FERETREE - =7
J. of KSEE Vol. 22, No. 3, pp. 535~546. 2000.
Journal of Korean Society of Environmental Engineers

HX| Simulation 2ol 2|8t FatF o R D E2

0182 - HROH - 0|4 HME - HHS

Ho

dytittn 873
RE5AY BA

(19999 9¥ 229 H4, 19999 12¥ 17% A=)

Water Quality Modeling of Juam Lake
by Fuzzy Simulation Method

Yong Woon Lee - Yun Ae Hwang - Sung Woo Lee* * Seon Yong Chung - Jung Wook Choi

Dept. of Environmental Engineering. Chonnam National University
*Korea Water Resources Corporation

ABSTRACT

Juam lake is a major water resource for the industrial and agricultural activities as
well as the resident life of Kwangjiu and Chonnam area. However, the water quality
of the lake is getting worse due to a large quantity of pollutant inflowing to the lake.
As a preliminary step in making the countermeasure to achieve the water quality gozl
of the lake, it is necessary to understand how the water quality of the lake will be in
future. Several computer programs can be used to predict the water quality of lake.
Each of these programs requires a number of input data such as hydrological and
meteorological data, and the quantity of the pollutant inflowed, but some or most cf
the input data contain uncertainty. which eventually results in the uncertainty cf
prediction value (future level of water quality). Generally. the uncetainty stems frora
the lack of information available, the randomness of future situation, and ths
incomplete knowledge of expert. Thus, the purpose of this study is to present 1
method for representing the degree of the uncertainty contained in input data by
applying fuzzy theory and incorporating it directly into the water quality modeling
process. By using the method, the prediction on the future water quality level cf
Juam lake can be made that is more appropriate and realistic than the one mad:=
without taking uncertainty in account.

Key Words : Water Quality Modeling, WASP5 Model, Pollution Loading Rate. Fuzzy
Simulation, Fuzzy Number, Uncertainty
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Table 1.

Monthly water quantity and pollution loading

rate inflowed to Juam lake

Month

Classification ! 2 3

4

5

6 7 10 11 12

low 1.6 1.0 2.7 2.5

3.4

24 1.6] 4.1 2.3 0.7 2.5 2.1

Water

Inflow | high 3.2 4.9 6.6] 10.2

21.5

30.4f 60.1| 154.9; 39.3] 120 6.1 7.3

(m®/sec)

average 2.3 2.5 4.8 6.0

11.7

14.6| 26.5| 55,5 13.0 5.1 4.4 3.7

low ] 0.201] 0.228] 0.095| 0.109

0.081

0.082] 0.086] 0.031) 0.047| 0.053] 0.093 0.149

BOD

loading | high | 0.282| 0.289| 0.298] 0.325

0.345

0.439] 0.484} 0.483| 0.366| 0.299{ 0.294 0.280

rate

average| 0.235| 0.266| 0.211] 0.232

0.

181

0.208, 0.219| 0.206| 0.165{ 0.194] 0.225 0.234

low | 0.071[ 0.076] 0.110] 0.146

T-N

0.127

0.131] 0.244} 0.127) 0.096| 0.086] 0.030 0.035

loading | high | 0.104} 0.115| 0.160

0.192| 0.

177

0.502| 0.963| 0.215] 0.162| 0.107( 0.080 0.220

rate

average| 0.089] 0.098] 0.137

0.167| 0.

145

0.257( 0.525] 0.167) 0.133} 0.098| 0.059| 0.109

low | 0.008{ 0.008] 0.007

T-P

0.008]| 0.

010

0.010} 0.009} 0.009| 0.004| 0.003] 0.003| 0.002

loading | high | 0.011] 0.012]| 0.011| 0.012

0.

012

0.016| 0.011] 0.011} 0.006| 0.006] 0.004| 0.003

rate

average| 0.010( 0.010} 0.009} 0.010

0.011

0.012( 0.010| 0.010] 0.005{ 0.004| 0.003| 0.002

Note :
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Fig. 1. Estimate of inflowed water quantity
(Q) as a fuzzy number.
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- Step 1: Select a uniform random number h
between O and 1.

+ Step 2° Select a uniform random number
x over the h-level set, that is,
between [(mg-(1-h)(me-Lg)) and
(mg+(1-h) (Ug-ma)].

* Step 3 Use the randomly chosen value as

a point value of the fuzzy number Q.
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Table 2. Model parameter values estimated for Juam lake

Reaction parameters Value used
Nitrification rate at 20C, day ' 0.13
temperature coefficient for K12C 1.08
Half-saturation constant for nitrification-oxygen limitation, mgQOs/L 2.0
Denitrification rate at 207C, day’ 0.50
Temperature coefficient for K20C 1.08
Half-saturation constant for denitrification-oxygen limitation, m O/L 0.1
Saturated growth rate of phytoplankton, day™ 1.5
Temperature coefficient 1.0686
Light formulation switch 1.0
Maximum quantum yield constant 720
Chlorophyll extinction coefficient 0.017
Carbon-to-chlorophyll ratio 90
Saturation light intensity for phytoplankton 300
Nitrogen half-saturation constant for phytoplankton growth 0.01
Phosphorous half-saturation constant for phytoplankton growth, mgPQO4-P/L 0.001
Endogenous respiration rate of phytoplankton at 20°C. day ' 0.13
Temperature coefficient for phytoplankton respiration 1.045
Non-predatory phytoplakton death rate, day™ 0.03
Grazing rate on phytoplakton per unit zooplankton population, L/cell-day 0
Nutrient limitation option 0
Decomposition rate constant for phytoplankton in sediment at 20T, day 0.02
Temperature coefficient for decomposition of phytoplankton in sediment 1.08
Phosphorus-to-carbon ratio in phytoplankton, mgP/mgC 0.025
Nitrogen-to-carbon ratio in phytoplankton, mgN/mgC 0.25
CROD deoxygenation rate at 20C, day ! 0.01
Temperature coefficient for carbonaceous deoxygenation in water column 1.047
Decomposition rate of carbonaceous BOD in the sediment at 207, day’! 0.004
Temperature coefficient for carbonaceous deoxygenation in sediment 1.08
Half saturation constant for carbonaceous deoxygenation oxygen limitation 1.85
oxygen to carbon ratio in phytoplankton, mgQOz/mgC 2.67
Reaeration rate constant at 20°C for entire water body, day ' 1.0
Mineralization rate of dissclved organic nitrogen, day’! 0.06
Temperature coefficient for K1013C 1.047
Decomposition rate constant for organic nitrogen in sediment at 20C, day™ 0.004
Temperature coefficient for decomposition of organic nitrogen in sediment 1.08
Mineralization rate of dissolved organic phosphorus, day 0.22
Temperature coefficient for K58C 1.047
Decomposition rate of organic phosphorus in sediment at 20T, day’} 0.004
Temgerature coefficient for decomposition of organic phosphorus in sediment 1.08
2 UEE FEHD, 4 FRASHAAE 098d  gael £4e Ao Adel ta RE 95l &
RhA s are] digh o] FYsta Eun. & Fo] HA oslsle A Helvirh 2010d) 7
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