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Phosphorus Cycle in a Deep Reservoir in Asian Monsoon Area (Lake Soyang, Korea) and the
Modeling with a 2-D Hydrodynamic Water Quality Model [CE-QUAL-W2]. Kim, Bomchul*
and Yoonhee Kim (Department of Environmental Science, Kangwon National University,
Chunchon 200-701, Korea)

Phosphorus cycle was studied in a deep stratified reservoir in summer monsoon
area (Lake Soyang, Korea) by surveying phosphorus input from the watershed and
the movement of phosphorus within the reservoir. And the spatial and temporal dis-
tribution of phosphorus was modeled with a 2-dimensional water quality model
(CE-QUAL-W2). Phosphorus loading was calculated by measuring TP in the main
inflowing river (the Soyang River) accounting for 90% of watershed discharge. TP of
the Soyang River showed a large daily variation with the flow rate. High phos-
phorus loading occurred during a few episodic storm runoff laden with suspended
sediments and phosphorus. Because storm runoff water on rainy days have lower
temperature, it plunges into a depth of same temperature (usually below 20m depth),
forming an intermediate turbidity layer with a thickness of 20 ~30 m. Because of
stable thermal stratification in summer the intermediate layer water of high phos-
phorus content was discharged from the dam through a mid-depth outlet without
diffusing into epilimnion. The movement of runoff water within the reservoir, and
the subsequent distribution of phosphorus were well simulated by the water quality
model showing a good accuracy. The major parameter for the calibration of phos-
phorus cycle was a settling velocity of detritus, which was calibrated to be 0.75m -
day™. It is concluded that the model can be a good simulator of limnological phe-
nomena in reservoirs of summer monsoon area.

Key words: CE-QUAL-W2, Lake Soyang, phosphorus cycle, storm runoff, water
quality modeling
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Table 1. Morphological characteristics of Lake Soyang (Kim,

1987).
Maximum surface area 70 km?
Average surface area 44.4 km?
Maximum water capacity 29x108m?
Average water storage 20x108m?
Mean hydraulic residence time 0.75yr
Mean depth 33.8m
Maximum length 57 km?
Mean width 0.45km

Maximum surface water level (as elevation) 198 m
Average surface water level (as elevation) 176 m
Elevation of outlet (as elevation) 130~150m
Elevation of lake bottom 80m

Watershed area 2,703 km?
Forest area in the watershed 2,524 km? (87%)
Agricultural area 159 km? (6%)
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Fig. 1. Map of the study site in Lake Soyang (e : sampling
site).

Table 2. Model coefficients of CE-QUAL-W2 employed

in this study.

Coefficient Value
Longitudinal eddy viscosity 1.2m?s™t
Longitudinal eddy diffusivity 12m?s™
Chezy coefficient 70m®s st
Wind sheltering coefficient 0.85
Coefficient of bottom heat exchange 7x10°%wWm™2°C™
Extinction coefficient for water 0.45m™
Extinction due to inorganic suspended 010m*mtg?

solids '
Extinction due to organic suspended 0.17m*mtg?
solids ‘

Suspended solids settling rate 0.75m day™*
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Fig. 3. Scatter plot of phosphorus concentration (mg m3)
in the Soyang River versus inflow rate (Q; m*s™)
for the period of 2000 to 2003.
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Fig. 5. A depth-distance profile of TP (mg m~) in Lake
Soyang after monsoon season.
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