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Three-dimensional numerical simulation of the drift and diffusion

of oil film at the highway bridge in the Yalu River

CHEN Shi-qian, ZHU Jian-rong

(State Key Laboratory of Estuarine and Coastal Research , East China Normal University, Shanghai 200062, China)

Abstract; An improved 3D numerical model ECOM-si, coupled with the drift and diffusion
module of oil film, was adopted to simulate the thickness and trace of the oil film after an oil spill
accident (100 tons leakage) is occurred at the main pier of the highway bridge in the Yalu River.
The model results show that the oil film reaches the water intakes of Sidaogou and Dandong Pa-
per Mill at 0.9 h and 1.5 h after the oil spill, experiencing duration of 0.6 h and 1.7 h in sum-
mer, respectively. The oil film reaches the two places at 1.2 h and 1. 7 h after the oil spill, expe-
riencing duration of 0.6 h and 2.5 h in winter, respectively. No matter in summer or in winter,
the oil film will not reach the water intake of Yanwo. Although the river discharge in summer is
much larger than the one in winter, the oil film drifts upstream farther in summer than in winter
during flood current. The numerical experiment results show that the stronger flood current in
summer is only the second reason for the pheonomena, while the wind is its principal reason.
The orientation of the river is north-west near upstream the bridge which results in the oil film

blocked by the northwest wind in winter, and is almost north-south farer upstream the bridge
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which results in the oil film pushed forward by the south wind in summer.

Key words: oil film; drift and diffusion; wind; numerical simulation
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Fig. 1 Sketch map of the Yalu Estuary
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Fig.2 Model calculation domain and grids with detail grid near Langtou Port
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Fig. 3 Comparison of the vertically averaged current speed and direction between the model calculated
ones (solid line) and observed ones (point) in the station Y1(left upper), Y2(right upper),
Y3 (left lower), and Y4(right lower)
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Fig.4 Thickness of oil film contour at 2 hours after ebb slack



%ol VRS LR SUW/N NIRRT R 2T Rl 5 G =R S ) 51

2.0 1

0.0 T T T T T T T T T T T
00 05 1.0 1.5 2.0 25 3.0 3.5 40 45 50 55 6.0

I [E)/h
A P UK s (B PR AT UK 15 (O s Uk 1
Bl 5 7EREUS 6 h PIROK D R 7 B () 42 1

Fig. 5 Temporal variation of oil film thickness at the water intakes inner 6 hours after ebb slack.
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Tab.1 The area, the longest and shortest distance of oil film inner 2 hours after ebb slack in the case of

summer and winter
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Fig. 6 Difference of oil film thicknesses at 2 hours after ebb slack (numerical experiment B minus A)
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Fig.7 Difference of oil film thickness at 2 hours after ebb slack (numerical experiment A1 minus A)
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AO-A A2-A
A ] /b
20 g J5 i i A 1 pemn JEEJE 0 20 pm J5 JE il 1 pemn J5EJE 0
0.5 —=0.05 =0.05 0.07 0.08
1.0 -0.16 -0.19 0.07 0.11
1.5 -0.22 —0.43 0 0.25
2.0 =0.35 =0.67 0.15 0. 39

Fig. 9 Difference of oil film thicknesses at 2 hours after ebb slack (left; numerical experiment A0 — Aj;
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Fig. 10  Difference of oil film thicknesses at 2 hours after ebb slack (numerical experiment A3 minus A)
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