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ABSTRACT

Oil spills in the coastal waters have serious impact on marine ecosystems and
economic activities. Accurate information on the temporal and spatial variations of
oil spill would be helpful for mitigating the oil-spill disaster and for making the
clean-up operation more effective. Accurate prediction of ocean currents in the
coastal waters is crucial for an accurate forecasting of oil spill diffusion. The
purpose of this study is to build up two oil spill models, namely the SCHISM and
GNOME for assessing their applicability in the coastal waters around Taiwan.
Firstly, to verify the SCHISM model, the predicted sea water level and sea surface
current were compared with those obtained from the nearby tidal station, X-band
radar and HF (High-Frequency) radar. Based on the given current and wind fields,
the SCHISIM model was used to forecast the oil spill trajectories. Secondly, the
GNOME model was also applied to forecast the drift trajectory and diffusion area
of oil spills. The field current in GNOME is obtained from the global HYCOM
model. The T.S. Taipei’s oil spill event that occurred in March, 2016 was used as a
case study for testing the capabilities of the SCHISM and GNOME models. The
predicted drift trajectories and diffusion area of oil spills obtained from both
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models agree with those obtained from the field investigation provided by EPA
(Environmental Protection Agency), Taiwan.

Keywords: Oil spill, SCHISM, GNOME, X-band radar, HF radar, Weathering

processes, Drift trajectories
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SR AR ) (B B T e T SR A B Lo -
FR#% ITOPF (International Tanker Owners
Pollution Federation, 2016) %t > &t F
i@ 700 ML EAVEE ORISR AT
BV AN T WA 5 R A AR A
i P 5 SRR 85% < 228 U R g i Ky
SR EERTTE AR 2 > 28R R B 35 (RS =
BT NRTE B R 2B Ry H EERE R
= RSB R  REMHIRER T K
(IR AEE 1> DRI PE 22V I 2 PR S 17 R R
7T A\ B e Y PR

o FEAHTT R — D THEA
FPAFREE - ZFE R ~ TBIRAIIE
& 8 4 5 B (dispersion) ~ iF HY
(spreading) ~ DL Kz o3 Z [k /N
(fragmentation) ¥R 52 - YA S HFEE4
BRI » TERORELHYHIERT »
75 Al BE g RS KRR 2 8= (ITOPF,
http://www.itopf.com/knowledge-
resources/documents-guides/response-
techniques/) » HA AJRERLI AR - %
A RRE B EHT SORES
KR EE) - I - FRERFH SR [t
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BT AR R R S HRpce e R IR R B A
REHY S22 - AN 22 B R 2 1 2 I i
(Fingas and Brown, 2014) » DL R 5HESL
T o STENH SRR ERIRA Y
JEF R ~ B ZRERAY K8 - SR SRR
A —ErETELRENTER
(French McCay, 2009) - e g H 5 A5 =
£ 20 42 fyEfE » Spaulding (1988) -
ASCE (1995) ~ Reed et al., (1999) - Lehr
(2001) ~ DLz Foreman et al. (2005) % A
PRET B E IR AR OH 5 6 R A g A |
R ELET (trajectory) HBify (fates)
HYAEAE » R 5 AV TE i BV & 5 e
NAB7KER A% » S8R SR B A/ F R T 22
EAENMEEEYFE R B EiaiE &
1 fyJEEAEFE  (weathering processes) - 17,
PR E RS - R TR = e
B /K7 A RS BB = BT AR
G R EE R EE T E N = g E
(transport) #&F2 (Tkalich, 2006; Guo and
Wang, 2009) Ei s a5 fE =, (Lehr et al.,
2000) - Hrrgap Az gE sl TR T eSS
TESEHIPABEEL S )2 B AU HENL (ASA,
2004, 2008) -

EREIEC LTS o TN DI DT -1 ¢ S
g AlA - PEEBA Y OSCAR (Oil Spill
Contingency and Response; Reed et al.,
2000) - JRyps>E FH ¥ A © 50 ASA (Applied
Science Associates) 7\ E|FHEEH) SIMAP
(Spill Impact Model Application Package;
French McCay et al, 2015) DL K&

OILMAP (Oil Modeling Application
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Package; Spaulding etal., 1992) » fyp5

WG 0 FEIEE R KAIEE NOAA
(National Oceanic and Atmospheric

Administration) F#2%ry GNOME (General
NOAA Operational Modeling Environment;
Zelenke et al., 2012 a & b; Beedgle-Krause,
2001) - RyBERE RS  E S AR
12 % & B & LNEC (National
Laboratory of Civil Engineering) Fd=%1y
2D/3D VOILS (Vela-OIL-Selfe; Azevedo et
al., 2014) - [ #5 B S5 VIMS
(Virginia Institute of Marine Science) Prof.
Zhang (Zhang et al., 2015) FirEa=sny =4
F = RIS FEERZN SCHISM
(Semi-implicit Cross-scale Hydroscience
Integrated System Model) #EfTHi & 27
AT St S A L (S R Y TR -

AT AR T AR & PRI AT
Filf F28 SC A R P 3 AR Y/ N RS SR A 1
HfgkEEs (Azevedo et al., 2014) - 28U
JE I [ PR B L4 AR S TR AR
AL B - BEIIASANE BT TEY R
B o AT +AEARAE L BRIk .38 A Bk H
JGERME - 412016 4 3 H 10 HAEFE " 12
AIEIL ) #EAFYNE 20114 11 H 3
HE S EFERD R T Il | fSEE A
Ha e ~ DL 2008 47 11 H 10 HEE =
B GRSt EEafYNEESt
H A IO B R BT R R BRI YT
Gy o FORDTEERS NG W] FERT RS RS
T TR 5 S R L i i e ]
RPN ME S ERREE 2 EESER
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REEE] R EIETAFIYMNE 0.3
JERHRR - MRS HE H AV AR EEE > 7Y 3 B
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FRIRIR AR RE o (R > ARAZERILL T 185
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GNOME e HIH 5 Y AL HL T AL H i
WERRE N AP TR EERE RS
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TEE S B .

=~ BEREA

AT R s S A RS SRR S RE A
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T SRR RS E - L > AW FEER A
AR E A SCHISM #E1T7EmAY TR
WP R G R SCHISM (7
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MZEVU RSIETERR - Y6 ARH5EER
Fi SCHISM #5 = rf /Y & B 2B Hit /%
(Lagrangian Particle-Tracking) Ll K%z & [
BEJTATERY GNOME SR 545
By o AGPA 2016 4 T {EANEAL | fESATIS
A SR S AL BRET I iR
FUE R AE 2 BT A M - DU 7
VLB A w7 9 SOEE §I= R = B DR -
B -

2.1 JgEEIE-SCHISM

SCHISM #f&E=t, (2014 4 12 H 13
HifE & SELFE; Semi-implicit Eulerian-
Lagrangian finite-element model) Z
Zhang and Baptista (2008) L ELCIRC f&
FUEBRE MR - & — (R = 48K
%2 (3D shallow-water equations) ~ #7K
B 75 2 (Hydrostatic) ~ 2 (X %1 (U
(Boussinesq approximations) ~ EFEE[E K7 B
[ (S TR AR R EME R - SCHISM
R R4 A 5 FUR R A O F F (Air-sea
exchange) > i 1 WWM-TI SRR AE S
(H0fE 1) - 2R AT FOH U AG B 3R
RIBHIAIEE - SCHISM (R TR
oo ARG T IR A A E A -
SCHISM Y F AT 7 A2 =0 1 4
g E PR TR > L SCHISM 1%
AV TRES RS Ry BT RS - AR
PRI N/KEGHY A 7220 B HR i
#7120 KEE TR A F
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HLAZMIEE ()5 o BHROHEREIERT (=
0.69): oo /K& 551,025 (kgm?®) 5 P,
HETREAAREE ST (Nm?) 5 S, T 1K
HEEFEE (practical salinity units, psu) EiJ5
Ff (‘C): v EEERATRE (mzsl)
DKEER R REL (mPsY)

E,\ﬁLiﬁE/ﬁunﬁFﬁﬂ%ﬁﬁﬁ*ﬂ

F EE R R AE (m?*s™) 5 F, 17J<
SRR E & 2 2K S FETR (source and
sink) I8 Q KI5 R & AU R UL R
(Wm?) 5 C, : /KIELEL (kg K?) =

SCHISM R (7K - 4% JRE A Za it ]
ﬁi/\élﬁiﬁﬂﬁ,ﬁiiﬁﬁ/il%l% HIEARFEETET

A8 F R =UEER H A A8 i@’éiilﬁff%
EJ%K A SZ (Hybrid SZ coordinates) k%

LSC? (Localized Sigma Coordinates with
Shaved Cell) HYREREZ %5 » H A FEE P

Tidal Marsh
{Tvm} .

Sediment
{TIMOR;

AVEN

SO S TR

BT R R B  — THEE A PRER - 3
TeRIGEE e E R IR S B LRI 10
B ESEAHE T EEL R (spurlous
flow) AY[IRE (Zhang et al., 2015) -
LSC? [FEAT S & BV T /K o i P g
(bR —{EHHVEE 7% AR
PRI BE B A R AR T R AR 22 - ZBA
EEA R Umlauf and Burchard (2003)
/Y Generic Length Scale (GLS) turbulence
closure » H{EEE B2 T K—¢ (Rodi,
1984) ~ K- (wilcox, 1998) ~ K Mellor
and Yamda (1982) HEZ= A SHEL - B
SCHISM 4 E 71| H & 1] B HY [ B HH 1]
(http://ccrm.vims.edu/schismweb/schism_p
ubs.html) > E&8715 SCHISM ELpR IhIE FIfE 4=
SR I S LG R ~ IR
S~ DUSGE AT
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2.2 JHSEEETE

UG an AR S 5 1
YRR DA R DU A KT BY = 4 (g B i
2 (k& 2) - s3H1A Diffusion (53#7)
Spreading (#&#%) ~ Evaporation (Z& &%) ~
Dissolution (% fi#) - Entrainment and
droplet size distribution (#&Mk B iR A/
Y 43 4 ) ~ Emulsification ( # 1) -~
Biodegradation (=& fE(ER]) ~ DL R
Sediment oil interaction (H1;5 ;I f&EHY 2 2E)
FifE (Spaulding, 2017) » LU MEZEER
SR E LAY EAE -

2.2.1 57 (Diffusion)

R EB G 5 RO A 5 7 B8R
T2 B PR A — B S s T AL BIRE TS0
HY#EF2 (random walk process) » FEF /7R
EJE S ERH A2 Lagrangian /A% 0 i
(T TR SR T 5 HY i - B
GNOME (Zelenke et al., 2012 a & b) ~
OSCAR (Reed et al., 2000) - OILMAP
(Spaulding et al., 1992) -~ DL & SIMAP
(French McCay et al., 2015) ZH 5¥EEL
B0 SEHERS S Y T AT G R
FoK NSNS B EERY - R I BLIK R
WU S — R R R A B I BE
M - & AHE 2 (High Frequency
Radar, HFR) Z: 4t o] 2 Ik /5 2% H /&
SRS (Spaulding, 2017) -

2.2.2 #EE (Spreading)
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G HEBCGE R EUR Y RIS E T
(gravitational) ~ {147 (inertial) ~ £57 17
(viscous forces) DL K = | & N
(interfacial tension stress) (Y F
(Azevedo etal., 2014) - JHSHREOREL (7 B
BRHAEREREBEARER T EEETER
MEER&EE/ A, (Mackay et al., 1980 a
& b; Lehretal., 1984; Lehr, 2001) - JH;54%
BT YRR M DL RO R IR R R
FrA R HEM LB IR E A -

2.2.3 z&k#¢ (Evaporation)

SHTSEHMAR R 48 /NFIN > HTS AR
HFIRRPVRERZ - AEH A S &
FHER  WEE WS EREE 48 /)
RF > s AUl s IR E G RS D
25-40% (Azevedo et al., 2014) - 5 =FfHE
BV A TR U S A 28352 > A Ry
Evaporative exposure (Stiver and Mackay,
1984) - Pseudo-components method (Payne
et al., 1984; Jones, 1997) ~ L &z Fingas
formulation (Fingas, 1997, 1998, 2004) -
it = F& 75 7 b0 5 ZR  Pseudo-components
method )5 2838 2 5 eG4l - E
Tt AR 25 M EAERRRY 280 od5
BRS A AT RE AL RE S5 A
REEEN BT AR ER (3 5 TR BB R
A Evaporative exposure Ei Fingas

formulation AYLREG /AT,

2.2.4 75fi# (Dissolution)
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TR R oy T E /K E o
JobRtGE TR 1 2 2 RN JRUTIEREE
ZKE i R ECE GG B BR B E
5% - Mackay and Leinonen (1977) {{x#&$1r
FHEH (Raoult's Law) il )5 /A
F/KE YIRS AR S BT
FRIEARE - A Bm Ry BB RO B e
PRUH SRR TR 5 Y 2R S B EAH
w2/ D o B LIRS A 22 /KB P Y B e by
% (Azevedo et al., 2014) -

2.2.5 PR BLHTIRE A/ INAY o A

(Entrainment and droplet size

distribution)

Delvigne and Sweeney (1988) -
Delvigne (1993) - Delvigne and Hulsen
(1994) A H & B BB SR &R
S JEE R B BRI e R R /K T HYEE
B =00 1Bt N B RIS DLSOBER
HUGRIIR R/ VA RE » B E Fa R AN T
ER/NE—IEE R EEA TAE > f&IT Li
et al. (2017) BREFHSRE A/ INERE R
R BLEREIZORAIE R THVEME -

2.2.6 #./b& (Emulsification)

5 AL By /K BURER DT 52 K
JRIER EECE/KR A 2P ECHEL
/KIS < 5 AL LR SR BDH 5 AR 14
Je s BRI R R A Rl & AL
WG R ENT - HE A 60-80% fyoK
FULAYH ERE AR R LAY H ERE
& > B[ KFE| —E 7% (Azevedo et al.,
2014) «
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N BB AT ISR S AT TN

2.2.7 LY fRER
(Biodegradation)

T AV R & RO 5 A At
(soluble) K Am]7AME (insoluble) Fiéfnifm
EHAFEIRVE L YRR T ZAE NS
oy A RIS é I S DS v vy
VIge AR - ST aA ML o+
=A% BF H/ K (Polycyclic Aromatic
Hydrocarbons, PAHS) > J53p Bl &8 A »
PR 75 70 e SR g 72 (Spaulding,
2017) - I NV E Y » v DAEE
I {5 FH 3 B8 (dispersant) REHTS 5 Y
R INIRLER » A B 5 A=Vl i/ E
FH B8 A 7 B[Rt A mT R S R
BRI 5% -

2.2.8 JHI5IEHI &
oil interaction)

(Sediment

NREB NS B S A RE g e
i 2 Y)’E  (suspended particulates) T
[ (adsorption) [7J0H 2 /IR « #50H
TR AT R IE - VIO B IR
B AR A YIS R B B s &
(Spaulding, 2017) - JH5 RS/ FIRER
52 B R R R BARV B A B T AT AE AR
Zhao et al. (2016 a & b) #EH—FE0[TH
SHBHS R 2222 (oil particle aggregates,
OPAs) HIfEZ -

3 EibE, SINTEF (Stiftelsen for
industriell og teknisk forskning) &=
BEZEECH (Crude oil) JELAVEFE » HE
B4 BT ) U B AR W R AR F R Y
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EARER 10 RELE - BEBEFERA R (BRI HIA 8 R 2658 AR
R - N AR EEAHE SR BRI R/ N ~ DU A B
RO —ENR s AN SR 2 -

R R R R ] - 15 B A5

o

-
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| . - 9
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2.3 HISIEAEIERA

RIFEER A Bl s = F—
EJER SCHISM &= #y Oil Particle-
Tracking method &7 TFEURDHD 5524 0T -
B _ERIEH GNOME AT THHDH
VTSRS R REI R DU i 4 E
E SRR -

2.3.1 SCHISM &=y Oil Particle-

Tracking method

SCHISM 0 24t —EH5HEH
=0 B —E R EE R (R R BRI K
£ (Oregon Health and Science University)
Dr. Yun Jung Flr#%EHY Lagrangian Particle-
Tracking method (Z1[&E 1) » B fE§ 5 B ik
FOAPHD SRS 55— E /s T+
AR EER= (National Laboratory
for Civil Engineering, LNEC) Fr&sEm =
Hdr T HEAUHE =l VELA-OIL - AiH5EE E
RS A AR mT R FORDHDS
SRS > FTLASRA)SE—%& Lagrangian
Particle-Tracking method -

Lagrangian Particle-Tracking method
®wOM B 2 & 4 (Random
Displacement Model, RDM) - EidfiEi& 5 &
&7 (Random Walk Model) (L - B>
— BRI A (Visser, 1997; North et
al., 2006 and 2011) » ‘B2 H— = R AVEFT
FIr&HRY - Hrp G —2E 2 Rty - Lha
AR A AR =0 SCRkbET
RN - AR A0H 58 B
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N BB AT ISR S AT TN

RV - RDM s EERFEE) A2
HAIFRATE

oK,

jAt
OX

Xmt=X" +(U +W +
(6)
+R/6K - At

n+l n 6K
Y™ =Y"+ V+W, + YAt

oy
+R, /6Ky - At

(7)

2mM=7" +(W +V + X, jAt
oz (8)
+R,/6K, - At

FiREE TSR

(U, V, W) : FEREEE (XY, 2) R
RS & > 2 BB E R N 2l
& n+l B N —ERZINIGEP &
A EFEPPRAVERE S R P HEEHIEERSE
# (uniform random number) - /15 -1 Bi
1 2R K Ky BIK, ZX, Y,z J7HHY
= i ¥E BX (% ¥ (turbulent diffusion
coefficients) : Wy EZW,, & X | Y J5 11y EH
71 # & (wind dragging speeds)

W =c,xW _vel™ (i=xory) ; cq &FHS
GE WERER 0.03; W _vel” A%
JgEHE BT 10 AR SEYEEE 5 V, Byrs
2 F 7K I/ E A Ry EFAH2ES > AT
A B N FHORAS (Clift et al., 1978;
Zheng and Yapa, 2000) -
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1
2
3 p

b 9 BB ITINAEE 5 d; O TRV E
& po B POy RI Ry 5B/ KH L -

CEm i

%)

VAN A - B 1=k =0 s PR bW ==
2% 80% HYHYS AL E RS T T
20% 1005 & BB =2 18 AR B B VR =Y 7K
18 -

2.3.2 GNOME &=

GNOME #={/Z2H NOAA ZEfE A
EYVE B & fESR4H (Hazardous Materials
Response Division, HAZMAT) FAf&$ERY
—4f Eulerian/Lagrangian FY 5 IS St
= 0 R BRI FHRVERES » [EI0 > 5 RS
B8 BV 5S4  GNOME =t 2
EE'E J7 P (E A S IEREES > MR TR
45 S PR (U i B8 e B B8 By S &
HIEHEC - AN KA E X
GNOME 5= F 278 VI8 1 38 A= A
VGRS H A A

GNOME HEEA TG AN T
oC

—~ =DV?C

ot (10)

3 C BT | D AR IA -
(10) 2 7EFeat B LA T
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e
* ox?

L _p
ot

ac

+D
yayZ

(11

2o D, B2 D, Sy Al AE X 8L Y J5 [ RIS E

1A% (scalar diffusion coefficients) -

GNOME #& =t & #% F§ Random
Walk Model $71CH 15k T-H ST -
Syiér D €822 Random Walk Model
fystE - DAfE GNOME BZR B fEK
S KSR o H & (horizontal eddy
diffusivity) - G{EF s LO00CMS” =
= e -, 100,000 cm’s™ 41,000,000 cm’s™

1 - GNOME féizt D (i §Ie3E 5
100,000 cm’s™ , GNOME g4 e FA A
RS T A RS S 58
B (R B R TR
AT R B s
FH 9B 8T LU0 - 5391 » GNOME f54
BB B SR - B LUK T
Y4 BB (1 P T A2 (Zelenke
etal., 2012 a) -

GNOME #5755 e 5 1 /A
EHYITEL - 7855 TERBEET - JERHAE A
(Windage) - i =% (Beaching) ~ PAKCH
T EE LR GG E A AR [E]
HIFLES - 05 & F A B E R K RIAE
Fi (Refloating) - i 5/E /& H L A[E
FEYEIER » B]2l£2"% GNOME 1E=HY
ZRHHF (Zelenkeetal., 2012 a) » F-ffft
HEFAHIEREA -
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SCHISM k2 GNOME JHi7 St e FI s E B AT PR 5 A A TR

[t41 > GNOME A 3126 1HT)
(NOAA, 2002) :

A A BB TR ORI L PR DA R g
HENEE R TRRUEE RS HAT
BRI AL -

TR 5 A% B B =5 el B 8
O JE B R O B A b E M

(uncertainty) -

NOAA EHE —EH4 FERIE A
GOODS (GNOME Online
Oceanographic Data Server) - [[EZ45%¢
AR ARt U - A [E R ECTERRY
JRELEER &R DU S T E R 2R
(Wil 4) - "TEHL GNOME #E777E Al
UHDESIEY E 4 IR e

M AT REE IS ROH SRR
HGAEKETT A 30%
GNOME 5 =05 8 JEl B/ f Y N e e
RZ I EAREERHET 1 TXELERY
5t (Beegle-Krause, 2001) » DIFRHETS
SR PR L R R Y FEOH

GNOME I FE 5 88 {2 15 -
HRICHE T -
ORTERTE BRI
5 - IR BRI,
FRGLTE P S8 L 23R T
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G OO DS GNOME Online Oceanographic Data Server

OFFICE OF RESPONSE AND RESTORATION

The GOODS website is being developed to help GNOME-users access ocean currents or winds from various medels and data sources in a GNOME compatible format

NOAA'S NATIONAL OCEAN SERVICE

Global Ocean Current Models

« Real-Time Ocean Forecast System (RTOFS)

NOAA NWSAU.S. Navy 1/12 degree operational HYCOM
= Hybrid Coordinate Ocean Model (HYCOM)

HYCOM consortium multi-agency mode!

US West Coast Ocean Current Models
US East Coast Ocean Current Models
Gulf of Mexico Current Models

+ TGLO/TAMU Texas-Louisiana Shelf Model

Measured Currents

= Coastal HF radar
Real-time surface currents

= Geostrophic currents
Sea Surface Height derived currents

= NCEP North American Mesoscale (NAM) model
Regional mesoscale data assimilation and forecast mode/
system

= NCEP Global Forecast System (GFS)
Global spectral data assimilation and forecast model

system

= National Data Buoy Center Winds
Wind data from the Nalional Data Buoy Center

« National Weather Service Point Forecast Winds
Point wind forecast from the NWS National Digital
Forecast Database

= National Weather Service Gridded Winds
Wind forecast for continental US from the NWS National
Digital Forecast Database

Texas General Land Office/Texas A&M Universify forecast model
« American Seas (AMSEAS) Navy Coastal Ocean Model
Naval Oceanographic Office operational model
« South Atlantic Bight Gulf of Mexico (SABGOM)
NC State nowcast/forecast system
« Northern Gulf of Mexico
NOAA CO-OPS Operational Forecast System
« Tampa Bay
NOAA CO-OPS Operational Forecast System
» West Florida Shelf
University of South Florida forecast mode/
» Texas Water Development Board Models
Forecast systems for major Texas bays

Other Regions

4 GOODS 43 IR &=
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Water Elevation (m)
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