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Environmental Restoration and Water Quality Management
Modeling of Coastal Area by Reuse of Treated Wastewater
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This study estimated response of water quality and pollutant behavior according to the discharge and reuse of
treated wastewater by three-dimensional eco-hydrodynamic model, and suggest plan that water quality manage-
ment and environmental restoration in the coastal area including urban stream of Yeosu, Korea. Dispersions of
low-saline water and COD by treated wastewater loads (design facility capacity, about 110,000 m'/d) were very
limited in near of effluent site. Nutrients, however, increase compared to the other water quality factors, espe-
cially total nitrogen was very sensitive to input loads. When reuse some of treated wastewater to Yeondeung
stream, nitrogen was big influence on estuarine water quality. Although current characteristics of treated waste-
water such as discharge and water quality were negligible to the change of marine environment, effluent concen-
tration of COD, TN and TP, especially 40% of TN, are reduced within the allowable pollutant loads for satisfy
environmental capacity and recommended water quality criteria. Also, controls of input point/non-point sources to
Yeondeung stream and base concentration of pollutants in coastal sea itself are Very necessary.

Key Words : Treated wastewater, Eco-hydrodynamic model, Water quality management, Environmental restoration,
Coastal area of Yeosu, Yeondeung stream
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Fig. 1. The study area and sample sites in Yeosu of South Korea, including estuary and effluent site of treated

wastewater.
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Parameters and forcing

Input values

Grid information

Level

Applied Arakawa C-Grid
Ax = Ay = 100 m, 171 x 80

1:0-3m, 2 3-8 m, 3: below 8 m

Total simulation time
Calculation time step

10 tidal cycles
2 sec

Tidal harmonics at open boundary (Ms, Sz, Ki and O

Initial and open boundaries values
of water temp. and sal.

1) Refer to Reference 19) and 20)

Water temp.: 22.00°C-24.00C
Sal.: 31.00-32.00

Horizontal viscosity and diffusion coefficient
Vertical diffusion coefficient
Bottom friction coefficient

Level 1-3: 15E5 (cm%/s)
Level 1-3: 0.1 (cm%s)
0.0025

Wind

Summer prevailing wind: SSW 3.6 m/s

Major freshwater input sources
(Observed date: Sep, 2005)

Sources Values
Mean discharge 43,000 m*/Ad
pS1 Design capacity 110,000 m%d

Reuse to Yeondeung stream 12,000 m°/d
Low flow or In-stream flow 0.03 CMS

PS3 Observed discharge 0.27 CMS
PS4 Observed discharge 0.02 CMS
PS5 Observed discharge 0.08 CMS
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Table 2. Input data for the ecological model

Parameters Input values
Total simulation time 50 days
Simulation time interval 50 sec
DO POC
(mg/L) 6.0-7.0 (mgC/m’) 340.0-400.0
(rig/ll),) 2.0 (mI;CCZ)/CmB) 1,500.0-2,500.0
Initial values for compartments DIP PHYTO
(uM) 05 (mgC/im) 250.0-350.0
DIN Z00
(uM) 50 (mgC/m) 300
DO POC
(mg/L) 50-75 (mgC/m) 200.0-400.0
COD 1.2-4.0 DoC 3 1,000.0-2,000.0
(mg/L) (mgC/m’)
Boundary values for compartments DIP PHYTO
(uM) 04-15 (mgC/m) 350.0-500.0
DIN Z00
(uM) 3580 (mgC/am) 300

Horizontal viscosity and diffusion coefficient

Level 1-3: 15E5 (cm?/s)

Major atmospheric conditions

Maximum light intensity: 632.1 cal/cm’/day
Length of day: 05 day

Major biological parameters

Maximum growth rate of phytoplankton at 0C: 1.25 day™
Respiration rate of phytoplankton at 0C: 0.01 day_l

Death rate of phytoplankton at 07C: 0.03 day™

Maximum grazing rate of zooplankton at 0°C: 0.18 day™
Natural death rate of zooplankton at 0C: 0.05 day ™"
Mineralization rate of POC at 0°C: 0.085 day™

Mineralization rate of DOC at 0°C: 0.002 day™

Half saturation constant for uptake of PO at 0T: 0.024 uM
Half saturation constant for uptake of DIN at 0C: 0.250 yM
C/Chl. a 31

Sediment fluxes, NH:": 100 mg/m%d, PO 10 mg/m*/d

Pollutant concentration of the
major point sources
(Pollutant loads: Discharge of input
source x Pollutant conc.)

Sources COD (mg/L)  DIN (mg/L) DIP (mg/L)
6.73 0.99

Pl 940 (TN: 9.62) (TP: 142)
PS3 5.00 442 0.66
P54 442 7.25 0.48
PS5 2.17 2121 0.35
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Table 3. Water quality and discharge from land-based input sources, Sep. 2005

Input  Discharge pH Sal. TSS DO COb DIN DIP TN TP
sources  m¥/day psu ( mg/L )
PS1 48519 7.00 1.60 430 7.02 9.40 6.73 0.99 9.62 1.42
PS2 1,000 6.84 - 86.57 5.00 48.16 29.05 2.66 56.48 4.00
PS3 23,169 8.40 0.10 4.00 9.63 5.00 442 0.66 9.30 0.70
PS4 1,470 8.15 0.10 2.00 6.09 442 7.25 0.48 34.98 1.03
PS5 5,710 773 0.00 1243 4.38 2.17 21.21 0.35 3891 0.94
PS6 4,280 8.17 2.30 43.00 755 2.53 1.83 0.06 6.01 0.10
pPS7 12,496 8.12 29.90 37.00 5.42 177 052 0.04 528 0.14
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Fig. 8. Surface salinity distribution of the study
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Fig. 10. Surface DIN distribution (uM) of the study area by variation of treated wastewater discharge.
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Table 4. The estimation of total allowable pollutant loads in estuary of Yeondeung stream

Water quality factor coD DIN TN DIp b Remarks
duahity (ton/day)  (kg/day) (kg/day) (kg/day) (kg/day)
Total allowable 01128 484848 692640 119280  17.0400 DIN/TN=DIP/TP: about 0.7
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