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2 9% edEa furdyN slEd SPAEELe) Bug ngsy] 9a YAFA] 488D 95 & AFIAE Princeton
Ocean Modelol A#ated ALEE 4 SIE 3249 YAFARDL /Lsigon o8 ddd $A29¢ $9) AFed0 B¢ % 2
7 dnue SPTRT LYol ASnen 2l F442 FASAT AIN YRR 7180 FIAR L Ha) Ae &
AUNE YEhIR O, ok 71@e FRAREL] ST g FA RG] BE QA2 FRUT. 2ol ALY L GUYD AYRUE
9ol f83A S8 Ao sgEs.
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Abstract : To overcome the wedknesses of conventional finite difference model in pollutant dispersion modelling, the particle tracking
method is used In this study, a three dimensional particle tracking model which can be used in Princeton Ocean Model was developed
and verified through the various numerical tests. Usability of the model was also corfirmed through the ocean outfall modelling in Tampa
Bay, Florida As it is expected, random walk model showed the less dispersion in a range compared to the conventional finite difference
model and its reason is estimated due to an error from numerical diffusion which the conventional model holds. This newly developea
model is expected to be used in various ocean dispersion modelling.
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a4 2 A e ol BElF Al AAHE
‘3%"“40}* ET72A AFE DY o] &L ov 2 HEH
BHAHN e dA AAHoR theFe mdo] HEdHo| &
5] 3 i} Princeton Ocean Model(0]3} POM 2d)& 1 3¢
8l Z Princeton University2] Jeorge Mellor 357} 19703 o}
o 2L ALE 34 SFREERdRE dA AAHeR de
olg5 1 glen Z a7, s EEola YPix FHE
o] 71538 W& x do)tHBlumberg and Mellor, 1987).

ot B dFoiMe POM 223 Aste] 48 5 3l
= 3219 YA R d(particle tracking model) & 71'23t3 o]
2 458 3 4 99 fYEFT 2dFo) HEstua g

2. DY9 IR

2.1 POM 24

POM =& Princeton University2] Jeorge Mellor a4>o}}
o8] 1970t 2 A& Lo} o zH FA, BAHUH
7+ 3, AgEigd e BEolx ol o] tEd HER
dojt) Zele 33pdoln] AupAgae] FAHYoRrA HYF
2do 7% dd ol&£H1 & KA H(finite difference
method) & A3l 9t F8xE AAAAE Arakawa-C
wog gglm Azxe g sHYsc s XFRE $Y
} €423 Orthogonal Curvilinear Grid® #8]3 24z
E B2E% Al did H8Aol Hold Sigma Gridg 22 A
gHatn ok 2de £3 {2 d(turbulence model) & Ul
a3 oA FAEZLTA Y Aldte] AMdH oz o]FoiA 1
th 7let 2l did A ARE #E g Fe]x(POM
homepage, 2002)°14 Z#x¥ + vk AFRE, FITFRE,
agly 2x 2 QF BES J|Ede POM 7[R A9
Cartesian Version2 #d &3olA 44 &4% 4 Qi) o
W AS £33 Orthogonal Curvilinear Grid & 42%3F
Sigma Grid AellA thr] Helshd o237 Zoh(Blumberg and
Herring, 1987, Zhenjiang, 1998).
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UARARLAN ) 93 () heT e w4
Langevin ¥4 o2 HdE

= A(x, t) + B(x, H)¢(d) 8)

Q714 Alx, D (S Wizl Jd&g == FHEXY ¥
(deterministic forces)& UENE WEolx, B(x, He T3
29l ¥(random forces)& YElNE ®A(tensor)olt). 121
{pe 3FE Jehie dE2A dlgdolMe 393 221E
& EAL dujgc Wy = fo Hs)ds2 A3 T Ito 7S =

Adshd 4 8)& 429 g9 Ito &EvEA4(stochastic
differential equation)e] ¥ tHGardinar, 1935).

=x(t+ d)—x() =A(x, )dt+B(x, §) dW(H (9)

o] 71A W)= Random Wiener ProcessZ4 (dW>=0 (3
ol 0), <dWdWr=1Idi (AFo| drell vl =1& H=E§
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WA A 39t A A K Dimou and Adams, 1993).
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x={x1, %0, %3] =€, &, 0]F HY3H 4 (15 dA
2 g3 o] & 4 Ut Zhang, 1995).

of , o o 1

ot ¥ ax; (A =3 5, (g BuBf) 20)
A= Curvilinear ¥ Sigma ZAHgell A Fokker-Planck 3

Aol 243 & F Aoy YAFH R 727} He -

A &3 o] Yeld = rh

&(t+ 4D =&() + Ay Mt+V 2D 417,
o(t+ 48 = o(§) + Ay dt+V 2D A1 2,

21

3. 29| HZ U HE

3.1 249 AHF

273 AA" 712 ALY 21l Zlxst YAEH
Edo] 3gdsN e FHE Bdo] A3 HYHEA AR E
g3t7] Al 2R Agl ds #ALE S FHsAS A
3ol AHEE dHARE 893 o] Table 10]th

Table 1 Input data for test runs

Test Case|Geometry | Slope(m/m) | Au(m®/sec) | Ki(m*/sec)
Case 1 | straight 0 05 |107°
Case 2 | straight | 30/250 05 [107°
Case 3 | straight 30/250 50 10°°
Case 4 | irregular 0 3.0 107°¢
1) Case 1

Fig. 12 4o 70982 AT AdF2M x5 WFe
2 02m/s9 dAE fol 5.8 we dFZ Tl AAR
€ x%F g 2870 (AAE 1,000718), y= $&F 104(F =3¢

APFHT 24

A 25008}, 28lx 2% B NAAGE 109 EDR 242
AE AT AN AL 6001 F AGAIZE 48A]%k0] T},
Fig. 1-@)= & 719 Y427t x-y FHBAAN &F ol7/&
(advection velocity)dll oJ& €32lol= AL vehin ole
a4 dll(analytical solution)$} A2l d=)3tel. Fig. 1-(by= o 10
Arkxgoit} 10709 AzAE BE3HE o 48A7 F9 x-y
FPAY JAREL R ANagN WEE Az yH
Wako 2 9] 3 H(spreading) F=ol I FFEHAE 20867 E
2 AN EH, ol Mol oA ANARQ (24,H%=200
(t=84,000s, A, =0.5m?/s )uIE}} vl wE of uf$ AR gho]
o}, vlxjeto 2 Fig. 1-(c)&= Fig. 1-0)¢} BY§ ZAdAN x—z
FAHA JAARTE el vbAA 2 3 AArAgoA
wEg gxte] z& Yoz HY A% o EEHAE
1.359E] 0] 11, siAslo] o7 ANET (2K, *=123
(£=84,000s, K, =10 "> m?/s )l €9} o)$- AL Fholth.

o)==

Fig. 1 Test results for case 1

2) Case 2
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Fig. 2 Test results for case 2

Fig. 2& ZAAFAG0/250m)e 717 A5z x5 B
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2 02m/s9 4A3% o] BE fo] Ao} Ha &
|AZ AL case 13} Y3l Fig. 2-()= 3 A9 A&7 &

|

F o|FRrEl o3 FHole AXe vEhd Add #4493
Abell @& y& ko) m| kgt Pseudo Velocity(7HdH4: 2 A

frérol obd mEpmiE] AR Faflol o) HAst= MY &
&)l oJaf ofre] AAMAF o] YElda AtHx=5500m%d
y=1,375m, x=22,780md = y=1407m). Fig. 2-(b)2 case 13}
FAVEEA Holxlut AAZE Pseudo Velocity wHE¢] =bo)7}
Ak Fig. 2-(c)e case 19] 49 28] x-z FRAAYNA |
A HA QJARER Holx gled], o YA X7t oHE
ma} wAlEln o] AL ool FAe AXE HALH 9]
el Ast= dAdolch

3) Case 3

Fig. 3& case 29} wl371A 2 AASA(30/250m)& 743 2
Ae2oM xF FLFOZ 02m/4s9 43T fHol 2E w9
AgZAo|r), AdAA L AdzAY UFE-E case 29 Y
st AT ALE 109
1 #=x)

Fig. 3-()= & 719 A7t &4 olff&d o3 FHole
AXE vepd ZHAd, case 29}— 28 y= Wik Ak
Pseudo Velocity(2 A7) HabAlge] =Z7)o vlald, 4]
(15) F2)o o3 24 FAAH ] vehta glot Fig. 3-(0)%
3-(c)= case 1 R case 29] A4 g & M+ # 2
Pseudo Velocityol )&l y=, 2z W3te g 24z A7t WA

Bxse AL E 5 Utk

(@)

©

."4 "?:?é :
i

i ,%ﬁ-%

Fig. 3 Test results for case 3

4) Case 4
Fig. 4% B7A3 AAdedA o|F/&5S sz &5 4 &
of 9% 4] ARE ER ZA), %ﬁi AR ol &=
Ay o) &8t Feprt & A E =
AdzAL 150009 YAE w3 t’o‘%"]?&

o 60%, F

2 502 ¥t tHTable

A 00]1, xF Wate] REHAE 0,76069m, 1L yF ¥
gol FFAAE 0,759.8n2 2tz ANHAE, ol 4
A  0,=(24,0%=600m (t=60000s, A;=3.0 m?*/s)¢} H]L3}d
ulg ZARE FAE & & QAo

Fig. 4 Test result for case 4

32 2Ho| Mg

zde] HeAe HES) Yste o) A g FEaA
t Aed Hge uT S2eoF Aagte] SR Ax§ 9
suteln} a2 o] Ay D ANARE Fig 59 2k A%
A A+ Curvilinear Gridel®] 712 7071, A= 10070, =281 &
At 1149 o2 zhzh FAHJ P e SzgF
Hule] woln gk ARoE A1 e o el Fo] UoiA
22 o) P57t i F25 Hst EFE ojFe BF
A wholt}. g ulo] HFFAL 4v|E SR wj$ ¢ Ho|x
SEE 7P 28 Lol 5 m/sR okgh HololA L QE 9] A
7t S5 Aotk

2785
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27 .45
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Fig. 5 Gnid for Tampa Bay
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VAFHUE ol §F APYHT BUY

9 A E AAEY Imol AL Qlch FdFEe FALZE
e B A3s BAIE F9o|thFig. 6(a), 6(b) 2
Fig. 7(a), 7(b) 3x). &2ALE AT AxzAL o) A7kad
oith 1070] YAE dALHoF wEsigon AR
602, F AAAZEE Aot aEn FHAEAAF(A,)
£ Smagorinsky &4 0258 F#F oA K,)E= POMS
GREIZYE Zhz Al A

Fig. 6(a)

Fig. 6(b) Results for finite model

Fig. 6(a)v dAFHRLY A Ed D 5 Level 19 352
£, 2183 Fig. 6(b)= 7189 F3AE s=2d(POM 29
ol 9lE 2% 2 gRE ndsg o) gdhe AR F
Level 1¢] 528X E 27} Uehd Aojo, § 18 ZF E9
BEL v HFAHS FHoE JENGo 2 FAHE HjL
& ik P BoFn Qi gy FREHoE e 5
ztolet A ik Mol oA HEE AolF BoFa gt
Fig. 7a)& Y529 Ads 5 Level 49 3ERILE,
a3 Fig. 7b)e #A3AE FEZES o83 ANEs F
Level 49] 3 E=#¥ 5 242t vEld Zo|th Fig. 6(a) 2 6(b)9}
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Fig. 7(b) Results for finite model
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w drode dERdy =72 ov] de AL e

71 POM 285 g3l A8 4+ & 3349 JA5A

r

2dE /peigon, g4 FALES T Add 2de
AZEI FAlol = ZreoF: davte] fglir 2d

o &t 1 HEAE <AlsAh
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Grid 2 Curvilinear Grid A4 £857] wj&o] POM 24
e H84E AR o8 5 x, kA thyget 2oy
Fandygd 48 5 g Aoz gk

2 Aqe A goz f AFser € HAle 299
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45 53 ANdste 249 red o]& 71 8Hvisualization)
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