0.70 PVC
Sand 1.00
3.0 > 0.00
. . 2.0~3.0 0.75
Depth of pipe laying m 1.0~2.0 1.00 Commonness
< 1.0 0.10
Highway 0.00
Two way lane 0.50
Type of road - One way lane 0.70 Commonness
Backroad 1.00
o
7.0 > 0.00 8
5.0~7.0 0.35 o
Max. of pressure kgf/cm2 3.0~5.0 0.70 Commonness %
< 3.0 1.00 =
o
0.1 > 0.00
km/ 0.075~0.1 0.25
No. of failure [inEI{Xe.cent };ea;:rs] 0.05~0.075 0.50 Commonness
Y 0.025~0.05 0.75
< 0.025 1.00
5.0 > 0.00
. 3.0~5.0 0.35
No. of valve, connection EA./km 1.0~3.0 0.70 Commonness
< 1.0 1.00
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Table 12. Score of deterioration by DMA

DMA Score of Average of

name deterioration pipe age Group
A 74.0 10.5 i
B 79.7 9.9 i
C 62.4 18.2 ii
D 63.2 19.5 ii
E 60.4 19.9 ii
F 71.5 11.2 i
G 67.4 12.7 i
H 57.0 21.7 ii
I 53.1 26.3 ii

Table 13. Pearson correlation coefficient by group

Pearson correlation coefficient
0.759
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