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ABSTRACT

As an advanced study on the method of calculating the target revenue water ratio of local waterworks through the
leakage component analysis method proposed by Kim et al. (2022), this study developed a model to calculate the achievable
revenue water ratio within the specified project cost, the required project cost to achieve the specified target revenue
water ratio, and the economically appropriate target revenue water ratio level by considering the leakage reduction
cost and leakage reduction benefit for each revenue water ratio improvement strategy, and conducted an applicability
evaluation of the developed model using actual field data. The procedure for calculating the target revenue water ratio
of local waterworks considering economics proposed in this study consists of three stages: physical data linkage model
construction, leakage component analysis, and economic analysis, and the applicability was evaluated for Zone H with
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branch type and the Zone M network type. As a result of the application, it was calculated that approximately 32.5
billion won would be required to achieve the target revenue water ratio of 70% in the Zone H, and approximately
KRW 10.5 billion would be required to achieve the target revenue water ratio of 75% in the Zone M. If the business
scale of Zones H and M was corrected to 10,000 ni/day of water usage, the required project cost for a 1% improvement
in the revenue water ratio of Zone H was calculated to be 0.7642 billion won and 0.4715 billion won for Zone M.

Key words: Target revenue water ratio, Leakage reduction, Pipeline management, Water pressure management, Leakage

component analysis
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Fig. 1. The flow chart of this study.

pp. 311-324

313
Journal of Korean Society of Water and Wastewater Vol. 37, No. 6, December 2023



oh. SAREES wjetE Xl%jﬂ%a AAE S

7o AR dlolEE ARSI, HEEAT
719 =HES X*ﬂo}oi APkt 1

E’J H%‘%#%k% Lambert et al. (1999)0] 4] A|A] gt

H Hd, S el tie iz
£ A0 2

flo oo

BackgroundLeakage (m3 /d)

= (0.02x A(m) +1.25x B+ 0.033x C(m)) x

ICF x (215 %24 /1,000

50 (1

of71A, AL 5T Am), BE FHAR, CE &
Wk A& m)olm, ICF= AR, Paes Bt
Soroltk. o] F Ch ARy] Aw AsWHoA A
A o] Aoz Ffe] A9t o2 Helst
of Befsti 9lA gk ek olF A3t 915 &

WALR S/l AR A A
o B 2 mE Helste] & FHUARSHme
2 mE W e st A0y o) A8 stel 2

g8t

BackgroundLeakage (m?/d)

= (0.02x A(m) +1.25x B+ (S(m)—2) x

ave.

P
0.033x C(m)) X ICF x (—== 50 )15 <24 /1,000

(@)

Hreg Fhedold AR HFE At
HOoR st o, HEY HArag AYS 8 2
A Fgrold 9 AR Ao odl F uth ko
vl =3 30%, S 50%, G543 20% B8-S 285}
o] AHgstalch

o]F A=W WjEEH A EFY AT E w0l
st DANE Ais gkt dAAHelH
g LAY U oA o AEE #
UFFAE TAISHHA WME S B3 IHRE &
TR I ofHeRkS APgshe WRiolth o]
gt AANES sHA HW Aqtm o &, oA
FrEe A AT 4 glo] I et 3
g Alare] &8Ado] =k A 7Sl AP E
NE w2 R BgS dAXAEE AR
H dAE Fpgoa FHAste] AEuisiA =E 2
o} Aeet g Edo] AE 5= ik o)A A=
g wjeEY SRS §08 Al AT
A8 A MNFd sl A=, &
AaL Ad2ko] st miHE 483 HHT 4
EEAE B9l EEERE ReATE, 48 52
Ay & 4= Qi

g Aol A=k YRR A), FEA
9 Bt okte] 9 Al wARE ARl o,
g AHEE A7 AR oS

Table 1. Parameter and value for Background leakage calculation

Parameter value unit
Background leakage on mains (A) 20 L/km/hr
Background leakage on service connection to curb stop (B) 1.25 L/conn/hr
Background leakage on service connection from curb stop to meter (C) 0.033 (0.5) L/km/hr (L/conn/hr)
ICF (Infrastructure condition factor) 1~4 -

Table 2. Leakage component and parameters that can be reduced by revenue water ratio improvement strategy

Division Pipe replacement

Leakage detection Pressure
& repairs management

Old meter
replacement

Background and

Leakage component bursts leakage

Bursts leakage

Background and
bursts leakage

Apparent losses

Parameter

Infrastructure Leakage detection
condition factor(ICF) efficiency

Leakage index(N1)

Meter dead rate
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connection
52.7
23.1

total pipe length/
(m/conn.)

H Fejmc 2 2o o

connection
(m/conn.)
30.3
19.2

distribution/

supply/
distribution
0.74
0.20

(m/m)

number of
connection
(conn.)
14,387
3,078
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supply pipe
length(m)
322,549
12,045

distribution
pipe
length(m)
435,950
59,152

Zone name
Zone H
Zone M

Table 3. Current status of regional characteristics of Zone H and M of study area |
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Table 4. Status of revenue water ratio before project(2017) in Zone H

Zone name Flaow USflge Apparerxlt losses | Background anjd bursts Revem.le water

(m'/d) (m'/d) (m'/d) leakage(m'/d) ratio(%)

HJ 2,691.3 951.1 32.5 1,707.8 35.3%

SC 1,823.2 643.4 22.0 1,157.9 35.3%
KS1 2,363.6 416.5 14.2 1,932.9 17.6%

1] 1,912.1 563.1 19.2 1,329.8 29.4%

KK 1,569.8 642.6 21.9 905.2 40.9%
KA2 2,718.2 493.3 16.8 2,208.1 18.1%
KS2 1,303.0 517.8 17.7 767.5 39.7%
112 1,045.5 68.0 2.3 975.2 6.5%

JS 824.8 466.2 15.9 342.8 56.5%

(0)3 1,199.1 566.5 19.3 613.2 47.2%

DL 1,342.1 414.6 14.1 913.4 30.9%
KA1 1,386.7 148.8 5.1 1,232.9 10.7%
GD 1,702.6 590.9 20.2 1,091.6 34.7%

SD 1,429.0 484.0 16.5 928.5 33.9%

UL 5,152.3 1,461.3 49.9 3,641.1 28.4%

HL 3,734.6 1,783.2 60.9 1,890.5 47.7%

HS 2,755.9 1,335.9 45.6 1,374.4 48.5%
Sum(Zone H) 34,953.9 11,547.0 394.1 23,012.9 33.0%
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Table 5. Status of revenue water ratio before improvement(2022) in Zone H

Block name Flpw Usage Apparept losses Backgroupd Bursts Revenue water

(m'/d) (m'/d) (m'/d) leakage(m'/d) leakage(m'/d) ratio(%)

HJ 1,987.5 1,014.8 34.6 105.4 832.7 51.1%

SC 1,418.2 796.5 27.2 271.0 323.5 56.2%

KS1 1,838.6 515.6 17.6 215.1 1,090.3 28.0%

I 1,233.4 629.2 21.5 152.0 430.7 51.0%

KK 1,159.2 685.6 23.4 164.9 285.3 59.1%

KA2 1,320.5 1,131.7 38.6 55.8 94.3 85.7%

KS2 1,013.6 641.0 21.9 63.9 286.7 63.2%

172 772.1 72.5 2.5 30.0 667.1 9.4%

JS 641.6 577.1 19.7 27.1 17.8 89.9%

(0] 885.5 604.5 20.6 81.3 179.1 68.3%

DL 991.1 442.4 15.1 49.6 484.1 44.6%

KA1 673.7 341.3 11.6 47.0 273.7 50.7%

GD 1,257.3 630.4 21.5 124.3 481.0 50.1%

SD 921.8 540.9 18.5 202.9 159.6 58.7%

UL 3,323.5 1,632.8 55.7 358.4 1,276.5 49.1%

HL 2,757.9 1,902.5 64.9 167.6 622.8 69.0%

HS 2,035.1 1,425.3 8.2 240.9 360.7 70.0%

Sum(Zone H) 24,230.6 13,584.1 423.2 2,357.2 7,866.1 56.1%

Table 6. Parameters for leakage component analysis in Zone H

Infrastrft;tcz‘?;gé:;)n dition Leak;%;adc;ztce;tlon Leakage index(N1) Meter dead rate
4 — 1 50% 1.5 3.3%
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£ Prioritization{by Step)
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[
o

—8—Revenue water ratio

Fig. 2. Leakage component analysis results for HJ small block in Zone H.

Table 7. Criteria for applying pipe replacement cost in study area )

Diameter Pavement Type(Won/m)

(mm) ASP Con’C Non Surcharge Applied
13 161,793 127,279 28,078 218,421
16 161,793 127,279 28,078 218,421
20 161,793 127,279 28,078 218,421
25 162,964 128,281 28,643 220,001
32 164,632 129,725 29,503 222,253
40 164,714 129,807 29,585 222,364
50 170,481 134,899 32,927 230,149
60 175,863 139,831 36,693 237,415
65 183,602 147,008 42,412 247,862
75 183,602 147,008 42,412 247,862
80 183,602 147,008 42,412 247,862
100 191,340 154,185 48,131 258,309
125 236,098 197,818 88,848 318,732
150 252,086 212,682 100,796 340,315
200 268,073 227,546 112,744 361,899
250 314,739 271,964 151,330 424,898
300 362,268 317,245 190,779 489,062
350 402,525 355,254 222,956 543,409
400 466,505 416,986 278,856 629,781
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Table 8. Criteria for applying pressure management cost by pipe diameter

L Cost(won)
Division
D50~ 100mm D150~ 200mm D300 D400
PRV 10,000,000 15,000,000 30,000,000 40,000,000
Valve room 5,000,000
TM/TC 10,000,000
Construction 5,000,000
Sum. 30,000,000 35,000,000 50,000,000 60,000,000
Table 9. Criteria for applying leakage detection cost surcharge rate by revenue water ratio
More than
50% or less 50~55% 55~ 60% 60~65% 65~ 70% 70~75% 75~80% 50%
(o]
0.8 0.9 1 1.2 1.4 1.6 1.8 2
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Table 10. Economic analysis results for Zone H

Division Max. B/C Max. B-C B/C>1 Project target RWR 70%
Revenue water ratio(%) 61.5 62.0 66.5 70.0
Required project
i 164.4 166.6 263.8 325.0
cost(100 million won)
B/C 1.41 1.41 0.98 0.83
5,000,000 100%
Max. BfC Max B-C | BfC =21 || RWRT70%
(B/c3.13) || (B/C3.01) | (B/C116) || (B/c0.81) 90%
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Fig. 3. Economic analysis results for HJ small block in Zone H.
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Table 11. Status of revenue water ratio before project(2022) in Zone M

Zone name Flow Usage Apparent losses |Background and bursts | Revenue water
(m'/d) (m'/d) (m'/d) leakage(m'/d) ratio(%)
Sum(Zone M) 16,150 5,120 175 10,856 31.7
Table 12. Status of revenue water ratio before improvement(2022) in Zone M
Block name Flow Usage Apparent losses Background Bursts Revenue water
(m'/d) (m'/d) (m'/d) leakage(m'/d) leakage(m'/d) ratio(%)
Sum(Zone M) 10,192 5,120 175 495 4,403 50.2
50,000 100.0%
45,000 90.0%
40,000 80.0% _.
S
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5 T
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Fig. 4. Leakage component analysis results for Zone M.
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Table 13. Economic analysis results for Zone M

Division Max. B/C Max. B-C B/C>1 Project target RWR 75%
Revenue water ratio(%) 53.6 61.8 76.0 75.0
Required project
o 39.4 55.5 114.0 104.7
cost(100 million won)
B/C 2.61 2.21 1.29 1.34
18,000,000 : : 100%
Max. B/C | Max. B-C | RWR 75% B/C21
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Fig. 5. Economic analysis results for Zone M.
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Fig. 6. Cost and benefit estimation curve calculation results by achievable revenue water ratio for Zone M.
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Table 14. Comparison of project cost calculation results to improve revenue water ratio by 1% for Zone H and M

Project cost to improve
Division Rm before | Achieved Requlrs(()lstprmect Correction coefficient [101;Wnillli)z’n1:€on)
project(%) RWR(%) (100 million won) (total usage rate) - After
correction correction
61.5% 164.4 5.768 5.018
62.0% 166.6 0.87 5.745 4.998
Zone H 33.0% ,
66.5% 263.8 (10,000/11,547m'/d) 7.875 6.851
70.0% 325 8.784 7.642
53.6% 39.4 1.799 3.508
Jone M 21.7% 61.8% 55.5 195 1.844 3.596
76.0% 114 (10,000/5,120m'/d) 2.573 5.017
75.0% 104.7 2.418 4.715
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