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Abstract: The numerical model of oil spill transport and fate
in the Bohai Sea is set up by coupling with the hydrodynamic
model. The change processes of spilled oil included in the
model are drift, dispersion, evaporation, emulsification and so
on. The drift process is simulated by the Lagrange method,
while the turbulent dispersion process is considered by using
the ‘Monte Carlo method’, turbulent dispersion of spilled oil
changes over time by using the time-varying turbulent
dispersion coefficient. The reasonable ranges of wind drag
coefficient and the dispersion correction parameter b for
Penglai 19-3 oil spill model obtained by calibration are 1.4~
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2.3% and 0.38~0.42, respectively. Then, the Penglai 19-3
oil spill accident in the Bohai Sea is used to verify the oil spill
model by comparing the time and location of spilled oil arrival
at shore, and the simulation results are consistent with the
actual situation. The numerical results show that the wind,
because of its large velocity and small change in direction,
plays a major role on the drift of spilled oil floating on the
water surface, and the drift direction of spilled oil is roughly
the same with the main direction of wind. The effect of the
tidal current, which is dominated by reversing current and
rotary current with a very weak residual current, to the drift
of spilled oil in Bohai Sea is less than the effect of the wind.
The evaporation rate of spilled oil is quite large in the initial
stage after oil spill, but significantly reduced in the later stage
as a result of the reduction of the volatile fraction and the
increase of the water content caused by emulsification. The
reduction of floating oil is mainly caused by evaporation and

sticking that are also the main fates of spilled oil.

Key words: Bohai Sea; oil spill; transport and dispersion;

numerical simulation

B, 5 b lis e B oy — R 2RI S
Yt 1V DL SR R 5 e I PR E P DA R B
AL BREA R B AT R L AR BN I PR AR S
g ORI R R 3R, FLA2 BUBR 8™ Y #E .
O 2 o S R A T U R B K AR BRI I
TS RR R AR BT BRI50KE 3 BB E R, 2011
AR SR 19-3 T S AR E AL T AR 4 IR
WA MK I IR R X 4 900 km? , & B A2
ASWEMELIT 16. 83 25T, MysFEIEA Rl AT
B AR WG TR 500 tL SR T B ST A
A SE i T B 2 R IR TR B A X R

ARl R 4 AR SRR Y V=N 2
HER R E R Bl TREREEREZ A, G

E—EE. EREAE—), &, H8,  BLESIN, THEL, TEBF TR 90 0¥ E TEMIFIE. E-mail: cokuang@tongji. edu. cn



1586 Rl ¥ k2 2 WE KRB 2B

Bus

TR A T A [ (¥ B[R] ALth & AR R BEF=2E AR F Y
TERS S ATYS Y FE . R, X R ih AT RE
B, 75 1 F Ty AR Ak R 5, il A B RTA B
2, BB SR IBUSE X e i » B AR S b s/ Vi Vil 2 0
RMWIR AR, 1 5 E L GNOME F: A
ANXUEE ST T Vv R TR 2R 3 A g 3RS i v A A
F 22 BB B A A, JE R RIS B3 A 5 B4l T
EIGESE 19-3 RihEE R 6 A 11—19 H 4l
FIEAS I R, R 2 FE S 2 T XL R TR AR
0K TmE T EEFEEFERE L RS (CDOPS)
Hif BSOSSM %yl IR 45 20 44, X0 7 3K 19-3 %2
IMEBEHGHEAT TR FESE RS 5 E &5
T8 TH 43O 3% 2 T S D Y R 3 S R B
B H BRI TR, R T R A B YR 2%
BRMFACSESAR , ET T v T . ey
FUVEST T =K R TR A B FEAE R P
— NS HCRRL 5 4391 = WK i 3 ik 4=
J5 45 W Tk 2H 4 FEATLAR [0 R B8 04GR L FLAL R 45
BEEWEMEM T HAEO. G ET T =%
FIRIHS B B BE LA R AR Y, IR T AR %
TR EEY BB O BRI, B ETE R
AR TR Ak 5% RE R & A RE. 2, 5t
i T A A R AP R R A% B B kL B
F2 B XUFDEA I R AR S i Yo TR 1) 2 B 5 i )
K. e} P A it T 3 XU i e TR RS Y R T S B
BN, A KPR BB AR 1% ~3%
ZA] (R X i 8 DX 38 XU 4 2R 8019 BBUAE 1 R A TR 4
FIHERIESE. Z340 , 280k B th F X0 F
BRI s LA ZE 1 %o OB (1 36 Yo A5 401 K BB T Bk
— AN TR Y YT TR 9 0 A .

FIFH Delft3D 38 1 %5 7K 3h ) B B34 788 A T
T BRSO E R YL
KNP EA LT R A ALK Vi1 R B B A i
L TARRIST: EUE TR 4L Ry ReR VALY Y SUN N L S )
BRI Y B R, HOR MR Rl 2R e i 2K sh Y
2R B 4 i BT A2 s DVE FR R BE I 1R) AR AL, AR K
FARL I 385 78 0 B 0 XoF ¥k Yl 19 1 0P AR L AR B 1
e » H R F R B 18 oL R AT AR 40U {e 363 YWk 43 70 % B
A B84y P, X1 8 W7 A (7] X 38R 1 35 Y iR i 22
S AV DA B A A AR R R A B T KU T AR B
MY BREAL LB 6 H A P BUE TE I, 78 L 2 A
EXF 2011 4R 3K 19-3 BEIM G T T IR IERETL L B
G5 T VI 0 35 XA X e 3B RS B R, IR A
T I 1E B AR L.

1 HEEE

1.1 Delft3D-FLOW 7k 3 F14& 5
FLOW A\ FA 7 B8 h — s =4 dR 4tk
BIK T , SR PR ABUE FA PG Z- 37 58 (Boussinesq)
VAL B A BT R 48 i 14 19 = 4E Navier-Stokes 7 #2 #E
SRAG . Fh T e o R A A /N T IR S
FH M LS8 7R o Z T I BN
M, I B HE S AR BRI T Bk R, P
Z YK S IR BT R
(D &8
Ay 1 2 dHDuG,) 1 .
i [Ge /Gy e JCe /G,
3((d+§;’ /G at+pq M

K E KA d HEMER T HWIRE, BKIK H=
d~+¢u Fly RFRRAE T L ¢ Ry w5
3G M G, 00 58 IEAC 2k Ak 5 2R A Cartesian 4
b2 Z [R50 Q O RS T AR AW IRV TR,

(2) ShETTE

& J7 10 B U e
B_u_'_ u_ Ju 4 du uy IVGe
It Gy 9% VG, 1  JGe G, I
2 3G 1
—Y v m_ =~ P.+F.+M. 2
Cr FGW B Sy 0Gs gL ¢ (2
7 RS R
dy S v 4+ Y Iy Uy IvVGy
dt /Gy ag /GW dy Ge /GW dé
uz d Gg 1
M _Sv¥ey p—— L P +F,4M, (3
G& Gm 877 fu pOGW 7 7 7

KA £ R AP IR ALAR s f=20sin @, AFHR 1S
B, B IR B 5 AR B B s 0 7K
P F1 P, IR Fe 1 F, AV E T B A
SEAEPE s M, Fh M, SR ASRIEICIS R insh .
1.2 Delft3D-PART itk

Delft3D-PART 7 & — & FE Lz 3 ) kL
TR, © R A AR T /KT MY RS —
FEBCER S HU MR TR R R B R PR —E
BRI, ML T e EEERE ST BB E
B ARIE SR 5800 8 him s .
AR GBI B G2 R AL S AR .
.21 &

EREETR S RMER =4 nEgsh 8—1



EioM

ERM, I 19-3 BHIZH 5 P B EEERA T 1587

THRLF 9 7 I 2 5 A BT AR AR R T R B TR
CHV AR B ARAS) Lo P N4 15 2. A48T B,
DR e AU A PR 36 Y o T 0T 08 3 AS P A 5 Tl
AR 4 A 5 BIVA 36 vty R XU 7= 2 P ol 1 | R 5A
NGRS E 53 AT, HOCR W (D). B
PR L HA B B AT RSB =l (5 By
7N,
A= CuEWV,—V,) @
As = (v+ Av) At 6))
FHS : A g RHEARAE 5 | 62 ) 3 1 5 Cla S KUY
i BB, — R 1. 0~3. 0% ; E 9% i XL 1) 5 F

e E=| 7] gt
sin @ cos @

sV, IR Ve IR s As D9l T A9 £
Rt s v 38 3 UL 3 £ P PAY 37 BT 15 540 A 1 37 5
.
.22 ¥#

FEREHORL T J5 BB 86 B B, LT PR R B/, X
IPHL T R TR AR /N G i A R 5 1.
BTz B T RO 3R - MR A T8 TR Xk
TP B A R R, A B R R ] B A ] AR
By LR KL D, Al F5 B BUR I BT 32 i P A AR A
W AR [ 28, LB 2 i BB R R T 3R T3 )R
B ey BE . ey R R D B RECRE
EW.)

sin §

D= &t (6)
2 A ISTR], LR R [R] A R R i 2 (:=0) 5
a fbo RHEIP AR KIESE, B 0<<a<1,0<<
b<1. B8 a ¥ FRIAY B MBI, MSE b6 X F
K9P mge K.

T LY HORTE/K 30 73K B 5 6 Fe it b (i v b
FEAE — AR, 3X A BRI A% 14 O[] 2 BE AL
U B SRR B TR L. R R B L AR
T EANLE S M SR — 2 S K RE AL £ LB 4L B
MBS B LU BRI k. R B,
HREHLE B 3 F — A e A R ML
BUETE RN —1~+1, L ¥ME R 0. Bk F7E—
AMHE K At WY B RS

AS = R V6DAt D
KA AS RN RS K B B R I BENLEL
BEEREAL—1,10.
1.2.3 #k

PART WM BN B T A AR R A SRR
oy AR AN R REFZR SR, R =14

—Br R AR, KRBT
= sl ®)
A Fa A ERAS DEGF, HERERERH S
B R AR R,
1.2.4 Fk

FUALIT A B B AR PR 1, TR LB E LAk
AERMNRAEBAMTERARATE 0. 1~3 h B
B K FLAL Y B B A I JE] — AR 10~100 h 22
], 33X 3= I R Dy i v A AR R TR 2l — Bt 1]
FUALTE R A B 4. S L E— AR a3
TR B R O RO A TRORG BE 2 i A
Y. S ARG Mackay % AN BT {2 B %
AT, KBk R

Fm=410m+dﬂ<r—%§> )
2

R Fo KRV, FRGE; Fo 8 KSR C A
C, MRS 8, Cy 78 % W o 10 2L 4k 4140 BUE N
2+ 107, HABA S BUE R 0;C, HRAHKE, i
M B . Hob, MM KRR 752 ~
80%.

P A3 AR (S B e A R B A S B T
W) %5 T B 2R R A AR R K R 4 o L AR
Fingas"" UBFST . FLAL 1o B2 66 0 10 005 T RS 3 186 K 2
~ 3 BRI, RS B K A R e R R L T 36
Rt BRI R, R T ARG AR R & 5 AR 2 ]
T R OCTE , T P EL AL A8 7K SR 1 RN 2
R, PR AR NGRS T R R 41 4 R /N SR
MR HEARANT »

Fop = @b

G = Foal ao
K Fo N FAL R AT W IO 2R R4 5 Fo LR
KA JGEMAZERA S, BAAY R ZRRKEKE
i, Feo BUE R 0,28 R ISR L.

1.2.5 [

B i Ao R BV VARG B R 1 3T RN R E A K AR Y
MR % G R R R R R, IE X
WA AR S B —E R IR, AR RLE o B —
ARG B AR ZR T AL, SR A R A T R R
A 23R8 — A F 0~1 Z I —BEHLEL, 2 BE
LBV TR BRI ks PR B F R B AT S
HitH.

2 HFEEAEITEWHIE

AR F LUK E—MR & 9 FF i 5T B



1588 R & K% % ME KRB =D - WEE

A U B R I IE S # 2R MRS, MIMS RBE 2o R 2011 4F5 H 20 A 11 )~21 | 11 53 V01 #1 V10

1 000 m. {HH MK SH AN 1 Fir.

1 HEREESME
Fig.1 Computational domain and grid

2.1 KN NWEE K WIE

7K Bh FIRE TR 53 I it 5 1 I il 14 9 A O %
BT TR IR 2011 4E 5 H 20—21 H
ZRG 5 RAE A IE 2 FE 3T s, L

W R AR (] 4.

0-91 o SEME
0.6F Wﬁﬁﬁ
g 03 oo
2 )%‘? S
_0.3_

—0.6F

ool 1] /h

B2 R2HPLIIE(2011-05-20—21)
Fig.2 Verification of tidal level at Qinhuangdao
Station(2011-05-20—21)

091 o S

0.6F —

03
§l 0 1 1 1 1 O 1 1
& [¢)
E_,, 18 0 X6 1OO 18

-0.6

ool W 1E)/h

B3 kB ArmiE (2011-05-20—21)
Fig.3 Verification of tidal level at Shanhaiguan
Station (2011-05-20—21)

o EWifE

0.6 Vol o KM
N — A
.04
g o 00
@ 0.2
5

11:00  15:00 19:00 23:00 3:00  7:00 11

B A /h
V10 o SHE

— iHHE

11:00  15:00 19:00 23:00 3:00  7:00 11:00

(8] /h

360 Vo1
< 240 35
=
£ 120

0
11:00  15:00 19:00 23:00 3:00  7:00 11:00
B 1Rl/h

360 vio o EPH
~ o —— WHME
T
F
B

11:00  15:00 19:00 23:00 3:00  7:00 11:00
i 8l/h

4 V01 #1 V10 #iFRER EKIE (2011-05-20 11:00—5.21 11:00)
Fig.4 Verification of tidal current velocity magnitude and direction at V01 and V10 {2011-05-20 11:00—5.21 11:00)

R Willmott™™) fy 58 12 J7 16 % 7K 3y 1 12 2

B R AT RCR PN R A T
> IM—D|?

>N (IM—D|+ |D—D|)?

FH M OBIME ; D Sl D 9 F 1, S
(EARER T SEI L 5 SE 1 2408 B I 22  BERL I 5B
NS 00 S 32 1 i 223 P 3 PR AR G R R, HOH 346

RETEREAE 0~1 Z 8. S{E R 1 B, A RB A&
RS I B S8 A0 A5 S R T 0. 65 B, 85 R Wik
3 SHETE 0. 65~0. 5 Z A HIEH #F50. 5~0. 2
5 /NF 0.2 2 BB R 2R 5 1 v
B S (B3I 0. 98, PR A AR 455 10 80 WA 00 % A4 3L
B SAETE 0. 74~0. 91 Z [a], VEH AR, Film S A
£ 0. 80~0. 96 Z &), PEHUT AR 4T 1T 0L, K 3l Sy R A
FITT RS R S LM E ISR A R .



EioM

ERM, I 19-3 BHIZH 5 P B EEERA T 1589

Bl5 5E 6 451k 2011456 A 4 Akt
Vi SN T 7 V. BT AR S RS N S A
ARSI WA 2 B BRI L) W—E 6ok 3,10
HREBTIE IR, NE—SW [ 2 35, 36 B Bk 5 8
A SW—NE [k £, 7 il TR MR RS
AR, A LR LB T 3 0 A AL ) SR B £
B BETRIVR M L NW—SE [k E. % 2 1515

455%10°

450

445

440

435

y/m

430

425
420
415
410 !
6 7 8 9 10
x/m x10°

5 20114 6 A 4 2RI G
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