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Abstract — Many estuaries around the world have been physically altered over the last century due to the construc-
tion of estuarine dam, the reclamation of tidal flats, and the dredging of the channel. These alterations have modi-
fied the properties of hydrodynamics and sediment transport in the estuary. In this study, Regional Ocean Modeling
System (ROMS) is utilized to assess the impact of human-induced physical alterations in the estuarine environ-
ment. In particular, this study examines adjustment of hydrodynamics and sediment transport caused by deepening
of the channel and damming of an estuary. Deepening amplifies tidal range and increases tidal asymmetry to flood
dominancy, which lets the sediment trapped in the upper estuary. These changes decrease the effective hydraulic
drag, which causes positive feedback to the system. In case of damming, the tide increases due to the presence of a
dam and the current velocity decreased. Thus, the suspended sediment concentration also decreased significantly in
the dammed estuary. This study shed light on the response of hydrodynamics and sediment transport by the anthro-
pogenic alteration of an estuary.
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2.1 Regional Ocean Modeling System ZE!
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10,000~18,000 me]™ H{H]7} 1,500 molA] 1,000 m= WhEA = A Wro|oh 242 4714 Z3MFM,, S,, K, 0)F T35
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77k 2 18,000~38,000 mO.E F 20,000 m F3F WHIZE 200 m = A AAlNA 600 mY/se] FEE AGA 0= wjEeitt o)
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Table 1. Sediment properties for sediment bed and river discharge

Medium sand Fine sand Silt Clay
Grain size 300 pm 150 um 50 um 2 um
Settling Velocity 43.5 mm/s 15.9 mm/s 2 mm/s 0.0032 mm/s
Critical stress for erosion 0.18 N/m? 0.14 N/m? 0.0967 N/m? 0.009 N/m?
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Fig. 2. Forcings in the model: tidal amplitude (blue) and river discharge (red).
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Fig. 3. Funnel-shaped idealized estuary (b,,=b,).

B2 379 7 520 A0 Ak glon], 3 792 wEle] <l

2.3 &M X|HE (Parameters)
7} mdlo] Avk= 270 S5A, oA, ek mpE gl
Hd g A3e 8 8 9l HA ek WilE BojF
ol ARgSISATE. o) F Sl8ll F 7HA 9] 7o) AdaE vt SRl
- ThHO] R Rbel] ZITNE Zh= Z2w)7] Bokolek= 71
°]iL(Fig. 3), EAlIE skt A4 o= Frigiths 7ot

oo

i

[¢]

b.= bexp() (1)
2 (1)elA b= sFrRRE A x2] & YR, b dFolA ]
Sk uH], 12l L el

o213k 718 ulE O 2 Winterwerp ef al.[2013]2 WA %
o SFHAH, v, ek vk 9 et Ao B A3
of gt ety E AXketion, 1 38E o Atk

1. 7} 73bellA] ab-e) W|u| ®igle) ot 4 Yot A==
“=HA 2] (Convergence distance, L,)5 2] (1)°ll W} Alxksto), 4=
HAE= 32 vn] Wslel wat =) HEE YERlE Ak
olty. 1 7t AE5E FEAE & AE njgit

2. 318 718keHA] Wslel °418) Wslel| e Y AEE
ElUl&= 4= <=(Convergence number, 4,)= T3 2o] 2] (2)0]
Folget. T FEA e} del s yn) ] visienk ozt

0] MskE 7hekel FEe] RS e AHelc,

Y 4Lyo°
¢ gAJdb,,

@

o7]eM 4= s-e] WA o], g= FH7EEE, b, 3He U
H], o= FIFET, T=522] F71elth 2 (2)9] 2F 84%= Fig. 32
7o R sl 24 F71= Meoll sk 12.42 AREC = Allet
At

3. 7 EA npEH(C)S Chezy Al52] FHIZ X HFT}. Chezy
A5 Wall H2 (Law of the wall)¥} #o] 9lom, thg 327}
o] A= STt

459

—
gk

0].14—.%:

C= MQ@ = 181og{1£—h} (3)

s

A7NMA waz PEESL, k= AT AR, ke A, 1L Us
THEIEEE LRI, ChezyARre] Z3eli2lRl vlaE: S1eliA Chezy

AGE 2 @)%} o] F2R Al wFE<=(Friction number, y.)=
Akttt
U

Yo = —g—-—z )
ohC

4, FsR= sleA 24ke] ks YeRl= Al4?] imaginary
wave number (k)= thad} o] 2 (5)ol w2t Axkskait.

k= 1;%[2A/(Ae— Y+ Ari-24,-1)]" )

§] ARke] A= K4, EEE UERYH, o5 B3 she] 24
FZ3) 744 Y w5 gk

5. 24 WO () 22} vheale] A S vlg U,
2=GC,/ G, (6)

AT = BHA) 24T 4% LRI, €5 A 2
5} §42 vhehdck, 2L 219 0 3294, <12
SIS Uehila, 219 i 24 U ek,

6. 0PI R B W H-HH AR SR RS B 57
) B A9 e e,

3.4 1

3.1 2EZ0|(Convergence length, L,)2} 5 (Convergence
number, 4,)

FHAR (L= aHrelxe] Al F7tell thish st w|u] Fhaell
uh} 5 7 A EE AEolt). Fig 45 71PE FEAE 9
FETE Ue L it} AR E vy A FHE Hole
T4 13} 4olX= sk FAIE Ko, okt 73S 2= 79
29} 394 STFsHE M1 Hola Qltt. v sl v el 4
Wgls BF 2§ele] Y JuE RHolT FHEU)E ol
TV, FHEAY AT, 209 Yot gy
23 Normal case -9+ FHAZ S 22 FAIE Holx §)
o}, s =20] 4lo] T8 73-9-(Deepening case), VIS 3
et F el ol WEt glovt el W g ik 44
18] 7%, 79 iellX <] =Szt A7) witel] =42 skt
njoksit, 597 29} 3elli= A2 FTLE QIste] T AR
b 77 45 A ST A, T UelA el He G a
AE Blovt 4 S 5 o] SR WAskEint ol & B3l 7
ZH 12 3] U] Wik el 3 9 vA A, 11 29} 32
she] yn] Wske} ] WMsF A o R Jake v N,

rr



QIR 4 8- le] S} HrhElEe] VIRl QA LT 391

0 7 T T T
Cl ——nNomal | | Section I Section 2 Section 3 Section 4
o —— Deepening | |
S -5+| * Dam ]
[=9 ]
53 |
A ;
i

10

L, (m)

20
%108 x10%
1 p. 6/ ¥ 7
0 4 6 6.5
4000 10 15 15
g \
~ 2000 5/ 10 14
< .
0 0 5 13
10 15 20 30 40 45 50 54 55 56 57

Estuary length (km)

Fig. 4. Convergence length (L,) and convergence number (4,) for four sections of the idealized estuary. The top panel also shows the depth
change of three cases (Normal case - solid red; Deepening case - solid blue; Dam case - dotted red).
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2 sHedhs A4 A sk 4o URbARQl &
= HRE QEl 2ol vitE ek o] Aishe A
TolM e dREY sFo] Bt o] & 3<% (Estuarine
circulation) =2 %2 <=%(gravitational circulation)®] &} FEt}
(Dyer[1973]). 3 E 0] 714 2= sh<gk WskE vwahr] 9
sto] 3+ 550l 36717t Lanczos BEIE 834 D718
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A A3k th(Scully and Friedrichs[2007]; Williams ez al.[2015]).
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Fig. 5. Residual currents for three cases (A - Normal case; B - Deepening case; C - Dam case). Residual currents were obtained by applying

36 hours Lanczos filter.
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Fig. 6. Dimensionless friction number (y.) in the estuarine reach for three cases (Normal case - solid red; Deepening case - solid blue; Dam

case - dotted red).

3.3 =& OfEN(Effective hydraulic drag)
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Fig. 7. Mean sea level and tidal amplitude.
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Fig. 8. Imaginary wave number for three cases (Normal case - solid red; Deepening case - solid blue; Dam case - dotted red).
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A W) 2] (6)ell AAE Fafel G225 vES AR
A Atetolet. el Avfe A 2A4E A9)e 2} AT AlA
517] 918ke] 32A1XF Lanczos 1153 HEE ARE-SISITE 2 (6)=
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Fig. 9. Tidal asymmetry (1) for three cases (Normal case - solid red; Deepening case - solid blue; Dam case - dotted red).
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4.1 Adjustment of estuary according to human alteration:
Deepening
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4.2 Adjustment of estuary according to human alteration:

Damming
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4.3 Suggestion for future studies
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