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ABSTRACT

Most agricultural reservoirs were built between the 1940s and 1970s. Therefore, it is necessary to evaluate the current water supply safety, considering
changes in water capacity, the water management, and environment in relation to the passage of time.. The design frequency of drought, the number
of years areservoir needs to be able to withstand a drought phenomenon, foragricultural water resources in Korea is the 10-year drought. As the water
supply system and water supply patterns change, it is necessary to establish a concept of water supply reliability, which refers to the stability of water
supply. This study evaluated the water supply reliability of agricultural reservoirs based on the designed frequency. The previously designed frequency
and water balance analysis were used to calculate and analyze reservoir storage capacity, water supply turnover, water supply amount, water supply
potential, water utilization safety, and water supply reliability. As a result, Yongmyeon Reservoir was found to be stable in terms of water supply
reliability, whereas Seongho and Yongpung Reservoirs were found to be unstable using all methods. In particular, when converting the water utilization
safety and the water supply reliability to the frequency of drought, Seongho and Yongpung Reservoir were in the lowest class, with a frequency of
drought less than four years. Thus, we recommend that the consideration of water supply reliability be included in the preparation of adaptive measures
and water supply strategies as changes in environmental conditions continue to develop.
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Fig. 1 Location of watersheds, reservoirs, and irrigation areas
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Fig. 2 Annual precipitation in Incheon from 1991 to 2023
Table 1 Characteristics for agricultural reservoirs
. 1T Watershed area | Irrigated area Average ol DT I UETSY
Reservoir name storage (ha) (ha) watershed ratio full water of drought
(10* m3) (ha) (year)
Seongho 85.8 616.0 339.8 1.81 34.7 10
Yongmyeon 27.6 272.0 54.7 4.97 6.1 10
Yongpung 71.5 500.0 200.0 2.50 24.7 10
T} (Hashimoto et al., 1982; Moon et al., 2012; Choi et al., 2014; F3l FA3ITE BrA] B4 98l K-HAS g oA 5-9-A
Lee, 2014; Lee and Yi, 2014; Kwon et al., 2020). W3ts E:‘J—} A= 0 7 JLASE] Table 29} Zo] Q% Y Aas
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2o 7hsoles T Ky or Aa] FdFS 4 —1 sto] = Xl 4= Y3 (MAFRA, 1998; Kim et
3% Tank BFL o] g2tk 54 36 Tank 2RO| i al, 2022) B BAL 93 AR A 9 B A0
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Table 2 Input data of watershed, reservoir and paddy for K-HAS

. Upstream watershed of reservoir Dead water | High water Irrigated
Reservoir name
Area (ha) | Paddy (%) | Upland (%) | Forest (%) | level (EL.m) | level (ELm) | area (ha)
Seongho 581.3 10.5 9.6 61.6 83.44 86.94 339.8
Yongmyeon 272.0 10.5 9.6 61.6 105.00 120.40 54.7
Yongpung 500.0 10.5 9.6 61.6 68.20 71.40 200.0
3. O|¢QtHE AbH
Reservoir data Basin data
Rainfall data Paddy data

=
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2 oOjA] AR83}aL It (Nam et al., 2012a; Park et al., 2013b).
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Fig. 3 Flow chart for evaluating water supply reliability

Table 3 Standard for unit storage quantity

Frequency of drought Unit storage capacity (mm)
10 years 520
7 years 480
5 years 440
3 years 380
2.33 years 330
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Table 4 Standard for water utilization safety rate and water supply
reliability rate (River Basin Water Resources Management

Plan)
Class Water utilization safety | Water supply reliability
| 95 ( Us < 100 95 ('S < 100
Il 90 ( Us < 95 90 (S <95
I 85 ( Us < 90 85 (S <90
v 80 ( Us < 85 80 (S <85
\Y Us < 80 S <80

Table 5 Operational standard for drought using reservoir water
level

Class Drought warning criteria

Weak drought
Normal drought

70% of average reservoir storage

60% of average reservoir storage

50% of average reservoir storage

Heavy drought

& AE flsl 275 2 7 Easi, ol s A

PARL] Thg o - AR Ve A8t T ol - AR
71552 Table 5¢F o] 7Hg Aso] whet 4A| = Fisto]
A OJ=It} (Choi, 2021; Mun et al., 2022). 7H= o - AR 7]&
T 98 e = doE FEE, =2 Table 59} Zo|
P57 Bt AreS 7l YgH sailEe A
= 98l & =5 WIS A, A7 dAE EEE A2
ottt A @A (Heavy drought) 7|2 7] B9
Ag-& 50% o]l 7ot Bl 7k walirF sk AL
Nde= B Fouo] sid TA} A7 TA (Severe
F5 W7 7o ® AAsiqloh

40% of average reservoir storage

drought) & =
. 88 % o3
1, BN 20l M2 0|t E ARY

i AR = AR 471% ol e fJAIskaL Q= 8,
A3, &3 A5A9 oltAE BHIE fldl SAeHS
8o AAREE HESI ZF i AeRl= AA GA
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Table 6 Result of unit storage quantity

Unit storage
capacity (mm)

Frequency of

Reservoir name drought (year)

Seongho 253 2.33
Yongmyeon 505 7
Yongpung 356 2.33
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Table 7 Result of water utilization safety rate

Reservoir name Annual water Annual water Water utilization Class Frequency of
shortage (10° m?) demand (10° m?) safety (%) drought (year)
Seongho 1,468.6 2,419.5 39 \ under 4
Yongmyeon 0 389.4 100 | 10 years
Yongpung 670.7 1,424.1 53 \ under 4

'Seongho [l Yongmyeon [l Yongpung

il

1991 1995 2000 2005 2010 2015 2020

[=-]
[=]

-y
(=]

Water Utilization Safety Rate(%)
[ [=2]
(=] (=]

Fig. 6 Result of water utilization safety rate

W2 SJulRic) Fig 591 (b), (d). (D2 2ol SHSIFFL A AsIglch B9 ARl BREuko] ZAI5H glol ol4l
Avjo] wh2wl Al R A5 BE BA7IZEBE 19 mE A 100% oleekdE [EF0R AEtk §F A4
S APEGITh HA T ASA BE 201401990] = olpobiig 3% AT ALAI9) o] ol Sol
RAFIY w0 ebdent ol WU VR i 33, §2 AL e oot 20 0164,
A71% o) Aojo] o] Wltu] Aof fUAG T 2017de] o]4:gb&e] 0%z A HI,
Fgol 7R Ao DA At ASAY TNFE FTAUHE S 93 BES WAt Byerane)
% AL SUES WA 2ol F718 Wolw otk T JbE o - Zu /%S H§sto] Fig T3} 2o APgahirh
s} 1) piot oI Bl 2 Wb RO, 3 BYE WAL 7 o B8 1 5 2, 47 e
A AS SOl A A A A WAY A8 A8SA A5 AL 1992014
2 A 20112012, 2016-20171d, 2019 0] B Z0] BHAYsI OH,
551 20104 o] 47 0 47 A W A
4. 014QMXET BZAZIR0 M2 OJ4OMME BN $3 AL 19924, 1981 %A L 42 At EAjet
Oler T FRAREE 4 I ) EREge] oy AT 8 FITAIS 20004, 20124, 20134, 20172020
FHIE, BRE W o AP A e F ] MASHISN, 011 o AR B, 4 T
Stk o]4bIR S APPSH] SI5) KHASE Bhgt ey 8 M SEOPROR, 017K 202097 M5 0
RS paste] BREe Bhak Agsigon, g o) ST ISR R, Sualad duel me
Neh&s APaL] $13) aQrasel 7 o - Au e B8R ATATSI6N G Al 93.94% BF A
Sgsto] A, A BAG AV1E BRE AR Agaly TS AEe] $W AR Do dest 88 A
o, K-HASE 2H83}0] Table 87} o] 1991202310 B4er) 1= VEHOR ERHUN. 5ol Heoh 83 ApAle
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Table 8 Result of water supply reliability rate
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water shortage analysis years PRY y
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Yongmyeon 2 33 93.94 |
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