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ABSTRACT

A Study on Forecasting Method of Revenue Water Ratio and

Investment cost

Kim Kwang Il
Advisor : Prof. Kim, Sung Hong, Ph.D
Department of Civil Engineering

Graduate School of Chosun University

According to the ministry of environment of Korea, the average revenue water
ratio was as high as 85% for the entire country in 2015. But the water revenue
ratio of the small counties were as low as 60%. This means about 40% of
produced water is leaked to the ground of no use. Therefore, many counties make
an effort to increase water revenue ratio.

In this study, The five small counties are selected as samples to develope the
model of forecasting revenue water ratio and investment prediction model. Those
small counties have executed advanced pipe network system such as construction
of block system and GIS DB, real time monitoring of leakage and network
management system, water pressure management and old pipe replacement. The
models were developed based on regression analysis. The models were verified by
adopting the other county, which has constructed advanced pipe network system.

Two factors, the elapsed time of adopting advanced pipe network system and
the replacement ratio of old pipe, were selected as control parameters in this model.

Between the two factors, the elapsed time of adopting advanced pipe network

_‘]2_
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system was more important than the other factor; the replacement ratio.
According to the models, about six years are required to increase 20% of the
water revenue ratio. Based on the result 109 increase of water revenue ratio costs

1.3 million won for the each water faucet.
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o] 71 A, Vo egdg s B3eE F5(m/s)
C,: FE=AFEA 1 olste] Y A
g @ =HIEE(m/sec?)
h, @ Fel &g FF(m)
meEtA, & V2 S3sis FrEe s Aoz ALE &
(2.5)

L=VxA=CAx\/2gh,
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T 2.12 &84 Y HEAHAEW 28t N1 2t(Managing and reducing losses from
water distribution systems. Queensland & WBW, 2005)

N1 3
= 7} 2| A W3
e R
Lab tests on holes in pipes
HIKI 0.36~0.7 19804
2
Takizawa 0.51~0.54 1987
0.5 15
e
Ashcroft & Taylor 1.23~1.97 1983
HIKI A A& 0.5
Tests on sectors of distribution system
Oaura 065 ~ 212 (H+ 1.15) 1979 42
2
0.5 matal mains
Q= Parry 061 ~ 1.26 (H+ 0.88) 19814
Tests on sectors of distribution system with customer night use
Q= FAVAD &4 0.7 ~ 1.68 (H+ 1.13) 19804
FEEAR A 05 ~ 15 (H 1.0) 19804
=R} 052 ~ 067 25
T 1.5
K-PRESSURE<® South African Water Research commission®lA  7l2sh

PRESMAC Z=zZ3& Az sta3lst T2 adojt}, K-PRESSURE® ¢ Ao v
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£9E 2oW 5+ Atk AEAE Reld ARE olgshe permunel AojuA 7
FRE(FEFES AT F ok o] e FAVAD AW, 4553,

Mg A& 2 (Authorized  Metered), @ 7| H3pAL-& 2 (Authorized

Unmetered) % 4382 183 slolt. A & A=sirt 73t QAAES

rUL
o2,
A,
32
=
us!
o>
us!
&5
ghe
1%
)
flo

A & e IWA(International Water Association) ¢ AFol A AA=E £ 2132
BABE #4198 1tebs] @13t ¢ QnF 7|Eo oA 2 BEAH X= 74
7

Wl =A B4 AAe IWAS 254 4 AAE Had Zolt.
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2 2.13

felLictet WAL

E5X S4RA HI2(IWA, 1997)

Collection @ chosun

Korean water balance IWA water balance
Billed and
Metered
(AFes Billed Metered
T Consumption
Revenue E}épgrgd (mcé%ater authorised R‘?ﬁe
Water | (%) | uapjzggy | consumption Crope
(%) Others (%'—Tjriﬁ*} T%ST
(71e) | Auhorised
Billed Unmetered corsurption
UEL%EL Consurmption (FAE%)
mTe (A ASAEH)
Effective Supplier's
Water use Unilled Unbilled
(FrET%) [ESENES eteradAmmetered authorised
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2008 2,300 279 6,376 4,231 2,344 1,535
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Queensland & WBW(2005), Managing and reducing losses from water
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Walski, T. M.(2003), Advanced water distribution modeling and management,
Haested Press, p.441.

WHO(2001), Leakage management and Control: a best practice training manual,

p-163.

- 104 -

Collection @ chosun



Al
R0
T

<+
Bl

it
I

O
<+
Ok

=

X4

n
W o
b
o o

0.14

0.22

0.32

0.35

0.38

0.39

0.03

0.03

0.05

0.01

0.00

0.00

X3

o
2

ol
=g

0.16

0.19

0.20

0.22

0.23

0.23

0.08

0.07

0.08

0.03

0.05

0.16

X2

Rl
-
AT

0.00

0.03

0.04

0.05

0.09

0.09

0.00

0.00

0.00

0.02

0.03

0.03

X3

0.0

7.6

8.6

134

16.3

16.1

7.0

7.6

116

18.3

17.2

9.3

66.9

679

72.8

5.6

A4

65.5

2.6

73.1

771

83.8

82.7

2008

2009

2010

2011

2012

2013

2008

2009

2010

2011

2012

2013

A A

- 105 -

Collection @ chosun



H A1 R4S 08 22 Ha 48 ZD0OIS
Y X3 X2 X3 X4
i . . = o e L dd
Tl ) ames 53R TR SR

2005 54.3 0.0 1 0.01 0.14 0.61
2006 65.0 10.7 2 0.06 0.11 0.55
2007 70.7 16.3 3 0.21 0.04 0.36
2008 80.2 259 4 0.28 0.03 0.32

=4F | 2009 82.8 285 5 0.31 0.04 0.28
2010 829 28.6 6 0.33 0.07 0.25
2011 83.0 287 7 0.34 0.07 0.25
2012 83.6 29.3 3 0.35 0.05 0.18
2013 849 30.6 9 0.35 0.05 0.17
2006 60.5 0.0 1 0.00 0.07 0.10
2007 68.9 85 2 0.00 0.09 0.14
2008 76.8 164 3 0.02 0.07 0.17
2009 81.7 21.3 4 0.03 0.08 0.22

A2k
2010 82.0 216 5 0.03 0.09 0.23
2011 82.7 22.2 6 0.04 0.06 0.05
2012 82.6 22.2 7 0.05 0.05 0.05
2013 82.4 219 3 0.05 0.04 0.04
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S (V) £ (0
TOE e wage . AR ses zom
(k) e N I O S R T

2008 2,300 16,056 0.14 59.3 0.0

2009 3,741 16,689 0.54 66.9 7.6

2010 14,533 17,356 0.91 67.9 3.6

2011 16,886 19,151 1.05 72.8 134

A A

2012 21,942 20,096 1.37 75.6 16.3

2013 26,475 20,624 1.65 75.4 16.1

2014 31,719 20,624 1.98 30.4 21.0

2015 36,483 23,736 2.27 30.5 21.2

2008 279 10,364 0.03 65.5 0

2009 5910 11,783 0.57 72.6 7.0

2010 7,733 12,327 0.75 73.1 7.6

2011 9,645 14,581 0.93 771 116

uE

2012 13,508 16,451 1.30 33.8 18.3

2013 14,384 17,108 1.39 32.7 172

2014 15,638 17,443 1.51 33.9 184

2015 16,353 18,090 1.58 34.8 19.3
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55 W (Y) 540 (X)
TE e o AT see 2w
cpetey  HEAE O BARL T T sp)

2005 4,065 12,371 0.33 54.3 0.0

2006 8,468 13,017 0.68 65.0 10.7

2007 18,761 13,644 1.52 70.7 16.3

2008 25,137 14,089 2.03 30.2 259

2009 27,437 16,017 2.22 82.8 285

=4k | 2010 29,647 17,333 2.40 82.9 28.6
2011 30,714 17,793 2.48 83.0 287

2012 32,158 18,542 2.60 83.6 29.3

2013 33,560 19,489 2.71 84.9 30.6

2014 35,008 20,554 2.83 34.8 30.5

2015 36,705 21,648 297 34.4 30.1

2006 677 8,184 0.08 60.5 0.0

2007 8,343 8,925 1.02 68.9 85

2008 12,574 9,697 1.54 76.8 164

2009 16,522 11,556 2.02 81.7 21.3

2010 18,053 13,047 2.21 82.0 216

A%

2011 20,360 14,246 2.49 82.7 222

2012 22,279 17,402 272 82.6 222

2013 23,640 19,059 2.89 824 219

2014 24,921 19,336 3.05 82.7 222

2015 25,944 21,429 3.17 83.4 229
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H B.1 Al SXHHl &5 24 B 48 Z2U(AHS)
F2MA(Y) F4WAX)

TOE e wge . AR | ses 2w
(ke e N TP S T

2006 3,078 7,063 0.44 57.1 0.0

2007 6,425 7,606 0.91 64.2 7.1

2008 9,269 3,012 1.31 71.7 146

2009 11,530 3,718 1.63 74.2 171

2010 13,688 9,860 1.94 7.4 20.3

A

2011 14,807 9,831 2.10 76.3 19.2

2012 15,242 11,343 2.16 79.2 22.1

2013 15,845 12,043 2.24 79.0 219

2014 16,707 13,171 2.37 79.1 22.0

2015 18,481 13,949 2.62 31.6 245
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B2 ZC: € d3 29 Cased AR A7

FHEY EHS
CHE AFDES 0.909029
HEA = 0826333
FH= H3 0822198

=
EF 94} 0039239
BE a4
S B
ARE  HEE ME B2 FH  gomF
=H 1 0307697 0307697 1998419 145E-17
EHEF 42 0.0584667 0.00154
A 43 0372364

H== EFE 24 tBHE P-Zr GHH 95% A9 95% ol 95.0%E g 95.0%
¥ Hxm 0000177 0012863 0013782 0989069 -002578 0026136 -0.02578 0.026136
APHAIEE 0293734 0020778 1413655 145E-17 0251802 0335666 0.251802 0.335666

o &5 =HE Y
E SH FrE OA O =F TR HEE | 7TE S
1 0000177 -0.00012 -0.00457 1135354 0
2 0.0886 -0.01256 -0.32389 3409091 0
3 0140324 -005428 -1.39965 5.681818 0
4 0177023 -004255 -1.09734 7954545 0
5 0205488 -004272 -11015 1022727 0
6 0228747 -006823 -173944 125 0
7 0000177 -0.00018 -0.00457 1477273 0070334
8 00886 -001827 -047102 1704545 0071457
9 0140324 -008448 -le6264 19.31818 0.075847
10 0177023 -0.06106 -1.537461 2159091 0.076039
11 0205488 -002292 -0.39106 2386364 008455
12 0228747 -0056885 -148592 2613636 0.086046
13 0000177 -000018 -0.00457 2840909 0.088674
14 0.0886 0.018403 0474558 3068182 0.107003
15 0140324 0023108 0595875 3295455 0115959
16 0177023 008197 2113717 35.22727 0134468
17 0205488 0.079639 2053616 375 0146053
18 0228747 00536912 1467569 3977273 0160515
19 0248411 0033122 0933028 4204545 0162768
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20 0265445 0027118 0699266 44 31818 0163432
21 0280471 0025616 066054 4659091 0163797
22 0000177 -0.00018 -0.00457 4886364 0170597
23 00886 -0.00405 -0.10444 5113636 0171898
24 0140324 0023473 0605296 5340909 0182567
25 0177023 003548 0914911 5568182 019211
26 0205488 0.010027 0258554 57.95455 0.203474
27 0228747 -000672 -017334 6022727 0205385
28 0248411 -002657 -0.63504 625 0212503
29 0265445 -004604 -118727 6477273 0215515
30 0000177 -0.00018 -0.00457 67.04545 021859
31 0.0886 -0.01714 -044206 6931818 0219403
32 0140324 0005729 0147724 7159091 0221484
33 0177023 -000643 -0.16568 7386364 0221845
34 0205458 -000201 -0.051%5 76.13636 0222024
35 0228747 -003664 -094473 7840909 0224185
36 0248411 -0.02693 -0.69436 8068182 0250638
37 0265445 -004686 -120824 8295455 0.258993
38 0000177 -0.00018 -0.00457 8522727 0.273989
39 0.0886 744E-05 0001919 875 0284404
40 0140324 0065061 1677701 8977273 0285128
41 0177023 0047162 1216151 92.04545 0285659
42 02053485 0.04514% 1184237 94 31818 0.286533
43 0228747 0045242 1166634 96.59091 0292563
44 0245411 0036082 0930438 98.86364 0.306086
A EAMTEE L
0.1
+* @
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