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Abstract — In order to predict the water quality in the lower Yeongsan river, the water quality changes were simu-
lated for total nitrogen (TN), total phosphorus (TP), dissolved oxygen (DO), chlorophyll-a (Chl-a) and total organic
carbon (TOC) using the environmental fluid dynamics code 3D numerical program. The reliability of the simula-
tion is verified with statistical metrics NSE (nash-sutcliffe efficiency coefficient), RMSE (root mean square error),
MAE (mean absolute error), and correlation coefficients that can estimate the proficiency and accuracy of the pre-
diction. The verification results show a good level within the effective range of statistical indicators. The simulated
water quality was generally good, with an average deviation of 10.7% in TN, 11.9% in TP, 12.2% in TOC, 9.3% in
Chl-a, and 4.8% in DO for observations. The variation in concentration during the period was relatively large, with
the variation of the year being Chl-a 72.0%, TP 37.9%, TN 30.4% and TOC 20.6%. Sequential changes of TOC,
TP, and Chl-a concentration increase linked from summer to fall and to winter were recognized. Considering the
effects of precipitation, the water quality of the rainy season was confirmed by TP and TOC, and the water quality
of the dry season was likely to be affected by TN and Chl-a.

Keywords: TN(Z 2 4), TP(F2)), DO(%f’Sb_), Chl-a(E 2 Z3-a), TOC(FF7]¥2), 3D numerical
program(3x S=X| 2.9 2 13 Water quality(5-2), Yeongsan river(%5:Hd)
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2 Y] 42 A3S HEES)aL QITh(Shin et al.[2015]; Cho
and Cho[2017]; Park er al.[2017a]; Park er al.[2017b]).
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Fig. 1. Map showing the study area and water quality monitoring sites.
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Fig. 2. Physical domain grid of study area.
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Table 1. Input boundary condition of model

Total number of horizontal grids : 1600
Minimum grid size : Ax=16.50 m, Ay=50.50 m
Maximum grid size : Ax=570.00 m, Ay=126.00 m
Time step : 1 sec

Number of Water quality state variable : 5

Weather input conditions ; 7

(DO, TN, TP, Chl-a, TOC)

[TDRY(°C), WIDD, WINDS(m/s), RELH(%), PATM(hPa),
Cloud, Rain(mm), SOLSWR(MJ/m?)]

short wave radiation
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AT & A58 LERE NSE (nash-sutcliffe efficiency coefficient),

Aol o] Refgkt IS Aol el AR Ay
(root mean square error), 22| gk} 5gke] it eAfRA o5

Table 2. EFDC calibration parameters and calibrated values in this study

TDRY, dry-bulb temperature; WIDD, wind direction; WINDS, wind speed;
RELH, relative humidity; PATM, atmospheric pressure; SOLSWR, solar
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Parameter Unit Signification Value
PM, day” Maximum growth rate for cyanobacteria 0.5~2.5
PM, day™ Maximum growth rate for diatoms 0.5~2.5
PM, day™ Maximum growth rate for green algae 0.5~2.5

KHN, mg/L Nitrogen half saturation for algae 0.03

KHP, mg/L Phosphorus half saturation for algae 0.01

CChl, mgC/pgChl-a Carbon to chlorophyll ratio for algae 0.06~0.08
CI,, CI,, CI, - Weighting factor for solar radiation at 0, -1 and 2 day 0.7,0.2,0.4

TM upp, °C Upper optimal temp. for cyanobacteria growth 28

T™ low, °C Lower optimal temp. for cyanobacteria growth 25

TM uppyq °C Upper optimal temp. for diatom growth 10

TM low, °C Lower optimal temp. for diatom growth 5

TM upp, °C Upper optimal temp. for green algae growth 25

T™ low, °C Lower optimal temp. for green algae growth 20

CP i gC/gP Constant for algae phosphate to carbon ratio 50

CPomo gC/gP Constant for algae phosphate to carbon ratio 50

CP s mg/L Constant for algae phosphate to carbon ratio 50

ANC gN/gC Nitrogen to carbon ratio for algae 0.16
BMR, day™! Basal metabolism rate for cyanobacteria 0.04
BMR, day Basal metabolism rate for diatom 0.01
BMR, day Basal metabolism rate for green algae 0.01
PRR, day Predation rate on cyanobacteria 0.02
PRR, day Predation rate on diatom 0.01
PPR, day Predation rate on green algae 0.02
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Table 3. Statistical summary of the simulated and observed water quality for model calibration

Factor Avg. observed value MAE RMSE NSE r
Temp. (°C) 11.25 0.810 1.240 0.99 0.99
DO (mg/L) 10.18 0.533 0.605 0.95 0.97
TP (mg/L) 0.04 0.004 0.005 0.88 0.93
TN (mg/L) 2.98 0.350 0.390 0.83 0.94

Chl-a (ng/L) 10.72 1.108 1.335 0.97 0.99
TOC (mg/L) 4.13 0.475 0.589 0.61 0.82
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Fig. 3. Comparison of simulated and observed values of each water quality factors.
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Table 4. The error rate(%) of simulated and observed values of each
water quality factors

Month DO TN TP Chl-a TOC
1 3.0 6.5 17.1 13.0 15.6
2 4.3 8.2 0.3 11.2 6.3
3 3.1 4.1 6.7 9.2 0.9
4 5.3 3.6 19.3 8.8 12.6
5 11.1 10.2 17.2 6.9 10.0
6 3.5 18.0 0.0 2.8 5.5
7 0.4 15.3 14.7 10.8 12.7
8 1.0 18.8 10.7 21.0 9.0
9 4.5 17.6 12.4 8.9 19.0
10 4.9 8.5 8.0 2.2 12.3
11 3.5 9.0 21.7 8.1 19.8
12 13.3 8.5 15.0 8.4 22.6

avg. 4.8 10.7 11.9 9.3 12.2
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Fig. 5. Results of EFDC water quality model according to dry and rainy season in Yeongsan river.
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