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A Numerical Simulation Method of Oil Transport Considering Oil Spreading

Yoshitaka MATSUZAKI*
Isamu FUJITA**

Synopsis

Oil movement to horizontal direction at sea surface is predicted to consider the following three
effects in numerical simulation. First is spreading by oil slick itself characteristics. Second is eddy
diffusion by current turbulence. Third is transport by current at sea surface like tidal current, ocean
current, wind current and so on.

In this study, we developed a particle model to simulate oil transport at sea surface. The oil
particle model can treat spreading, diffusion and transport. We developed a new calculation model
using particle model about spreading by oil slick itself characteristics. The model can treat
instantaneous oil spill.

We conducted hindcast simulations of oil spill incident off the Taecan Coast in South Korea in
2007, and the validity of the model was verified by comparing to observation. The results were
similar to observation area of oil slick. We conducted sensitivity analysis of eddy diffusion
coefficient, horizontal eddy kinematic viscosity coefficient and vertical eddy kinematic viscosity
coefficient.

Calculation results was better when oil eddy coefficient and horizontal eddy kinematic
coefficient are equal to 30m?/s and vertical eddy kinematic coefficient is equal to 0.10m*/s in this
weather condition, marine condition and calculation condition.

It is necessary to take small calculation mesh vertically near the water surface to reproduce a
wind current by numerical simulation. But calculation time is longer to calculate in small mesh
condition, it is not good for use at real time oil spill prediction. Therefore, we propose wind

coefficient method is better for prediction of oil transport.
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DIMPLHREAC A L CTHMFT DL ERH DD, WS
NTWD SCRRIE A 2. ARG SCCIEBRSE L7 Bl st A %
FAWTRESH 21TV, #7237 A — X DORFEIZON
TEZELT.

2. MILERRFETILORRRUVHEARZE

2.1 ETLHME

W LIy U7z, &, KEOWER R ERE,
RAR, MR, EMREO(LEN, AR K
D& IRERZ LS D. Fi2, MoOFE (EEm,
W, FME) OBV I ZoMENRR L. B-2.1.1
ITpE i OWERR, LR, AR EZE LR R 2 R
L7zKTh 5. JE8, B, 7838, Lk, B, b (=
~Nva k), HERE EMSRE VST BN AET D.

7% (Evaporation)

37 (drift, advection) ik (drift, advection)
$i 8% (Spreading) #i B4 (Spreading)
AR (i ffus ion) Bhfl Oxidation) G s iffusion
ZL4k (Emulsification)
5>8% (Dispersion)
BB Oissolution) @ @ ° . 1 ®
. e * .9 .o © . %o
[ ] . ° o
o e ., - % ® o J . ® - "
* M - : . . . . . ° .. . ©
. . L) . *

IO, (LR, B
SINCY N #EE

X-2.1.1

A IR BH % 9 2 BB A S I B O Zh =R IE H & B 45
L7=bDThH Y, FHAMIMITERR D S50 R E 2 187E
LCW5. ZOREOHM ClEIRICES L 72 2iBf81%
JEHR, B, 7%, HfbThrEEZXOND. ?f%%’vé #L
{bic X 2R e kI3 IiEL, BitoMRIic b 8L 5
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NOAA : http://response.restoration.noaa.gov/oil-and-chemical
-spills/oil-spills/response-tools/adios.html) .
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MIEBUTELIRIE R, BRODRRH 272, IR
HTENIFZEALERD. FDI2®, FayDRERT-ET /L

IS DITIE TRNSME & 22 5. B 2 130 M (1992)
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THHLEZBDOEZHR L TWA. FayD XA EZEHA VR
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ETW5.
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WITFET 5. TOEINIC X o TA U B L& BLR TR <
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3 cos(27R,))
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D AT L, Bl ORENE ZATIIREL &
DUEND D, EDyiiii, BT —F OZEMEE, IF
M IIRAE L, HARRIIZZE S, BREsENEN
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(2.4.1b)), BEFUTEWIGA T E, BEmIcEE Lice L
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W5, 2T TR S s R R &, GPV &R
mEGE O 2 R, 723, 2 2 TOHIE GPV OFHE
NEEORILOBAEZEET 22 L TH Y, GPV OFHH
FHERHEREICMT 2ELTIERY. Lo TI T
B L OBMERICE ED D,

JE ARG & RIR O 7 — ZIEHEKRT OB — L —
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JTVY Ando, Gadaeam, Ongdo TH H(BEE-A. 1, K-A. 1%

). Zh b oSN b ARERICBIAIRIZH 5 D0,
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NHE0, ZZTEEDZRW. 7238, Ando, Ongdo 135
Thy, BORBLILIANROE LB BNDLN, =
ZTIEZE O RUZE U TRRICARITIZAT » TV R0,

Fe-A 1 BN ST 33 0 2 i R 0D JRL [ JR R A
EH-HDTHS. Ando, Ongdo X 1 RefEF¥I & 10 43 I
¥J, Gadaeam |% 1 FFSEHITH 5.
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Fe-A1(1/3) R SR AL RS S

2007412 H 7, 8 H

Ando Gadaeam Ongdo

= B |58 TR | 1BRETE [1020F |100F | o o | 1THRMETE [1BRET | oo |16GEF | 1ERBE | 105F [105F
TOVE  wRE | EE | WERE [WEE | T wERE | 9EE | T | WEE | HEE | R | 19EE

70 0:00{ 7.2 239.9 24| 2217 2717.6 215 13.3 1.4 285.9 13.7 | 265.8 10.2
70 1:00{ 5.9 295.2 9.3 | 2974 846.9 267 16.5 6.5 325.2 156.7 | 327.6 15.5
70 2:00] 5.1 305.3 13.7| 301.3 95[5.8 265 16.6 5.9 323.0 13.6 | 325.5 14.1
70 3:00{ 4.9 291.8 152 | 2989 95(5.4 263 16.8 5.4 324.8 14.7 | 326.6 14.8
70 4:00{ 43 3024 10.6 | 2984 98 | 4.7 266 15.0 4.6 331.5 14.2 | 326.5 13.7
7] 5:00{ 48 296.6 11.4| 3015 7.3 KA 4.7 326.2 10.6 | 326.9 12.9
7] 6:00{ 45 305.0 83| 292.1 7415.0 266 15.8 4.7 323.0 14.9 | 322.8 14. 6
7] 7:00{ 48 287.3 6.2 2975 6.1[5.0 263 12.8 4.9 329.4 11.5 ] 328.5 12.3
7] 8:00{ 5.6 282.3 80| 2888 9.1[5.5 257 13. 1 5.5 323.0 12.7 | 324.3 12.2
70 9:00{ 5.4 88.1 10.2 | 3333 845.5 292 15. 1 5.7 337.6 11.6 | 333.6 12. 6
70 10:00{ 5.0 268.6 5.1 331.4 53[14.9 310 11.1 6.0 324.5 7.7 [ 333.5 8.9
7] 11:00{ 5.7 15.6 5.2 15.7 6.5(5.0 317 9.5 6.0 327.8 7.2 [ 353.7 7.9
70 12:00] 5.6 9.4 4.5 13.9 54 5.1 308 1.2 6.4 350. 8 7.1 [ 343.2 1.0
70 13:00] 6.1 321.0 3.1 3174 34[5.5 298 5.9 6.5 338.8 6.9 | 338.6 5.8
7] 14:00{ 6.0 327.9 49| 3240 45(5.8 301 6.8 6.2 341.9 5.9 |1342.9 6.0
7] 15:00{ 5.8 307.2 24| 3122 38[6.4 292 9.2 6.5 336.4 8.0 ] 334.9 8.1
70 16:00] 6.1 311.1 30| 3065 32 (6.2 290 9.4 6.4 337.3 9.4 ] 333. 4 8.5
70 17:00] 6.1 293.1 27| 3000 28| 6.1 288 9.7 6.3 330.7 8.9 | 331.8 8.6
70 18:00] 5.4 307.3 28| 2955 2915.9 271 9.3 6.1 334.0 7.1 [330.0 1.8
70 19:00{ 5.5 292.6 28| 2959 28|5.17 284 8.4 5.7 341.5 5.6 | 333.6 1.0
70 20:00{ 5.3 318.2 34| 3111 32[5.6 291 8.1 5.8 324.17 6.4 ] 330.8 6.8
70 21:00{ 5.2 322.0 28| 3152 28(5.4 298 1.4 5.5 338.0 7.3 [ 334.7 6.8
70 22:00] 4.4 3084 44| 3253 32 (5.2 2817 1.3 5.2 331.8 5.8 | 334.5 5.4
7] 23:00{ 4.2 314.6 3.1 309.7 26| 5.1 292 5.1 5.1 341.0 5.4 ]1337.2 5.8
8] 0:00] 3.9 322.3 27| 3209 3.3 5.1 311 6.1 5.0 342.2 5.2 1335.6 6.5
8] 1:00] 39 3225 28| 3162 26|4.8 288 5.6 4.9 338.2 4.1 ] 342.0 4.1
8] 2:00{ 38 319.0 23| 3087 25(4.8 293 4.7 4.8 336.7 5.4 1328.9 6.2
8] 3:00{ 3.7 312.0 28| 3119 2414.8 280 5.7 5.0 333.9 6.7 ]331.9 6.2
8] 4:00) 42 3139 24| 2956 29(5.0 267 7.9 5.0 327.2 5.3 1327.9 6.2
8] 5:00[ 4.9 305.0 3.0 [ 3009 38 5.1 281 8.1 4.9 323.2 6.6 | 330.3 5.5
8] 6:00] 4.6 306.8 40| 3259 50 5.2 273 1.5 4.8 337.9 5.5 1329.0 5.6
8] 7:00] 46 305.0 57| 3025 3414.9 297 9.3 5.0 331.3 8.0 ] 333.3 8.0
8] 8:00[ 3.9 308.2 33| 3565 54 (4.6 288 9.0 4.8 339.3 1.7 [ 334.7 8.1
8] 9:00) 38 316.5 49| 3065 38 (4.3 301 8.5 4.6 335.8 8.4 ] 336.2 1.6
8] 10:00] 43 314.7 5.1 313.9 411 4.1 312 8.1 4.6 343.2 3.9 | 336.8 6.2
8] 11:00) 56 291.2 1.9 | 309.4 3213.9 295 1.1 4.8 336.4 8.5 ] 339.1 1.5
8] 12:00) 57 2955 26| 3255 38[4.0 294 8.2 5.8 328.6 8.1 ]342.8 1.1
8] 13:00) 56 312.1 24| 30458 33[4.3 289 8.9 7.1 333.0 7.1 [333.2 1.3
8] 14:00) 53 331.2 6.0 [ 3152 32 (4.7 288 1.1 6.9 338.17 8.6 | 337.6 1.8
8] 15:00| 5.2 305.4 14| 3183 24 4.1 302 6.9 5.7 334.17 8.2 ] 336.9 7.1
8] 16:00) 46 320.2 23| 3240 33[4.5 299 5.8 5.4 346. 8 5.2 | 347.5 4.5
8] 17:00] 45 3204 23| 3168 28 4.7 300 5.7 5.0 343.5 6.4 ]339.4 5.9
8] 18:00) 47 309.9 25| 3064 28| 5.1 299 1.0 4.9 347.5 5.3 ]349.2 5.1
8] 19:00| 48 292.7 29| 3359 38 5.1 285 6.1 4.9 347.3 5.0 | 338.6 4.9
8] 20:00] 43 9.9 4.8 1.4 30[5.3 285 6.0 4.9 333.3 4.6 | 334.9 4.9
8] 21:00] 43 343.6 38| 3550 31[5.5 292 6.0 5.4 334.9 5.6 | 335.3 5.6
8] 22:00| 4.0 2.6 34| 3480 30[5.5 299 5.5 5.6 354.0 3.8 |342.7 4.6
8] 23:00) 4.0 5.9 3.0 | 358.1 25]5.6 281 6.7 5.5 336. 6 5.5 ] 341. 4 4.8
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Fe-A1(2/3) R JEL ARG S
2007412 49, 10 A

Ando Gadaeam Ongdo

= B |58 TR | 1BRETE [109F |100F | o | 1ERMET | 1BRET| oo |16GEF | 1ERBE | 105F [105F
TOVE  wERE | EE R [WEE | T wERE | 9EE | T | WEE | HEE | R | 1EE

9] 0:00] 441 0.9 1.7 3535 181 5.4 309 4.3 5.4 344.2 5.3 ]340.4 5.6
9] 1:00] 441 341.7 22| 3599 1915.3 321 3.6 5.4 327.6 2.11329.5 3.1
9] 2:00{ 4.0 342.6 25| 3512 25(5.3 320 3.2 5.1 4.4 0.7 ] 351.1 2.1
9] 3:00] 441 327.2 2.1 346.5 2115.2 299 2.5 5.1 353.2 1.3 | 343.4 2.2
9] 4:00{ 3.9 352.3 1.9 3279 1.315.3 308 3.1 4.9 341.8 2.5 ] 341.5 2.2
9] 5:00{ 4.0 354.0 24| 3487 2215.2 305 2.9 5.0 347.6 2.1 ] 346.5 1.4
9] 6:00{ 4.2 3315 1.0 320.6 16 (5.2 314 2.6 4.7 137.2 1.7 1 126.8 1.1
9] 7:00{ 3.9 124.6 2.1 58.1 1415.3 303 2.6 4.8 118.4 1.8 | 134.5 1.8
9] 8:00{ 3.6 1275 29| 1220 31[5.4 340 1.8 4.6 147. 4 2.3 1135.4 2.1
9] 9:00{ 38 130.3 36| 1276 36 5.5 182 1.7 5.1 154.5 0.7 ] 151.5 0.3
9] 10:00{ 4.6 144.2 32| 136.0 2715.5 122 0.8 6.1 152. 1 1.0 | 145.6 1.3
9] 11:00{ 6.9 166.9 1.3 | 1643 1.115.9 123 1.8 8.8 200.3 0.7 1191.9 0.4
9] 12:00{ 10.0 208.0 07| 22717 08]6.0 320 1.3 [10.4 RA 40.5 0.3
9] 13:00{ 9.4 271.6 1.2 | 2698 121 6.2 262 3.4 110.3 320.4 4.6 | 326.6 2.9
9] 14:00{ 8.4 272.6 1.8 | 296.6 151 6.3 282 4.6 9.7 332. 1 3.1 ]336.5 4.3
9] 15:00{ 7.4 3004 34| 2983 37/6.6 269 5.7 9.7 327.0 4.4 | 331.1 4.6
9] 16:00{ 6.5 289.4 36| 2999 31[6.7 280 4.9 8.2 336.2 5.5 1329.7 4.1
9] 17:00] 6.1 323.6 25| 3152 171 6.6 286 5.0 7.1 336.0 4.4 | 340.6 4.3
9] 18:00{ 5.7 326.4 1.7] 3193 141 6.4 280 4.5 6.1 335.17 3.0 ]339.0 3.9
9] 19:00{ 5.7 3214 1.2 3513 20 6.2 2817 3.6 5.8 355. 6 2.7 ] 345.1 2.8
9] 20:00{ 5.6 23.0 35 18.2 35 6.1 318 3.1 5.6 352.5 3.1 ] 348.3 2.8
9] 21:00{ 5.2 345.9 1.7 48 2216.0 309 2.5 5.5 345.8 2.4 ] 343.8 2.5
9] 22:00{ 5.3 21.9 3.1 228 27 6.1 343 3.0 5.4 1.2 1.0 10. 8 0.9
9] 23:00{ 5.2 51.2 1.8 33.1 1916.0 11 2.1 5.5 15.2 1.2 19.6 1.1
10| 0:00] 5.0 28.7 2.3 35.1 29(5.9 4 3.0 5.3 0.0 0.0 84.8 0.5
10] 1:00] 4.9 17.7 2.5 25.3 1815.7 43 4.2 4.8 95.2 1.2 |1 100.3 1.2
10| 2:00] 47 44.2 3.3 415 29[5.5 42 4.8 4.8 52.6 1.3 58.2 1.4
10] 3:00] 48 285 3.9 35.3 35[5.5 57 3.5 4.6 344.0 0.7 34.4 0.9
10| 4:00] 46 345 4.8 415 51[5.0 60 5.2 4.3 121.6 1.1 84.2 0.8
10| 5:00] 4.2 122.5 38| 1139 39[4.7 48 6.6 4.0 91.5 2.9 91.6 2.4
10| 6:00] 3.7 120.1 43| 1140 421 4.4 60 6.5 3.9 95.3 1.8 87.0 1.8
10| 7:00] 3.6 113.6 09| 1089 34(4.3 52 6.3 4.1 89.2 1.9 89.3 1.5
10| 8:00] 3.6 116.7 32| 1067 421 4.1 50 1.3 4.1 86.3 1.6 81.6 2.0
10/ 9:00] 3.3 103.6 59| 107.1 6.3 4.1 45 8.6 4.6 88.8 2.2 92.6 2.9
10/ 10:00] 3.8 109.6 58| 1100 6.2 4.3 50 1.6 5.2 103.3 2.7 1105.6 2.4
10] 11:00] 4.2 111.2 23| 1065 2714.5 44 6.1 5.6 77.8 1.6 95.5 1.5
10] 12:00] 4.3 102.3 2.9 95.9 20 4.7 4 8.5 5.8 82. 1 0.8 88.6 0.9
10] 13:00] 48 104.1 43| 1058 46 (5.1 43 6.9 1.5 85.3 1.7 98.1 0.9
10| 14:00] 48 109.8 59| 1078 59(5.8 48 6.6 1.6 125.8 2.3 1133.6 1.6
10| 15:00] 5.3 115.9 67| 1213 59 6.7 81 4.1 1.0 142. 6 4.5 1135.8 3.9
10/ 16:00] 6.3 112.2 95| 1155 9.0 | 7.1 15 8.2 1.2 131.8 5.8 1126.0 6.0
10/ 17:00] 6.3 103.7 47| 1049 5117.8 113 7.1 1.6 168.5 0.8 | 168.6 0.8
10] 18:00] 5.7 104.7 34| 1070 35| 8.1 96 6.7 1.5 138.9 3.5 ] 131.3 3.1
10/ 19:00] 538 256 35 63.1 34(8.2 50 6.3 1.4 132.3 4.4 1 126.6 4.1
10| 20:00] 55 104.5 5.1 110.7 5717.3 49 6.4 1.4 115.4 2.3 99.9 1.8
10] 21:00] 6.0 87.2 1.5 99.6 211 7.5 44 5.7 6.5 122.7 3.7 1127.1 2.6
10{ 22:00] 5.1 103.9 49| 109.1 6.6 6.4 35 6.0 6.6 81.0 1.3 80.2 1.8
10] 23:00] 55 102.6 7.2 725 43]5.6 37 8.2 5.4 148. 8 0.6 63.0 1.5
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Fe-A1(3/3) R JEL LIRS S
2007 4E 12 H 11 A

Ando Gadaeam Ongdo

B |58 TR | 1BRETE [1020F |10 F | o | 1ERMET | 1BRET| oo |16EGEF | 1ERBE | 105F [ 105 F

TR AR | WEE [EE |[HEE | T mEE | 9EE | T | WRE | YRR | YRR | HEE
111 0:00] 6.0 107.1 40| 106.1 491 4.9 45 8.5 4.7 98.2 3.2 1101.4 3.1
111 1:00] 6.0 103.8 2.7 91.7 2314.6 53 8.5 4.5 112.3 3.2 1 106.8 2.1
11] 2:00] 5.2 111.7 69| 1132 69| 4.7 52 6.4 4.5 121.5 2.8 1108.5 2.6
11] 3:00] 4.9 104.7 50| 1103 54| 4.6 66 5.2 5.4 134.6 4.4 1137. 4 4.3
11] 4:00] 5.2 121.6 35| 1154 31[5.5 83 3.3 5.7 148.9 1.5 [ 151.7 2.1
11| 5:00| 5.4 105.3 1.1 109.2 20/ 6.1 63 3.0 6.2 109. 1 1.7 | 127.2 2.2
11| 6:00] 5.6 39.2 1.3 43.8 131 6.5 30 0.4 6.2 96.4 1.1 92.0 0.9
11] 7:00] 5.9 447 4.7 385 4116.7 321 2.4 6.4 358.2 2.8 ]1352.8 2.4
11] 8:00] 58 255 5.2 324 5117.2 348 4.3 6.9 350. 1 3.0 | 345.1 3.0
111 9:00] 6.1 24.3 3.6 221 451 7.0 3 5.8 1.2 354. 1 1.3 | 353.2 2.2
111 10:00] 6.2 9.1 4.6 16.7 4217.0 345 5.6 1.5 350. 6 2.1 3.7 1.9
111 11:00] 7.0 6.3 3.7 7.1 451 7.0 338 5.6 8.2 3.5 3.0 1.2 2.5
11] 12:00] 7.2 11.1 45 8.0 461 7.0 328 6.2 8.9 333.0 5.0 | 358.1 3.6
11] 13:00] 75 19.0 3.6 7.4 36| 7.1 324 6.9 8.8 3.8 2.1 9.5 3.8
11] 14:00] 7.2 356.8 3.0 8.8 4416.8 320 6.3 8.2 359.0 3.7 1357.0 4.1
111 15:00] 7.4 343.3 24| 3472 23]6.7 316 6.3 8.3 346.6 5.4 3.2 4.0
11] 16:00] 6.7 2.5 49| 3525 39[6.6 321 5.9 7.9 12.17 4.1 14.3 3.3
111 17:00] 6.7 343.2 26| 3585 33[6.6 322 5.6 6.8 20.1 3.1 8.2 4.2
11] 18:00] 6.8 10.9 5.6 11.9 56| 6.8 3417 6.3 6.6 4.5 1.9 5.7 2.4
111 19:00] 7.0 10.2 4.5 7.7 471 7.1 357 5.3 6.8 338.17 1.4 1.9 2.0
11] 20:00] 7.5 15.8 6.6 14.8 6.2 7.4 1 6.1 1.0 14.7 1.8 14.2 1.9
111 21:00] 741 20.7 4.6 15.8 511 7.17 4 5.0 7.1 0.9 1.2 15.1 2.0
111 22:00] 741 20.3 5.3 19.1 51 7.7 6 5.2 1.3 11.4 1.5 20.4 1.8
11] 23:00] 7.2 18.6 4.4 13.6 4217.8 5 4.3 7.1 43.5 1.2 29.2 1.3
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