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Abstract

This study analyzed the resilience of hydroelectric power generation in response to droughts by comparing planned
and actual power generation across four multipurpose dams(Soyanggang, Chungju, Daechung, and Hapcheon). After
calculating the monthly power generation shortages for each dam, the average power generation Shortage Ratio(SR)
was derived, followed by a correlation analysis of the SR. The results showed that Soyanggang, Chungju, and
Daechung dams exhibited significant changes in power generation shortages during prolonged drought periods. This
suggests that while their resilience to short-term droughts is high, their resilience to long-term droughts is relatively
low. On the other hand, Hapcheon Dam, with its smaller total storage capacity and inflow, demonstrated low
resilience to both short- and long-term droughts. These findings confirm that changes in rainfall during drought
periods can significantly impact actual power generation.
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Fig. 1. Resilience curve of multi-purpose dam power
generation system
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Table 1. Specification information of multi-purpose dam

Specification | Soyang river | Chungju |Daechung|Hapcheon
information dam dam dam dam
Height (m) 123 975 72 96
Length (m) 530 447 495 472
Bas'(';m;“ea 0703 | 6648 | 3204 | 95
Planning
flood level 198 145 80 179
(ELm)
Permanent
high water
1935 141 765 176
level
(EL.m)
Low water
level 150 110 60 140
(EL.m)
Total
storage 200 | 2750 | 1490 | 7%
volume
(million m)
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Table 2. Standard Precipitation Index (SPI) observatory
matching table near large hydropower multipurpose dam

FH
nNo

]
T ¢

Power plant Standard
Region  |River name namz Precipitation Inde
(SPI) observatory
Soyang
Chuncheon quhan fiver Chuncheon(101)
river
hydropower
) Namhan Chungju .
Chungiu er hycropover Chungju(127)
Daejeon Ggum Daecheong Dagjeon(133)
river hydropower
Hapcheon HWa”g Hapcheon Hapcheon(285)
river hydropower
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Table 3. Description for variables and symbols

Symbols Description
t Time
n Nurber of nonths lasted
t, Start time
t, End time
P, Planned power generation
Q Actual power generation
MS Monthly Shortage Amount
AA Average Amount
SA Shortage Amount
SR Shortage Ratio
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Soyang River dam monthly power shortage time series graph
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Fig. 2. Time series graph of Soyang river dam monthly
power shortage
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Table 4. Result table for comparative correlation of Soyang
river dam power generation shortage ratio and SPI

Comparative correlation Soyang river dam
SR1 and SPI1 -0.16
SR3 and SPI3 -0.31
SR6 and SPI6 -0.49
SR9 and SPI9 -0.65
SR12 and SPI12 -0.69
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Fig. 3. Time series graph of Soyang river dam power
generation shortage rate for one month and SPI1

100

075 m i

050 41— |3
— H3

. UU |
000
2022 2024

2012 2014 2016 2018 2020
Year

% 4 A7 g 2 MdN BREED SPI3
AAY Jef=
Fig. 4. Time series graph of Soyang river dam power
generation shortage rate for 3 months and SPI3
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Fig. 5. Time series graph of Soyang river dam power
generation shortage rate for 6 months and SPI6
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Fig. 6. Time series graph of Soyang River dam power
generation shortage rate for 9 months and SPI9
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Fig. 7. Time series graph of Soyang river dam power
generation shortage rate for 12 months and SPI12
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Table 5. Result table for comparative correlation of
Chungju dam power generation shortage ratio and SP!

Comparative correlation Chungju dam
SR1 and SPI1 -0.31
SR3 and SPI3 -0.50
SR6 and SPI6 -0.66
SR9 and SPI9 -0.75

SR12 and SPI12 -0.87
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Fig. 10. Time series graph of Chungju dam power
generation shortage rate for 3 months and SPI3
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Fig. 11. Time series graph of Chungju dam power
generation shortage rate for 6 months and SPI6
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100
075
050

025

000

2012 2014 2016 2018 2020 2022 2024
Year

a8 13 3 1ig 7 YN 2553 SPIH2
AAY Jei=
Fig. 13. Time series graph of Chungju dam power
generation shortage rate for 12 months and SPI12
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Fig. 14. Time series graph of Daecheong dam monthly
power shortage
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Table 6. Result table for comparative correlation of
Daecheong dam power generation shortage ratio and SP!
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Fig. 15. Time series graph of Daecheong dam power
generation shortage rate for one month and SPI1
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Fig. 16. Time series graph of Daecheong dam power
generation shortage rate for 3 months and SPI3
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Fig. 17. Time series graph of Daecheong dam power
generation shortage rate for 6 months and SPI6
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Fig. 18. Time series graph of Daecheong dam power
generation shortage rate for 9 months and SPI9
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Fig. 19. Time series graph of Daecheong dam power
generation shortage rate for 12 months and SPI12
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Table 7. Result table for comparative correlation of
Hapcheon dam power generation shortage ratio and SP!

Comparative correlation Hapcheon dam
SR1 and SPI1 0.06
SR3 and SPI3 0.01
SR6 and SPI6 -0.13
SR9 and SPI9 -0.24
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Fig. 21. Time series graph of Hapcheon dam power

generation shortage rate for one month and SPI1
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Fig. 22. Time series graph of Hapcheon dam power
generation shortage rate for 3 months and SPI3
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Fig. 23. Time series graph of Hapcheon dam power
generation shortage rate for 6 months and SPI6
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Fig. 24. Time series graph of Hapcheon dam power
generation shortage rate for 9 months and SPI9
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Fig. 25. Time series graph of Hapcheon dam power
generation shortage rate for 12 months and SPI12

2020 2022 2024

T8 25 2

B A e A, 5, aiY, §H T M)
05 98 gdez 7Rl we FEwd A1y
Aol 2l AdedxE A5t dEAY 4
A AE A gl das v A AE )
vl A gre] WA wet 2AEm AlE o o
4 AHE AT § Jow YA =
Ao wstth

24 e 7 o] Az Ak REdF Al
T B AYEd F5E(SR) WS A=ste] SR
o} SPI 7k AgHEAE Atk

7t g5 g A7hAREgo] F43] 18]

-0.29
001 014
0014 0074

-0024 0071

SR12 SRS SR6 SR3  SR1 SPIM2 SPI9 SPle SPI3 SPI

SPI

SPI3 SPI6 SPI9 SPI2

3% 26 T CHENY aM(add, 5

‘L oo, T,

SR1

A71S BEA3 A3 297 20143 89, 2015
847} 2015 79, 8
2015 79, &€, 20163 8%Y, THd

20149 Gl
Al719) ARs NS Axf, A71AHQ shEel wE
e i) dEF FE02 g Jog 74
o, Y A g2 A 9y g2 §4Y
WAo] A o] EAste @Ity 7%

A GEAWEEH, 79, H, FH9)
o] AFud BEEY SPI Hlw AEEA Ay
# 8, 19 263 2t
E 8 MA CIENY a4, 57 OF, &)
MM 2EED SP| 8D AREN ZDE

Table 8. Comparative correlation analysis table of power
generation shortage ratio and SPI for total multipurpose
dams (Soyanggang, Chungju, Daechung, Hapcheon)

Comparative correlation Total multipurpose dams
SR1 and SPH -0.19
SR3 and SPI3 -029
SR6 and SPI6 044
SR9 and SPI9 -0.56
SR12 and SPI12 -060
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Fig. 26. Comparative correlation analysis heatmap of power generation shortage ratio and SPI for total multipurpose dams
(Soyanggang, Chungju, Daechung, Hapcheon)
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