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Fig.4 Ningbo-Zhoushan waters flow velocity and diretion data verification
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Tab.2 Scheme of diffusion simulation

7572 Scheme W &/t Spillage W 5 Leakage point I E] Leakage time
VES 100 B S Zhenhai Port e (#9%) Spring tide( flood ,ebb tide)
Scheme 1 7K Cezi Channel J (§ik%) Spring tide(flood ,ebb tide)
i 2 500 BUEHL Zhenhai Port K (B4 Spring tide( flood ,ebb tide)
Scheme 2 W 7KiE Cezi Channel (k7% ) Spring tide( flood ,ebb tide)
EE 1000 BIE% % Zhenhai Port K (k7% ) Spring tide(flood ,ebb tide)
Scheme 3 7K iE Cezi Channel J (§ik% ) Spring tide(flood ,ebb tide)
£33 yHRWEES (itiE 24 h)
Tab.3 The statistics of impacted range( After 24 h)
T i/t e/ I 82 A e B T B km? S KM B S/ km
Spillage Leakage point Time of tide Over-safe concentration area ~ Max impact distance
. Tk Flood tide 0
VS sk Zhenhai Port
100 P Zhenhai Po Y518 Ebb tide 0
K Flood tide 0
i Cezi Ch, 1
WFFIGHL Ceri Channe S EDbb tide 0 .
N Wk Flood tide 12 28
W3k Zhenhai Port
00 HUIB s Zhenhai Po Y518 Ebb tide 0 ]
Wk Flood tide 10 16
i Cezi Channel
BFFIGHL Ceri Channe 4 Ebb tide 0 .
. K Flood tide 190 40
W3k Zhenhai Port
1000 P Zhenhai Po Y58 Ebb tide 140 35
k3 Flood tide 100 20
i Cezi Ch. 1
WKl Cezi anne %ﬁiﬁ Ebb tide 30 ”
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Fig.9 The diffusion diagram of 1 000 tons leakage at flood tide time at Zhenhai port
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Fig.10 The diffusion diagram of 1 000 tons leakage at ebb tide time at Zhenhai port

30.2° |
30.0°

29.8°

30.2° |
30.0°

29.8°

121.6° 121.8° 122.0° 122.2° E 121.6° 121.8° 122.0° 122.2° E

11 A-F7KIE 1000 t ZHEEKE A &) it w4 A
Fig.11 The diffusion figure of 1 000 tons leakage at flood tide time at Cezi channels

0.20

0.18

0.16

0.14

0.12

0.10

0. 02

http: //www. shhydxxb. com



550

27 %

30.2°

30.0°

29.8°

30. 2°

30.0°

29.8°

121.6° 121.8° 122.0° 122.2° E

0.02

121.6° 121.8° 122.0° 122.2° E

12 fF7KIE 1 000 t &% 20 R Y 80 E
Fig.12 The diffusion diagram of 1000 tons leakage at ebb tide time at Cezi channels

YRZEYHL,0. 02 me/L ALER K A T8 0 8, A
18 h ey , A28 2 i IAE I AL, 23 A6, 4 0 &5
SRR XCZAA], DL ORMEHR AR, 91 24 h )5 BR
TIEEYES LM AF 7 — B2y 30 km® (1824
TR 7K I, JHC Al 7 P A A SR N e Uk R R AR A
0.02 mg/L AR,

WG AN, XoF G A AN ] £ 3k O e A5, JF 7K T8
o T HA ALK 0.5 ~ 1.5 m/s AT, 2R
SN e IR s B PR T Sk, i TR 8
ARG A2 h P, R K R A R 2R SR 4R
R R B R TR Sk 12 h S 4 A 1
DUt = 15 Qe BE Y R B A ila TR E

3 45

Xt T - R R R B T I B AT T AL
SRS SR HE, TR 22BN AU HE B
TEFC o ZE R B0 ) SE A b, B IO S8 SN e St
T4, FIHT FVCOM BB TR X 7 - 1L 8 i
R fE AL A AT M AT TR

BAULE R R AT SRR E , — i
(100 v) FIHERF (500 v) fE AL i it 24 h

http: //www. shhydxxb. com

Ja RN Be vk B R A Y 2 2 A (0. 02
mg/L) DUF, B H B 24 h 5 5 fF 7R BOR
(30 ~ 190 km® ) & 22 42 ¥k 2 15 Yo /K385 AR Tl
AU IR, TGI8 1 WA i itk U, % 8 i 20 1
A At R PR B I 221, v W 2 R 4
HEBE LA BRI IR 2 ~ 6 s AN [7] Y 5 A
B WroKIE B T BA S SL R 0.5 ~ 1.5
m/s AU , I RO P T AR et Sk R e i1
JKE HHE N 8 A dh HE A U K GE PR, AR B Y
St f& Ak ah i 3 T B R YR, H 5 L
T XU LB R 2 [a]

DAL 06 77 - L PR g B A i T
I, AR SCREST ) 1% TR S A R 16 A i i D B 18K
BRAURE N S Ak it T o 4 1O S 15 e 42 B 2
B, DO £ B MR A0 A ] 15 O A 0 A AL
AR H W 7 b A A 1 — 1 T ] 30 PSR B
SNV i

SE Lk

(1] BERIH, LA BET GIS BORMYMER AL i Wi R G A
BEAT B[], MR, 2008, 27(4) :55-58.
YU Z J, SHEN J. Risk management of the dangerous



434

TRER, 2 5T FVCOM 97 Pe-F+ LU IR g B9 Al ot i U 7 RS2 551

(8]

chemicals logistics system based in GIS technology [ J].
Logistics Technology,2008 ,27(4) :55-58.

ARG, 2, WAL VA TE AL i S T U 2l 1
WRARGEW I RG], P E%Z2EREER,
2010,6(4) :109-113.

HU Y J,LI' Y H,HU Y W. Development and application of
the emergency decision system for dangerous chemicals burst
leaking accident [ J ]. Journal
Technology, 2010,6(04) :109-113.

YR A, 450 5 5, AT P V6 YWl R 5 3 K X R 1L K
B R E B [T ]. KRS =B S0k (A 5],
1991,6:46-54.

GENG Z Q,NI' Y Q,CHENG H P. Numerical Study of Oil

of Safety Science and

Pollution on Sea Region [ J]. Journal of Hydrodynamics,
1991,6.46-54.

B, BB IR. TS L P SR S ¥ U 43 BT B i
BRI T ] AR, 1996,41(2) :19.

CAO X Z, TANG L M. The analysis of the observed sea
current and the numerical model of the tidal current field for
the inner sea area if Ningbo and Zhoushan [ J]. Donghai
Marine Science, 1996 ,41(2) :1-9.
BRHLSC, P 22 SRR SE, AE TS LGS e
BB T ] PP R P DR 224l (B AR B D) , 2006
(6) :975-980.

CAI H W, SUN Y L, ZHANG Y M, et al. Numerical
Simulation of Pollutant Diffusion in the Ningbo-Zhoushan Sea
Area[ J]. Periodical of Ocean University of China,2006(6) :
975-980.

CHEN C,LIU H,BEARDSLEY R C. An unstructured grid,
finite-volume, three-dimensional, primitive equationsocean
model ; Application to coastal ocean and estuaries[ J]. Journal
of Atmospheric and Oceanic Technology, 2003,20(1) :159-
186.

CHEN C,BEARDSLEY R C,COWLES G. An unstructured
grid, finite-volume coastal ocean model ( FVCOM ) system
[J]. Oceanography,2006,19(1) : 78-89.

XIU G W,HAN S T. Coupling of CFD model and FVCOM to
predict small-scale coastal flows [ J ]. Journal of
Hydrodynamics,2010,22(5).284-289.
AR, BB 55 INIE R SEF FVCOM [ 42 1L s g 3 1%
WV SRR 25 A R BCE AR L[ T ). JKE W 11,2014, 35
(5):481488.

HAN S L, LIANG S X, SUN Z C. Numerical simulation of

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

tides, tidal currents and temperature-salinity structures in
Xiangshan Bay based on FVCOM[ J]. Journal of Waterway
and Harbor,2014,35(5) :481-488.

YU Z,CHEN C S,ROBERT C,et al. Studies of the Canadian
Arctic Archipelago water transport and its relationship to
basin-local forcings: Results from AO - FVCOM [ J].
Journal of Geophysical Research: Oceans, 2016, 121 (6):
43924415.

MILES C, JENNIFER A, YERUBANDI R. Sensitivity of the
Simulated  Kingston ~ Basin—Lake  Ontario  Summer
Temperature Profile using FVCOM [ J]. Atmosphere-Ocean,
2013,51(3) :319-331.

XUE P F,CHEN C S,QI J H, et al. Mechanism studies of
seasonal variability of dissolved oxygen in Mass Bay: A multi-
scaleFVCOM/UG-RCA application [ J |. Journal of Marine
Systems ,2014,131:102-119.

LI B, KISEI R, CHEN Y, et al. Assessing the quality of
bottom water temperatures from the Finite-Volume Community
Ocean Model ( FVCOM ) in the Northwest Atlantic Shelf
region[ J]. Journal of Marine Systems,2017,173,21-30.
WAN Z H,REN Z F, WANG X C, et al. Application of
unstructured grid finite volume coastal ocean model
(FVCOM ) to the Yangtze River hypoxic zone [ J ].
International Journal of Numerical Methods for Heat & Fluid
Flow,2016,26(8) :2410-2418.

WD 8K B, 55 T B R KU YR U 5 4
ARG LI] I RS E,2014,31(7) : 119-124.
YANG Y F, YE R, ZHOU S Y, et al. Ningbo Marine
environment risk source recognition and classification research
[J]. Ocean Development and Management, 2014 ,31 (7).
119-124.

R THIFERE. o it B P ML BRI Rt Tk [ M ]
U E PR R4 R A, 1992:59-62.

BEIJING RESEARCH INSTITUTE OF CHEMICAL
INDUSTRY. Handbook of Chemical Toxicity, Legislation,
Environmental Data [ M ]. BEIJING: China Environmental
Science Press, 1992 :59-62.

R 8 s 0 A i O 5 e ORI AR BT S [T ]
AR ,2010(6) :75-77.

CHEN W. Study on Risk Assessment of Ship Spill Oil
Port [ J].

Pollution Accident in

Technology,2010(6) :75-77.

Shanghai Navigation

http: //www. shhydxxb. com



552 A PN 271 %

Diffusion simulation of leakage of dissolved hazardous chemicals in Ningbo-
Zhoushan waters based on FYCOM

XU Guohuai', PAN Zengdi’, ZHANG Haofei’, XU Peng’

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. East China Sea Branch Of State
Oceanic Administration, Shanghai 200137 ,China; 3. East China Sea Environmental Monitoring Center,S. O. A. , Shanghai
201206, China)

Abstract; Based on FVCOM numerical model and with the support of relevant measurement materials at
Ningbo-Zhoushan waters, the Epoxy Chloropropane has been selected as typical dissolved hazardous chemical
substance to simulate the diffusion after the emergent leakage of hazardous chemical substance in the waters.
According to different grades of the accidents, as is indicated by the simulation result, the concentration of
epoxy chloropropane will be diffused to below safe concentration (0.02 mg/L) after 24 hours of leakage for
ordinary and relatively big accidents. As to major accidents, however, there are still large areas of waters
(30 ~190 km’) which have been polluted with concentration exceeding the safe limit after 24 hours of
leakage. From the aspect of different tides time at diffusion, the diffusion is faster at ebb tide than at flood
tide, and the diffusion process to below safe concentration at ebb tide is 2 to 6 hours faster than at flood tide.
From the aspect of different regions of leakage, the diffusion at Cezi channel is faster than at Zhenhai port.
The pollutants are basically diffused along the water channels when the leakage occurs at Cezi channel, and
they will be detained along the bank of Beilun district and at Beilun and Daxie Island when the leakage occurs
at Zhenahi port.

Key words: Ningbo-Zhoushan waters; soluble hazardous chemicals; FVCOM; diffusion simulation
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