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Abstract

Extreme events of rainfall has increased mainly from climate change, resulting in more severe floods intensified by land use
development. Appropriate estimation of design floods gets more attention to ensuring the safety of life and property in flood-prone areas
for hydraulic structures such as dams and levees. In the current study, we reestimated the design flood of the Nam River Dam to adopt
the influence of climatic change of hydrometeorological variables including recent datasets of extreme rainfall events. The climate
change scenarios of extreme rainfall events in hourly scale that has been downscaled was used in analyzing the annual maximum rainfall
for the weather stations in the Nam River Dam basin. The estimates of 200-year and 10,000-year return periods were calculated to
provide a design flood and a probable maximum flood case for the Nam River Dam. The results present that the new estimate employing
the RCP4.5 and RCP8.5 downscaled data is much higher than the original design flood estimated at the dam construction stage using
a 200-year return period. We can conclude that the current dam area might be highly vulnerable and need an enhancement of the dam
safety regarding the reduction of damage in Sachen bay from the outflow of Nam River Dam.
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Fig. 1. Annual maximum flood (m?/s) of the Nam River Dam basin.
Blue solid line with dot makers indicates hourly maximum
flood amount of Nam River dam basin. Red dash-dotted line
indicates design flood amount of Nam River dam basin (200
year of designed return period). Green dotted line indicates
the average of flood amount changed noticeably
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Table 1. Thiessen rates at each rainfall station

Name of Rainfall Stations Sancheong Hapcheon Geochang Namwon Imsil Jinju
Thiessen Rates 0.5563 0.0567 0.1627 0.0855 0.0021 0.1366
Table 2. Thiessen rates and area in each subbasins
Small Basin Nuber | Area (km®) San cheong Hap cheon Geo chang Nam won Imsil Jinju
NA20-1 321.59 0.0608 0.9392
NA20-2 178.88 0.7438 0.2367 0.0150 0.0180
NA19 37.54 0.6620 0.3380
DJ1 370.00 0.4870 0.5130
NAI18 111.50 1.0000
NA17 38.87 0.8594 0.1406
NA16 77.21 1.0000
NALS 99.31 1.0000
NA14 43.40 1.0000
NAI3 425.09 0.4933 0.2970 0.2096
NAI2-1 381.01 0.7709 0.2291
NAI12-2 198.11 0.2263 0.7737
Table 3. Information of stations
No. Name Latitude Longitude Altitude (m)
192 Jinju 35° 12" 49" 128°07' 24" 213
244 Imsil 35°37 44" 127° 17' 08" 246.9
247 Namwon 35°24' 19" 127°20' 58" 89.7
284 Geochang 35°40' 02" 127° 55' 35" 220.9
285 Hapcheon 35°34' 54" 128° 10" 11" 32.7
289 Sancheong 35°25'46" 127° 53' 44" 138.6
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Table 4. Comparing each case of flood estimation method (5 cases)

Dataset Rainfall (C1-S) Future rainfall Scenario (C2-S45) | Future rainfall Scenario (C2-S85)
Data Historical Rainfall Data HiSt;rCiC;Lia;n::iLS?a - HiSt;rCiC;ﬂgia;n::iLS?a -
Parameter Estimator PWM PWM PWM
Dist. Model Gumbel Gumbel Gumbel
Periods 1969 (Jinju), 1973 (4 Stations with C1-S Data + C1-S Data +
Sancheong) ~ 2014 2015~2050 RCP 4.5 Scenario 2015~2050 RCP 8.5 Scenario
Runoff Model Clark Unit Hydrograph model Clark Unit Hydrograph model Clark Unit Hydrograph model
Rainfall Duration 18 Hours 18 Hours 18 Hours
Raw Precip. FEH STTAVS(EE RUSA)E LA T 8712 S PAMS
Raw Precip. Data + Fiture RGP (19904 17§ T-9-AFY, 20001 370 S-9AME, 2001 E 170 &

Stationary FA
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Estimate Thiessen areal ratios (ArcGIS)

!

Apply Curve Number(CN), Storage constant, Time of
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|
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Fig. 3. Flowchart of flood estimation methods FA : Frequency
analysis S : Stationary

o

SRS ARSI T C2-S455= C1-SOA] AR89 =7
=

o] ROMAFRE AP & 4= 4P mdlof 2 85to] 8
APdSHA| o, C2-S852] 73-9+=RCP 8.52] m] 7|+

9 719 A7 S 24510 RCMAR S 4751 "t
2 dAFollMe F-7E BYE fo 9582
Muskingum™ 5, 4952 H-2 Clark 9= WS 285
Aot Muskingum 3 o] 58 o 7421 274 K=
AT B2 ol A H Sruhe] EEAITRS o8]t

A

tlo oL of

i)

T & 2851 Clark TH915= 1 0] 742 w7
T EFARTe, A7 R, FE54715 ONE B7-7-<
FALNLZA(FENGT, 201104 AT & 485
At FA e AN A (S ES SR, 2011004 7]

A, 20029 270 294, 20039 17] 2-9-AF ol thist
of w74 2| 22hE - asto] A E mi A= F7HA Q)
m7 AR o] B e A §hE A o & wsto] AA[sHA]
ookt

B 0] BaR0 (-8, C2-845/8509] tished A& 7|7
20019 RIE(dH 2] A2l Ad717F k), 10,000
W 9222 g o] AR Bl = AP = ek B
o] H] L 242 201411 0] @A7EA] O 2 2 HE AR
(72004, 10,0004 H1=2] C1-S)7t v A4S 4
-8-5te] 205097121 9] 2= 2 APY R (7} 2001, 10,000
1 RIEO] C1-S, 2-845/85)2] Aol & Blaste] SF AT
Al w2783 A= 0] T8 ol sl A skgiet 210087t
A 0] A e B w7} 7Fs st ol @A A 02 5] oh= gt
& = 7] glol & Aol A= aiAlsHTh

.23

(o)}

6.1 7|23l AL 2|2E &85 SEZ4 T AEZY

2 A7E=20009 ] 0] F FAH FUIe Fota s
E] S APg(C1-S)5tkar T15te] vl 71 AU .8 A
SR A HFO BT E AR FH(C2-545/85) 7 HTH
O] AT 422004 B, 10,400 m*/sec)S H] W a1 ¢F
A& HEsI A sk H4 o g S A& Sl
4Fge 2004 H1%=2} 10,0001 ¥ 0] 7392 A2 = Table
5%} Table 61| LFEFH AT

HE Case?] 35F A AT} AAA L7 18A7ES.
2 A= ). whebA SHE7-e- E]E 184171 A&7 7E
= 71 SFE7 S LR QA C2-S4592F C2-8859] 7
< n]gj 713 A|L}2] 2 RCP4.52F RCP8.59] tis}o] v 4

O



726 H. Lee et al. / Journal of Korea Water Resources Association 49(8) 719-729

Table 5. Quantiles of extreme rainfall (mm) with 200year return
period and 18hour duration

Table 7. Estimated Floods from all cases with 200year return period

Name of Rainfall Cl1-S C2-S45 C2-S85 Year 2014 Year 2050
Stations (Median) (Median) (Return Period 200 years) (Return Period 200 years)
Sancheong 465.0 631.7 680.4 Case No. Flood (m’/s) Case No. Flood (m*/s)
Hapcheon 335.4 357.2 408.3 C1-S 16,347
Geochang 286.5 291.8 325.8 Cl1-S 16,347 C2-S45 21,130
Namwon 285.2 319.7 320.1 C2-S85 22,748
Imsil 306.4 311.9 316.9
Jinju 352.7 368.5 370.4 o —

Table 6. Quantiles of extreme rainfall (mm) with 10,000year return
period and 18hour duration

Name of Rainfall C1-S C2-S45 C2-S85
Stations (Median) (Median)
Sancheong 703.0 981.8 1052.0
Hapcheon 500.8 532.0 614.4
Geochang 416.1 422.0 478.1
Namwon 417.8 473.1 471.2
Imsil 455.6 461.0 466.8
Jinju 516.2 535.2 539.0
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Fig. 4. Hydrographs of 200year return period flood of C1-S,
(C2-545, and C2-S85. Red line indicates the hydrograph of
C1-S. Note that (1) blue dotted lines indicate maximum
value (upper) and minimum value(lower) of C2-S45, (2)grey
lines present the range of C2-S85 from 100 simulation series

Table 8. Peak flows (CMS) of C1-S, C2-S45 and C2-S85 with 200
year return period

R(;t(‘)‘é“YZ‘:ris‘;d Max (oc/s) [Median (o /s) | Ml /)
cl-s ; 16,347 -
C2-845 21,978 21,130 19,777
C2-885 23,786 22,748 21,859
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Table 9. Estimated Floods from all cases with 10000year return
period

Year 2014
(Return Period 10,000 years)

Year 2050
(Return Period 10,000 years)

Case No. Flood (m%/s) Case No. Flood (m’/s)
C2-S45 33,275
Cl1-S 25,397
C2-S85 35,670
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Fig. 5. Hydrographs of 10,00 year return period flood of C1-S,
(C2-545, and C2-S85. Red line indicates the hydrograph of
C1-S. Note that (1) blue dotted lines indicate maximum
value (upper) and minimum value(lower) of C2-S45, (2)grey
lines present the range of C2-S85 from 100 simulation series

Table 10. Peak flows (CMS) of C1-S, C2-S45 and C2-S85 with
10,000year return period

(}1{:832) l;e;?;i) Max (m3/s) Median (m3/s) Min (m3/s)
Cl1-S - 25,397 -
C2-S45 34,739 33,275 30,926
C2-S85 37,418 35,670 34,171
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Table 11. Estimated Floods from all cases

Present (Return Period 200 years)

Future (Return Period 200 years)

Case No. Flood (m*/s) Case No. Flood (m’/s)
CI-S 16,347
CI-S 16,347 C2-S45 21,130
C2-S85 22,748

Present (Return Period 10,000years)

Future (Return Period 10,000years)

Case No. Flood (m’/s) Case No. Flood (m’/s)
C2-S45 33,275
Cl1-S 25,397
C2-S85 35,670
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