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Hong, Sug-Hyeon*, Kang, Boosik**

Flood Inflow Estimation at Large Multipurpose Dam using
Distributed Model with Measured Flow Boundary Condition at
Direct Upstream Channels

ABSTRACT

The inflow estimation at large multipurpose dam reservoir is carried out by considering the water balance among the discharge, the
storage change during unit time interval obtained from the observed water level near dam structure and area-volume curve. This
method can be ideal for level pool reservoir but include potential errors when the inflow is influenced by the water level slope due to
backwater effects from upstream flood inflows and strong wind induced by typhoon. In addition, the other uncertainties arisen from
the storage reduction due to sedimentation after the dam construction and water level noise due to mechanical vibration transmitted
from the electric power generator. These uncertainties impedes the accurate hydraulic inflow measurement requiring exquisite
hydrometric data arrangement for reservoir waterbody. In this study, the distributed hydrologic model using UBC-3P boundary setting
was applied and its feasibility was evaluated. Finally, the modeling performance has been verified since the calculated determination
coefficient has been in between 0.96 to 0.99 after comparing with observed peak inflow and total inflow at Namgang dam reservoir.

Key words : Backwater effect, Distributed rainfall-runoff model, Multipurpose dam inflow, Uncertainty, Water stage-capacity curve
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Fig. 1. Subbasins and Major Gauging Stations Map of Namgang
Dam Watershed
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AT AR)e] YA = Fig. 13} 2ok Widde] $x|8ka
Sh= WS Fsge] AllARoI, frefrzle] 3466km” (W4T
- 2,285km”) 24 FE 5997 23,859%km’e] 14.5%0] 3]s}
H, F29732 108kmo]L Fe] Hat £.& o 21km, Hortone]
&

A= 0.199]t)

32 Z-REZY 7=

B Arelrts S el tiele] Eelrmbe] e &5~
FERYS T30 B2 By B0 2 §98 A
AE 7o s st Azl A7) uet AUEE 2
o] F%0] 7hsstal, ZF AR ARt AR R Eejd S
ny S A Hes o] ]I Hiske 2Pds] niegd
Z 9Jrk B Aol E83k Vo™ R3L Vieux and Associates
ol 7R EXY - B R dofrhdss B Ao
£ olgste] FrdEe] 7hssl skelaL, sheFA] Bl Awd
822 kinematic waveE o] 83}1, S=xJsl|4] 7[HE FHHo g
© RS ARSI, AR R Sl FRIAKEEE AN
gt} =3l o] e flo v s AR AR d=o
SHrE)oxe] BSHYFS AN R Hgsto] #4o] 7k
3, Azp7|ge] B G BP0 RA BE wihis AP
Eoke, BEAERE, A=t 2 GIS Agjele] J& o
T JES o vy A Sl AR ARS
HjASkazk &tk

—

321 hAER W BEXlR

s 37 103(2002~201 1'3A)7He] S8A = d$-ak
o] 150mmoly Hi= SFEAVE 1S Adsisick of
% B5Am A2 el 7] e e e)
T wet 67) A9AREE AEIor, & o7 ¥EaE
opo s Ejile] WA7kES mefale] Table 19} ko] AR
Awg st = P o) Vo™ 18 A8-S 9l
A RS ol 92315 olgsiel WA f4)
e g3 Az R Beslglor, o5 A8 ol

& Uk Table 29} o] A3}tk

322 XEXE 7=

T ARSI WAMIS) o] ARBSRs 30m30m
DEM& W499e] fejaale uefslel A4 sherdadst b
3 Shede 2us ARt o) A4]E 420me S
Azje] 7)45= 231 x 26022 % 28574712 Afdetsion, DEM
o] G sink)2} FebA|flat area) & HAHIEKL BB, 5F
A S, AR ST B SHeEe) AR 1%

gE 7EAES v 2 prhE s Ay stk

323 EYRlE 1=

AR EXYEEe} U ed AUEYEE f9o] =
Al AFES APFsIdit 35S S S8l eSS
(ATI, 1992)& Farste] AUEGE EXd 9= Green-Ampt
u7fHSHChow et al., 1988)9} ERNEE MAsIo) wst B4
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Table 2. Major Gauging Stations in Nam River Basin

# Station Area (kmz) Initial obs. | Managed by
1 Sancheong 1,158.6 1976.03.13 Kwater
2 Changchon 354.6 1994.11.01 Kwater
3 Sinan 390.5 1994.11.01 Kwater
4 | Namgang dam 2,285.0
Table 3. Soil Depth by Classes
Depth class Soil Depth (cm)
Very shallow 0~20
Shallow 20 ~50
Moderately deep or Moderately shallow 50~ 100
Deep 100 ~ 150
Very deep >150

Table 4. Roughness Coefficient and Impervious Ratio by Land
Cover Classes

Table 1. Rainfall Events for Model Calibration and Verification Land cover class Roughness coeff. Impervious ratio
# Event Period Water Area 0.030 1.000
1 MEAMI 2003.09.11 05:00~09.15 12:00 Urbanization Area 0.015 0.742
2 EWINIAR 2006.07.08 16:00~07.26 22:00 Eroed Area 0.035 0.442
3 USAGI 2007.08.05 24:00~08.09 17:00 Wetland 0.050 0.241
4 2009 Storm 2009.07.07 03:00~07.17 09:00 Glassland 0.130 0.440
5 2010 Storm 2010.07.10 20:00~07.17 19:00 Forest 0.100 0.130
6 2011 Storm 2011.06.23 18:00~06.27 02:00 Farmland 0.035 0.391
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o SRR FEART 5] B5AE & AT
T A= AxpE R Z83) Vieux and Moreda (2003), Vieux
(2004)= vZHFREAS 9314 OPPA (Ordered Physics-based

0

[

| The procedure used to calibrate the model |

| Match volume H adjusting hydraulic conductivity |

!

| Match peak

H adjusting overlandflow roughness |

| Match time to peak H adjusting channel roughness |

calibaration fators l_,| 00Lars H use the soil depth to decrease orin

crease volume and peak dischsrge
Fig. 2. Parameter Calibration Processes

Table 5. Modeling Performance for Simulated Results

Parameter Adjustment) "< AABIIET, o] WL vz
8 s 2rgst v H2ste Kegsie] Eejaeln A4
wly o] 2 w9) jeld] BAo] o] Folgon], vhld ig-e
ok Fig. 29} 2tk

B 7S g W fole] oS 3 Ahae) A
9l o] 95k S BEA: /WA, AIQL, AB)THE] 95
F WA Aol ola] gt BEFE Vo mEe] wlus
B B3 ARVE FES hdRAPE R vwskeck w3,
B G BF-aEs)A0] ANERE AFGY oxjo] Wrg
(QER)¥} & e] &84 AlSH(NSE; Nash and Sutcliffe, 1970),
N2 A(MRE), ZAAARY) 5-& Salo] o] A3de
Bl o] AvH= Table 5o Helshck

BTy o] A3 Wt A 2 3220 G0 B9
AR 20009 JE 594 TS 20A 0342 A5k
A E9APPER e AR 272 Lehia Tk 20094
AF590] Aol B3 249 APFoz 59717HESr oS
AL EAfehs Ao g S, o2 ¢l8) AZea} M7} A
Ut Zlo 2 gkt A7) meo] Ave Bl 9l felek 24
Al B2 239 Vo ™| 28498 RIS & 9]
Aok & frode] v s A AR Bate] 2
e iR Sgala, AAe] BESSETAS A0
2 g3l Zado] Ulgt BEH 05848 Sl o)
AReM e FEEH fieke ARkt gt

4.2 O7fHs ASS Set ¥ X Fei 4
APl e] ek kS APsl] Slelr BEE 79~

FERE Vo™ 23S Agalsik Vo™ B3e 23RAel

5

OBS EVENT MAEMI EWINIA USAGI 2009 Storm | 2010 Storm | 2011 Storm MEAN
QER(%) 0.21 0.16 0.44 0.17 0.48 0.17 0.27
NSE 0.91 0.63 0.75 -0.19 0.93 0.85 0.56
Sancheong
MRE 0.30 0.51 0.49 0.58 0.48 0.34 0.46
R? 0.97 0.81 0.87 0.52 0.96 0.96 0.80
QER(%) 0.78 0.17 0.27 0.23 0.17 0.68 0.38
Si NSE 0.89 0.88 0.64 0.95 0.86 0.84 0.84
inan
MRE 0.38 0.28 0.70 0.22 0.36 0.44 0.37
R’ 0.94 0.94 0.71 0.98 0.92 0.93 0.91
QER(%) 0.24 0.004 22.59 0.96 12.14 0.43 6.06
NSE 0.43 0.94 0.66 0.69 0.78 0.89 0.7
Changchon
MRE 0.58 0.33 0.51 0.37 0.45 0.34 0.42
R2 0.77 0.97 0.83 0.89 0.88 0.96 0.88
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FHE - 75
Table 6. Dam Inflow analysis Result for Namgang Dam
EVENT MAEMI EWINIA USAGI Local Convective Storm Absolute Mean
OBS 2009 2010 2011
Rainfall 251.7 328.2 226.1 382.8 311.8 219.9
Obs 12,082.0 12,214.0 3,534.0 4,211.0 3,543.0 5,711.0
(Il;;a/l;) Cal 7,982.6 9,958.2 3,692.6 2,377.2 3,902.2 4,906.2
Flow % Error -33.93 -18.47 4.49 -43.55 10.14 -14.09 20.78
Obs 600.2 857.5 354.5 694.5 509.0 345.7
(Vn:;l) Cal 356.6 538.7 309.7 461.2 426.0 298.1
% Error -40.59 -37.18 -12.64 -33.59 -16.31 -13.77 25.68

* % Error : ((Cal-Obs)/Obs)*x100(%)

Table 7. Validation of Gauged and Hydrological (Peak) Inflows at Namgang Dam Site

OBS Absolute Values (ms/ s) Deviation from Regression line for | Deviation from Regression line for
EVENT Gauged Hydro Regression Gauged Inflows (%) Hydrological Inflows (%)
MAEMI 12,082.0 | 7,982.6 6,931.6 74.3 15.2
EWINIA 12,2140 | 9,958.2 9,815.7 244 1.5
Typhoon
USAGI 3,534.0 3,692.6 4915.7 28.1 24.9
Mean 423 13.9
2009 Storm | 4,211.0 2,377.2 2,956.4 424 19.6
L°°a‘_ 2010 Storm | 3,543.0 | 3,902.2 3,393.8 44 15.0
Convective
Storm 2011 Storm | 5,711.0 4,906.2 4,625.6 23.5 6.1
Mean 23.4 13.6
Table 8. Validation of Gauged and Hydrological (Volume) Inflows at Namgang Dam Site
OBS Absolute Values (10°m’) Bias of Gauged | Bias of Hydrological Runoff ratio (%)
EVENT Gauged Hydro Regression Inflows (%) Inflows (%) Gauged Hydro
MAEMI 600.2 356.6 346.7 73.1 2.9 84 50
EWINIA 857.5 538.7 4873 76.0 10.5 109 69
Typhoon
USAGI 354.5 309.7 224.6 579 37.9 65 56
Mean 69.0 17.1
2009 Storm 694.5 461.2 261.1 166.0 76.6 82 54
2010 Storm 509.0 426.0 274.6 854 55.1 68 57
Local Storm
2011 Storm 345.7 298.1 219.8 573 35.6 62 54
Mean 102.9 55.8
1) Deviation from Regression line for Gauged Inflows(%)
2) Deviation from Regression line for Hydrological Inflows(%)
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Fig. 5. Verification of Peak Inflow for Namgang Dam
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Fig. 6. Verification of Total Inflow for Namgang Dam
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