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Modeling for Prediction of Water Quality According to Dredging Operation

Jac:Hwan Ahn - Mee-Kyung Kim' - Mi-Kyung Lee - Byung-Gi Hwang*

Department of Construction Environmental Research, Korvea Institute of Construction Technology

*Department of Civil and Environmental Engineering, Sangmyung University

ABSTRACT : In order to predict the long-term effects of pollutants in sediment on the water quality and the improvement of water quality
according to dredging operation, models applied to decide the location and the propriety of dredging were developed. At first, the area was
divided into several segments and the developed model was applied to simulate the behaviors of contaminants in an aquatic environment
by using estimated parameters. And then through the sensitivity analysis between parameters, the optimum values were determined. The long-
term modelling in the area A forecasted that PCBs concentration in the hot spot was decreased from 3.1 pg/L to 2.4 pg/L in 30 years.
Contaminants in sediment as a source of water pollution did not reduce remarkably in the long run. Therefore it is difficult to expect the
improvement of water qualities without the fundamental isolation of contaminants from sediment. It is considered that the selective dredging

in the spot improves the water quality consequently.
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Table 1. Physicochemical parameters used in the model

Notation Description Value
IT | Water column partition coeff. 10° - 10° Lkg
K, |Sediment partition coeff. 10°- 10° Likg
Kow | Octanol/water partition coeff. 10° L/kg
Kooc | DOC partition coeff. 10° Likg
m; | Solids conc. in water columns 2-8 mg/lL
m2 | Solids conc. in sediments 500 - 700 g/L
mpoc | DOC conc. in sediments 10 -30 mg/L
foe | Fraction organic carbon in water columns 0.07
fwoe | Fraction organic carbon in sediments 0.02
Dy |Diffusion coeff. at interfaces i, j 10°-10° em¥s
K¢ | Vertical exchange coeff. 10°-10™ em¥s
ki | Volatilization rate constant 1.0-3.0 m/d
) Porosity 0.75-0.9
K Lumped parameter for environmental 0.0
transformation process
C; | Gas phase toxicant concentration 0.0
Temperature 30-70 °F
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Table 2. PCBs concentrations in sediment layers (mg/kg)

Segment Sediment Sediment Sediment Sediment
No. layer 1 layer 2 - layer 3 layer 4
1 200.0 400.0 300.0 50.0
2 1,200.0 1,500.0 1,000.0 75.0
3 600.0 1,000.0 800.0 50.0
4 400.0 500.0 400.0 25.0
5 300.0 400.0 400.0 12.5
6 300.0 350.0 350.0 12.5
7 200.0 250.0 200.0 12.5
8 100.0 200.0 200.0 12.5
9 50.0 100.0 100.0 12.5
10 10.0 15.0 15.0 5.0
11 10.0 15.0 15.0 5.0
12 15.0 20.0 20.0 5.0
13 15.0 20.0 20.0 25
14 15.0 20.0 20.0 2.5
15 15.0 20.0 20.0 25
16 2.5 5.0 5.0 25
17 25 5.0 5.0 2.5
18 25 5.0 5.0 2.5
19 25 5.0 5.0 2.5
20 2.5 5.0 5.0 2.5
21 2.5 5.0 5.0 2.5
22 7.5 10.0 10.0 5.0
23 7.5 10.0 10.0 5.0
24 10.0 15.0 15.0 5.0
25 15.0 20.0 20.0 5.0
26 15.0 20.0 20.0 5.0
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Table 3. Surface area, depth and volume of each segments in

Particulate PCBs(mgh)

Table 4. Cross-sectional area and mixing length of the area A

Boundry Depth Cro.ss Mixing
From To length (m) (m) SCCth[; length (m)
area(m”)
1 2 988 10 9,880 1,975
2 3 2,371 10 23,710 1,877
3 4 1,482 10 14,820 1,975
4 5 1,185 15 17,775 1,975
5 6 1,679 15 25,185 1,778
6 7 988 20 19,760 2,766
7 8 6,224 15 93,360 3,062
8 9 5,532 15 82,980 4,050
9 10 5,924 15 88,860 4,050
10 0 3,842 10 40,879 2,845
F, 9u3, £39 GFENAT 5& Table 3o &77HE
Zol, 74 2 AFHg Table 49 Fephith £3 HrES
FNA 7 #E H gAY en, sHFEFHES PCB 552
New Bedford €79 A5 Z o] &35t
32 o
3.1. New Bedford &t Z2| Ziu}
(1) 239 23 4 9% &4
23 Algdold A 2ZAQA dFE A FL&
Ausel Be NEE BAS Fotel UFER A 2
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BE, SALBAT, §24 471849 FE S0, nAd
FE U149 AsAsEA $39 §29 9 94 PCBs 5
E Qagdl 2PHES Rosd NPT defeign

the area A
No, of Surface Area Depth Volume
segment (km?) (m) (m*)
I 1.180 10 11,800,000
I 2.550 10 25,500,000
I 3.570 13 46,410,000
v 2.120 15 31,800,000
v 2.900 17 49,300,000
VI 3.490 18 62,820,000
VII 11.810 15 177,150,000
Vil 12.280 15 184,200,000
IX 15.396 13.5 207,846,000
X 10.264 10 102,640,000
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9. Long-term simulation of total PCBs concentrations in water column and sediment bed(Segment 2).
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Fig. 12. Total PCBs concentrations in water column under
various remediation scenarios.
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Fig. 15 Long-term simulation of total PCBs concentrations in water column and sediment bed(Segment 5).
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several remediation scenarios.
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