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Fig. 5 Monthly mean sea surface temperature of Bohai Sea on January, April, July and October in 2012 (left:
remote sensing observation; right: model simulation )
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Fig.6 Modeling residual currents at surface and bottom on January, April, July and October in 2012
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Fig. 7 Preset initialization position of oil particles (spatial interval: 2 km)

R 1HUESER

Tab 1 Numerical experiments

Tpe (N/M?) AR [H] 1H1H 2H1H 3H1H 4H1H S5H1H 6 H1H

0.01 SEIE la S2I% 1b S8 1c S8 1d SEIE e SEIG Af
0.1 SEE 2a SEES 2b S2EG 2¢ S8 2d SEIE 2e SEIg 2f
1.0 SEEG 3a S8 30 S2EG 2¢ 5256 3d S 3e SR 3f

3 PR HISRIR
3.1 F RIS A



N T RN BE ML RS A HUE 1% 22 068 45 R, T AR AL GE it (0 05 320 220 A1 1)

R T IEATRER G 0T, ST 0 38R0 0.29 AWIE MR T RIBE 10 5, Wik 8
Friose
Iy /N’M‘I‘— ﬁl_\s
{
40 QHD_,—"J/ ./‘/ L
(> I,_/
{ 2
. ’ﬁ“#’,f‘
39/(’\;#*’ _:éﬁj’
N\
uf |
(Y
(7
L_\_/P 5
3171?.5 11;3.5 1Il9.5 12;).5 12'1.5 “ 1225

RSN 0.2 MK 2 QHD: R E; SROVSKAINZR 2B HYF 10 km Ju B BUKIX; ARt ik
TR E .

P 8 IR TR IR GE Tl B AR AL 75 R
Fig. 8 Gridding scheme for statistical analysis of oil particle sources

PR BV 10 km 35 B NBUKIX, % 2012 4F 4—6 H H[a] H IL7E BlU X 2 2 ok
FRHAT RGBS . ARIEHRLFFRIAAIE, THRE OB SRR 2 AT gerE (p) , HiHET
#n(3):

p==§#x]00% (3)
Hor, n A RS R AN B

3.2 RIB AT

B 98 ¢ = 0.01 N/m? Itf, 2012 £F 4—6 F 7z 5 Byili ot BLTiE il (0 ml RER IS AR
TR B R AEEES, ATRLR ) (10 km BBURSIX)D FHIZRER IR .



q___””m 30 40 50
4 l ,_/'“ J
Feb AR \
Num(in)=84(32) e /
" g
40 ;\Q,'.'; ’ S
W 2 (l
¢ o
— A ; Vad
o 2
t i [l
“'\ \
W - ~ - |
38 i 381 \ ,
p! " / o~ .
| / « / % ,
. Ne _ Ve
= N 5 / ) N \_/\ )
37 8 a7 $
1175 1185 1195 1205 1215 1225 1175 1185 1195 1205 1215 1225
o__Hmm 20 30 40 50 0 \I\'Im 20 30 40 50
[~
o) 4 e
Mar /: W} Apr , N
Num(in)=131(47) Num(in)=170(87) | /
40/ - 40 SN 4
2 2
A~ Fo
3 ) 39 /- Pl
I\ \\
S~ S~
381 ) .~ 38 \ -
/ y N O / v .
P , N » . . y ™ _ ‘:,\ ]
™ ~ r 'I\ ¥ -\ /\ P
37 .4 37 ,;
1175 1185 1195 1205 1215 1225 1175 1185 1195 1205 121.5 1225
III'\W 20 30 40 50 O__|||H10 30 40 50
M . . . ,___'7w Vs -
May g \ Jun S \
Num(in)=120(59) ¥ 4 Num(in)=58(30) / Ve
401 ' e 40 - S
C e C
4 =
o = '\J—',‘ ‘/‘ = =N .?; Fa
'— - L . . W < ¢ .
s /T ~ 39/ - 2
\\\ I\\
1, 1,
384 \ . 384 ) .
J - L J _:/ -7 .
\/_ - A . \.:J\ - \/_ » -
- vy A N - . ! ¢
37 - ; - . —4 37 - - . : s
1175 1185 1195 1205 1215 1225 1175 1185 1195 1205 1215 1225
1—6 H: Wk IRREHE], BE A JUBHRFEGBAE: Num(in): HILR SR 75 GRET R R

P 9 SIZI6 da~1f YUIERH AR 23 18] W] RE 1k 20 A

THO .

Fig. 9 Possibility of submerged oil sources in experiments 1a~1f




R P EBUR X Y, B ATRENE p EEOR, HdniRiaT 4 H iR MR 54
&% . HTRMTTRETIE M SRR BT ARG H/EH T HEF, 4 HNEiErZR
FARIYL, i AR AR R S, PR ORI B AE BB X, B R & AR R AN
BEE LR, M2, BT HA S AR T R BB ER R, BT R AN
ARERR TR, BEEER s 2 HURIXAL, PR H XD

BT 1—3 ARk EEOVIE YT, HER TN 65% (2—3 JJ) ~83% (1
D HHTZ 2 BRI ARSI PG AR HEE 10~100 km, 2= [E AT RENE p (H AN 5% ~
10%; ARTMECLE T 4—6 A e 5 R kI 2, A T2 5 5 R e 10~50 km 1
i, SEARENE p (HZN 20%. TR RERIE A, 5 i KRR 25 AL
8 13 ARG 3, ILARTE VT PG R 1) AIREAURE 329 1 BN JE B D i ]
2 RIS . 52N, 5—6 HighiErg X, ACAb A AGIEAUR 7R 52 5 U R AR DT
2R 2 B IEEE . 5. 6 I PERIERIEE B 4 HUIRR N, W RUE M 2% 2 I
F %) 50 km, SRR FACFMRKERANSC. Hoh, BEE DR iR aR I 18] 5 W IR R
SRR TR Te] B e CBIYTRE A2 I ORI 18)) , 1—3 A B RERIE K w] BE P2 BTk

/N,

3.3 BURM: LI

N TR TR BN VIR T vy B BE X RS RN, BEAT R 1, I RBURR R S5
KIREEREY (B 100 , BB tBUERIEN, Mk SFERD, RERIEF BN
PUEMECE B RN, EAF (1 7)) FHORIERRL T LB I (550%) - @i
SR AR AT BE D/ PR S AT — T 2 S8 2 R P8 RO LR il 32 30 0 T i O mT se sy, 53—
7 T A T R SR AR T i 2 AR B DBl JE RN TR 2 B . BN e AR
0 Y BAE 2 52 S U R DOTER R 3 OB B 3 b, (B9 H MR 7RI A 5 588 1a~1f
HA T,



0 10 20 30 40 50 o 10 20 30 40 50
[TTTTTm [RERRREEN
Py —— M 7
J
Jan p) an . / /
Num(in)=23(13) A, e Num(in)=20(13) A . /
401 o s 401 v St
. B P L
' | . (
' = (8 =
) / o B A :(I‘.g, /
o 2 . e
s 1 7 s 3/ 2
"'\ LN
™ 1 - >
28] - 38 y .
Y T ) v o i
. \ S N o ‘. - St
SCig 2a : SCIG 3a
37 - - . . — 37
1175 1185 1195 1205 1215 1225 1175 1185 1195 1205 1215 1225
0 10 20 30 40 50 0 10 30 40 50
[EEEEEEE [T Ru ]
#1 — Y ——Y
Apr \ Apr )
Num(in)=26(14) / / Num(in)=26(16) y y
40 el . . ¢ 404 . //
3 Al : .L
o = an =)
_ /..i N g B Y. -, :;\.-'U/ I./
\ ’ S S o
39/ o 9/ 7 ol
'.\ \
It - .
38 i 38 Y ‘
) b o ) bl o i
A A\ e it A | > RN
sLiw2d. ! 3056 3d
37 : . . . i 37 . . . ,
1175 1185 1195 1205 1215 1225 1175 1185 1195 1205 1215 1225
D'I'Hm 30 40 50 o_”_‘_m 20 30 40 50
" =S, H— =
Jun Jun / N
. 14 . f /
Num(in)=28(15) y y Num(in)=27(15) r 4
40 o // 40 / . e
et [ rptd C
1 ~ ‘ma | =
vl TP A T
~ " N g g
39{,/ 39{, R a
N\ \"\
B e 1
38 oo : 38 o
\J - ol 'J - ~
A | ,, N g A # S ]
LG 2f 3059 3f- :
37 . : . . 37 . . . . —
175 1185 1195 1205 1215 12251175 1185 1195 1205 1215 1225
1. 4. 6 . Mok T RURLEI (A, MR POBMR TR E: Num(in): HILSR T4 QET Rk

THO .
P 10 UK T I PO AU [ T Rk

Fig. 10 Possibility of submerged oil sources in sensitivity experiments
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Fig. 12 Depths along submerged oil trajectories in experiments 1b (month 2: initial time)

54 @

WA T, WA T I O A A B R IS R IR AN AR
REBINF 4—6 ARZMIMTEEMEZNEGETHES (4—6 H) . UMY R T
M RERIR, 52 BZRAC AR AR A, ZORUR DT i 7% 53 72 2% 2 B i A UK IX g 2R
G, B 7 ouE BRI LR BIBTASE (13 ) . mERmE T, RESE 46
HBEAZRZBUITFE 10 km MUK, HESHERR. WA 207 17 82 2 8UK XA
100~150 km Y g ARHEE, TR TR SR IR 2 2SI A 4—6 A BTN £
FORYS . DRI AT AHEIN K2R AL AR B BE IR N R AR, AR T Bl AL
RETRZHINE, WFTREZ LR 7% 280 TURH R 5T ERIEN R R, %
W FCEE K] Aoz 5 8 i A DUE I R B A S (ARt A M S 4, @il 4—6 AR &
7 I E 2 L 5 =) A Y g A R A AR

S5 3CHR:

[1] fir 2L bt vl 2 W AR [9). TR Bl Byl R (CDFE) ,1990,2(4):7-15.

[2] 20 &8 OIE, B OB 5. K AE 30 B BUE I FT— K U AR e 2 A7 i (8] A HEL[9]. B SR R
1%,2002,32(4):519-525.

[3] XUIETL. Jivsvm i R R & B va [M]. R RIS 24 A, 2014:1-224.



[4] YAPA D, ZHENG L. Simulation of oil spills from under water accidents I : model development[J]. Journal of
Hydraulic Research, 1997,35(5):673-687.

[5] JOHANSEN @. Deepblow- A Lagrangian Plume Model for Deep Water Blowouts[J]. Spill Science &
Technology Bulletin, 2000,6(2):103-111.

[6] ZHENG L, YAPA P D, CHEN F. A model for simulating deepwater oil and gas blowouts — Part I: Theory and
model formulation[J]. Journal of Hydraulic Research,2002,41(4):339-351.

[7) FESFAR, 7K B IR B 2R3k T B AR A 72 [3). RO B T K 242441k, 2006,46 (3) :191-197.
[8] Z=MRRH, 222N, EER, 25 5E3E 19-3 i H S5 Mot i BUE AL [0/ R R 5%, 2014, 38 (6) :70-77.
[9] BRifge, 246, #5, S5 KT i AU E BT A0 [9]. 1 172, 2015,33(2):66-76.

[10] WANG S D, SHEN Y M, GUO Y K, et al. Three-dimensional numerical simulation for transport of oil spills
in seas[J].Ocean Engineering, 2008, 35: 503-510.

[11] GUO W J, WANG Y X. A numerical oil spill model based on a hybrid method[J]. Marine Pollution Bulletin,
2009,58: 726-734.

[12] SHCHEPETKIN A F, MCWILLIAMS J C. The regional oceanic modeling system (ROMS): a split-explicit,
free-surface, topography-following-coordinate Oceanic model[J]. Ocean Modelling,2005,9(4):347-404.

[13] SONG Y H, HAIDVOGEL D. A semi-implicit ocean circulation model using a generalized topography-
following coordinate system. J.Comput. Phys.,1994,115(1): 228-244.

[14] AMANTE C, EAKINS B W. ETOPO1 1 Arc-Minute Global Relief Model: procedures, data sources and
analysis, NOAA Technical Memorandum: NESDIS NGDC-24 [R]. NOAA, 2009.

[15] ATLAS R, HOFFMAN R N, ARDIZZONE J, et &l. A cross-calibrated, multiplatform ocean surface wind
velocity product for meteorological and oceanographic apj.lications[J]. Bull Amer Meteor Soc, 2011, 92: 157-174.

[16] EGBERT G D, EROFEEVA S Y. Efficient inverse modeling of barotropic ocean tides[J]. Journal of
Atmospheric and Oceanic Technology, 2002, 19(2):183-204.

[17] WANG J, HONG H S, JIANG Y W. A coupled physical-biological modeling study of the offshore
phytoplankton bloom in the Taiwan Strait in winter[J]. Journal of Sea Research, 2016, 107: 12-24.

[18] FANG G, WANG Y, WEI Z, et al. Empirical cotidal charts of the Bohai, Yellow, and East China Seas from
10 years of TOPEX/Poseidon altimetry[J].Journal of Geophysical Research,2004,109(C11):C11006.

[19] 3R, 8=, WA L BB EBET K] 2380 7752#1K,1998,16(1): 115-121.

[20] JOHANSEN O. The halten bank experiment-observations and model studies of drift and fate of oil in the
marine environment[C]// Proceeding of the 11th Arctic Marine Oil spill Program (AMOP) technical Seminar,
Environment Canada. Edmonton: [s. n.], 1984: 18-36.

[21] HUNTER J R, CRAIG P D, PHILLIPS H E. On the use of random walk models with spatially variable
diffusivity[J]. Journal of Computational Physics, 1993, 106:366-376.

[22] 40, W4T, BRI R N 1 S TR o A 1 9% R [J]. TR 244R,2002,20(4):663-667.

Investigation of the submerged oil movement in the

Bohai Sea by numerical modeling approach



REN Lizhen!, YANG Jinxiang?, WANG Jia**

(1. School of navigation, Jimei University, Xiamen 361021, China; 2.Xiamen Marine Forecaster
Center, Xiamen 361008, China; 3.School of Marine Engineering, Jimei
University, Xiamen 361021, China)

Abstract: A Lagrange tracking submerged oil model was built based on the three dimensional
thermo-saline-dynamic numerical model, which including the sink and suspending process of the
submerged oil. The model was applied into the simulation of undetermined submerged oil
movement in the Bohai Sea. In this paper, the source of the undetermined submerged oil is
analyzed quantitatively by means of probability statistics. The relationship between local and
remote sources of submerged oil along the Qinhuangdao coast was clarified on a seasonal scale,
which helped to explain the mechanisms of the occurrence of submerged oil atthe Qinhuangdao
coast. The result provided a more objective reference for the monitoring and prevention and

control of submerged oil from unknown sources in the Bohai Sea.

Keywords: regional ocean modeling systems; oil particle model; source; route





