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Assessing Temporal and Spatial Salinity Variations in Estuary Reservoir Using EFDC
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Abstract

Forecasting salinity in an estuary reservoir is essential to promise irrigation water for the reclaimed land. The objective of the research was to assess
salinity balance and its temporal and spatial variations in the Iwon estuary reservoir which has been issued by its high contents of salinity in spite of
desalination process for four years. Seepage flows through the see dikes which could be one of possible reason of high salinity level of the reservoir was
calculated based on the salinity balance in the reservoir, and used as input data for salinity modeling. A three-dimensional hydrodynamic model,
Environmental Fluid Dynamics Code (EFDC), was used to simulate salinity level in the reservoir. The model was calibrated and validated based on
weekly or biweekly observed salinity data from 2006 to 2010 in four different locations in the reservoir. The values of R’ , RMSE and RMAE between
simulated and observed salinity were calculated as 0.70, 2.16 dS/m, and 1.72 dS/m for calibration period, and 0.89, 1.15 dS/m, and 0.89 dS/m for
validation period, respectively, showing that simulation results was generally consistent with the observation data.
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Fig. 1 Schematic map of the Iwon estuary reservoir with Thiessen
network for averaging salinity observations
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Fig. 2 Schematic diagram of salinity balance in an estuary reservoir
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Fig. 3 Model grid mesh and bathymetry of the Iwon estuary
reservoir with the location of sampling points from SP#1 to
SP#4
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Fig. 4 Boundary conditions of the lwon estuary reservoir: Ny to N3
are gate release, Ry and R are gate leak, S to Sy are
seepage through tide dike, Ty and T, are the fishery
leveling pipe, W; to Ws are flow from inlet #1, and Ws to
Wg are flow from inlet #2

Table 1 Boundary conditions of the Iwon estuary reservoir

Salinity

Cell coordinates (ds/m)

ltems Description

N1~ N3 Gate release (31,30),(32,29),(33,28)| -

RI, R2 Gate leak (30,30), (34,28) | 469

S1~ 824 Seepage (18,38) ~ (43,22) 46,9

T1, T2 |Fishery leveling pipe (13,36), (14,39) 31.2
W1 ~W5 Inflow1 (3,3) ~(7.3) 0.3
W6 ~ W8 Inflow2 (31,9) ~(33,9) 0.3

Table 2 Hydraulic parameter values used in the EFDC model
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9.81 dS/m & A Apgo] el EUalA 485)ic.
EFDC 23 9] 7|AAZ = 2006 3€HE 2010 497}
A i) 2w s Egatglon, 7ok A&, &
= U, e duk AR, S skl A
AR o] E S olET A BES Al S = 7Y
ol #1213t o] A O] Atw S B-8-5H3T
FEAKRS SR RS AAxTC R ARRY BoE
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L
ghol kA A g5l 2 Aol

Items Unit Value Common range (USEPA, 2002)
Roughness coefficient - 0.022 -
Coriolis factor - 8,49x107° -

Horizontal kinetic
® Background/Constant Eddy viscosity m’ s 0.3 0.5~ 20
® Dimensionless hor, momentum diff, - 0.25 -
Vertical Kinetic
e Background/Constant Eddy viscosity mt s 1.0x107* 1.0X107 ~ 1.0x107
® Molecular diffusivity m s 1.0x10°® -
Turbulent intensity advection scheme - 1.0
Turbulence closure constants
® \/on karman's constant - 0.4 -
® Minimum turbulent intensity squared m s7° 1.0x107 -
® Minimum dimensionless length scale - 1.0x107 -
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Fig. 5 Calculated daily seepage flow at the Iwon estuary reservoir

Table 3 Comparison of seepage flows among tide embankments
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A9 5T ARE R YR $4E 285
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(R%), RMSE, RMAE ©] 57591 HekS o]- 85191tk

Table 4= S 4:9] 47} YUY E R 2| Hof tfsf 239
HAS ARXF ATE e 1 Qlck ARAG RS S48
2 0.66~0.732] HL]E H 111, RMSE = 2.09~2.28 dS/m,

Tide embankment Location Seepage flow (m*/s/m) Source
Iwon Taean—gun, Chungnam—do, south Korea 1.16X10*~3,30x10™ This study
Iwon Taean—gun, Chungnam—do, south Korea 1,55X107°~2,06X10°  |Korea rural community corporation, 2003
Hwahong Hwaseong—si, Gyeonggi—do, south Korea 1.53x10%~2,32x10°° Lee, 2005
Tando Ansan-si, Gyeonggi—do, south Korea 8.53X10—4 Korea rural community corporation, 2009
Hongseong Hongseong—gun, Chungnam—do, south Korea 417X10-3 Korea rural community corporation, 2007

Table 4 Statistics on simulated and observed salinity during calibration period in the Iwon estuary reservoir

Stations No. of measure (day) R? RMSE (dS/m) RMAE (dS/m)
SP#1 0.70 2.09 1.75
SP#2 0.70 2.1 1.69
SP#3 76 0.73 217 1,73
SP#4 0.66 2.28 1.72

Average 0.70 2.16 172
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Table 5 Statistics on simulated and observed salinity during
validation period in the Iwon estuary reservoir

. No. o RMSE WRMAE
Stations m(e:as;)re R? (dS/m) (dS/m)
SP#1 0.91 1.07 0.85
SP#2 0.92 1.02 0.78
SP#3 76 0.89 1.22 0.99
SP#4 0.84 1.30 0.93

Average 0.89 1.15 0.89
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