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Abstract

This study simulated water quality item and flow rate of subbasin for Saemangeum watershed using Soil and Water Assessment Tool
(SWAT) model and Environmental Fluid Dynamics Code (EFDC) model which simulate hydraulic and water quality in three-
dimensions. The simulated values corresponded to observed value well. The result of simulation for floodgate operations at the M3 and
MS5 points, it exceeds water quality standard and at the M3 and D3 points, change of range for concentration is too wide, and upstream
of Saemangeum reservoir is sensitive to inflow flow rate. Compared to the annual average concentration for observed station according
to the discharge conditions, improvement of water quality for upstream was apparently compared to the downstream. Range of influence
for change of water quality presented that maximum discharge condition, the influence range is 22 km in the direction of the Saemangeum
downstream from the Mankyung bridge, and 15 km in the downstream direction of saemangeum in the Dongjin bridge. This study result
demonstrated that floodgate operating at upstream has significant influence on water quality management of Saemangeum reservoir and
it needs to be considered in plans of water quality management for Floodgate operation on Saemangeum reservoir.
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Table 1. The major water quantity and quality parameters of SWAT model

Parameters Name Definition Calibration
Water quantity ESCO Soil evaporation compensation coefficient 0.1~0.85
CN2 SCS runoff curve number 8
ALPHA_BF Baseflow recession constant 0.18~1
GW_REVAP Groundwater “Revap” coefficient 0.02
GWQMN Threshold water level in shallow aquifer for base 0
REVAP-MN Threshold water level in shallow aquifer for “revap” 500
CH K Effective hydraulic conductivity of channel 2~130
CH_N Manning coefficient for channel 0.014~1.0
SOL_AWC Availabe water capacity of the soil layer 0.02~0.034
Water quality All Fraction of algal biomass that is nitrogen 0.09
Al2 Fraction of algal biomass that is phosphorus 0.02
RS2 Benthic source rate for dissolved phosphorus 0.1
RS3 Benthic source rate for NH4-N in the reach 0.01
RS4 Rate coefficient for organic N settling in the reach 0.1
RS5 Organic phosphorus settling rate in the reach 0.05
RK1 CBOD deoxygenation rate at 20°C 0.28
RK3 Settling loss rate of CBOD at 20°C 0.11
BC1 Rate for biological oxidation of NH, to NO, 0.55
BC2 Benthic source rate for dissolved phosphorus 1.1
BC3 Rate constant for N hydrolysis at 20°C 0.21
BC4 Rate constant for P mineralization at 20°C 0.35
SOL_CBN Organic carbon content 2.9
Table 2. Evaluation of SWAT model performance through runoff calibration and verification
) Runoff (m’/s)
Site obs. (avg.) sim. (avg.) R’ RMSE %diff.
Mankyung A 10.69 9.68 0.76 6.50 9.39
Calibration Jeonju A 6.11 5.39 0.89 4.65 11.76
(2011) Mankyung B 18.66 13.75 0.87 12.96 10.72
Top-cheon A 0.63 0.72 0.66 0.58 -14.26
Mankyung A 21.16 20.34 0.82 5.17 3.86
Verification Jeonju A 11.24 9.52 0.80 12.15 16.80
(2012) Mankyung B 35.11 33.63 0.79 13.31 5.90
Top-cheon A 1.03 1.39 0.71 2.16 -32.56
Jeong-eup A 5.94 5.49 0.81 2.83 7.36
Calibration Dongjin A 13.01 12.67 0.61 4.84 5.74
(2011) Gobu A 2.00 2.37 0.90 2.17 -16.72
Wonpyong A 1.93 1.69 0.84 1.50 12.06
Jeong-eup A 11.60 9.33 0.54 15.69 21.01
Verification Dongjin A 26.73 24.47 0.89 17.56 10.19
(2012) Gobu A 7.66 7.49 0.79 1.91 3.88
Wonpyong A 5.82 5.44 0.83 2.40 6.52
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Table 3. Evaluation of SWAT model performance through water quality calibration and verification
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BOD (mg/L) T-N (mg/L) T-P (mg/L)
Site obs. | sim. | piSE | osdifr | %% | S| RMSE | cdifr, | 0% | S™ | RMSE | odiff,
(avg.) | (avg.) (avg) | (avg.) (avg.) | (avg.)

Mankyung A | 1.4 12 1.09 | 1226 | 2373 | 1.921 | 2.93 | 19.07 | 0.087 | 0.065 | 0.15 | 27.5
Calibration Jeonju A 7.5 6.6 | 578 | 11.94 | 9.577 | 9.058 | 3.35 541 | 0.596 | 0.553 | 0.24 6.40
(2011) Mankyung B | 52 | 45 | 459 | 13.50 | 5.828 | 5.483 | 221 5.86 | 0382 | 0.331 | 0.18 7.52
Top-cheon A | 6.5 6.0 | 3.68 8.71 | 6.782 | 6.175 | 3.93 8.95 | 0258 | 0.228 | 020 | 12.38
Mankyung A | 1.3 12 | 0.65 7.88 | 2.156 | 2.057 | 0.64 471 | 0.081 | 0.073 | 0.10 | 10.24
Verification Jeonju A 69 | 54 | 856 |20.12 | 7.394 | 6.503 | 4.51 9.88 | 0.553 | 0.492 | 0.29 8.53
(2012) Mankyung B | 4.3 3.9 1.74 6.57 | 4478 | 4172 | 123 447 | 0336 | 0275 | 034 | 1637
Top-cheon A | 4.5 3.9 | 3.03 | 11.06 | 5.133 | 4.626 | 2.48 7.84 | 0258 | 0.186 | 0.41 | 26.87
Jeong-eup A | 32 | 2.8 | 3.00 | 1428 | 4512 | 4.034 | 3.09 | 10.56 | 0.242 | 0.194 | 030 | 19.63
Calibration Dongjin A 29 | 26 1.66 8.90 | 3.184 | 2.625 | 3.59 | 17.44 | 0.162 | 0.137 | 0.17 | 16.96
(2011) Gobu A 45 40 | 352 | 1199 | 4966 | 4.658 | 2.05 637 | 0213 | 0.198 | 0.12 8.94
Wonpyong A | 4.8 | 43 | 338 | 10.86 | 4.042 | 3.703 | 2.19 837 | 0.174 | 0.139 | 029 | 25.92
Jeong-eup A | 2.7 | 25 | 082 | 4.88 | 4.669 | 4305 | 1.54 537 1 0.178 | 0.143 | 0.19 | 17.97
Verification Dongjin A 23 1.8 | 257 | 1846 | 3.422 | 2.698 | 4.09 | 1939 | 0.133 | 0.091 | 0.17 | 21.43
(2012) Gobu A 3.6 2.8 430 | 19.49 | 4.094 | 3.671 | 2.02 8.00 | 0.211 | 0.192 | 0.07 5.30
Wonpyong A | 3.5 3.1 217 | 9.97|3.558 | 3.182 | 1.82 830 | 0.155 | 0.135 | 0.11 | 11.56
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Fig. 6. Verification of velocity (Y component) at T1 station

Table 4. Major water quality parameters used in the EFDC model

Parameters Unit Definition Calibration
PM,, PMy4, PM; day™ maximum growth rate under optimal conditions for algal group x 2.8
KHNy gN m> half-saturation constant for nitrogen uptake for algal group x 0.01
KHPy gPm’ half-saturation constant for phosphorus uptake for algal group x 0.001
KHS gSim’ half-saturation constant for silica uptake for diatoms 0.05
CCHly 2C / mg Chl carbon-to-chlorophyll ratio in algal group x 0.03
TMe1, TMa1, TMg °C optimal temperature for algal growth for algal group x 20.0
TM., . ) 27.5
T™a, Mo C optimal temperature for algal growth for algal group x T
BFPO44 - sediment-water exchange flux of phosphate (g P m™ day™) 0.009
WSs m / day settling velocity of particulate metal 1.0
Krp day™ minimum hydrolysis rate of refractory particulate organic phosphorus 0.15
Kip day™ minimum hydrolysis rate of labile particulate organic phosphorus 0.0175
Kpp day™ minimum mineralization rate of dissolved organic phosphorus 0.001
Ked day™ oxidation rate of chemical oxygen demand at TRCOD 20
BFCOD - benthic flux rate of chemical oxygen demand 0.12
Krn day™ minimum hydrolysis rate of refractory particulate organic nitrogen 0.075
Kin day™ minimum hydrolysis rate of labile particulate organic nitrogen 0.175
Kbn day™ minimum mineralization rate of dissolved organic nitrogen 0.001
BFNH4 - benthic flux rate of ammonia nitrogen 0.009
WSrp m day” settling velocity of refractory particulate organic matter 0.55
WSep m day” settling velocity of labile particulate organic matter 0.55
Kre day™ minimum dissolution rate of refractory particulate organic carbon 0.075
Kie day™ minimum dissolution rate of labile particulate organic carbon 0.175
Kbe day™ minimum respiration rate of dissolved organic carbon 0.01
ASCq gSi/gC silica-to-carbon ratio of diatoms 0.05
Ksu days™ dissolution rate of particulate biogenic silica 0.05
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Table 5. Result of calibration and verification with observed data for performances of EFDC model
Calibration (2011) Verification (2012)
ML2 ML3 DE2 DL2 ML2 ML3 DE2 DL2
Obs. (avg.) 15.4 14.3 15.5 15.1 14.5 14.0 16.2 14.7
sim. (avg.) 14.9 13.8 15.0 13.5 14.1 13.0 14.3 14.3
Temp (°C)
RMSE 1.9 2.0 1.6 5.3 0.7 3.3 1.3 1.3
%diff. 3.6 4.0 3.1 10.2 1.4 6.8 11.7 2.6
Obs. (avg.) 9.7 9.1 8.4 9.8 8.7 8.8 9.2 8.4
sim. (avg.) 8.2 8.0 7.9 9.7 7.7 8.0 8.8 8.1
DO (mg/L)
RMSE 5.1 3.6 1.6 0.6 3.3 2.9 1.3 0.9
%diff. 15.2 11.5 5.4 1.6 10.9 9.4 4.1 3.1
Obs. (avg.) 14.8 12.2 27.7 27.1 13.5 11.9 31.7 10.2
; sim. (avg.) 12.8 10.7 23.9 26.5 11.5 9.8 23.2 8.1
Chl-a (mg/m”)
RMSE 6.9 5.3 13.4 2.2 6.8 7.2 0.2 0.9
%diff. 13.5 12.5 13.9 2.3 14.6 17.5 3.9 10.7
Obs. (avg.) 5.5 46 6.6 6.1 3.9 32 6.0 6.7
sim. (avg.) 48 44 5.6 49 3.4 2.9 5.6 34
COD (mg/L)
RMSE 2.4 0.7 3.6 0.5 1.7 1.0 1.4 0.8
%diff. 12.7 4.4 15.7 20.0 12.9 9.4 6.6 6.3
Obs. (avg.) 0.955 0.913 1.653 1.131 0.774 0.729 1.552 0.893
sim. (avg.) 0.947 0.815 1.448 0.929 8.961 0.612 1.494 0.769
T-N (mg/L)
RMSE 0.04 0.33 0.87 0.73 0.09 0.37 0.06 0.44
%diff. 1.19 10.61 15.11 18.66 3.21 14.82 3.86 14.17
Obs. (avg.) 0.066 0.061 0.091 0.075 0.041 0.043 1.556 0.041
sim. (avg.) 0.052 0.058 0.087 0.052 0.033 0.033 1.942 0.047
T-P (mg/L)
RMSE 0.04 0.04 0.03 0.06 0.02 0.01 0.06 0.01
%diff. 17.4 19.67 9.92 26.13 16.52 9.98 19.84 7.5
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Fig. 7. Result of water quality item simulation
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Table 7. Prediction of Water quality according to discharge condition

Annual average concentration
Station 3
COD (mg/L) T-N (mg/L) T-P (mg/L) Chl-a (mg/m”)
M3 3.5 1.412 0.097 10.7
Maximum discharge M5 2.7 0.683 0.062 7.5
D3 2.8 0.623 0.056 7.7
D5 2.5 0.367 0.046 6.1
M3 3.7 1.567 0.106 11.7
65% discharge M5 2.7 0.725 0.065 7.7
D3 2.9 0.668 0.058 8.2
D5 2.5 0.381 0.047 6.8
M3 4.7 2.619 0.172 15.8
Minimum discharge M5 2.7 0.778 0.070 7.7
D3 33 0.828 0.065 9.8
D5 2.6 0.428 0.050 7.2
Table 8. Effect of Water quality improvement according to discharge conditions
Site Concentration Minimum discharge (D) Maximum discharge (@) Improvement (D-Q@)
COD (mg/L) 4.7 35 1.3
M3 T-N (mg/L) 2.619 1.412 1.207
T-P (mg/L) 0.172 0.097 0.075
Chl-a (mg/m’) 15.8 10.7 5.1
COD (mg/L) 33 2.8 0.5
o3 T-N (mg/L) 0.828 0.623 0.205
T-P (mg/L) 0.065 0.056 0.009
Chl-a (mg/m’) 9.8 7.7 2.1
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(a) Minimum discharge condition
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(c) Maximum discharge condition

Fig. 8. Influence range according to discharge conditions (COD concentration)
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