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Application of Rainfall-Runoff Models and Provision of Radar Rainfall Data
during Flood in Imjin River Basin
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Abstract

The purpose of this study is to evaluate storm runoff models of Imjin river

basin(8,117.5km”) for the provision of radar rainfall situation. Two lumped

models, Storage Function Model(SFM) and HEC-1 model which are now in use

broadly and proved to be highly applicable in many watersheds of Korea, were

~ evaluated. These models were successfully tested for the Yeoncheondam water-
shed(1,838.3km2) by using two big storm events of 1990 and 1996. For further
evaluation, it is recommended that the hydrologic data, basically for hourly-based

discharge should be collected in the selected key stations along the main stream.

In addition, the method to incorporate the radar-detected rainfall information as a

model input was suggested.
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<Table 1> Adopted methods in HEC-1 Model for this study
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infiltration infiltration routing routing
Adopted Input Clark . -
. p. _p SCS Curve ) Muskingum- Modified
in this rainfall unit -
number cunge puls
study | hyetograph hydrograph
7}, &4E AM(SCS Curve Num- Z} AR}

ber Method)

HEC-10l4 A&stn de EAE AL
H& [nitial & Uniform Loss Rate,
Exponential Loss Rate, SCS Curve
Number, Holtan Loss Rate g°l 9=
U} o]l FlAE §FF 25 To| FF53
odE Bfo]l 7158 SCS Runoff Curve
Number Method& Ah&3licth.

EQSAE HFEFAAFCNG B
2714309 BAZ AL, CN 1A

gl 4 (4), A (5) 2 A4 (6)F 2

“

ol %47 BeAsto] vhehd % e,
_ 2
ACEXS = (ACRAIN —1A) (4)

ACRAIN —1IA +S

_ 25,400 _
S = CN 254 (5)
IA = 0.2S (6)

o714 ACEXS, ACRAIN ¥ S+
Zt fEASS(mm), £ F9$%(mm)
fde Ho AANRGTF(mm)eolct. ol
el HgollA 7t Fegh Aol CNEkel
A, CNgh2 249 &Fel(Soil type)st
Exolg4d W APEITFF2A(AMC,
Antecedent Moisture Condition)ell uwh

NS

49

L. gModxr s (Clark Unit
Hydrograph)

Clark el olel HEE 37l sl
A A7kA el desie, Al7kA
iAHEZE S2AZHTe), AFLF(R)
g SHekAE /b A (Time-area) o]
t}. HEC-1 E¥eA e /34174 77}
mAz g7t FolRA gedky 4 (7) & A4
(8)°ll el AAH o2 A=t
1.4114 T 0<T<0.5

Al (7)

Al

Il

1+41.4114 (1 —T)'®
0.5<TK1

4 (9)¢ 2ot

Q= CA - 1+CB-Q:, (9



50

SRR X5 H1S

Routing A<t 4 (10)~4 (12)ql

S At

_ t
CA = 705 (10)
CB=1-CA (11)

QUNGR = 0.5(Q;-1 +Qy) (12)

714 R, 4t, I, Q;—), Q¢ ¥ QUNGRE
27 fAAFAF, ARAZ 23 (h), Aol
2 FEFASYFEINY FA, B4R
o §&%, ARAT 3% L AFAZ
o HARFEY FAol

. st E+F& (Muskingum-
Cunge Routing)

Muskingum-Cunge -2 U4+
o mes AFAHNA LAY FEZH

sEFH0) AL
o) Hye Byl A§HE WH zhEo
SFEold LAE Bl Fzetn 9l
ou, Be A9 TFYY e 24
¢ 2AF $RAY A vlaNg L 2
3} 2elZ w Qleh. =G ARHAR st
AAZE Ao SYAQ o) Adelet ¥
& Qe 9w xge WFEHE 1Y 5
9, WS B AN wEA Frte
42349 FHA ARG PAF P4
dlol ek Saol Aok,
AR FA%E Do 4 (13) % 4
(14)8h 7o) R&AAS £F% A
#4028 fEUG,

——

L

9A

x (13)

S0~ 5

4719 A (13)F 4 (14)5 A=ep
29 ol4 $a4o) wrEoiAch,

2
%% +c% = p%)g +cqr (15)

3714 QE #Fm?/s), Ax 4
(m?), t& AZs), Y& #4(m), que
=9 g9 Aol 2491k (m®/s/m), St
E ozl AR, Sev A4, Ce EW
ste] AsEEol e FelEAAFeI.
718l MellA Ewste] AGEE c el
FaAF e A (16) 2 AQ7)TH 2ol
el

c= 5 I« (16)
— Q

oJ714 BE FHZolch. 9] ulEubgA
& fEREHA A AP, sEF el
A9 AFFE }&2) Muskingum o
E 713"

S = K [XI+(1-X)0] (18)
o714 S 3}E9

T, X¥ 7tEAseId.

AFF, Ke A7

2t. M$xl E$FEE(Modified-Puls
Routing)

Modified-Puls W& #%o] 4=

o} 7ol UARAFZE F3ld FE3t= 3%

2 Hgdd, AR FH7 £H5ez {4
b AR A{#Ee] ¢4 g

O e [o]
FEF

50



£ 14e wges T A4
Az F4rde AL,

2-2&08 Mg U AP Xzl YsYe 54

o
nJ

0,+0; _ L+l _8,=8,
2 2 4 (19)
S L0 (S, 0y o, 1tk
m*z‘(m*z) O+
(20)
I11. 23le] A&
1. 4R
o, Reisy
QAR Qe F 1272 F8 AAHKY
F oA AN P 40 §dS AR
B sl 27 ooz Eelsd % 15
A ol diE FIERE vehd Ade
(Table 2)% #Zrc},

<Table 2> Sub-watershed characteristics
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Channel
{— Wa'x\::r:‘ehed &;?‘?) l?kn’?tﬂh g‘ggé Ave, width(km) |Bifurcation ratio
Gomitan—cheon 1055.1 1137 0.2605 9.3 0.0816
Pyungan-cheon 400.7 694 0.2050 58 00832
Yeukgok-cheon 4815 755 0.1001 6.4 0.0845
Kimhwanamdae-cheon 4144 397 0.1997 104 0.2629
Pochun—cheon 2395 305 0.1374 79 0.2575
Youngpyung-cheon 565.7 406 0.1683 139 0.3439
Shin-cheon 339.3 375 0.1417 3.0 0.2443
Chatan-cheon 186.8 36.8 0.1977 5.1 0.1379
Hantan-river 2436.4 1334 0.1671 183 0.1369
Sami-cheon 4622 475 0.1285 97 0.2049
Munsan-cheon 188.2 30.1 0.1188 6.3 02077
Sa—cheon 345.0 29.1 0.0884 119 0.4074
Upper Imijin 4269.0 190.2 0.2205 224 01180 |
Down Imijin 38485 1978 0.1450 195 00984 |
Innjin-river | 81175 2546 0.1848 319 0.1260 |
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<Fig. 1> Sub-watershed boundary
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<Table 3> Sub-watershed characteristics and coefficients for Storage Function Model

Characteristics Sub-walershed coefficients

No. Wa::z:!;ed Area | Length | Ave. by Yigeun-ctieon by Han river o | pea r:aer;s

m) | (m) | slope(t) | K P | T K P T:
. Beobdeung |338.0 | 22592 | 0.05418 | 49558 | 0.347 | 0.833 | 60.862 , 0.252 | -0.707 | 06 | 20
2 Pangyo 489.0 | 23.896 | 0.02745 | 40.413 | 0.407 | 0.899 | 47.777 | 0327 | -0.643 | 06 | 20
3 Hupyung 810.0 | 70.022 | 0.01872 | 36.029 | 0.446 | 3.233 | 41.601 | 0379 | 1617 {06 | 20
4 Icheon 681.0 | 47.052 | 0.01339 | 32.583 | 0.482 | 2071 | 37.003 | 0432 } 0492 | 06| 20
5 | Pyungan-cheon | 396.1 | 62562 0.01518 | 33.833 | 0.468 | 2856 | 38693 | 0411 | 1252 | 06 | 20
6 Namsandong | 794.1 | 57.520 | 0.00814 | 28.064 0542 | 2601 | 30.994 | 0523 | 1.004 | 06| 20 imiin
7 | Yukgok-cheon |456.6 | 73.016 | 0.00885 | 28.777 | 0532 | 3.385 | 31.931 0506 | 1.764 | 06 | 20 |
8 Gunnam | 393.1| 42717 | 0.00829 | 28.218 | 0.540 | 1.851 { 31.197 | 0519 | 0279 | 06| 20 nve'r
9 | Dongdu-cheon | 2545 | 29.994 | 0.03167 | 42.185 | 0.394 | 1.208 | 50.273 | 0.310 | -0.344 | 06 | 20 basin
10 Jeongok 60.1| 10.996 | 0.03065 | 41.773 | 0.397 | 0.246 | 49.690 | 0314 | -1275 | 06 | 20
11 1 chatan-cheon | 179.5 | 29.860 | 0.02662 | 40.043 | 0.410 | 1.201 | 47.258 | 0.331 | -0.351 | 06 | 20
12 Jeokseong | 144.0 | 22733 | 0.00572 | 25.245 | 0589 | 0.840 | 27.336 | 0.599 | -0.700 | 0.6 ; 20
13 Sami-cheon | 4046 | 39.812 | 0.01552 | 34.059 | 0.466 | 1.704 | 38999 | 0408 | 0.137 | 06 | 20
1 Imjingak 2500 | 38.276 | 0.00306 | 20.926 | 0.683 | 1.627 | 21.879 | 0.762 | 0.062 | 06 | 20
15 river mouth 6286 | 33.941 | 0.00427 | 23.125 | 0.631 | 1.407 | 24.634 | 0670 | -0.151 | 06 | 20
1 Kimhwa 3526 | 32.895 | 0.02873 | 40.970 | 0.403 | 1.354 | 48.559 | 0322 | -0.202 | 06 | 20 Yeon-
2'{ Hantan river | 4507 | 64.920 | 0.00622 | 27.568 | 0.550 | 2.355 | 30.345 | 0535 | 0766 | 06 | 20 cheon
3 Kwanin 3412129183 [ 001103 | 30.742 | 0.505 | 1.167 | 34535 | 0465 | -0.381 | 06 | 20
4' | Pocheon-cheon | 1795 | 26.717 | 0.03247 | 40.016 | 0.395 | 1.042 | 50.034 | 0.311 | -0.505 | 0.6 | 20 dam
S Youngjung | 219.8 | 26.229 | 0.04003 | 45.256 | 0.373 | 1.017 | 54645 | 0.283 -0529 |06 | 20 water-
6| Yeoncheondam | 2945 | 27.914 | 0.01372 1 32.822 | 0479 | 1.102°] 37.325 | 0427 | -0.446 | 06 | 20 shed
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<Table 4> Channel characteristics and coefficients for Storage Function Model

Channel characteristics Channel coefficients
No. Avewi| Ave. o:z;?:nii) by Yigeun-cheon b):i\:e?n Remarks
Start - End Lendh | | sope
(km) by by . ,
(m) Yoenc| Han | K 4ol | x
heon® | river® oy @ } &y ©
A Beobdeung-Pangyo 28853 | 200 | 0.00388 | 0.05178 | 0.04675 | 66.424| 62474| 0.6 |0.764 | 80.0996
B Pangyo-icheon 40472 | 350 | 0.00215 | 0.04665 | 0.04596 | 130.690| 129.523 0.6 | 1.440 | 160.682
o} Hupyung-icheon 38.106 | 500 | 0.00294 | 0.04937 | 0.04643 | 133668| 128844| 06 | 1.160{ 125.154
D icheon-Namsandong | 56.846 | 550 | 0.00148 | 0.04340 | 0.04515 | 235.603| 241.253) 0.6 |2438 | 283004
E | Pyungan-Namsandong | 17.258| 600 | 0.00133 | 0.04248 | 0.04486 | 75488 78005/ 06 |0.781| 91666
F | Namsandong-Gunnam |40.118| 650 | 0.00057 | 0.03512 | 0.04104 | 208.422| 228857, 0.6 {2773 | 356.082
G | Yukgokcheon-Gunnam |29.820 | 800 | 0.00131 | 0.04235 | 0.04482 | 146.735| 151.821| 06| 1.359| 159.850 Imiin
H Gunnam-Jeokseong 18204 | 800 | 0.00071 | 0.03703 | 0.04236 | 99.314| 107.669| 06 | 1.127| 141441 river
| | Yeoncheondam-Jeongok | 10.630| 550 | 0.00113 | 0.04106 | 0.04436 | 46.207| 48397| 06|0522| 62322 basin
J | Dongducheon-Jeongok | 8009 | 250 | 0.00262 | 0.04837 | 0.04628 | 21771 21201 060258| 28207
K Jeongok-Jeokseong 19363 600 | 0.00067 | 0.03652 | 0.04204 | 95.023| 103.394| 06 | 1.234 | 155.827
L | Chatancheon-Jeokseong |20.742| 700 | 0.00116 | 0.04129 | 0.04444 | 98.842| 103306 06 | 1.005| 119.691
M Jeokseong-tmjingak 29778 | 900 | 0.00010 | 0.02000 | 0.00961 | 211.884| 136.450| 0.6 | 4913 | 758.869
N Samicheon-imjingak | 29.128 | 900 | 0.00024 | 0.02760 | 0.03185 | 193.383 210696/ 0.6 |3102| 436.691
0 Imjingak-river mouth | 17.737 | 1200 | 0.00017 | 0.02461 | 0.02530 | 136.761| 139.066| 06 |2245| 327717
AA | Kimhwa-Hantan river 5730 | 250 | 0.00087 | 0.03879 | 004335 | 18993] 20302} 061.127| 39.362 Yeonch-
BB! Hantan river-Kwanin | 282471 300 | 0.00294 | 004937 | 0.04643 | 80.773| 77.858| 06 |0321| 92774 condam
CC| Kwanin-Yeoncheondam {20241| 300 | 0.00356 | 0.05103 | 0.04666 | 55.747| 52832| 06 |0860| 59.200
DD| Pocheon-Youngung 3907 | 300 | 000128 | 0.04214 | 0.04475 | 13039 13518| 06 |0560| 21.240 w:::;—
EE| Youngung-Yeoncheon |10996| 350 | 0.00264 | 0.04843 | 0.04629 | 34.147| 33231/ 06|0.180| 39.550
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<Table 5> Storm events used in this study

Raintall Max. rainfall Rainfalt Max.
Storm event Date duration intensity amount dusclgarge
(h) {mm/h) (mm) (m*/s)
case 1 Sept. 10, '90 35 219 2717 3,439*
case 2 July 26, '96 57 346

6415 ] -

* Yeoncheondam watershed
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<Table 6> Sub-watershed input data for HEC-1 model

Channel | Elevation Time of
No. Want:rrnsged (?(;eza) l?nkgf)h dim(errrele)nce Ave. slope conce(?‘!)ration oc?te?frig?e?\t ( Ab%l—m Remarks
1| Beobdeung 338.0 22592 1224 005418 0.75 075 4410
2 Pangyo 489.0 23.896 656 002745 113 1.13 4390
3 Hupyung 810.0 70.022 1,311 001872 402 402 4320
4 Icheon 681.0 47052 630 0.01339 321 321 4480
5 | Pyungancheon | 396.1 62.562 950 0.01518 400 400 45.10
6| Namsandong | 794.1 57520 468 0.00814 507 507 46.50
7 | Yukgokcheon | 456.6 73016 646 0.00885 6.17 6.17 5160 L
8| Gumam | 3931 | 42717 354 | 000829 373 373 4750 | min ver
9 | Dongducheon | 2545 | 29.994 950 | 003167 131 197 61.40 basin
10 Jeongok 60.1 10.996 337 0.03065 049 0.74 51.80
11| Chatancheon | 1795 29.860 795 0.02662 143 215 68.30
12| Jeokseong 144.0 22733 130 0.00572 240 360 57.80
13| Samicheon 404 6 39812 618 001552 252 378 61.10
14 Imjingak 250.0 38.276 117 0.00306 559 8.39 6180
15| riiver mouth | 6286 33941 145 0.00427 417 6.26 66.60
1 Kimhwa 3526 32895 945 0.02873 151 225 5250
2 Hantan 450.7 64.920 404 0.00622 6.57 9.86 62.40
3 Kwanin 3412 29.183 322 001103 220 330 63.10 |Yeoncheon-
4’ | Pocheoncheon | 1795 26.717 835 0.03247 i 167 62.20 dam
5 Youngjung 2198 26.229 1,050 0.04003 1.02 153 57.70 watershed
6' |Yeoncheondam | 294.5 27914 383 001372 1.88 282 58.70 ]
<Table 7> Channel input data for HEC-1 model
Channel Roughness Ave width
No. Start - End length{km) Ave. slope coe?ﬁ cient (m Remarks
A Beobdeung - Pangyo 28853 0.00388 005178 200
B Pangyo - Icheon 40472 0.00215 0.04665 350
Cc Hupyung - Icheon 38.106 0.00294 0.04937 500
D lcheon - Namsandong 56.846 0.00148 0.04340 550
E |Pyungancheon-Namsandong 17.258 0.00133 0.04248 600
F Namsandong - Gunnam 40.118 0.00057 003512 650
G Yukgokcheon - Gunnam 29.820 0.00131 0.04235 800 Imiin
H Gunnam - Jeokseong 18.204 0.00071 0.03703 800 )
I | Yeoncheondam - Jeongok | 10630 000113 0.04106 550 flver
J Dongducheon -~ Jeongok 8.009 0.00262 0.04837 250 basin
K Jeongok - Jeokseong 19.363 0.00067 0.03652 600
L Chatancheon ~ Jeokseong 20742 0.00116 0.04129 700
M Keokseong ~ Imjingak 29778 0.00010 0.02000 900
N Samicheon - Imjingak 29.128 0.00024 0.02760 900
0] Imjingak - river mouth 17.737 0.00017 0.02461 1200
AA Kimhwa - Hantan 5730 0.00087 0.03879 250
BB Hantan - Kwanin 28247 0.00294 0.04937 300
CC | Kwanin - Yeoncheondam | 20241 0.00356 005103 jgp | Yeoncheondam
DD | Pocheoncheon - Youngjung 3907 0.00128 0.04214 300 watershed
__EE Youngjung - Yeoncheondam 10.996 0.00264 0.04843 350
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<Fig. 5> Comparison of observed and simulated hydrographs at Yeoncheondam

(Sept. 10~14, 1990)
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<Fig. 6> Comparison of observed and simulated hydrographs at Yeoncheondam

(July 26~28, 1996)

<Table 8> Summary of observed and simulated resuilts

Peak discharge(m®/s) | Discharge amount(mm) Runoff ratio(%) Lag time(h)
Storm
events | ops. | SFM | HEC-1| Obs. | SFM | HEC-1 | Obs. | SFM | HEC-1 | Obs. | SFM |HEC-1
casel | 3439|3624 | 3539 | 2330 | 2451 | 1762 | 858 | 902 | 648 | 50 | 70 | 70
Basez - |1e71| 10351 - 6021 4683 | - |939| 730 - | 85| 55
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