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Numerical Modeling of Sediment Transport during the 2011 Summer Flood

in the Youngsan River Estuary, Korea
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Abstract : The hydrodynamics in the Youngsan River Estuary has changed due to coastal developments such as the
estuary dam and two tidal barriers. As the freshwater discharge is artificially controlled, the circulation pattern is
different from those of natural estuaries and the river-born sediment supply is restricted. 3D numerical modeling
system EFDC was applied to investigate the sediment transport pattern and budget in summer with river floods. The
real-time driving forces and the fluvial sediment discharges from the watershed modeling were assigned for the
simulation period. The size classes of sand, silt and clay were adopted based on the grain-size distribution of bottom
sediments. The modeling results were calibrated and validated with the observed tides, tidal currents and suspended
sediment concentrations. The suspended sediments are transported to the offshore at surface layer, whereas upstream
toward the dam at mid- and bottom layers in August 2011. The characteristic estuarine circulation induced by the
freshwater discharge from the dam, causes the deposition of silt-sized sediments on the whole and the sustained
suspension of clay-sized sediments.

Keywords : Youngsan River Estuary, estuarine circulation, sediment transport modeling, multiple sediment size classes
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Fig. 1. Map showing the study area with bathymetry and monitoring stations. Stations M1to M6 and R1 to R7 in (a) are the standard envi-
ronmental monitoring locations by NFRDI (National Fisheries Research and Development Institute) and by NIER (National Institute
of Environmental Research), respectively. NHWL and MWL in (c) is the abbreviation of normal high water level and management

water level, respectively.
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Table 1. Statistics of freshwater discharge from the sluice of Youngsan River Estuary Dam

Monthly
Parameter Annual
1 2 3 4 5 6 7 8 9 10 11 12
Monthly discharge (10°m’) 44 45 54 64 8 166 459 446 328 46 35 34 (SuT)7 50
Frequency of opening 33 s 6 9 11 2 21 16 5 4 4 (S“m)l o8
i i (mean)
Duration of an opening (hour) 20 22 1.6 1.8 20 23 25 25 24 19 20 1.9 24
Av. discharge during an opening (Ing/s) 2,037 1,894 1,875 1,646 1,327 1,823 1,962 2360 2,373 1,345 1,215 1,243 (melar;g)7 5

s Raw data from Korea Rural Community Corporation (2000-2011).
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Fig. 6. Distribution of coarser contents (gravel+sand) in the bottom sediments.
% Data from Koh (1992), Kim et al. (1994), You et al. (1996), Oh (2007), GeoSystem Research Corp. (2003), Kim (2007), South-
west Shipbuilding Industrial Development Inc. (2010), and Korea Hydrographic and Oceanographic Administration (2010, 2011).
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Fig. 7. Cumulative grain-size distribution of bottom sediment at
stations YSO1 and YS03. The phi scale (¢) is defined as
¢=log,d, where d is grain diameter in mm unit.

Table 2. Effective particle size of each grain-size class

(Unit: mm)
Effective particle size
Nomenclature ~ Grain-size
YSo01 YS03 Ave.
Sand 0.0625-2.0000 03166  0.1531 0.2349
Silt 0.0039-0.0625 0.0141  0.0147  0.0144
Clay 0.0002-0.0039 0.0014  0.0018  0.0016
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g ASE A=) YA dakFig 7, RN, 2012a)
£ James et al.(2006)2] ™ FFH|E o] &3 WH o &
&-3to] Al4FsH3A tH(Table 2).
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Fig. 8. Offshore boundary condition of suspended sediment con-
centration (black line in the lower panel) which is the sum
of long-term variation of SSC, wind and tidal components
(upper panel). The simulation period is designated with
grey-colored shading. Quarterly observed SSCs (blue ver-
tical bar in the lower panel) are the ensemble statistics at
stations M1 to M6 from 1997 to 2011.

ZN 27 9 gEs ¥3sts 9g ) - B9l oist
27)1A0) B=o] SraiE]o] Amz W o2 %A W3l u}
BfARsEe) WEARLe Weal setaolol dih. of
HpERO & S)E17 A B9ARsE A AdS ?"46}01 SEES
Zlo] HAox IdEA|uk o]z st P& S35l o=
A o A} 73;(—]]7@0‘1 A eko] A},

§7 AAZNE FUEH = AR PHAEEE
HSPFE %E3)] 425 A9E #asig o, o=

ARRE] §5 S A IR el B
33 RA| 2Bl (http://water.nier.go.kr/)2] URIEIAIES
HEERIE

En 27)x9 AL sl A
oA 78 199 FE9) 379 ASH

Lol Flﬂl

=8 2Jel @A AL
s

[¢]
& e sty

| B8 =ols TR 83
AES HER F-Este] JHsiglt). sk} shdelre =
S B A 2<E (http://waternier.go.kr/)Y] FHZ57gdollA 2011
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E)3lshA EAo) oJaiA] H-9-Eth(Mehta et al., 1989) 71&
Aol 9J&hd 0.06~1.1 N/m™?] §& WS vehdv, #)
o 53& nkd st At SatekA] 7] wiitel S Al
2 AFg-FTH(Tetra Tech Inc, 2007). ¥ AF-ox= A E9}
HE HH3) A2 0.08 N/m’ 22 4853 th

A BA50 AAeHA A8 HAE 24, HAF
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29lo] 9Jajr] &S WH=THAriathurai and Krone, 1976;
Mehta et al., 1989). UH+A o 7 u|A &4 ¥ 2 E2] 23
Al kg8 7l w2t 4 2 =™ (van Rijn, 1993), A2t
2 HAES 75, B B oA A=A F AR A
A% 50 g2 457 % shth(Mehta et al., 1982; Villaret
and Paulic, 1986; Hwang and Mehta, 1989; Sanford and Maa,
2001). o] st AFANE g A9, FAE AFGEHE o
& FAA Ad-3EE A8stoiof st 12t E‘r‘f’hﬂ |
AgZo] A A= A, dFo] ALe W 27 AF
= Flst EAFxe] Mg} e A0 ke EASY v
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Table 3. Major input parameters to be used in the sediment transport model

Value
Parameter Remarks
Sand Silt Clay

d g (effective particle size class, mm) 0.2349 0.0144 0.0016 1)

w,,; (reference settling velocity, mm/s) 24.784 0.142 0.002 1)

Deposition 7% (empirical settling constant) - 0.0 1.0 2)

7,4, (critical shear stress for deposition, N/m?) - 0.08 0.08 2)

7,,; (critical shear stress for erosion, N/m’ ) 0.32-0.94 1)

. k, (bottom roughness, m) 0.015 2)
Erosion . 2

M,, (reference erosion rate, g/m’/s) - 0.0005 0.0001 2)

77 (empirical erosion constant) - 22 0.0 2)

ds, (median diameter of bed sediment, mm) 0.1467 - - 1)

Bedload dy, (90% diameter of bed sediment, mm) 0.4147 - - 1)

@ (angle of repose, °) 30.0 - - 1)

1) Adopted from the observations and/or previous studies.
2) Tuned by calibration experiments.
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RS- m)x] 2x}21Ql Ao Wkl S ukAAZ 4= 9l Table 5. Observed and modeled semi-major axis of tidal current ellipse
= Z10 % gt o]g]3t HAE AXEAL 2 E5= F Station . Observed Model  Error ARE
a Constituent /. m/ (m/s) %)
2 slelzt o) we H4E Qw540 el 3HoR o v Gy @9 @h O
_E_‘1_7'" L}ﬂ-ﬂ—l:]— U?F/]'H E‘ C‘)i:fLoﬂj\ + Villaret and Paulic SZZ 0:40 0:38 _0:02 4:1
(1986)°) A3 AT ASHGE FURE AR O1E o K 014 016 0@ 134
lo] Z7FA o7 e AAolA Ak eES Hojsly o]2 1 O, 0.14 0.11 -0.02 17.2
stel & = A Ceere T st <12 N, 022 017  -005 219
g, HE, AEol| FUsHA gt s3It & Aol A M, 0.99 117 017 174
S FAHA AekgE AR -5 3¢ 7]=sleith & PC2 S, 0.46 043  -0.03 6.8
= _ K 0.21 0.17 -0.03 15.9
23} glgto] o]k AL Alo]| ALE= 2= . 1
=t J}foﬂ e & Akt 8+ e 0.015m (Surface) 018 016  -002 119
2 Agsilch nj Aol A8H= Ve FAE S N, 0.22 0.18  —-0.04 18.1
Ags 1A APE B AEE 7H7) 0.0005 g/m’/s9} 222, M, 056 048 008 141
- 2 .1 —0.l .
HAEE 77} 00001 g'/ssh 0,002 24330k, 2274} o] 2 T S VA A
. . ) : X .
Z2F Abel]l A5 d 9 dy YS012 YS039] QI EAbR (Mid) 0, 008 005 -003 320
oA 0.0625 mm ©|A2] RelA olx}= o] 83to] Z+z} 0.1467 N, 0.09 0.05 —-0.04 473
o1od =101 o M, 071 074 003 42
A 3E o] g35ke] 30°= A 8313t (i/ﬁj) K, 0.11 008  —0.03 25.4
0O, 0.08 0.07 —-0.02 21.6
5441 Qi o N, 0.15 0.12 -0.02 15.5
4. 21} 2 EC M, 062 077 015 236
PCS S, 0.23 0.27 0.04 19.2
4.1 2ol AHX . K, 0.08 0.10 0.02 243
=0 (Mid) 0, 007 0.8 0.00 6.1
4.1.1 & 474 N, 013 013 0.00 1.0
g QS glsy] 28l 20119 8 194-E 31 M, 0.83 0.80  -0.03 34
A7) 319031l dhaiA 170e) 24 gk orle) 25 A PC6 oo
= _ - _ 1 . . —VU. .
Ao BS5ARE ogete] ey} B0 24 4l 27 23} (Surface) 009 006 -003 341
A2 p)wEllth T1S Zelalorzatalo] B 207k a N, 017 011  —-006 363
ol1L, PCI-PCOE ZHALZALAC] 71 27 BE4 7o) Ve 0oL 0o pos 1R
’ . PCT S, 0.25 0.24 -0.01 43
ThFig. 1 #30). Table 40l 4 771 %M, S,, K, O, Sutcey K 0.08 0.08 0.00 29
N,, M,, MS,)] 3Pl el vkx21] @ xHerror) W 4 O, 0.05 0.06 0.01 25.1
- N 0.12 0.12 0.00 03
Ak . ; Z} 2
ITH 3] 2 XF(ARE; absolute relative error), _7_11]1 R|Z¥ef of M, 077 097 019 553
3t Qa2 AASIITE 97 25 Al st 2RERS] & P8 S, 031 0.33 0.02 52
F Zolo] mdlx| e} &X|, 18|31 FHe] @ xke} Aot (Surface) Iél 8(1)2 8(1); _g'gf i‘s‘g
27_(]»‘——:"2—— Table Soﬂ Xﬂ}‘]fﬂ'%{q ij]'?’]’ @EH}\OLEH»S)—iPE‘ O]'EH N; 014 011 _003 223
oF o] ot M, 0.74 0.88 0.14 19.0
PCY S, 0.32 0.35 0.03 9.8
Error = x,,—x, (13) (Surface) K, 0.13 0.12 -0.01 7.2
b, —x uriace 0, 0.10 0.12 0.01 135
ARE(%) = —-'ﬂ)-c—-o- x 100 (14) N, 0.16 0.20 0.04 22.1
0
Table 4. Observed and modeled harmonic constants of tide at Mokpo tide station (T1)
Semi-range Phage lag%
Constituent Obs. Model Error ARE Obs. Model Error
(m) (m) (m) (%) ) ) )
M, 1.393 1.378 —-0.015 1.1 38.3 42.1 3.8
S, 0.479 0.479 0.000 0.0 88.4 92.0 3.6
K, 0302 0315 0.013 43 2523 253.9 1.6
0, 0.232 0.251 0.019 8.2 217.8 219.0 1.2
N, 0.288 0.280 —0.008 2.8 19.1 254 6.3
M, 0.197 0.132 —0.065 33.0 193.5 218.2 24.7
MS, 0.155 0.134 —-0.021 13.6 260.5 292.0 31.5

¥ The phase lag is referred to 135°E.
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