/—J J. Korea Water Resour. Assoc. Vol. 55, No. 11 (2022), pp. 941-953 pISSN 2799-8746
@ doi: 10.3741/JKWRA.2022.55.11.941 eISSN 2799-8754

Evaluation and comparison of water balance and budget forecasts considering
the domestic and industrial water usage pattern

Oh, Ji Hwan®* - Lim, Dong Jin® - Kim, In Kyu© - Shin, Jung Bum® - Ryu, Ji Seong®

*Senior Specialist, Water Resources Management Research & Planning Department, K-water, Daejeon, Korea
°General Director, Water Resources Management Research & Planning Department, K-water, Daejeon, Korea
“Deputy Director, Water Resources Policy Divison, Ministry of Environment, Sejong, Korea

dSenior Manager, Water Resources Management Research & Planning Department, K-water, Daejeon, Korea
‘Researcher, Water Resources Management Research & Planning Department, K-water, Daejeon, Korea

Paper number: 22-081
Received: 20 September 2022; Revised: 17 October 2022; Accepted: 19 October 2022

Abstract

In this study, monthly water use data were collected for 5 years from the 65 local governments included in the Han-river basin and a
typical water usage ratios and patterns were calculated. The difference in water shortage was compared by considering the water usage
patterns using the water balance and budget analysis model (MODSIM) and data base. As a result, it was confirmed that the change
occurred in the range of -3.120% to +4.322% compared to the monthly constant ratio by period. In addition, when applying the patterns
in the water balance model, 17 of the 28 middle watershed showed changes in the quantity of water shortage and the domestic and
industrial water shortage would decrease about 8.0% during the maximum drought period. Ifit is applied in conjunction with predictive
research on water usage patterns reflecting climate change, social and regional characteristics in the future, it will be possible to establish
a more realistic water supply forecasts and a reliable national water resources plan.
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Table 1. Characteristics of basin and major local governments in the South Korea

o 5 2 G 5
Major river Area (km”) Ratio (%) Major local governments
Total 107,486.6 100.0 -

Han-river 41,946.6 39.0 Seoul, Incheon, Gyeonggi, Gangwon, etc
Nakdong-river 31,711.5 29.5 Busan, Daegu, Ulsan, Gyeongsang, etc
Geum-river 17,924.6 16.7 Daejeon, Sejong, Chungcheong, etc

SeomjinY oungsan-river 15,903,9 14.8 Gwangju, Jeolla, etc
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Fig. 1. Study area and basin map in the Han-river



944

9 AA2 b gct.

‘ 1. Timeseries data survey and collection(Monthly)

= Operation data in the purification plants(5 years)
= Supply data in the wide-area supply(31 years)

‘ 2. Calculation of water usage ratios and patterns

= Analysis of monthly average water usage patterns
= Estimation of representative water usage patterns

‘ 3. Water balance analysis using the MODSIM

= Application of patterns for future water demand('30)
(Domestic and Industrial water)

¥

‘ 4. Comparison and discussion of water shortage

Fig. 2. Diagram of research methods and procedure
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Fig. 3. Monthly periodicity of water usage in local governments
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Table 2. Calculation of monthly observed water usage and ratios

945

(Unit : thousand m?, %)

N 2017yr 2018yr 2019yr 2020yr 2021yr Average
ont]
Avg. |[Ratio (%)| Avg. [Ratio(%)| Avg. |Ratio(%)| Avg. |[Ratio(%)| Avg. |[Ratio(%)| Avg. |Ratio (%)
Total | 58,304.1 100.0 | 60,023.1 100.0 | 60,938.6 100.0 | 60,425.2 100.0 | 64,053.9 100.0 | 60,823.7 100.0
1 4,756.3 8.158 4,964.4 8.271 5,065.6 8.313 49534 8.197 5,522.0 8.621 5,058.3 8.316
2 4,347.2 7.456 4,608.5 7.678 4,549.3 7.465 4,688.6 7.759 4,836.3 7.550 4,611.5 7.582
3 4,817.9 8.263 4,966.1 8.274 4,983.7 8.178 4,961.5 8.211 5,273.5 8.233 5,006.3 8.231
4 4,710.3 8.079 4,780.7 7.965 4,895.2 8.033 4,821.6 7.979 5,183.3 8.092 4,883.8 8.029
5 49772 8.537 4,980.8 8.298 5,147.7 8.447 5,070.3 8.391 5,316.2 8.300 5,104.4 8.392
6 4,946.1 8.483 5,022.2 8.367 5,112.1 8.389 5,191.9 8.592 5,362.5 8.372 5,132.8 8.439
7 5,207.8 8.932 5,358.0 8.927 5,404.9 8.869 5,297.5 8.767 5,679.8 8.867 5,395.7 8.871
8 5,134.0 8.806 5,403.7 9.003 5,448.0 8.940 5,327.1 8.816 5,601.0 8.744 5,388.9 8.860
9 4,900.0 | 8.404 4971.2| 8.282 5,096.7 | 8.364 5,076.1 | 8.401 5,302.4| 8.278 5,074.9 | 8.344
10 48473 | 8314 5,062.7| 8.435 5,150.1 | 8.451 5,119.4| 8.472 5,403.9| 8.436 5,122.4| 8.422
11 4,772.8 | 8.186 4,879.4| 8.129 4,995.6 | 8.198 4905.1| 8.118 52259 | 8.159 49614 | 8.157
12 4,887.2| 8382 5,0253| 8.372 5,089.7 | 8.352 5,012.7| 8.296 5,347.1| 8.348 5,083.4| 8.358
5,800.0 2017y
2018yr
5,600.0 2019yr
o= 2020yr
H 2021yr
S 5.400.0 = verage
<
T 5,200.0
=11
Z
= 5.000.0 50044 2053 5.083.4
z
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g 46000 46115
=
4,400.0
4,200.0
1 2 3 4 5 6 7 8 9 10 1 12
Time(Month)
Fig. 4. Averaged monthly water usage pattern
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Table 3. Transformation of water usage and ratios monthly average to daily average (Unit : thousand m?, %)

Month Monthly average Ratio (%) Difference (%) Daily average Ratio (%) Difference (%)
Total 60,823.7 100.0 - 1,998.4 100.0 -

1 5,058.3 8.316 -0.205 163.2 8.165 -2.020

2 4,611.5 7.582 -9.020 163.5 8.183 -1.798

3 5,006.3 8.231 -1.230 161.5 8.081 -3.026

4 4,883.8 8.029 -3.647 162.8 8.146 -2.246

5 5,104.4 8.392 +0.705 164.7 8.239 -1.127

6 5,132.8 8.439 +1.265 171.1 8.561 +2.738

7 5,395.7 8.871 +6.453 174.1 8.710 +4.517

8 5,388.9 8.860 +6.319 173.8 8.699 +4.385

9 5,074.9 8.344 +0.124 169.2 8.465 +1.580

10 5,122.4 8.422 +1.061 165.2 8.269 -0.777

11 4,961.4 8.157 -2.116 165.4 8.276 -0.693

12 5,083.4 8.358 +0.290 164.0 8.206 -1.534

5,600.0 176.0

=e==Monthly Average

= =#=Daily average 1740
. 5,400.0 ¢
- 1720
S 174.1 173.8 B
S 52000 1700 2
o S
T 1680 =
2 5,000.0 8
Z 166.0 %‘J
- =
2 48000 4 1640 Z
W 164.0 ]
= 163.2 1620 2
= v
= 4,600.0 16L.5 160.0 2
s =
g 158.0 A

4,400.0

156.0
4,200.0 154.0
1 2 3 4 5 6 7 8 9 10 11 12
Time(Month)

Fig. 5. Comparison of monthly and daily water usage patterns in local governments
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Fig. 9. Perfomance evaluation of water supply and demand network (Jo et a/,, 2021)
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Table 4. Results of the largest water shortage year based on the middle watershed (water year 2015) (Unit : thousand m?)
Watershed Constant ratio (exsiting) Application of water patterns Difference of water shortage

code D&I* A+ Total D&l A Total D&l A Total
Total 1,189.2 | 81,663.1 | 82,8523 1,0942 | 81,4882 | 82,582.4 (985 '(22) 1(73 '2902) 2(6(3 '3902)
1001 - 255.9 255.9 - 256.7 256.7 - 0.81 0.81
1002 - 3,028.0 3,028.0 - 3,065.1 3,065.1 - 37.1 ¢ 37.1 ¢
1003 - 833.7 833.7 - 827.1 827.1 - 6.6 6.6
1004 - - - - - - - - -
1005 - - - - - - - - -
1006 - 2,775.1 2,775.1 - 2,777.4 2,777.4 -

1007 - 9,160.8 9,160.8 - 9,154.8 9,154.8 -

1009 - - - - - - - - -
1010 - - - - - - - - -
1011 - 1,114.7 1,114.7 - 1,113.6 1,113.6 - 1.1} 1.1}
1012 - - - - - - - - -
1013 - - - - - - - - -
1014 - - - - - - - - -
1015 6.7 96.9 103.6 5.9 96.9 102.8 0.8 | - 0.8
1016 - 336.9 336.9 - 331.9 331.9 - 5.0} 5.0
1017 - - - - - - - - -
1018 - - - - - - - - -
1019 . 609.0 609.0 - 604.0 604.0 - 501 501
1021 - 4,5473 4,5473 - 4,541.3 4,5413 - 6.0 | 6.0 1
1022 - 13,727.4 13,727.4 - 13,711.4 13,711.4 - 16.0 | 16.0 |
1023 - 15,189.0 15,189.0 - 15,137.9 15,137.9 - 511 51.1
1024 - - - - - - - - -
1101 - - - - - - - - -
1201 - 22,752.5 22,752.5 - 22,764.7 22,764.7 - 1221 1221
1202 - 4,561.5 4,561.5 - 4,407.5 4,407.5 - 154.0 | 154.0 |
1301 1,171.0 2,459.7 3,630.7 1,077.6 2,472.1 3,549.8 93.4 ] 1241 80.9 |
1302 11.5 - 11.5 10.7 - 10.7 0.8} - 0.8}
1303 - 214.7 214.7 - 226.0 226.0 - 1131 1131

*D&I : Domestic and Industrial water, **A : Agricultural water
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