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Abstract

A two-dimensiona (2D), laterally-averaged hydrodynamic and water quality model, CE-QUAL-W2 was applied to evaluate
the performance on simulating the effect of flushing from Daecheong Reservoir on the downstream water quality variations
during the flushing events held on November, 2003 and March, 2008. The hydraulic and water quality simulation results were
compared with field measurement data, as well as a one-dimensional (1D), unsteady model (KORIV 1) that revealed limited
capability in the previous study due to missing the resuspension process of river bottom sediments. The results showed that
athough the 2D model made satisfactory performance in reproducing the temporal variations of dissolved matters including
phosphate, ammonia and nitrate, it revealed poor performance in simulating the increase of biological oxygen demand and
suspended sediment (SS) concentrations during the passage of the flushing flow. The reason of the error was that the
resuspension process of the 2D model is only the function of shear stress induced by wind. In reality, however, as shown by
significant correlation between bottom shear stress (1) and observed SS concentration, the resuspension process can be
significantly influenced by current velocity in the riverine system, especially during flushing event. The results indicate that
the resuspension of river bottom materials should be incorporated into the water quality modeling processesif T is greater than
acritical shear stress (t¢) for better simulation of flushing effect.
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Table 2. Hydraulic parameters used for W2 model

Parameters (unit) Variable WB_1 WB_2
Horizontal eddy viscosity (m%s?) AX 20.0 1.0
Horizontal eddy diffusivity (m’s?) DX 50.0 1.0
Bottom friction factor (m®%s?) CHEZY / MANN MANN (0.027) CHEZY (70)
Wind sheltering WSC 0.1~0.85
Fraction solar radiation absorbed at water surface BETA 0.60 0.60
Light extinction for pure water (m™) EXH20 0.30 0.30
Coefficient of bottom heat exchange (Wm’s?) CBHE 0.30 0.30

Table 3. Water quality parameters used for W2 model

Parameters (unit) Variable WB_1 WB_2
5-day BOD decay rate (day™) KBOD 0.15 0.15
Sediment release rate of phosphorus (g m? day™) PO,-PR 0.0015 0.0015
Ammonium decay rate (day™) NH4DK 0.05 0.05
Nitrate decay rate (day™) NOz-NDK 0.15 0.15
Suspended solids settling rate (m day™) SSS 0.11 0.11
Critical shear stress for resuspension (dyne cm?) TAUCR 1.0 1.0
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Fig. 1. (8 Map of the study site and sampling stations during flushing events (O: water stage and water quality
measurement sites, []: water stage observation sites), and (b) partitioning of model branches and segments.
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Table 4. Statistical indices used to evaluate the model accuracy
Statistical index Equation Desired value
1 N
Mean absolute error MAE = TVEWS -Q) 0
i=1
Root mean square error RMSE = 0
Coefficient of determination R = 1-— 1

2(Q -,

i=1

*Q, = observations, Qs=simulations, Qae=mean of observations, N =

X axis :

total number of observations

Time(hour), Y axis : Elevation(m)

20.0
(a)
19.6
19.2

18.8

Q0 00 o000

© Observed
KORIV1
— W2

18.4
7.6 (P)

7.2
6.8
6.4 -

6.0

2003-11-22 0:00 2003-11-22 12:00

2003-11-23 0:00

2003-11-23 12:00

Fig. 3. Comparison of water surface elevations smulated by KORIV1 and CE-QUAL-W?2, and field data (2003).
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Fig. 4. Comparison of CE-QUAL-W2 and KORIV1 results with the field data during 2003 flushing event at Maepo (left) and
Geumnam (right). (@) NHs-N, (b) NOs-N, (c) POsP, (d) BOD, (e) SS

Table 5. MAE and RMSE of KORIV1 and CE_QUAL-W2 modd in Guem river in 2003

Maepo KORIV1 i CE-QUAL-W?2 i
Range (mg/L) MAE (mg/L) RMSE (mg/L) R MAE (mg/L) RMSE (mglL) R

NH3-N 0.25~1.96 031 0.39 0.65 0.24 0.30 0.79

NOs-N 1.09~2.57 0.27 0.34 0.39 0.26 0.34 0.52

PO4+-P 0.03~0.21 0.03 0.05 0.42 0.03 0.05 0.52

BOD 2.22~6.68 0.75 1.36 0.15 132 185 0.02

SS 2.00~37.00 - 6.78 11.97 0.43

KORIV1 CE-QUAL-W2

Guemnam 5 5
Range (mg/L) MAE (mg/L) RMSE (mglL) R MAE (mg/L) RMSE (mgl/L) R

NH3-N 0.51~1.69 0.23 0.28 0.82 0.16 0.20 0.90

NOs-N 1.98~2.52 0.20 0.26 0.08 0.39 0.50 0.19

PO4-P 0.10~0.24 0.03 0.03 0.76 0.02 0.03 0.93

BOD 2.20~6.38 153 2.04 0.66 177 223 0.47

SS 3.20~31.00 - 13.07 16.80 0.58
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Table 6. Statistics showing the model performance for flushing simulations of 2008
Bugang Gongju
Range (mg/L) MAE (mg/L) RMSE (mg/L) R’ Range (mg/L) MAE (mg/L) RMSE (mgiL) R?
NHa-N 047 ~ 1.34 017 0.21 0.65 074 ~ 1.97 031 0.35 0.04
NOsN 172 ~ 2.36 0.08 012 0.80 2.28 ~ 249 0.20 0.25 0.02
PO+P 0.03 ~ 0.08 0.01 0.01 0.36 0.03 ~ 0.05 0.01 0.01 0.28
BOD 0.20 ~ 3.02 127 161 058 066 ~ 212 0.56 071 0.02
Ss 4.20 ~ 30.00 8.63 12.05 0.73 8.00 ~ 12.80 247 2.88 0.00
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