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Abstract

The Yeongsan River, a major water resource for Jeollanam-do, that is adjacent to industrial complexes and
agricultural areas, is exposed to water pollution. Therefore, it is necessary to investigate the impact of water
pollution incidences and prepare response systems for river environment safety for other water resources in
the future. Environmental Fluid Dynamics Code (EFDC) was applied to the mainstream of the Yeongsan
River where residential, commercial, and agricultural areas are located to analyze the behavior of pollutants
conducting the scenario analysis. Considering the pollutants that affected the study area, two pollutants, oil
and benzene, with different physical and chemical characteristics were selected for the analysis. As a result
of comparing the actual and simulated values of the water elevation, temperature, and flow rate, it was
confirmed that the model adequately reproduced the hydraulic characteristics of the Yeongsan River. The oil
flow dynamics showed that an increase in flow rate led to reduction in the maximum height of the slick.
Notably, the behavior of the oil was predominantly influenced by the wind conditions. In the case of
benzene, lower flow scenarios exhibited decreased arrival times and residence times accompanied by an
elevation in the maximum concentration levels. From the results of pollutant behavior in the study area, it is
feasible to utilize the section of tributary confluence for collection and the weir area for dilution. This study
enhances the understanding of the pollutant’s behavior with different characteristics and develops effective
control systems tailored to the physicochemical attributes of pollutants.

Key words : Chemical spill, Environmental Fluid Dynamics Code Plus (EFDC+), Oil spill, Pollution response,
Yeongsan River
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1. Introduction
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2. Materials and Methods
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Table 1. Seungchon weir hydraulic structure settings

Classification Specification
Broad Crested Weir
. ) Boundary Type Cross Section: Rectangle
Fixed weir Width (m) 332 (166*2)
Height (EL.m) 7.5
Withdrawal/Return
Boundary Type Sluice Gate
Movable weir Width (m) 180
. Sill Elevation: 2.5
Height (EL.m) Cross Section Height: 5.05
Boundary Type Wlthdr.awal/Return
Fish-ladder Sluice Gate
(By-pass fishway) Width (m) 59
Height (EL.m) 5.5
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Fig. 4. Accident point and analysis point assumed in scenario simulation.

Table 2. Flow rates of normal flow condition and low flow condition assumed in scenario simulation

Mainstream Substream 1 Substream 2 Substream 3 Substream 4
Normal flow condition (m*/s) 10.88 4.86 17.11 091 0.77
Low flow condition (m%/s) 7.06 1.61 2.55 0.31 0.17
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Table 3. Modeling performance review through statistical 7t FHEES At 93 8 AR FE4Y 74
analysis o2 BR o $7tete 84 FFA AT sk
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2 stuth

o 2y A o5 megel ASURT oF LSC WA agqa wigel #79 AS WAL FF(wind drift effect)
el o U NSEE 0.96, R°= 0.97, RMSEE 1.5°C, MAEE o sHEst 2o A, FEF FF AQd Fx =274 31
L.11°CE2 EAFHY. 2o $8u A 2 3 & A|7bo] 2859 oo AT EA= 0.05 mm Qo o]
AL GF AAART 2, 88D 5, BN A5 T2 R 5 gam gt w5d 17 OS2 Fadg 5ER
‘B39 7|2 ARFG v 27, Y999 F2 HEd AANA Gute] S 7o) 7|7+ Y 7= olatz RO
€ = dstet Y Al A wE FE M BT g wind diift effect® TalahA 3 moloN F8F @
@ Adsts slez AdAn #39l NSEE 096 RE g 49 42 2902 3443, A1 FAE 032 mm, 3
0.96, RMSE+ 5.17 m¥s, MAEE 3.01 m¥sZ £A 53} 7 0 S SEAIS 434 7k0]gom, 2R Hx SO
E5H 99714 d5F FAY FF HIUt &g A7) L 95AIte B Hx T §%o] AW 7 0.05 mm
S8 7Y A2 AR R FFoI RAH AZW o upu = 94 Aradn. dad 2AGA 2ow 2
el SALA A3k 8 WES AU Aok AR R g yind drift effect@ TLAAE A B8 TR AGA
S Az RLATHE 68412 At) 7 0.14 mme] EYALE
69A1ZoI STk SERZAAE 30141, Hdl FAE 0.09

32 7R FEAL AMUZ|I2 2oZD & 2N mm, ol FA E2AIZ-E 302417F0] QAT Wind drift effect
F57 A 2o A A 57 FRE PAEAT 5L g n@EA @1 29 A, §87 FFRAY HE 22
SHAl BA AR, 79 Yx(density)= T BESL 950 2 50712 Hdl F7E 033 mm, A FA EL2AI2 63

kgm’o2 AFsHth Bl 27| A& AHQ] FaelA AlZFol Tt &R HE: EEAE 104417 A FA
89 29 14A1Z 27 F9 F2ZFF A 1A B 77 0.07 mm9] EZAITH2 1224170 T} (Fig. 6, Table 4)

Normal flow condition w/ wind drift effect Normal flow condition w/o wind drift effect
0.400 0.400
0.350 Legend 0.350
— —— Hwangryong River tributary junction Legend

0.300 ,
_ s Seungchon Weir 0.300 | = e Hwangryong River tributary junction
z =
£ 0250 E 0250 ! Seungchan Weir
i i l
g 0200 € 0200 I
: 3 |
E 0150 E 0150 !
3 H l

0.100 0.100 ’

0.050 :\ 0.050 ‘ 1

0.000 1A LA 0000 A

0 24 48 72 95 120 144 188 182 216 240 264 288 312 336 360 o 24 48 72 98 120 144 168 182 216 240 264 288 312 336 360
Time (hr) Time (hr)
(a) Normal flow condition
Low flow condition w/ wind drift effect Low flow condition wio wind drift effect
0.400 0.400
0.350| 0.350
Legend q T

0300F egend
— — = Hwangryong River tributary junction _ 0300 ,|' | — —— Hwangryong River tributary junction
E 0.250 s Seungchon Weir 5 0250 ! 1 Seungehon Weir
H .
8 0200 8 0200 f i
i 3
£ 0150 E 0150 | |
5 | 5 |

0.100 | 0100 !

0.050 i k 0050} J | l

0.000 " ‘L " al 0000 | A

0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 0 24 48 72 96 120 144 168 182 216 240 264 288 2 336 360
Time (hr) Time (hr)

(b) Low flow condition

Fig. 6. Changes in the thickness of the oil layer after the oil spill accident in Yeongsan River. (a) Normal flow condition, (b)
Low flow condition.
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Table 4. Oil spill accident simulation results

Normal flow condition Low flow condition
Site Terms
Wio wind drift effect | W/ wind drift effect | W/o wind drift effect | W/ wind drift effect
H First arrival time (hr) 34 31 50 68
wangryong
River tributary | Arrival time of peak (hr) 43 31 63 69
Junction Peak oil thickness (mm) 032 0.05 033 0.14
First arrival time (hr) 95 - 104 301
Se”v%geffOH Arrival time of peak (hr) 95 ; 122 302
Peak oil thickness (mm) 0.05 0.02 0.07 0.09
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Fig. 7. Oil Behavior at arrival time under Normal and Low Flow Conditions at (a) Hwangryong River tributary junction, (b)
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Table 5. Chemical spill accident simulation results
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