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Abstract  World is experiencing abnormal weather caused by urbanization and industrialization increasing
greenhouse gas and one of these phenomenon domestically happening is flood and drought. The increase of
green-house gases is due to urbanization and industrialization acceleration which are causing abnormal climate
changes such as the El Nino and a La Nina phenomenon. It is expected that there will be many difficulties in
water management, especially considering the topography and seasonal circumstances in Korea. Unlike in the
past, a variety of water conservation initiatives have been undertaken like the river-management flow and water
capacity expansion projects. To meet the increasing demand for water resources, new environmentally-friendly
small and medium-sized dams have been built. Therefore, the development of a new paradigm for water
resources management is essential. This study shows that additional security is needed for potential water
resources through diversion tunnels and is very important to consider for future water supplies and situations.
Using RCP 6.0 and RCP 8.5 in representative concentration pathway climate change scenario, specific
hydrologic data of study basin was produced to analyze past observed basin rainfall tendency which showed
both scenario 5%~9% range increase in rainfall. Through sensitivity analysis using objective function, population
in highest goodness was 1000 and cross rate was 80%. In conclusion, it is expected that the results from this
study will help to make long-term and stable water supply plans by using the potential water resource
evaluation model which was applied in this study.
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[Fig. 1] Concept of four tank model
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[Table 1] Runoff characteristics of the tank model
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[Table 2] Input parameters of the Tank model
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[Fig. 2] Operational structure of the genetic algorithm
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[Fig. 3] Dam Watershed Map
(a) Andong Dam (b)Imha Dam

[Table 3] Geomorphological characteristics factor of
Andong and Imha-dam Watershed

‘Watershed | River V:'\alershed Shape Average A
Classify Area Length \L?f;ﬁe Factor Elevation sl;’enzf/‘e)
(m’) | (km) &m) (AL2) | (ELm) pete
AMons |y sga | 1720 | 921 | 005 | 5573 | 42.39
g‘ha 1,361 | 98.1 13.87 0.14 394.6 40.47
am

* Dam operation Manual, 2012, K-Water and Nakdong Basin
Reserach, 2009, MoLIT
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[Table 5] Precipitation Forecast For Andong and Imha Dams
RCP 6.0 RCP 8.5 RCP 6.0 RCP 85
Year Rainfall(mm) Rainfall(mm) Year Rainfall(mm) Rainfall(mm)
Andong Imha Andong Imha Andong Imha Andong Imha
2021 1,038.8 1,037.4 1,039.4 935.5 2036 1,330.0 1,279.8 1,242.4 1,263.2
2022 1,298.8 1,197.0 1,365.3 1,426.6 2037 1,103.7 1,041.5 1,512.4 1,512.5
2023 1,089.8 1,048.9 1,528.0 1,444.5 2038 900.9 809.8 1,051.4 973.4
2024 1,272.8 1,186.4 929.3 891.0 2039 1,172.5 1,058.3 958.3 855.4
2025 1,746.7 13779 1,466.9 14344 2040 1,414.9 1,307.1 1,548.2 1,593.6
2026 12769 1,209.5 12824 12782 2041 1,534.0 14923 13263 1,170.4
2027 1,132.5 1,064.9 1,217.6 1,153.5 2042 1,414.6 1,105.2 903.0 920.9
2028 899.4 849.5 1,269.7 1,156.5 2043 1,203.4 1,083.9 1,251.7 1,135.0
2029 1,460.7 1,398.5 1,670.3 1,523.6 2044 1,145.2 971.3 1,153.4 1,183.1
2030 1,258.2 1,131.1 1,071.3 916.6 2045 1,186.8 1,119.9 1,412.2 1,358.5
2031 2,136.0 2,186.5 1,375.1 1,036.4 2046 1,069.3 1,097.5 1,044.7 1,026.0
2032 21717 1,969.4 1,435.0 12776 2047 2,0282 2,041.4 1,121.7 1,133.1
2033 1,365.8 1,282.1 1,300.0 1,291.3 2048 1,050.7 965.7 1,110.6 1,023.6
2034 1,296.4 12711 12715 1,1169 2049 1,075.4 1,049.1 1,049.4 964.9
2035 1,291.5 1,231.1 1,107.7 1,1154 2050 1,104.4 989.6 1,928.8 1,632.8
* Climate Change Scenario Data: KMA Climate Change Information Center(www.climate.go.kr) [8].
[Table 6] Monthly rainfall scenarios of Andong and Imha-dam Watershed
Classify (Month) 1 2 3 4 5 6 7 8 9 10 11 12
’83~’12 19.5 278 479 71.5 100.6 154.0 278.7 244.8 1539 409 35.6 17.2
A]I;(Z:g RCP 6.0 21.4 204 69.2 100.3 88.5 169.8 293.3 241.5 182.6 50.4 41.7 36.9
RCP 85 26.5 242 66.1 733 95.4 151.1 287.0 231.8 183.3 48.7 49.8 27.4
’93~’12 18.6 20.5 392 64.6 94.8 1349 2129 2319 123.8 33.0 303 155
Imh:
Dan? RCP 6.0 24.1 199 62.9 93.7 85.9 173.4 241.8 239.9 171.8 41.6 38.8 34.6
RCP 85 28.5 23.0 62.2 73.9 84.5 149.1 255.5 233.5 168.7 40.2 46.6 25.7
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[Table 7] Targeted watershed evapotranspiration modeling results (Penman FAO-24)

Classify (Month) 1 2 3 4 5

6 7 8 9 10 11 12

94~12 163 223 354 58.3 74.5

90.3 99.6 95.6 67.8 29.0 19.7 14.0

Andong| RCP 60 | 178 | 184 | 496 | 693 | 701

96.1 101.9 95.7 71.6 37.9 278 233

Dam | RCP 85 20.6 209 483 59.4 74.3

92.8 1023 96.0 729 375 30.5 20.3

Imha | RCP 6.0 192 18.0 472 67.1 68.8

96.8 97.8 95.5 70.6 339 269 227

Dam | RCP 8.5 214 202 46.7 59.8 69.1

923 99.8 96.2 715 334 29.6 19.6
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[Table 8] Future period average rainfall and runoff

calculations
RCP 6.0 RCP 8.5

Period Rainfall | RO | pojngay | Runoff
(million (million

(mm) " (mm) 5

m’) m’)
I’? 2021~2030 1,247.5 945.0 1,284.0 1,020.8
g 2031~2040 | 14189 | 12025 | 12802 | 1,009.0
g 2041~2050 1,281.2 979.3 1,230.2 929.8
I 2021~2030 1,150.1 695.8 1,216.0 754.4
Ln 2031~2040 1,343.7 985.1 1,203.6 728.8
a 2041~2050 1,191.6 7779 1,154.8 675.7
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[Fig. 7] Schematic Diagram
(a) Parallel Operation System (b) Water supply Diagram

[Table 9] Comparison of average monthly runoff calculations of Andong and Imha-dam Watershed

(Unit : Million )

Classify (Month) 1 2 3 4 5 6 7 8 9 10 11 12 Total
’83~12 13.1 18.9 41.1 65.8 76.4 81.6| 261.3| 2243| 1643 37.9 219 17.5| 10239
A]I;i:g RCP 6.0 12.0 9.9 36.7 525 560/ 104.1| 276.0| 176.1| 203.1 41.5 39.6 29.5| 1,037.2
RCP 85 17.7 10.2 25.7 43.8 51.3| 1027\ 267.1| 186.4| 179.2 373 399 21.6| 983.0
’93~"12 8.4 10.9 23.8 42.3 53.7 61.5| 1779 1774| 1192 17.1 8.9 9.8 7109
};I:na RCP 6.0 25.1 18.6 335 44.6 47.0 88.6| 163.1| 121.7| 1448 48.2 442 385 8178
RCP 8.5 22.4 14.7 23.9 332 36.4 69.1] 162.5| 124.3] 130.6 37.8 38.1 25.5| 7185
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[Fig. 8] Configuring a reservoir for water budget analysis
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[Table 10] How to connect the simulated reservoir

FUF (m/s)o]H,

operation
. Test Analyzed
Classify Year Funoff Data Unit
1993~ Daily Unit
CASE 1 20124 Observed Data Analysis
19934~ . . Daily Unit
CASE 2 201249 Discharge Calculation Data Analysis
CASE 3 20219~ Long Discharge Daily Unit
2050 Calculation Data(RCP6.0) Analysis
CASE 4 20214~ Long Discharge Daily Unit
2050 Calculation Data(RCPS8.5) Analysis
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[Table 11] Flow conversion through the connection link canal (CASEI, 2)

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011
Day

Andong Imha Imha—Andong
. . Average Average
Classify Average Inflow Average Inflow Switch . . . . Test Day
(millionmyr) (millionn/yr) Day Sw1t?h. DItharge Switch Discharge
(millionm’/yr) (cms/day)
CASE 1 1,059.5 711.0 3,951 188.9 5.99 7,305
CASE 2 1,027.9 681.1 4,393 187.8 5.95 7,305
[Table 12] Flow conversion through the connection link canal (CASE3, 4)
Andong Imha Andong—Imha
Classify Average Inflow Average Inflow Switch Swiuivg?sizar . Swité?lvic)r?siehar . Test Day
(millionm/yr) (millionm’/yr) Day (millionm*/yr)g (cms/day) 8
CASE 3 1,038.5 817.6 8,926 276.4 8.76 1,0957
CASE 4 982.1 717.8 8,556 272.5 8.63 1,0957
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(188.99gkm’) 7} OPEEHOE A= Aoz HoHY 71518} AU 2(RCP 6.005 o8] Wl A7 &
T}, CASE 29] 79 A% mel7|7k £ 60.1%(43932)e] AL ATE olgate] ArA] AALY wmelE saaiy
717 Zot sldol A ok oz Sak AFlo] vREl: ©} molAyl mor|7tEer JdArS,2E B3 o 7F A
Aoz FAHNeH st %%EF A 275% B FEFS ThE Table. 133} o] FAEGlOH, CASE
(18789t 7}k ShsHoz Hgtee Aoz HOE]] 39 A9 A Ho7IZt F 81.4%(8,9269)9] 7|7t &
o IS4l QFEHoR §a Hglo] WAIEE o B
LS
165 o
i
A PR 4 i Ly T
155 |- 160 - +
el G Ty Y A L
| . e | L ML
140 - \! i \\HURE u-}ms— i “ v\- H
135 | \ \u \‘\ + 140 |- \ \w \ i ‘
R/ [V A 1) MRl I
10 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 \" b' “‘
Day 130 L L O, :
(@
165 - - (@)
1 L Y O =
L f\ P 160 - 1 ﬂ b A i e
=N oI T TS
I A ol UL O
“riH N I LA My
ol \\l 1 H \ o - l‘h , %\T i MLK‘M
o 1 N 11 “th I
N1 AU A A AANIIRTY

(®
[Fig. 9] Andong - Imha Dam’s water level change by

Connecting simulation
(a) CASEl (b) CASE2

(®)

(a) CASE3 (b) CASE4
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[Fig. 10] Andong - Imha Dam’s water level change by
Connecting simulation
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[Table 13] Analysis of the flow conversion by Reservoir connection Simulated operation
Switch Discharge (Imha—Andong)
Classify Test Day Daily Average Yearly Total Switch Switch Rate Note
(cms/day) Average (millionm’) (%)
(millionm’/yr)
CASE 1 1993~2012 5.99 188.9 3,778.2 26.6 Measured Flow
CASE 2 1993~2012 5.95 187.8 3,755.9 275 Calculated Flow
CASE 3 2021~2050 8.76 276.4 8,292.4 33.8 RCP 6.0 Calculated Flow
CASE 4 2021~2050 8.63 272.5 8,173.7 37.9 RCP 8.5 Calculated Flow
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