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Evaluation of Suspended Solids and Eutrophication in
Chungju Lake Using CE-QUAL-W2
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Abstract

The purpose of this study is to evaluate the suspended solids and eutrophication processes relationships
in Chungju lake using CE-QUAL-W2, two-dimensional (2D) longitudinal/vertical hydrodynamic and water
quality model. For water quality modeling, the lake segmentation was configured as 7 branches system
according to their shape and tributary distribution. The model was calibrated (2010) and validated (2008)
using 2 years of field data of water temperature, suspended solids (SS), total nitrogen (TN), total phosphorus
(TP) and algae (Chl-a). The water temperature began to increase in depth from April and the stratification
occurred at about 10 m early July heavy rain. The high SS concentration of the interflow density currents
entering from the watershed was well simulated especially for July 2008 heavy rainfall event. The simulated
concentration range of TN and TP was acceptable, but the errors might occur form the poor reflection
for sedimentation velocity of nitrogen component and adsorption-sediment of phosphorus in model. The
concentration of Chl-a was simulated well with the algal growth patterns in summer of 2010 and 2008,
but the error of under estimation may come from the use of width-averaged velocity and concentration,
not considering the actual to one side inclination by wind effect.

Keywords : Chungju lake, CE-QUAL-W2, water temperature, suspended solids, eutrophication
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Table 2. Hydrological Conditions in 2010 and 2008
) . 2010 2008
Hydrological conditions : = : =
Spring |Summer| Fall | Winter | Annual | Spring |Summer| Fall | Winter | Annual

Precipitation (mm) 2705 | 4762 | 4272 | 1315 | 13054 | 170.7 609.2 | 1105 74.2 | 964.6

Total Inflow (m3/s) 155.0 | 141.7 | 3445 36.6 | 169.0 57.3 265.6 | 409 18.8 96.5

Total outflow (m?/s) 167.9 977 | 2796 82.0 | 156.2 | 1065 1758 | 85.2 789 | 1119

Water level (EL.m) 125.0 | 1199 | 1386 | 1287 | 1281 | 1253 125.0 | 1329 | 1312 | 1286
Table 3. Regression Equation for Water Temperature and SS

Boundary condition Equation R?

Water temperature T7,=3195+1.0777,+0.2217,—0.021Q 0.960

SS ¥Y'=0.95172"60%8 0.504

Table 4. Parameters Used for Hydrodynamic and Water Temperature Calibrations

. . Adjusted Value Used in Literature
Parameters Variable| Unit |Default Value Chung et al. | Kim and Chung
(2007) (2011)
Horizontal eddy viscosity AX m?s-! 1.0 1.0 1.0 10.0
Horizontal eddy diffusivity DX m?s-! 1.0 1.0 1.0 10.0
Chezy bottom friction factor CHEZY | m"’s-' | 70 85 70 -
Wind-sheltering WSC - 0.85 0.85 0.1~05 0.85
Fraction solar radiation absorbed at water surface | BETA - 0.45 0 0.6 0.6
Light extinction for pure water EXH20 m-! 0.9 0 0.3 0.3
Coefficient of bottom heat exchange CBHE | Wm’s- 0.3 0.45 05 0.3
1120 HEKEREEm e



Table 5. Parameters Used for Water Quality and Algae Calibrations

Value Used in

Parameters Variable Unit Default G UPRIrT Literature
Value Chung et al.
(2007)
Algae
Growth rate AG day-! 2.0 25 1.0
Mortality rate AM day-! 0.1 0.01 0.08
Excretion rate AE day-! 0.04 0.04 0.02
Respiration rate AR day-! 0.04 0.04 0.04
Settling rate AS m day-! 0.1 0.01 0.01
Phosphorous half-saturation for algal growth | AHSP gm-? 0.003 0.003 0.006
Nitrogen half-saturation for algal growth AHSN gm-® 0.014 0.01 0.014
Light saturation intensity ASAT W m-? 75 75 55
Fraction of algae to POM APOM - 0.8 0.8 0.8
Lower temperature for minimum algal rates AT1 T 5 5 10
Lower temperature for maximum algal rates AT2 T 25 15 25
Upper temperature for maximum algal rates AT3 T 35 25 35
Upper temperature for minimum algal rates AT4 T 40 30 40
Lower temperature rate multiplier for minimum algal rates | AK1 - 0.1 0.01 0.1
Upper temperature rate multiplier for minimum algal rates AK2 - 0.99 0.9 0.99
Lower temperature rate multiplier for maximum algal rates| AK3 - 0.99 0.99 0.99
Upper temperature rate multiplier for maximum algal rates | AK4 - 0.1 0.1 0.1
Phosphorous to biomass ratio BIOP - 0.005 0.005 0.005
Nitrogen to biomass ratio BION - 0.08 0.08 0.08
Carbon to biomass ratio BIOC - 0.45 0.45 0.45
Algae to chlorophyll a ratio ACHLA - 145.0 145.0 100.0
Phosphorous
Sediment release rate (fraction of SOD) PO4R day-! 0.001 2 0.005
Ammonium
Ammonium decay rate NH4DR day-! 0.12 0.12 0.12
Sediment release rate (fraction of SOD) NH4R - 0.001 0 0.001
Lower temperature for ammonium decay NH4T1 T 5 15 5
Upper temperature for ammonium decay NH4T?2 T 25 0.04 25
Lower temperature rate multiple for ammonium decay NH4K1 - 0.1 0.02 0.1
Upper temperature rate multiple for ammonium decay NH4K2 - 0.99 0.1 0.99
Nitrate
Nitrate decay rate NO3DK day-! 0.03 0.03 0.03
Lower temperature for nitrate decay NO3T1 T 5 10 5
Upper temperature for nitrate decay NO3T?2 T 25 35 25
Lower temperature rate multiple for nitrate decay NO3K1 - 0.1 40 0.1
Upper temperature rate multiple for nitrate decay NO3K2 - 0.99 50 0.99
Organic matter
Labile DOM decay rate LDOMDK day-! 0.10 0.10 0.10
Refractory DOM decay rate RDOMDK day-! 0.001 0 0.001
Labile to refractory DOM decay rate LRDDK day-! 0.01 0 0.01
Labile POM decay rate LPOMDK day-! 0.08 0 0.08
POM settling rate POMS ms-! 0.1 0.1 0.1
Lower temperature for organic matter decay OMT1 T 5 5 5
Upper temperature for organic matter decay OMT2 T 25 20 25
Lower temperature rate multiplier for organic matter decay| OMKI1 - 0.1 0.05 0.1
Upper temperature rate multiplier for organic matter decay | OMK2 - 0.99 0.99 0.99
Zero-order sediment oxygen demand SOD g m-2day-! | 0.1~5.8 1.0 2.0

04645 A 119% 20134F 11H
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Fig. 5. Comparison of Observed and Simulated Water Temperature in 2010
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