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Flood Runoff Estimation for the Streamflow Stations in
Namgang-Dam Watershed Considering Forest Runoff Characteristics
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ABSTRACT

The objective of this study is to estimate the flood runoff for three guaged stations within Namgang-Dam watershed which are
operated by KWATER. For a flood runoff simulation, HEC-HMS was applied and the simulated runoff was compared with observed
from 2004 to 2008. The watershed area of Sancheong, Shinan, and Changchon were 693.6 km’, 413.4 km’, and 346.48 km’,
respectively. The average runoff ratio of observed runoff for three watersheds were 0.725, 0.418, and 0.586, respectively. The
dominant land cover of three watersheds are forest with the value of 71.6 %, 73.1 %, and 82.0 %. Three different cases according
to the potential maximum retention of forest areas for calculating the curve number were applied to decrease the error between the
simulated and observed. The simulated peak runoff of case 3 which applied the 90 % of potential maximum retention of curve
number which is equivalent to AMC I for all the AMCI, AMCII, and AMCII conditions showed least root mean square error
(RMSE). The case 1, which was suggested by previous study, showed high discrepancy between the simulated and observed. Since
the forest area consists of more than 70 % for all three watersheds, the application of curve number for forest is critical to improve
the estimation errors. Further research is required to estimate the more accurate curve number for forest area.
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Fig. 1 Streamflow monitoring stations and sub—watershed
within the Namgang-Dam watershed
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Table 1 The stage—discharge relationships and coefficient
of determination for Sancheong, Shinan, and
Changchon stations

Station Stage range Stage-discharge relationship Year
HaO.12 Q=0.0097H"**
0.12<H<2.71 Q=2.9240(H+0.6680)" "% 2004
2.71<H<8.25 Q=3.4910(H+ 1,94)3%5
042<H<327 | Q=27.8133H" 2005

Sancheong | 0.4<H<8.87 Q=08.373H>%% 2006
0.15<H<461 | Q=30505(H-0.02D** or
461<HS8.14 | Q=133.211(H+0.042)"
033<HSL10 | Qe172580(H-0.227)""

LIKHS1497 | Qea4.715(E+ 0,462 2008

H<0.95 Q=0.7176H"*

0.95sH<1.25 | Q=20.29(H-05290)" 2004

1.25<H<4.8 Q=25.933(H-0.5540)*'*"

H<0.89 Q=0.7674H*'™*

0.89<H<2.21 | Q=21.017977(H-0546)" 2005
Ghingy |2 A=He3.06 Q=30.610602(H—Oi935)2‘F52‘3

0.850<H<3.878 | Q=4.806(H-0.034)"*" s

3.878<H<7.540 | Q=26.833(tF+0.381)*""

0.80<H<308 | Q=42.349(H-0.639"*

308<HS5.94 | Q-96.128(H-0.646)"" 2007

0.85<H<3.02 Q=16.832(H-0.379)*™ s

302<H<754 | Q=96.913(H-0.128)"*"

040<H<0.65 | Q=118.798(H-0.006)""" ot

0.65<H<2.95 | Q=94.508(H-0.02*""

0.22<H<2.24 | Q=41.08H'

2.24<H<273 | Q=200.05H"+365.74H-500.12 | 2005

2L Q-162.20H*"

Changchon | 0.400<H<1.966 | Q=136.638(H-0.150*""
1.966<H<4.230 | Q=139.674(H-0.137)**" 2006
037<H<1.25 | Q=193235(H-0.232"" o
125¢H<379 | Q=218.108(H-0.295)"""
0.37<H<0.66 | Q=894.948(H-0.250)*"" s
0.66<H<4.20 | Q=193.566(H-0.255)"""
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& APSIITE. Table 2914 2+ ol o 2 Sk & GISY| ARTFES Y8l AFAR, EXolgAw, EYARS
2 FEES AP AE BoFa Qo) ARy, Ak AE 5t ARE B AFREY] £52 8l ESRI
F99] 2004 %€ 2008W7HA] 5d7Fe] ABA FEES 7 A AT ArcGIS BES o]g3ldth gAY AFEe =
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| f=E80] 256 %= e W oS B, %}594 A5 7lHE, A 1gsHdE, A2EshE 55 o8dt ARE
20059 fr=&0] 19.3 %, 20084 36.9 %= W& w2 B3l pEsgich &3 APAR SRS vlEke g HEC-HMS
24, 2005&‘ FEEOl e 2 G B A2 ASAe) 2 ugvgel dagh eRe TR, A, ARk A 2
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2Ye) AEs 2 Z# LdEe FR A T ATHE . WUEYEES o]gsle] $od gt EFRES AAslY 7t B
TACA BolAE AlLjgt ARt AAsHen, 4 10 ol SRS EYuS RO thed Table 32 ZF &
7N, AlQE 147K, & 14702 F 38709] 7-¢AbdS A3t o8 AN EX|o]g, 4Eakd Eokro] HEAls H ol
ot AAE 7FAPE AP 92~ 240 mm, A1 90~ 333 mm, of o]8E 2@ 2EAMIY] 9293} 3 BASH ZAE B
AE 82~282 mme] HHE By oSl oFd =¥ 2w 9
Table 2 Observed rainfall, runoff, and runoff ratio for the 1 7E;| 3'—" u]| J_’_E"

monitoring stations within Namgang—Dam watershed.
Shinan

Changchon

Runoff
ratio
(%)

7.8
19.3
75.3
83.6
36.9
58.6

Sancheong

Runoff
ratio
(%)

67.6
61.2
75.2
95.6
62.9
72.5

Runoff
ratio
(%)

52.0
42.7
46.4
42.5
25.6
41.8

Runoff
(mm)

Rainfall
(mm)

Runoff
(mm)

Rainfall
(mm)

Runoff
(mm)

Rainfall

Year (o)

2004
2005
2006
2007
2008

Mean

1,874.0
1,219.0
1,517.0
1,623.0

814.0
1,409.4

1,266.2
746.0
1,140.9
1,551.3
512.3
1,043.3

1,813.0
1,122.0
1,540.0
1,911.0

967.0
1,470.6

943.5
478.5
715.1
812.3
247.9
639.5

1,964.0
1,239.0
1,684.0
1,747.0

938.0
1,510.8

1,528.5
239.0
1,268.7
1,460.9
346.2
968.7
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Table 3 Runoff ratio, average slope, land cover, and hydrologic soil group for sub—watershed.

Percent of land cover Hydrologic soil group (AMCII)
Sub-watershed No. of storm | Average slope Average runoff (%) i (%)
event @ ratio (%) Paddy area| Upland Forest Residential | Other land A B C D
area use
Sancheong 10 29.7 47.1 13.7 8.3 71.6 1.7 4.7 57.7 189 9.8 13.7
Shinan 14 27.3 29.7 16.0 5.5 73.1 1.7 3.7 74.2 77 14.6 3.5
Changchon 14 38.2 32.5 8.3 4.6 82.0 1.3 3.8 72.4 14.9 6.6 6.0
88 Pt A2 A6, 2010



=20} EXo]gARE EAOl & $ETH ETOR BF
SF9iT} (Table 5). °l& B2 MYPES+24 (Antecedent
Moisture Condition, AMC)°ll 2 tiAF99] FE34AHS
CN)E F=oI3lth. =] AHR]9] A FAE 359 FA7E 24
uo Aoz dHA glen SCS2 CN Tabled] = Forest
o] R FAE Fol 7P R 2410l grelrt (Cho, 1998).
2 Ao Al gt CNZES FA517] sl AR

Table 4 Classification of AMC

5-day Antecedent rainfall, RF5 (mm)
AMC Group -
Growing season (Jun. ~Sep.) | Dormant season (Oct. ~May)
I RF; < 35.6 RF; <127
il 3.6 < RFs <53.3 12.7< RFs <279
il RFs >53.3 RFs >27.9

Table 5 CN values for each land use and hydrologic soil

gt Yoon (1995)¢] d44%E &8st ARl o=
CNZEE F45gl). o] ZAxtol] w2 Abgof|Ae] CNgE
PRARGSF (S)Q MEE 10 %, 50 %, 90 %ol w2t &
o= 82, 72, 599 #E UEMHAL, AHSeHoA =
84, 74, 629 & YRy on sadoA= 87, 80, 709
S UEhIet (Table 6). Table 7914 tiARGe] & A4
9 B4 B5E ONgtE 2oI53L Qlal, Table 84 2t
o Exu]E WAHE HojFa gtk Table 7, 82 E
2 Rk Eokt ¥ WH TkeAE HEste] EXuEE o
o CNZHS APYsglal, EXuEEE ohi| HE 71545 4
5t iR Bt CNgEE AP s8It Table 84| tf
£ EXuEo| vl HAHEo] A2 FAAY, AUAY, i
A, FEAEAY, AFAGE 7IEA G oR Fhalste] LEt
Welth, 29 ONFE2 AR 9] Ao B3 10 %,
50 %, 90 BEE A9 4% CN1 66, 56, 46, CNII
82, 75, 67, CNII 91, 87, 825 Yelflal, Alekgool AL

group Table 6 Potential maximum retention and CN for forest
Hydrologic soil group
Land use type
A B c D Percent of potential | Potential maximum retention CN
Paddy 78 78 78 78 maximum retention |Coniferous| Deciduous |Mixed (Coniferous| Deciduous | Mixed
Upland 63 75 33 87 (%) forest forest |forest| forest forest |forest
Residential area 77 85 90 92 10 49 5 | 37 84 82 | 87
Reservoir 100 100 100 100 50 88 100 | 64 74 72 | 80
Forest 57 73 32 86 90 156 176 | 110 62 59 | 70

Table 7 Applied curve number (CN) for each land cover according to the hydrologic soil group for Sancheong

Hydrologic soil group (AMC II)
Category Total Area A B C D
km’ % Area (km®)|  CN  [Area(km®)| CN  |Areakm’)| CN  |Area(km’)| CN
Residential area 11.9 1.7 14 77 5.3 85 5.1 90 0.1 922
Industrial area 0.7 0.1 0.1 81 0.3 88 0.2 91 0.0 93
Business area 1.1 0.1 0.0 89 0.1 92 0.8 94 0.0 95
Traffic area 4.3 0.6 1.0 98 1.2 98 2.1 98 0.0 98
Public facilities area 1.0 0.1 0.2 81 0.3 88 0.5 91 0.0 93
Paddy area 9.1 13.7 14.9 78 40.1 78 39.9 78 0.3 78
Upland 57.3 8.2 214 63 28.2 75 7.2 83 0.6 87
Deciduous 150.3 217 96.3 72 6.9 72 0.7 72 46.4 72
Forest Coniferous 279.2 40.3 207.5 74 32.7 74 5.5 74 334 74
Mixed 66.6 9.6 49.6 80 35 80 04 80 13.1 80
Grassland 8.3 1.2 39 49 3.0 69 0.8 79 0.5 84
Mine area 0.7 0.1 0.5 81 0.2 88 0.0 91 0.1 93
Bare land 8.0 1.2 2.5 89 3.7 92 1.6 94 0.2 95
Water 9.0 1.3 4.2 100 5.5 100 2.9 100 0.5 100
Total 693.6 100.0 400.0 1311 67.8 94.7
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Table 8 Land cover status of Sangcheong, Shinan, and Changchon

Percent of land cover (%)

Sub-watershed o Forest
Residential area | Paddy area | Upland - - - Grassland | Bare land |  Water | Other landuse| Total
Deciduous | Coniferous | Mixed
Sancheong 1.7 13.7 8.3 21.7 40.3 9.6 1.2 1.2 1.3 1.1 100.0
Shinan 1.7 16.0 5.0 13.7 39.7 19.7 0.8 0.4 1.9 0.7 100.0
Changchon 1.3 8.3 4.6 45.0 21.7 15.3 0.7 1.0 1.5 0.6 100.0

CN1 67, 57, 46, CNII 83, 76, 67, CNII 92, 88, 82
vehlon] Azeodo] A CNI 67, 56, 44, CNII 83,
75, 65, CNIII 92, 87, 812 UEhAL

2. HEC-HMS 28Xtz =&

HEC-HMS 230 758 i3] takgeidz
A9} e
gk QJelE QA SUIEARR} SHEAR

CLCEEE

@ Basin Model [san_ws]

S APYsto] BojFal Qlok Table 99 AXMATN= 7F 259
o gt AXEOR FYETA e EEARRE (AHY 401.4 &,
Aot 318.1 &, A& 288.3 )3 AAAIZE (AR 240.9 &, 4l

ok 190.9 ¥, A& 173.0 B2 7F £599 ZHS dslo] 98
4 9lom HA S9HA (A 694.5 km®, A9t 413.4 km’,
22 3465 km?) GA ZF 259 WS Halo] dojHich,

[E)®]5X]  Basin Model [chang_ws]

5 J< >

Fig, 2 Delineated subwatershed and established HEC-HMS input data for Sancheong, Shinan, and Changchon

Table 9 Watershed and stream characteristic input parameters for HEC-HMS simulation

HEC-EMS Parameters Sancheong Shinan Changchon

Seosangha| Anui  |Ham yang |San cheong|Cha hwang| Samga | Jirisan | Samjang | Jung san | Taesoo |Chang chon

Watershed area (km®) 159.93 | 161.36 | 177.86 19533 | 17217 | 241.24 78.20 2712 | 106.26 | 103.88 31.02

Watershed CN for AMC 1T 82 82 82 82 83 83 83 83 83 83 83

parameters Lag time (min) 42.09 | 68.96 28.61 101.20 62.86 | 128.00 30.70 25.37 3196 | 4091 44.04

Time of concentration (min) 70.14 | 114.93 47.68 168.66 | 104.76 | 213.34 51.16 42.29 53.27 | 68.18 73.39

Stream length (km) 1473 | 1448 6.01 21.25 22.00 26.88 | 10.743 5.329 6.712 | 8590 9.247

pj;;i:grs Average stream slope (m/m) | 0.0109 | 0.0042 | 0.0035 0.0018 | 0.0127 | 0.0016 | 0.0303 | 0.0890 | 0.0469 | 0.0002 0.0348

Manning's n 0.035 | 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 | 0.035 0.035

90
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3. HEC-HMS Z2&o| A& 4l HJ} RojFal Qi) Table 10, 11, 129149 294k Case 1, 2,

3 AHARY AR (S AMC I I o] uf

e e HECTHMS 292 2gstel WA #5904 o gy gge 02 Case 12 $71 90 %, 50 %, 10 %
?:‘]O—]ﬁ 701."?‘/\]—/%“?'—_‘:] %‘%%‘zy ‘(I?l‘%% ol /\]Zl-% Z'IEH '(l'l)'%aokﬂ ?_ 78“‘?“, Case Z_E_ S7]» 90 %7 90%, 50 %7 Case 3_‘5_ S7]»

SESGFolA 2Fste PARERYRALEAA AT 90 9 90 %, 90 %2 A9 A CNZES Hgste] &
A

D AR A pH-REHEANS AEste] Aol 29 goiw Wy ONgES A48t Aot
oA ol AMSE Al &Y, e W AR A ojdellA doltl e T FH-FF HAAL WS Yo
= ARE A FIER vaste] Table 10, 11, 129014 © TS EIAL A ALAIRE] SARE Rkl gt
Table 10 Comparison of simulated runoff and peak runoff with observed for Sancheong
Sancheong Runoff (mm) Runoff ratio (%) Peak runoff (m’/s)
Total5-day _ Rainfall Max. Simulated Simulated Simulated
AMC antgc edent Date Rainfall duration h(?urly Observed Observed Observed
rainfall (mm) (hr) rainfall Case 1 |Case 2| Case 3 Case 1 |Case 2|Case 3 Case 1| Case 2 | Case 3
(mm) (mm)
I 2 20040910 163 49 17 67 24 24 24 41.1 149 ] 149 | 149 627 | 405 405 405
0 20080617 129 31 15 18 11 11 11 14.0 85| 85| 85 381 319| 319 319
il 42 20060708 130 22 44 21 60 44 44 16.2 | 462 339 | 339 660 | 3,325 | 2,423 | 2,423
102 20070904 240 64 40 179 195 | 183 | 169 746 | 8L.1| 763 | 703 | 1,162 | 2,997 | 2,952 | 2,875
61 20040618 235 38 23 55 190 | 179 | 164 234 | 808 | 76.2 | 69.8 791 | 2,765 | 2,724 | 2,652
329 20040821 170 37 12 101 130 | 120 | 107 594 | 766 | 706 | 627 | 1,151 | 1,361 | 1,322 | 1,257
m 62 20050820 152 34 39 12 115 | 104 92 79| 755 684 | 60.5 80 | 2,981 | 2,794 | 2,530
88 20070916 144 21 44 100 104 94 82 694 | 722 | 653 | 57.1| 3,670 | 4,798 | 4,496 | 4,065
167 20070813 111 34 51 94 79 70 59 84.7| 711|631 | 531 829 | 3,610 | 3,096 | 2,500
72 20070831 88 32 8 71 58 50 41 80.7 | 66.2| 568 | 46.1| 1,119| 1,102 | 999 | 859
Table 11 Comparison of simulated runoff and peak runoff with observed for Shinan
Shinan Runoff (mm) Runoff ratio (%) Peak runoff (m'/s)
Total5-day ) Max. Simulated Simulated Simulated
. Rainfall
AMC ante.c edent Date Rainfall duration hqurly Observed Observed Observed
rainfall (mm) (hr) rainfall Case 1| Case 2| Case 3 Case 1| Case 2 |Case 3 Case 1|Case 2 | Case 3
(mm) (mm)
0 20070914 | 284 71 39 125 84 84 84 440| 296 | 296|296 | 1,570 | 1,867 | 1,867 | 1,867
0 20080617 146 28 16 14 17 17 17 9.6 | 11.3| 11.3 | 113 138 | 175 | 175 | 175
0 20060506 112 14 20 5 7 7 7 45| 63| 63| 63 110 | 149 | 149 | 149
I 23 20050820 109 27 34 33 7 7 7 303| 60| 60| 60 202 | 129 | 129 | 129
1 20070630 95 27 16 8 3 3 3 84| 35| 35| 35 87 43 43 43
19 20050808 94 28 44 7 4 4 4 741 38| 38| 38 44 7 7 77
0 20080628 90 35 12 22 3 3 3 244 29| 29| 29 243 38 38 33
25 20070806 325 55 66 98| 240| 206 | 206 302 | 738 | 634|634 687 | 2,915 | 2,687 | 2,687
I 38 20040817 226 32 45 88| 149| 120| 120 389 | 659 | 533|533 707 | 1,344 | 1,086 | 1,086
51 20060708 98 21 19 35 38 24 24 357 | 388 | 247|247 | 1024 | 918| 604 | 604
249 20040822 220 35 23 98| 191| 179 | 160 445 | 868 | 814|729 905 | 1,617 | 1,586 | 1,520
" 59 20040618 171 38 22 62| 143| 131] 115 36.3| 836 766|670 550 | 1,302 | 1,194 | 1,012
116 20070904 136 62 8 94| 110 9 84 69.1 | 80.7| 728 | 614 512 | 711 | 654 | 556
85 20070901 91 21 11 29 67 58 45 3L9| 737 | 637|498 326 | 713 | 637 | 516
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Table 12 Comparison of simulated runoff and peak runoff with observed for Changchon

Changchon Runoff (mm) Runoff ratio (%) Peak runoff (m/s)
Total5-day . Max. Simulated Simulated Simulated
antecedent Rainfall Rainfall hourl
AMC . Date duration WY Observed Observed Observed
rainfall (mm) (hr) rainfall Case 1 | Case 2 | Case 3 Case 1|Case 2|Case 3 Case 1 |Case 2 | Case 3
(mm) (mm)
10 20070807 314 45 49 68 | 824 | 824 | 824 217 | 262 | 262 | 26.2 493 | 1,294 | 1,294 | 1,294
1 20040817 274 36 60 99 | 76.7| 76.7 | 76.7 36.1 | 28.0| 280 | 28.0 1,656 | 1,028 | 1,028 | 1,028
0 20070914 257 57 57 115 505 | 505 | 505 447 | 197 | 197 | 197 1,731 | 1,667 | 1,667 | 1,667
4 20040703 138 36 30 51 105 | 105 | 105 39.9 7.6 7.6 7.6 579 142 142 142
I 0 20080617 132 28 14 25 5.2 5.2 5.2 18.9 4.0 4.0 4.0 230 7 7 7
8 20050808 121 29 31 9 5.0 5.0 5.0 74 4.1 4.1 4.1 57 52 52 52
0 20060506 121 13 21 11 1.0 1.0 1.0 9.1 0.8 0.8 0.8 226 65 65 65
0 20080628 84 24 12 18 0.1 0.1 0.1 21.4 0.1 0.1 0.1 154 2 2 2
2 20070630 84 27 10 10 0.1 0.1 0.1 11.9 0.1 0.1 0.1 97 2 2 2
286 20040821 227 36 25 741 1879 | 1729 | 154.6 326 | 828 | 76.2 | 68.1 446 | 1,309 | 1,278 | 1,235
52 20040618 191 45 29 72 1 164.3 | 149.0 | 130.9 3771 86.0 | 780 | 685 355 | 1,615 | 1,477 | 1,239
il 104 20060710 182 13 50 181 | 142.3 | 128.2 | 110.9 995 782 | 703 | 61.0| 3,448 | 2,881 | 2,713 | 2,447
59 20060708 102 21 23 16| 675 | 559 | 426 15.7 | 66.2 | 549 | 41.7 395 | 1,355 | 1,237 | 1,040
67 20070901 82 39 8 48 | 56.8 | 457 | 34.7 585 | 69.2 | 56.1 | 424 247 | 495 | 438 | 370
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Fig. 3 Observed runoff compared with simulated runoff for
3 cases (2007/09/16).
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Fig. 4 Observed runoff compared with simulated runoff for
3 cases (2007//09/04).
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Table 13 Comparison of RMSE for three cases in terms of peak runoff for Sancheong, Shinan, and Changchon,

RVSE Peak runoff (m’/s)
Case 1 Case 2 Case 3

Lo. Sancheong Shinan Changchon Sancheong Shinan Changchon Sancheong Shinan Changchon
AMC I 200.8 2.3 265.3 200.8 2.3 265.3 200.8 2.3 265.3
AMCII 2,665.0 1,592.9 - 1,763.0 1,131.0 - 1,763.0 1,131.0 -
AMCII 4,086.3 1,025.2 1,235.8 3,621.3 889.0 1,007.1 2,999.5 655.5 643.7

Total 4,171.8 1,283.7 525.8 3,497.5 997.2 389.1 2,977.3 872.3 171.9
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Fig. 5 Observed runoff compared with simulated runoff for
3 cases (2007/09/01).
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