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Evaluation of the Applicability of a Distributed Model
at the Downstream of Dam

M/ dde Ay g
Choi, Yun Seok / Kim, Kyung Tak / Shim, Myung Pil

Abstract

Dam has very important roles in both water use and flood control. Dam release and runoff from
rainfall affect directly to the flood control at the downstream of dam during heavy storm especially.
This study evaluates the applicability of a distributed model by applying the GRM (Grid based
Rainfall-runoff Model) based on HyGIS (Hydro Geographic Information System) environment to runoff
modeling at the downstream of dam where the discharge from dam and rainfall affect simultaneously.
In order to do this, Yeoju watershed in Han River basin is selected. Rainfall data and discharge from
Chungju regulation dam and Hoengseong dam are applied to runoff simulation. The modeling results
are verified with Yeoju water level station, and they show good agreement with observed
hydrographs. And this study shows that GRM is able to simulate appropriately the effect of dam
discharge and rainfall on watershed runoff.

keywords : GRM, dam, rainfall, runoff, HyGIS, distributed model

e X
FAoA ] e o)sh A ZrolA] vl 2 AU T glom, 3 AFES /1% el @ gFe
YA 9P vAD Yk B ATNME W B

el osiA A EE &= oEe] 9 R Sedd A

o 7ol gt FE9] dFgFE 5 = o Aol st FEREE {8 HyGIS (Hydro Geographic

Information System) 744 EFE = 323 A-7F YA GRM (Grid based Rainfall-runoff Model)& 4

43t olo Wi H4AS Hrlstaxl v i /92 I A AdF FHASA AFE HAAEY e, FF

AW Ao R H G- S st fFEROE FAstL, olF oAF FRSLol A HS
[e)

2o A8dy Bojd fF FEaAle #F FEaAe F Adasien, olf 84 GRM ¥ |

skt SR
RS 97t FfEel MAE Qe A48 meld 5 Q= Ao ek,

* WA}, SR AAA7|EATY FAYEATA AdT7Y

Corresponding Author, Researcher, Water Resources Research Div., Korea Institute of Construction Technology,
Goyang-Si, Gyeonggi—-Do 411-712, Korea
(e-mail: yschoibl @kict.re.kr)

s ATAM/EATA FALAAT AYATY
Research Fellow, Water Resources Research Div., Korea Institute of Construction Technology, Goyang—Si, Gyeonggi—Do
411-712, Korea

s QISTBkaL AS)7IWbA| 2R S

Prof., Dept. of Civil Engineering, Inha Univ., Incheon 402-751, Korea

424 F99k 20094 9H 703



Vo™ (Vieux, 2004)°14]

F ol tk(Yasuto et al, 2007).
2l

ke)
el

=
=

)
hn

- M

o]

R

of

(S S|
.

1T

IEEREE

9

=]
RLa

=
1 GRM (Grid based Rainfall-runoff Model)(Z

R

7F7F

3
0

]

I

371 9l

S

R

o

T

me o)
0 E
n} ﬂ,

—_
o

o
M

"
o
o

ofp

=]

wels

1]

¥

)

<
T
}_E

i<

o

_04
=1}

pu

pud

gtk GRM 23 A]

b

(3]

7F

]

<]

p:

=y

]
&

j=

L

Fu

A

1] 918

[

=
=

S ehas)

s
=

ofof
b

°

=
A

=
o =
49 5

aa

-
il
o
il
oF
r

s
fi%e)

il

el

2006; ol=# 5, 2008 AWH -5, 2005). L} o]}

o

=

=
HF
3

’

§ atofof Frh(o]

Q.

&

slal o] AARACRE

[e)

No
™

T
T

o
M

)

Aol A

R

pooN

el

G

bpom, mebd oiF 5913

i<

=

=

'ﬂ

2~
T

SFI=o A €]

[<)

st =k

Gk

)

[S)
Q

&5 I~ = (e}
TFEEE T
.0

&

|
S|

¢

7} okl 5

o
m

o

2l
oF
¢

ol

o
ped

el 74

4 9tk GRM =

o

=1

B Aol F2 oA 2 Flow
94

control ZENAE Ao A5A] &3 @ 4

2. GRM =2

37} H2 WAl 5

A5A oA

L
.

]

SR
-1
b gl

<

L

.

k)
el

o,

Sief. ol A
ol 4
140] 41a5ofof

4 ARl

HEC-HMS

i

)
olo

5]

, 2009b), Ak

==
o

B
i

o
15, Bq. (4)°] Manning®]

<

BEKEREEHNE

1.
Z

pud

&

=

=

18

%
5

kX

AgAE= 2es el

2.1 X[y

o

It} Takahiro et al. (2005)

AR

o
704



Fstd FAW 2 HAAA gl digid fEE 2
oJgth(H&A =, 2008).

oh . aq _

oy Ty - Pr A (1

04, 0Q

ot +E = Pf’dy+ qr, (2)

R2/3S1/2
w=— 4)
n

A7V q: BYFG fokeuh), bt A, ut F5 A
Cx el A7) WA, Q1 A g SR,

qr
Sy @ vrer AL St wpE AL P AR, [Fr 3

B8 t: XML n ZREAS, R 540

2.2 Flow control 2&

oA MAEE F% 279 WES BHIT £ 9
Flow control &S o] &3A 2T 4+ A= {3
", “Reservoir operation
olH, GRMeIA 7+ =7
Fig. 13} 2t
AAz 288 AxE 7]
F98 B FERAE FaE, A5A
wejetA] gtk A dRdAel franel

=
KR
=
e AA shipel frisielo ogﬁow—
PN
T
i

AL “Reservoir outflow”, “Inlet”,

” o«

Sink flow”, “Source flow”
o v A9 5

“Reservoir outflow”+=

e Moo MM

v gk

AN A 3

H Inlet ZApe] 4] €] %%—’F%%’L:% o834 Inleto]

“Reservoir operation” AA&2 A4
4] ROM(Reservoir Operation Method)S %]-83bH,
27147, ANATE, ANATE, d98RE T2
AR 2 F-ERY T 2US FAT g

ARl Mg frEd2 Fo10 ROMel oJsiA Ao

B2 EB9HE 20094 9H

=2 Ao Ao} H4H] E ROMe| 4S5
Ao Loééf T T} “Sink flow” 2} “Source flow” &=
o] Aztel A Kejw X‘@-?r% Fol -7 wiA
= ]oﬂ gk =k
o

|

S:Slorage Read FCType for VI | | GRM GUI

Q. Discharge - Reservair outifow |

CVi j:Control volume | | - Iniet : Setup Flow
i atj time - Sink flow confral

(CVwi:Discharge flow || - Source flow informaticn
Into CV from - Reservoir operation

upstraam
vpe = Resemn
Yes No—

Read reservair
Flow Simulation _c::mdman
- Overland flow - Initial storage
- || - Maximum storage
T Casnant iew | |- Cperation rule
CTypa - Caleulate Q, § :
= Resarvoir | 1

outflow Simulate for all CY

Tis

T
|
|
|
|
! Ho | FCType
| =Sink flow or
Simulate for | [ l Source flow
all cv | [aeviF SR
r [|=9CV=1 1 = qevi
Simulate l - Sink flow | |+ Spurce flow Mo
for CV I
downsiream

of Vi ' % AutoROM

|

3

QeVij+1 ' i
=Rasenvoir | @ Apply
autflow data aperation
or Iniet flow | fes ribea

data i #
| OC\-'l JH1=0

[ SOV j+1

| =SCVI j#SCVidt

Get QCVij+1,
SCVij+1

QOVIL =00 iw [+1
SCWVEj+1=5max

Apply CWij+1
to calculate |
CVwi+1, j+1

Fig. 1. Flow Control Module Process

= 5 Qloh

B AFAME 97|zl HAE FFEEA AL
FAgde]l WHFgo] Aol o8 wAYE fEH
A sHE A WA E FgS RO e
T8 W&oz stal vk webA Inlet 715w o] &
ston, AWy FFE2AA A WF IS Inlet 2

705



AolNel 5% FEFHOR dalo] §EEE F
Yahee,
2 AN} go] thRelel shRel ANT A

=
% Fastan & A9lE FHAAE mold A9
of sl Aol 2712 A TS 5 glem, ol
web 2427171 7 g 5 e T

X
o 2
s
X
07
o

AR A5 FY &
23 239 28
GRM=2 GISet &% mR3¥o= HyGIS (Hydro
Geographic Information System)(3+=7A47)<AT9,
2007) Alz=®l Ao FE5T 4 lor o]E HyGIS
-GRMe]#}a2 3K Choi and Kim, 2008). HyGIS-GRM
S HyGISe| 5232 A= APt 28= ¢

oloj& xulvigl glo]l A% ol&sta glen, oy

2 7

£ pAUARZYE YR B e o
oo} % GRMTools& o834 4438 #7115

2 G

AdE 2y A= dHololE o8&
. Fig. 2= HyGIS-GRMe| 5235 e 7
, Fig. 3 HyGIS-GRM®] 7-&3hd 5 Flow control

o R OO Q9

ol
b

ot
o,
o
ofy
N
o
ol ot

N
o
i)
24
et}
o
%0,
o
£
o
B
[
o

ooy N

£

e s o e
W oy

4 e @

do px
o M o Ho N

2,
D)
o
=)
o&%‘ l
[ FI-E e
V)
>~
Rl
o
Lo,

S ST -
~

ol wo
o ofN oM % 4 N

N BN
>
Og(:’t‘
Ql',
do ¥
)
Q2
i
>
o
rJ
S
>

1o
ob
=
ox
Y
AC)
fe
18
K] X
W T
lo Og g rlr o
o o 1o K
o0 & ¥
oot [o
g &
23
kl ox AN o2
oot
o,
BN

52 N

S Inlete. 2 AAgsiRonz 7} ]
FEE] AojshA] @A vk mEpA A o5
92 11,104 km'o]u} 2 Qe A= o] F 9l vk}
FF2AAY, Z49 Atle] o 2536 kel F9L
sgehs A Goel gsia Agxe R REY 3
& = dololE ek, olF ol aA fEwnel
£ #9390k Fig. 4= 2 AFA 488 oF 79
o) moluj4k 4og viehd Aol

GRM =3¥& DEMCeZRE Y Zz= g9
AARE JYAER o] g3t B AFoME oF
o] 1/25,000 XA Ee] e AREE 7|Hto s A
233k 500 m x 500 m =7]¢] DEMS o]&3}ith o|¢}

KR
FAS, AW, A, IRy

@ % 5EUY 5
3.1 tie 7ol 43 oo} E 500 m x 500 m =719 At AAATH
B AToAE B91% Bl el WAk e AFAAL welap] 99 B Ane o9F gl
T Sinlx
Prepare input data o WD ERD NS HOOW USHI0) BenimE W0 500 TBEM. ex
;‘ffé‘.,v 2 -7;?__5_‘1/ G““f—‘ [ Setup flow |

Flow direction

Flow accumulation

NN

Watershed setup

—7/ Walershed area
—7/ Slope Landuse/soil setup
HyGIS Stream
Timeseries _7/

oz} Rainfall setup

‘ ) }_—7/ Landuse/Soil /L

O g [T Disibued rinfal /- Run sumiation

Display output
lable and chart

Parameler selup

Fig. 2. HyGIS-GRM Process

706

ETR———
T i emarnsion. e 8T
TN
/T
.—..-1/.-
Ne==i
ARAARSE
==
=INTTINT
i N2
=
I /SH] Lz
=5 =il TS
8 e el | = Al
co | [PHCAsvealoA [ | 7 ' NITHTTT
= N 71T
I E i
: NH TN
=N TH] -}

Seale | ¢ 119655 4004 42870, 648 A 50

Fig. 3. Setup Flow Control Information

BEKAERSERNE



{a) Yeoj watershed

{b) Area for preparing GIS data

Fig. 4. Study Area
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Table 1. Geographical Input Data of GRM

Description
Created from 1/25,000 digital map
and preprocessed by HyGIS

From HyGIS using D8- method
(O’Callaghan and Mark, 1984)

Input Data

DEM

Flow Direction

Flow -
Accumulation From HyGIS
Siimegi From HyGIS applymg flow
accumulation 5
Slope From HyGIS using D-8 method
Green-Ampt

Classified by National institute of
agricultural science and technology
(1992) by using detailed soil map

Soil Texture

Soil Depth

Classified into 7 classes by using
land cover map from Ministry of
environment

Land Cover

Event Number Rainfall Period TOta[lmI::]l il Tlm(EniirE]e a2l el [Eéjg?arge
Event 1 2004/06/19/00:00 - 06/22/23:30 223.86 30 5,955
Event 2 2004/07/11/17:00 - 07/14/19:00 108.17 30 2,447
Event 3 2004/07/14/21:00 - 07/17/15:30 189.92 30 6,628
Event 4 2004/08/16/17:00 - 08/20/09:00 204.24 30 2,652
Event 5 2005/07/01/00:00 - 07/04/11:00 142.18 30 3,359
Event 6 2005/07/11/02:00 - 07/12/12:00 76.26 30 3,734
Event 7 2005/08/10/09:00 - 08/12/12:00 116.22 30 2,409
Event 8 2006/07/14/14:00 - 07/19/06:30 360.94 30 12,199
Event 9 2006/07/25/23:00 - 07/29/17:30 267.34 30 7,407
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Event 6 - After calibration

Event 6 - Before calibration
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Table 4. Simulation Results

. Total Discharge Peak Discharge Peak Time

Event Dusrl;?i'on Initial . Rel. . Rel. . Rel.

Number [hour] Saturation ?IE% ?rlnng] Bireie [gg/ss] [rsrg?s.] BiReE ([)kll)rs] SDIIIS TBiRaTE
[%] [%] [%]

Event 1 120 0.00 518,727 | 573913 | 10.6 | 5955 | 7,023 17.9 57.0 56.0 1.8
Event 2 75 0.30 219,756 | 227,823 3.7 2,447 | 2,445 0.1 47.0 475 1.1
Event 3 111 0.93 611,697 | 606,048 0.9 6,628 | 6,518 1.7 485 48.0 1.0
Event 4 138 0.00 316,178 | 349,529 | 105 | 2,652 | 2,960 11.6 65.5 59.0 9.9
Event 5 115 0.75 354,693 | 365,395 3.0 3,359 | 3,363 1.0 19.0 16.5 13.2
Event 7 104 0.68 227,841 | 223575 1.9 2,410 | 2,395 0.6 40.5 36.0 11.1
Event 8 143 0.35 1,959,373 | 2,197,998 | 12.2 | 12,176 | 15012 | 23.3 60.5 61.5 1.7
Event 9 128 0.55 880,981 | 819,813 6.9 7,407 | 6,952 6.1 69.5 70.5 1.4
ohA o = FoUFAe] FEHAAS SAs] FSATIE A s d4E Hols AMFE “Event 17
Fre A B FFRAARe Wil osiA HAY “Event 3", “Event 77, “Event 9"0|H, °]& tj}o.
Lotk wEbA] s mEAREY] HEE FFAA Tguke] =aAbs HESkazt gtk Fig. 8 10, 13
Holl A Wi ol tisiA kit and 15914 @% FAIE A T3 2EAE 4

758 A A (http://www.hrfco.go.kr/) o A &= & Esl7] 9% kel FFAA A Y] Al e,
& FreelAe] Fa A BEARES HAE L gl 2 FAE A2 SFAARNA AlRE frEFo] o
om ofF FeHZFAe FFH Atole] PRl E F FHRSLo] =23 Aow Ay AHS e
1,000 m”/s ol4ke] fraol Wajr fEd g W Zlolnk Zh AVl dislA ko] mEAhE A
AL ek SASEA Lol ofshH o F 9 B3k A¥}i= Table 59F 2t}
St 59 Alel o] skl A= oF 61.7 kmel Table 50l 4 2z} Aol disliA 7IEom Aed =
a B AgelA A gt oAF FARSLct FF GARKTDS @ AR #F33 7P 7k f el
ZARAR Atole] A= ¢F 49 kmelH, ol FFH delr FEFEALNA AXG FFHIL AF
kA1 €] Aol oF 79 %ol sdgict wepA 2 AT A#Z4 Abole] mehA|glolw | ZF kA7) 79 9%
NMe FFEFEALNA AABIAL e FFHA of st AITHT2) S TF28A WY ofF 93
ofF FHHSLTT T EEATEY] 79 %ol 3 4 Abolo] EdAgto R AT Table 504
Fote s TTRAAEH oAF FABRSA Alo] 9 v olet Zo] AAE FFEAAAY oAF FoHSF
LEAte R AAstal, fRd ST mEAhS A Abolo] 7R 2 AT A RojE EEATE
HAESA o] AdleArt Aol 7.8 %o, kA S5 A

E

BoAgeA Agd 9o FEAME F 1,000 mY/s ol Al AABIL e ZEAIE F AT =
oo FFAA L] WFIF oA F79- 7|1t Ao =2 Vet
Table 5. Travel Time of Flood Wave
T1 T2 T3
Event Discharge at - X X X X ; Rel. Error
ven Point @ Time from 'Chungju Time frorp Chungju | Time from (;hung]u (T2 and T3)
Number [m¥/s] Dam (Han River Flood Regulation Dam Regulation [9%]
Control Office) [hr] (T1x0.79) [hr] Dam(Simulated) [hr]
Event 1 1187 8.33 (for 1,000 m®/s) 6.58 6.5 1.2
Event 3 2889 7.00 (for 3,000 m®/s) 5.53 6.0 7.8
Event 7 1048 8.33 (for 1,000 m%/s) 6.58 65 12
Event 9 4821 6.00 (for 5,000 m?/s) 474 5.0 5.2
424 #95% 20094 91 711
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