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B Annual freshwater discharge (1995~2015)
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B Monthly freshwater discharge (Sep. 1994 - Aug. 2013)

07 08 09 10 11 12 13 14 15

Discharge (10°ton)
Frequency
Opening hour

Hour per opening

157 | 159 | 186 233 | 284 | 525

9 12 14 17 20
23 30 36 45 65
24| 26| 25| 26| 26| 33
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e Discharge in summer (June to Sep.) : 72% of the annual
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374.7 150.8 566.7
621.2(+14.4) 372.8(-1.9) 127.0(-23.8) | 619.8(+53.1)
594.2 364.9 127.8 602.8
607.1(+12.9) 366.9(+2.0) 127.8(0.0) 614.3 (+11.5)
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Possible Reasons :
1) Amplification and phase shift of shallow water tide

2) Flood-dominance in main channel, but
ebb-dominance in Gaeya channel on the contrary
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* Phase difference between M, and M, current
AD =0,-20, where, Vy = ajcos(®-9,) Vy = a,cos(20,-0,)

« Effect of AB on current asymmetry

AB > 270" or AB < 90" : stronger flood (max at AB=0")
90" < A6 < 270 : stronger ebb  (max at AB=180")

» Observed AB and Amplitude Ratio of M,/M,
Period e o T —_
KOP(PC3)  KIP(PC1)  KOP(PC3)  KIP(PCL)
1985 ~ 1991 49 20 | 0.14 0.14
1995 ~ 2001 323 304 0.07 0.11

 Current asymmetry due to amplification or phase shift

of M, is not intensified after closing the barrier. 5
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(Unit : 105m?3)

KOP channel (PC3) Gaeya channel (PCZ) KIP channel (PC1)
Neara —— i
' Flood \ Ebb F/E (%) Flood Ebb F/E (%) Flood Ebb F/E (%):

1982 166 & 184 90 66 52 127 140 144 97

1995 143 | 127 113 | 14 | 31 45 49 49 | 100
1999 130 | 119 109 17 30 57 | 45 | 45 | 100
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Depth betow MSL {m)

1987. 5

AT

1992. 8

Depth below MSL (m)
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1995-2000

Depth beiow MSL
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Estuary mouth Cuter Port Gagya Chennel Inner Port Dam?
9 (pca) ey eca)l _tecl) |

Converted to flood direction in middle- and lower estuary after closing the barrier

(Unit : mg/L)

® Before closing

- ranges 100~250mg/L and increases upstream in normal weather condition

® After closing
- ranges 40~70mg/L due to reduction of current
- Higher SSC in flood phase indicates continuous upstream transport of SS
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Date in July 2011

e A1 5E : XS 1,225mg/L, £ 531mg/L. EZ 352mg/L

#7| SSC (2010.6.9-24)
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———— Tide Level at Gunsan Outer Port
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+ A considerable amount of sediments
escaped offshore in ebb
cannot be transported farther away
and reenters the main channel
during the subsequent flood.
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« SSC increases with higher wave and stronger current.

» But, response of SSC to waves is not always the case.
- Feb. 11 at PC2, low SSC with high waves but weak currents
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Summer 84% of the river-borne flux is deposited in the upper estuary.

Net flux at KIP & KOP channel is downstream.

Winter

Net flux at KIP & KOP channel is upstream.
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1987 & 1990
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+ 1987 & 1990 : Sands covered most of the estuary. Strong currents prevent
the fine-grained sediments from depositing in the main channel.

+ 1999 : Muds veneered most areas of the estuary. Weakened currents let
the fine sediments trapped and deposited.

+19 .
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» 1987 & 1990 : Sediments are transported mainly to the ebb direction
in the upper estuary and toward Daejuk tidal flat from the main channel,

Gaeya channel and the offshore.

+ 1999 : Upstream transport is prevailing in the main channel,
maybe due to relative intensification of the flood current.
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L1 : Two channels were buried away.
Max. deposition of 10m
from 1985 to 2001.
L3 : Max. deposition of 5m
in the northern channel.
L5 : The deepest part is shallowed

to DL(-)2.0m from DL(-)5.5m.
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@ Total sedimentation rate
(except sector C)

- Before closing 3,534x10°m3/a
- After closing 7,849x10°m?/a
- increase by 2.2 times
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M Environmental issues in the Geum River Estuary

Siltation in the navigation channel & tidal flat
e Deteriorated water quality

e Algal blooming in the upper estuary

®

Reduced laver production in the lower estuary

B Aims of the modeling study
® To provide strategic measures for improving the estuarine environment
® To develop now-cast / forecast system for the estuarine water quality

® To provide, if any, early warning of environmental risks

% op FEBAAMLY AYHETF O (G4, KIMST, 2014~2018)
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Meteorological data Riverine data Oceanographic & estuarine data
» Wind « Flow rate « Bathymetry + Bottom sediment
+ Air temp. & pressure - Sediment discharge « Tide & current  « SSC
+ Precipitation « Nutrients » Temp. & salinity « Water quality
* Relative humidity + Wave + Phytoplankton
+ Cloud coverage s b
+ Solar radiation ah 1
Y Current-wave coupled model Water quality model
Watershed model (Delft3D, Deltares) (Delft3D, Deltares)
(STREAM, Hydrocore) |
« Tide & current + Dissolved oxygen
« Freshwater flow ( > + Temp. & salinity > + Nutrients
+ Sediment discharge + Wave « Chlorophyll-a
« Nutrients
€ ; m— ) 3 v
1 Morpho-dynamic model Ecology model
Citchinent data (Delft3D, Deltares) {Point model, Anyang Univ.) €
R . Suspended: & bed loads . P?rphyra (Laver)
« Soll texture « Bathymetric change + Bivalve
+ Point loading + Sediment textural evolution €
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29 15 Delft-3D i!

claym

12635 F 136 40 F 12645 E 126700 W 126°30 & 127°00 &

(a) YECS (Yellow & East China Sea) model, (b) GRE (Geum River Estuary) model «27 .
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v Calibration for 1 year of 2014
v Validation for 1 year of 2015
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B Comparison of Hs in 2014 to 2015

o C.C.=0.03 RMSE =034 m C.C.=092, RMSE=0.21m

€.C.=055, RMSE =0.18 m
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e Vertically stratified in the upper estuary following freshwater run-off from the dem
e Stratified during ebb, but well-mixed during flood
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1 em/year
50 <
30< S0
20< 30
10~ 20

S~ 10
5~ 5

10~ -5

T -20~ -10

-30 ~ -20

-50 ~ -30

< -50
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Hourly
0.99 0.98
ARE 8 tidal constants 6
1.00 0.99
0.87 0.83
l 2 tidal constants | 19/5
0.89 0.92
0.98 0.99 10A Hourly, spatial 11/ 39
0.57 0.85 " Hourly, spatial 2/31
0.64 0.62 " Hourly, spatial 4/5
0.70 ARE Sub-sector 6

X (M; — 0,)*
0A = 1- = —
- i (IM; —0| + |0; - 0])*
(Index of agreement; Willmott, 1982)

ane = 1- (s[5 1o

(Absolute relative error)
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B Meonthly mean salinity & residual current in 2014
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(c) August, 2014

0 5 1015 20 25 30

e Two-layer circulation throughout the year
e Strengthened in summer due to intense freshwater run-off
e Implies persistent upstream transport of sediments and pollutants etc.

Longitudinal section along thalweg
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M Sluice gates operation condition

Estuary

River

Management level

EL(+)2m

———
Estuar

Y

!

Flooding

River

Management level

® If N, < Nyiver = outflow by Ah = gate closing

® If n,., > Nyiver = Inflow up to management level — gate closing
® Gates be opened only if | n,., - Nyver | > 0.2 M
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# Case 3D : Seawater exchange scenario for dry year, Ah = 5 cm

Longitudinal section along thalweg

46}:1‘::10 | | v Seothech -f)‘;. t

A’
=
A b i #0% Geum Estuary
~ ) Darn <
/ “rCa0 +5 b
Gunsan |

Inner P |

- iy




( 4. 5% QURAAY (18/19) )

£ ol+oS : &% 15 —

o 2= iR SA Ahet YA HE2R, S22 Ax AMHS = 7Is

* G RUT(FE FUY) AUHEIRE st 22 £F, ME, &[5 A YEiA
i atof ciet Y o =5-@7%t €2

* 53U F- Yo 47 0|24 EHHE A ZHY HE R

o MHEZ UE E= Y=A it EE M 2o 2HF X ZHY FE Ee

o S+ FEA HE2 XIS RO 2 3X|2| Hal mjs| HE WL

4. 58 WYY 19/19) )

BHBANAY : T JHI !

M Further efforts to refine the modeling system

® To better represent the vertical stratification
® To improve the intra-tidal flocculation processes

e To better reproduce the high phosphorus concentration
Bl Management scenario projection

® To explore the sediment and nutrient budgets for various scenarios

e To provide strategic measures for improving the estuarine environment
M Real-time prediction

® To develop now-cast / forecast system for the estuarine water quality

e To provide, if any, early warning of environmental risks

Bl Recommendation of an appropriate observation system
e To facilitate the scenario projections and real-time prediction



