ISSN(Print): 1225-7672 / ISSN(Online): 2287-822X

DOI https://doi.org/10,11001/jksww,2022,36.6.377 |

=y _IC1>__JIK_% CIAM 2 0|3|. OoOAD I‘"ﬂ X2k AP

2o= TI TTrT = L= o
HitH= Il 2 XME

Development and application of methology for calculating revenue
water ratio improvement strategy to achieve target revenue water
ratio
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Korea Water Resources Corporation

ABSTRACT

This study set up the revenue water ratio that could be achieved within the range of the expenses of the water distribution
network maintenance project, developed an analysis methodology that could estimate the additional project quantity
to achieve the target revenue water ratio of 85% and applied and verified that to S. City. This methodology allowed
the distribution of the leakage quantity for each leakage component by the pipeline through the total revenue water
account balance analysis and BABE approach and the redistribution into the calculated leakage quantity more accurately
through a step test. In addition, the level of reduction in leakage and the quantity of the project were estimated before
and after the application of four strategies for the promotion of the revenue water ratio presented by IWA, according
to the leakage components by the pipeline. As a result of the application of this analysis method to S. City, it would
be possible to achieve up to the revenue water ratio of 81.0%, which was 74.7% in the beginning, if the water distribution
network maintenance project was promoted within the range of the project expenses, and to achieve the revenue water
ratio of 85.0%, the goal of the project, it would be necessary to replace the pipeline of 22.2% of the entire pipelines
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in the target area. As a result of the re-estimation of the revenue water ratio achievable, applying the actual water
distribution network maintenance quantity in the scope of the business with the results of this analysis, the revenue
water ratio was 81.7% while the actually measured revenue water ratio was 82.3%. Thus, the reliability of this analysis

method could be secured to some extent.

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

component analysis
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Table 1. Total revenue water account balance analysis of south korea and IWA (Kwater, 2011)
Y
South Korea WA
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BT . . Billed
NeEa . Billed metered consumption ’ Revenue
p TS authorized
e H . ) water
7|l ek consumption | Authorized
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'V
Leakage on transmission and/or Water water
distribution mains losses
Fasr e Leakage and overflows at Real losses
° utility’s storage tanks
Leakage on service connections
up to point of customer metering

Journal of Korean Society of Water and Wastewater Vol. 36, No. 6, December 2022



| SE 948 DU Sl 548 AT 20 1Y YU I U 48
S W FE A5 29 %el(mol .
lRIE sl QE £AUNHOR BESYF  E AToIAE Lambert et al (1999)04] At
oL}, A&ATES wEAIC] H W Aol wel 2 e Abele] ASlVIN AN, F, S
Aol Fomel tig g Aa gl 2w
B2 meo] od WAlSl: sfeleal hiE o WA ARE JvoR ART ous 38 Bl
Aol gt AT 917 sl W W ALATE QU of RY WARRES APgelRon, & el
off ofa] frsepo] APYEIL) Thzo] Ofat e & A WARSEE AT RS rswow oo ¥
<k EA 9 AT FoR Akd Byl kel 4 2@ el
AZE A% SEAEe] S welg o 2R W
A o el ersl) Jhselch whEol, WA 213 948 T Y e M
FHFE FEEAREE FElAE ddo] of e, __1—11_14101]/\_]1_ J‘__} Aol wosl ARl Aulo
A7 YO Qo A A SAF Ll eo vroper mAlm ol Sl Lhe Aol
o ek ol A SEAAAN AT AEANRE oy ojop ey A GUE $ape oA
& L e wel Aokl  shiel e W i dben £,
FONAE f8 R FEET 2ol MEES ol une v ol w g S Dol A
82 ARG WAYE PAHT A ASEF Iy o ]gj& . ] o ool wael o
Ao FATFPTS B G BHET TAL T o) we paerel wasA Bel, Ay U
93, 8 4 53 2ol Bl SAK Loy i g o) g, mel, AL
TS AU St AN 2 Aol AEA - yoqne) me o7 Ajoldl ofat GRre wol wi
¢l A vk o] H Qo] A|7| = oRtHME and o} AFAFEIF 2 QAT AFIRpe] AL =)
K-water, 2015). IWAE L3 48 A1HHS 4 AA YR s 2 BA glo] A Expe} Au|A
gateleke A4 ool THE & AL WAl g wamy gk me] SaeAlol Ao A
7heotH, wEZol, g+, B 0 E2 o ARl ANFF T, ARl SR AN, A 92|
e aa TIe R 0T o= 5o w2 A0 03 Sl Rl
° =

Al 3yt A E
A A5}

ILI= @A o] HA7HAl<AlaK Current annual real losses,
CARL) tiH] &-&7}s3 H&d

o] ILI (Infrastructure leakage index

ZH(Unavoidable annual

real loss UARL)S’J H| 2 AALE E}— CARLE mE %"?_r
A Esl A8 Baetel, ol Aud v

W omhd AT NIAA wFat] ofs) Zrbalth
UARLS @7 AlHof st 29 apol 4] ol w3t el
o2 A BrHsE 5§ ALUFOR oA AY
3t BABE 12 &-83}9] Lambert et al. (1994)7}

AARE 4 )= F3f APt

UARL = [AX L,,+ BXN,+ CX L ]xX P ¥)

A7) A, A= v Al L vl 4 ol(km), B+
AdF+H A, Nc =4 Z=(connection), C= 2

WEsw A4 L SUF4e Zolkm), PE 3

B9, AN, au3le 5o wAIE AHAA R s
7] ook E3h AR REe] kst Qle whee Al
A =9t FAE HuA FEwA 9 St A
g A= Qe AA A 7ol of 22 A A o]th(Korea
Research Institute for Human(KRIHS), 2016).

3L, e Aske] =4 fdd
el Sl PP, Bt o o S
oF 2, TR AEIRA, Aok AT, AR
w9 A% A2 5ol gtk
Alsk 917} 52 grecE Belss 54
& ] SHolA yolrk AEAA
e FEARA e Aal A 9
Q7= QQTHK-water, 2009).

IWA ] Water Losses Task Forceo]| A= 9FA] %
UARLZ} CARL 7S 8] i, ===
T A% 2D BB R, AT wi
Ao e 47 e Bestol wa

1 A1
T

th:—ﬂ'
©
ft

-1r
5
FIF

JlN' O_L4 ﬁ;
e g < 1P

4
2

7J}X

A

SN CIRN G VRSN (<)

112

= dr of
st

=1

L
Aol s

o =

380

dotrEstR|A| A36H Al6E 20229 128



oN
0
Ofol
oN
N
@
>
0
r'.'_
M
a
&
O—

Aolg} A sFATE. Ao AgFrozy HFssch ol ¢l Fig. 13}
2 Aol olF Ve R f& Andds Zo] F 57HA] A HAE AAE o, B A

AGAQ A & S4S fs) D) WEAn], 2) AP S0 whet tools st AEsHith 2z

AL B B 3) S ARE] A, 4) SUAolR A ey o3t Z

sk, w54 wet Anvhs Al

< 3Hgste] 85kt 3.2.1 XY 48 A xlzsE

32 M JI=351 2 28 AIK X-Iil. EH/%]:X]Q%% %‘H(ﬂ] %i]_@j’ EHX]Q—I:] SeLE, 25
€ B /o SR arTE o = o] t&E o] il TGAAIFe] Y=o AA folH
B oo s giAR e AdulE meste] 47 FI50] &oldt A9 AAste] & 11749 2EES

A §58 Ae Agste] 97 4en WAL R S ARt 20209 149~6

AU S AP, A e dEEERSE v dolm, ool izt A5= fIsh 20219 108~2022d

S 27 B EES ARgskalth E3h, AA 349 A=2E Rste] via 8 AdSstlnt. i

Target area setting & data collection Sten 1
Data : Customer, Pipe, District, Region characteristics, GIS, Meter & M ... ( &hp )
¥
Total revenue water Leakage component analysis (before improvement)
account ballanse Total _ Usage . Metering R Total leakage
analysis Supply (metaring) inaccuracies (background leakage + bursts leakage)
| Distribution of leakage component by pipeline |
Step-test Calibration of distribution of lﬁakage component by pipeline | Distribution & C h(ih: 2
: ibution & Calibration
How to improve the revenue water ratio
1) Water pressure management
(Eaiter) / P 5 Improvement of background leakage
Infrastructure: condition 2) Pipeli o t
Factor (IC] 2) Pipeline managemen
R . . TImprovement of bursts leakage
Pipe replacement 3) Detection & repairs of leakage
4) Replacement of old meters Improvement of mefering inaccuracies
Leakage component analysis (after improvement)
Total Usage Metering Total leakage (Step 3)
= . +* . . *
Supply (metering) ingceuracies (background leakage + bursts leaxage) Applying for improvement steategy
Y

Descending order of

Achievable revenue water ratio & project volume within the project cost \
v

Revenue water £atio =
‘Target revenue water ratio

leakage per unit length

Additional selection for pipe network maintenance

through step-test Caleulation of achievabl (Ste]x- 4)
Achievable revenue water ratio & project volume within the project cost Fation of aelieva e revame
v water ratio & project volune
Analysis of actual achieved revenue water ratio
for small block at the time of completion of pipeline management

| Re-applying for leakage component analysis that reflect actual data |
T - P — ) (Step 5)
| Comparison and validation of results & parameters | Validation

Fig. 1. The flow chart of this study.
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Table 4. Emitter exponent (N1), average water pressure and reduced leakage after leakage reduction activities by
control water pressure

Emitter Calibrated Pressure at the Leakage Additional Installation of
Small Block Exponent Average Pressure Inlet Point Reduction Pressure reducing valve
(N1) (m) (m) (m’/day) (ea)
CC-1 - - - - -
HS-2 1.1 30.5 19 1.61 1
JY-1-2 1.4 40.0 33 7.21 1
JY-2-2 - - - - -
JY-2-3 0.8 32.0 20 5.04 1
YC-2-2 0.7 21.0 - - -
YC-2-3 0.9 39.0 33 8.75 (1)
YC-2-4 0.6 42.0 40 0.45 (1)
SG-1-2 1.4 49.9 39 7.35 1
19
OD-1 1.1 42.0 27 12.22 3
33
OD-2 0.9 39.5 43 7.34 1

% (): Number of resetting points of the previously installed pressure reducing valve
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