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AR d

Jun, Sang Min - Kang, Moon Seong * Song, Inhong - Hwang, Soon Ho *

A= IO Y- k- e

* = %
L EAE

Kim, Kyeung * Park, Jihoon

- Bes - A

ABSTRACT

About 74 % of reservoirs in Korea are older than 40 years and their storage capacities have been decreased substantially. As part
of reservoir reinforcement, the dam heightening project has been ongoing for about 110 reservoirs. The main purpose of the dam
heightening project is to secure additional environmental water, while improving flood control capacity by gaining additional storage
volume. The objective of this study was to evaluate reservoir flood control capacity changes of dam heightening reservoirs for effective
management of additional storage volume. In this study, 13 reservoirs were selected for reservoir simulation of 200 year return period
floods. Rainfall data of 1981-2100 were collected and divided into 4 periods (1981-2010; 1995s, 2011-2040; 2025s, 2041-2070; 2055s,
2071-2100; 2085s). Probability rainfalls and 200yr design floods of each period were calculated using FARD2006 and HEC-HMS.
Design floods were used as inputs of each reservoir simulation using HEC-5. Overall, future probability rainfalls and design floods
tend to increase above the past 1995s. Control ratios were calculated to evaluate flood control capacities of reservoirs. As a result,
average flood control ratios were increased from 32.6 % to 44.2 % after dam heightening. Control ratios were increased by 12.7 %
(1995s), 12.4 % (2025s), 10.3 % (2055s) and 10.9 % (2085s). The result of this study can be used as a basis for establishing the

reservoir management structure in the future.
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Table 1 Characteristics for the selected reservoirs
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Rainfall data
(1981 ~ 2100)

Frequency Analysis
FARD2006 program
[ Probablllty rainfall ]

(19955, 20255, 20555, 2085s)

y

Design flood
(1995s, 20255 2055s, 2085s)

am

Reservoir simulation
(Before and after dam heightening)

I—) Evaluate flood control capacity
Flood control ratio

Fig. 1 Flow chart of the reservoir simulation procedure
* 1995s: 1981 ~2010, 2025s: 2011~2040, 2055s: 2041~2070, 2085s:
2071~2100

) ) Total water storage volume (10" m)
Stream Reservoir Weather station Watershed area (ha) ; ;
Before dam heightening | After dam heightening | Rate of increase (%)

Han_river Bangye Wonju 2,500 174.6 283.4 62.3

Tapjung Geumsan 21,880 3,192.7 3,664.7 14.8

Geum_river Baekgok Chungju 8,479 2,175.0 2,661.8 22.4

Jangchan Chupung-ryung 513 425.6 539 26.6

. Samga Youngju 2,425 408.6 529.3 29.5
Nakdong_river -

Jipyung Moonkyung 2,556 275.8 381.2 38.2

Sooyang Gwangju 3,300 747.2 1,192.6 59.6

Jangsung Gwangju 12,280 9,006.5 9,989.8 10.9

Naju Gwangju 8,460 9,132.0 10,756.0 17.8

Youngsan_river Gwangju Gwangju 4,130 1,737.0 2,326.0 33.9

Damyang Gwangju 6,560 6,667.6 7,506.8 12.6

Baekyong Gwangju 2,730 248.0 380.4 53.4

Daedong Mokpo 4,390 638.9 719.5 12.6
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Fig, 2 Location map of the 13 study reservoirs
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Fig. 3 DEM and landuse maps of the Jangsung reservoir watershed
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Table 2 Characteristics changes of the study reservoirs

Before dam heightening After dam heightening
Reservoir | Flood water level |Normal water level |Restricted water level Flood gate Flood water level |Normal water level | Restricted water level Flood gate
(EL.m) (ELm) (ELm) (EL.m) (ELm) (ELm)

Bangye 775 76.0 76.0 X 80.5 79.0 79.0 X
Tapjung 30.4 28.3 28.3 0 31.1 29.3 29.3 0
Baekgok 100.1 100.1 100.1 0 102.1 102.1 102.1 0
Jangchan 164.0 162.7 162.7 X 167.0 166.0 166.0 X
Samga 305.0 303.4 303.4 X 307.8 306.7 306.7 X
Jipyung 92.1 90.6 90.6 X 93.8 92.6 92.6 X
Sooyang 48.41 47.16 47.16 X 4841 4841 47.16 0
Jangsung 86.5 86.5 86.5 0 88.0 88.0 88.0 0
Naju 63.9 63.9 63.9 0 65.9 65.9 65.9 0
Gwangju 78.75 76.95 76.95 X 79.85 79.85 76.95 0
Damyang 121.1 119.5 119.5 0 123.5 121.5 121.5 0
Baekyong 40.0 38.5 38.5 X 42.0 40.6 40.6 X
Daedong 36.2 35.0 35.0 X 36.2 35.6 35.6 0
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Table 3 Probability rainfalls for a 200 year return period based on RCP 4.5 scenario (mm)
Station Period | 3hr | 6hr | 9hr | 12hr | 15hr | 18 hr | 24 hr Station Period | 3hr | 6hr | 9hr | 12hr | 15hr | 18 hr | 24 hr
1995s | 165.2| 232.3| 287.8| 327.5| 360.6 | 390.7| 428.3 1995s | 146.8| 217.1| 254.9| 293.5| 331.6| 350.6 | 410.5
Woni 2025s | 103.8| 165.4| 199.2| 231.8| 264.7| 298.1| 329.0 Youngiu 2025s | 157.1| 252.8| 297.9| 330.7| 347.7| 358.1| 379.6
2055s | 127.2] 199.6 | 234.2| 256.1| 277.1| 296.0| 324.7 2055s | 207.1| 313.9| 379.8| 416.9| 446.8| 474.6| 533.8
2085s | 157.0| 236.3| 276.6| 302.3| 333.6| 358.9| 4195 2085s | 213.2| 374.6| 463.0| 554.2| 644.4| 708.3| 756.8
1995s | 154.6| 202.9| 233.8| 256.8 | 283.8| 305.1| 327.5 1995s | 117.8| 152.8| 181.3| 207.5| 2239 235.7| 286.9
2025s | 105.7] 176.3| 209.6 | 222.6 | 239.3| 248.8| 264.9 2025s | 177.0] 256.8| 313.2| 344.9| 369.2| 381.1| 393.8
Geumsan — — —1 Moonkyung
2055s | 1755 271.3 | 336.3| 380.7| 399.4| 412.2| 4355 2055s | 145.0| 216.9| 261.2| 289.4| 302.9| 319.6| 382.8
2085s | 14741 209.5| 239.8| 272.1| 321.8| 354.1| 394.4 2085s | 131.6] 213.2| 273.3| 315.7| 346.4| 372.0| 413.8
1995s | 177.1| 2275 259.0| 301.2| 333.0| 341.2| 354.6 1995s | 1925 279.1| 3354 | 362.3| 385.0| 410.1| 445.7
) 2025s | 202.0] 322.8| 365.9| 387.8| 403.9| 417.1| 436.4 ) 2025s | 147.6| 220.9| 247.2| 2749| 294.6| 310.0| 331.8
Chungju — Gwangju
2055s 83.2| 129.1| 152.3| 175.9| 201.9| 227.2| 264.8 2055s | 155.1] 224.1| 268.9| 296.5| 319.8| 337.8| 368.5
2085s | 202.6| 351.9| 429.2| 492.4| 555.6| 605.3| 655.9 2085s | 192.0| 264.2| 264.2| 312.1| 333.3| 347.3| 374.8
1995s | 1249 197.1| 252.7| 277.9| 305.3| 329.0| 366.1 1995s | 151.2| 204.5| 263.5| 313.1| 339.8| 365.6| 407.6
Chupung- | 2025s | 159.2| 432.1| 215.1| 3004 | 298.4| 296.6 | 298.9 Mokpo 2025s | 135.0] 217.0| 237.9| 254.2| 268.6| 278.5| 300.8
ryung 2055s | 191.5] 294.3| 346.1| 372.5| 391.1| 403.0| 434.0 2055s | 168.9| 257.5| 2789| 299.4| 308.2| 316.9| 333.3
2085s | 186.5| 240.9| 281.6| 303.0| 3135 3317 | 354.1 2085s | 202.4| 304.3| 352.4| 377.1| 397.3| 417.3| 434.1
* 1995s: 1981~2010, 2025s: 2011~2040, 2055s: 2041~2070, 2085s: 2071 ~2100
Journal of the Korean Society of Agricultural Engineers, 55(6), 2013. 11 61
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Table 4 Design floods of a 200-year frequency based on RCP 4.5 scenario (m%/s)

Reservoir] Period | 3hr | 6hr | 9hr | 12hr | 15hr | 18hr | 24hr Reservoir| Period | 3hr | 6hr | 9hr | 12hr | 156 | 185 | 24 br
1995s | 515.1 | 535.3 | 5005 | 4595 | 410.2 | 3713 | 340.7 19955 | 24441 ] 2599.9 | 2645.4 | 24296 | 20941 | 18409 | 16682
2025s | 2571 | 3037 | 2748 | 2536 | 2390 | 2287 | 1928 20255 | 1812.7 | 2064.4 | 17695 | 15756 | 1399.9 | 1253.9 | 1030.2
Bangye s | 3326 | 376.2 | 3282 | 2623 | 2509 | 2270 | 1901 | 055 | 1918.1 | 2096.4 | 1932.2 | 170400 | 15230 | 13691 | 11465
2085s | 4293 | 4537 | 3927 | 3366 | 3050 | 2776 | 2479 2085s | 2437.1 | 2496.9 | 1897.0 | 1796.6 | 1588.9 | 14085 | 11665
19955 | 9668 | 1149.8 | 1255.1 | 1350.7 | 13608 | 1377.7 | 1336.9 19955 | 1803.3 | 1900.9 | 1899.3 | 1711.9 | 14563 | 12715 | 11475
| 2025s | 5812 10572 | 11878 | 11542 | 11361 | 10802 | 975.0 | | 2025 | 1289.7 | 1454.3 | 1220.1 | 1079.1 | 953.3 | 850.9 | 696.5
oo e {11352 | 1767.3 | 2042.2 | 2109.9 | 20056 | 18816 | 16704 " (20555 | 1375.1 | 14788 | 13414 | 1172.7 | 10423 | 9335 | 779.1
20855 | 909.2 | 1304.3 | 1391.1 | 1453.3 | 1584.3 | 15972 | 1504.1 20855 | 17975 | 17855 | 13151 | 1240.1 | 10899 | 961.7 | 793.2
19955 | 1656.1 | 1595.1 | 1410.9 | 1193.1 | 11036 | 1006.8 | 870.3 1995 | 959.2 | 989.7 | 966.7 | 860.4 | 728.6 | 6347 | 5716
20255 | 18506 | 2138.0 | 1775.3 | 1467.2 | 1247.1 | 1086.7 | 8647 2005 | 7139 | 7560 | 627.2 | 5490 | 482.8 | 4298 | 350.6
Baekaok 1= o5s | 493.8 | 6635 | 6102 | 5752 | 558.1 | 5430 | 4938 | O %" 0655 | 7549 | 7676 | 6807 | 5984 | 55.2 | 469.2 | 3002
20855 | 18577 | 2359.1 | 2119.3 | 19025 | 1758.3 | 16180 | 1332.5 20855 | 9565 | 9128 | 672.2 | 6255 | 547.9 | 4827 | 397.0
1995 | 111.2 | 1037 | 967 | 848 | 705 | 623 | 562 19955 | 2250.1 | 20905 | 18319 | 1506.4 | 1232.2 | 10525 | 937.1
g | 2225 [ 1201 [ 1028 [ 919 [ 65 | w65 [ aw6 [a81 | [905s [16973 14404 [1682 ] 6a05 [ son1 [ 7067 | 5683
20555 | 2908 | 2359 | 1875 | 1520 | 1279 | 1100 | 89.1 20655 | 1789.9 | 1462.0 | 12026 | 1005.2 | 8720 | 7700 | 632.1
2085s | 1781 | 1203 | 9.2 | 77.3 | 641 | 567 | 455 2085s | 2243.9 | 1731.8 | 11811 | 1069.1 | 909.4 | 792.0 | 643.0
19955 | 4364 | 4414 | 405.1 | 3363 | 209.1 | 2752 | 2444 19955 | 6648 | 6794 | 6555 | 5718 | 479.6 | 415.1 | 372.9
20255 | 476.1 | 4835 | 4002 | 3410 | 2898 | 250.1 | 2004 20255 | 4743 | 4994 | 4067 | 3539 | 3100 | 2754 | 2243
Samga - — Baekyong —
20555 | 669.4 | 6169 | 5213 | 4375 | 3789 | 3375 | 2872 20655 | 506.0 | 5080 | 4475 | 3851 | 339.4 | 3026 | 2513
20855 | 693.0 | 7485 | 644.1 | 589.8 | 5649 | 5113 | 4117 20855 | 6627 | 6156 | 438.7 | 4075 | 355.1 | 3119 | 256.9
19955 | 446.1 | 4188 | 339.0 | 2794 | 2441 | 2125 | 187.3 19955 | 7406 | 780.0 | 695.3 | 666.7 | 622.2 | 552.4 | 502.1
, 20255 | 696.2 | 5821 | 4904 | 4106 | 3540 | 3057 | 2378 20255 | 645.6 | 7426 | 596.9 | 4987 | 4313 | 3775 | 3106
Jipyung — — Daedong — —
20555 | 5613 | 489.1 | 4075 | 3435 | 2896 | 255.7 | 2310 20555 | 8447 | 8955 | 7085 | 5935 | 498.8 | 432.5 | 345.8
20855 | 5046 | 4805 | 4268 | 3753 | 3319 | 208.3 | 2500 20855 | 10417 | 10715 | 907.4 | 7559 | 649.8 | 5756 | 4546
19955 | 836.0 | 848.6 | 8104 | 7026 | 587.7 | 508.1 | 455.9
oyang | 20255 | 6056 | 6232 [ 5042 [ 4371 [ 3821 [ 3390 [ 755
20555 | 6440 | 6335 | 553.1 | 4745 | 4173 | 3715 | 3079
2085s | 8334 | 7626 | 5425 | 5014 | 4362 | 3826 | 3135

* 1995s: 1981~2010, 2025s: 2011~2040, 2055s: 2041 ~2070, 2085s: 2071 ~2100
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Table 5 Peak runoff o a 200—year frequency based on RCP 4.5 scenario

) Peak runoff (m’/s) . Peak runoff (m’/s)
Reservoir — Reservoir —
1995s 2025s 2055s 2085s 1995s 2025s 2055s 2085s
Inflow 456.0 257.1 332.6 429.3 Inflow 2444.1 1812.7 1918.1 2437.1
Bangye | Outflow (before) 396.2 223.2 290.1 373.7 | Jangsung | Outflow (before) 1252.6 11489 1166.4 1255.0
Outflow (after) 327.2 103.9 191.8 300.7 Outflow (after) 1214.3 1080.9 1102.1 1212.8
Inflow 1255.1 1187.8 2042.2 1304.3 Inflow 1803.3 1289.7 1375.1 1797.5
Tapjung | Outflow (before) |  1254.2 1186.7 1702.9 1303.3 Naju | Outflow (before) |  1088.4 1020.8 1030.7 1087.5
Outflow (after) 1194.1 1180.0 1611.9 1209.4 Outflow (after) 641.5 566.3 578.0 640.6
Inflow 1556.1 2138.0 663.5 2359.1 Inflow 959.2 713.9 754.9 956.5
Baekgok | Outflow (before) 1545.2 2043.4 662.1 2166.4 | Gwangju | Outflow (before) 381.5 255.0 275.6 380.1
Outflow (after) 1350.0 1823.1 662.1 1998.1 Outflow (after) 643.3 552.4 565.8 642.2
Inflow 111.2 127.1 183.5 178.1 Inflow 2250.1 1697.3 1789.9 2243.9
Jangchan | Outflow (before) 68.4 81.0 127.3 122.8 | Damyang | Outflow (before) 4484 313.9 335.6 446.9
Outflow (after) 0.0 0.0 0.0 0.0 Outflow (after) 318.3 238.2 250.6 317.3
Inflow 436.4 476.1 669.4 693.0 Inflow 664.8 474.3 506.0 662.7
Samga | Outflow (before) 370.3 405.4 575.4 595.9 | Baekyong | Outflow (before) 498.6 334.9 361.1 496.7
Outflow (after) 202.1 251.2 471.3 495.5 Outflow (after) 362.3 179.1 208.8 360.3
Inflow 446.1 696.2 561.3 504.6 Inflow 740.6 645.6 844.7 1041.7
Jipyung | Outflow (before) 343.6 561.3 444.1 394.4 | Daedong | Outflow (before) 443.5 376.9 516.9 662.8
Outflow (after) 212.3 450.9 325.3 268.5 Outflow (after) 436.0 364.8 514.0 667.8
Inflow 836.0 605.6 644.0 833.4
Sooyang | Outflow (before) 443.3 292.1 317.7 4415
Outflow (after) 629.2 558.9 567.2 628.2

* 1995s: 1981~2010, 2025s: 2011 ~2040, 2055s: 2041 ~2070, 2085s: 2071 ~2100
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Fig. 5 Computed hydrographs for the Bangye reservoir based on RCP 4.5 scenario (Han river)
*1995s: 1981~2010, 2025s: 2011~2040, 2055s: 2041~2070, 2085s: 2071 ~2100
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Fig. 6 Computed hydrographs for the Jangchan reservoir based on RCP 4.5 scenario (Geum river)
*1995s: 1981~2010, 2025s: 2011~2040, 2055s: 2041~2070, 2085s: 2071 ~2100
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Fig. 7 Computed hydrographs for the Jipyung reservoir based on RCP 4.5 scenario (Nakdong_river)
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of the study reservoirs before and after reservoir rehabilitation

) ) Control ratio (%) . . Control ratio (%) ) . Control ratio (%) . . Control ratio (%)
Reservoir | Period Reservoir | Period Reservoir | Period Reservoir | Period
Before | After Before | After Before | After Before | After
1995s 13.1 28.2 1995s | 48.8 50.3 1995s 15.2 53.7 1995s | 25.0 45.5
2025s 13.2 59.6 2025s | 36.6 40.4 2025s 14.8 47.2 2025s | 294 62.2
Bangye | 2055s 12.8 42.3 | Jangsung | 2055s 39.2 42.5 Samga 2055s 14.0 29.6 | Baekyong | 2055s 28.6 58.7
2085s 12.9 30.0 2085s | 485 50.2 2085s 14.0 28.5 2085s | 25.1 45.6
Average | 13.0 40.0 Average | 43.3 45,9 Average | 14.5 39.8 Average | 27.0 53.0
1995s 0.1 4.9 1995s | 39.6 64.4 199s | 23.0 52.4 1995s | 40.1 41.1
2025s 0.1 0.7 2025s | 209 56.1 2025s 194 35.2 2025s | 41.6 43.5
Tapjung | 2055s 16.6 21.1 Naju 2055s 25.0 58.0 Jipyung | 2055s 20.9 42.1 | Daedong | 2055s 38.8 39.2
2085s 0.1 7.3 2085s | 39.5 64.4 2085s | 21.8 46.8 2085s | 36.4 35.9
Average 4.2 8.5 Average | 31.3 60.7 Average | 21.3 44.1 Average | 39.2 39.9
1995s 0.7 13.2 1995s | 60.2 32.9 199s | 47.0 24.7 1995s | 33.2 45.9
2025s 4.4 14.7 2025s | 64.3 22.6 2025s | 518 7.7 2025s | 319 44.3
Baekgok | 2055s 0.2 0.2 | Gwangu | 2055s 63.5 25.0 | Sooyang | 2055s 50.7 11.9 | Average | 2055s 32.5 42.8
2085s 8.2 15.3 2085s | 60.3 32.9 2085s | 47.0 24.6 2085s | 32.7 43.6
Average 3.4 10.9 Average | 62.1 28.4 Average | 49.1 17.2 Average | 32.6 44.2
1995s | 385 | 100.0 199s | 80.1 85.9
2025s | 36.2 | 100.0 2025s | 8l5 86.0
Jangchan | 2055s 30.6 | 100.0 | Damyang | 2055s 81.2 86.0
2085s | 310 | 100.0 2085s | 80.1 85.9
Average | 34.1 | 100.0 Average | 80.7 85.9

* 1995s: 1981~2010, 2025s:
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