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“particle particle” methods [10]. For practical calculations the relation / =/ =./SIN  ZDV
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' VSHWIRQ SURFHWHV DUH JRYHUHG B\ P HFKDQEDOIDPRY VXFK DV EBDNQ) ZDYHV DQG
MUEXBIQWVP [ 1Q) 1Q WH QHDU VXUDFH @\HU 7KH  GHSHQG RQ \WH SK\ IFDORKHP IFDO RO
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RQ GHWP IQMIF DGYHPRYH FRP SRQHQV DQG DQERP FRP SRGHQW ZKIEK FDXVHG B\ YHWFDO
DQG KRU} RQEOWUEXBIQVALIXVIRY 5DQGRP  FRP SRQHON DIH VIP XOWG B\ UIDQGRP  Z DN
P HWRG 7KH FRHIFIHQAR YHWFDOGLIXVIRQ IV FDBXOWG QW K\ GURG QDP IEV P RGHZ KHUDV
KRU RQEOGLIXVIRQ IV VP LOU
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7KH VFDYHQIIQ) R QYSHWHGRAURP Z DIMUE\ DAKHVIRQ R \WH VHGP HQADQG SDUFXOW
P DWHU 630 1V SDUDP HWU HG Z W XVHP RGHO> @7 KH VHAEP HQBMRQ UDW v/
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P D WP DIQ RQ WH VKRWH RUHEDADIWUD VSHHALIHG P H GHSHQAQ) RQ WH VKRUHGH WSH

7KH UHHEGDWY DORWKP 1V EDVHG RQ\WH VSHALIHG KDOWP H R WH ROR GHVWMUP ICHWH WP H R
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S(t +Dt) FDQEH HWIP DG DV

D/t
S(t+Dt) =s<t>§%§
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WH DUIYHG ) RUGLIHHQMASHY R VKRUH Z H XVHG WH QH WDGHV IRURICKDOVP H ) RU

H SRVHG KHDGDQG VDQG EHDFK DQG VKHIMIHGP DUK ¢ =1 hour; 1day; lyear UHVSHRAHD

7KHZ HDWHUDQG ViHD WM P RGHY

7KH Z HDMHUI RUHFDWP RGHO
7KH @ WMG DHD PRGHO00 9 IV D FRH R WH Z HDWHU IRBFDAIQY VA \VAMP  \KDWZ DV
GHYHBSHG E\ ,0063 DQG8&(: 3 ZIM VXSSRWE NIDIQIDQ +\ GLIRP HAWRURE IFDOG HYIEH \R
SURGXFH \WH RSHUIDIRCDOIRUHFDVIV IRUWH 8 NIDIGH 7KH ) LW * HQHDIRQ 1 &$5  3HQQ 6\DWM
0 HVRVFDBI 0 RGHO0 0 > @V QRQK\ GLRAWIMF P RGHOWDWFRQEIQV FDSDEIDMV R P X@E0!
QMY IRXUGP HVMRQDODWIP IOMRQ DQG VHWR SDUDP HMUL DURQY R WH P IFURSK\ VIEDO
IIHGV DQG SOQHBY ERXQEDY @\ HU  7KH IRHADWIY VA WP IGFOGHY SUHSURFHWRU 0 0
P RGHODQG SRASURFHWRU 3 UHSURFHWRUUAWHYHY HYHY  KU* 5 % EXGNOV IWRP ' © ' ZIW
DQDOVHY DQG JBEDO P RGHO IRHFDW ZKIFK FROBIQ KRU} RQBO ZIQGV  \MP SHIDMUAH
JHRSRMQIDODQG P RMMUH RQ  BIYHY  7KHVH IIHTV DUH QHFHWDW R SURYIGH IQUDODQG
ERXQEDY FRQAMRQY RQWH FROWH JUG 7KHFRDUHJUG [ ZM NP P HVK FRYHUDUH
DUD [Q \WH ( DWMD ( XURSH 7KH OMWDOFRQAMRQY DUH XSCDWG HYHY KU 7KH QHVNG JUG
[ ZMW NP D@®ZV WHIQH IRGFDWRQ \WH 8 NIDICH \MUMRY DQG WH %DFN 6 HD  7KH
PRGHOMVHY WP D GIVHY 1Q YHWFDO$ SOQHBY ERXQEDY @\ HUZ DV SDUDP H HG XVIQJ
VFKHPH 1&(3 05) P RGHO 7KH URXIKQHW KHJIKWRYHUVHD Z DV SDUDP HMU HG B\ P RALIHG
&KDURAN BHDMRQ 7KH IRUHFDWW DV KUDWH (KQ RFHD GD\ DW 87&  7KH SURFHGXWH R
IQUIDD DVRQ LQFOGHY DWIP IOMRQ R GDVB UMHYHG IURP P HMRURE LEDOARMRQY EXEME) DQG
VRXQAQIV RQFRDOUH JUGDUDIQ—  KUR P RGHOIP H 7KH %DFN 6 HD VXUDFH \MP SHIDWUH
IRUWH |RUFDW\SHURG IV \ENHQ IURP ' © ' DQDOMY 7KH DYDIDE®! DI [RP P HWRURBJ IFDO
EX@®MIV DUH DAMVP (DWG IQWH  KUR PRGHOW H 3 RASURFHWRU SURGXFHV IRHFDW IRU
VSHALE GFDIRYY ' IIHG R P HMRURBJ IFDOSDUP HMY IRURKHU P RGHY DQG YIVXD@ HV
UHVX@OV DVWKH Z HE SDOHKWB  ZZZ P HMRSWR] FRP_ XD

7KHZ DYHP RGHO

7KH ZDYH PRGHO: $9(: $7&+ ,, 9 - : IV D WG JHQHIDWRQ ZDYH P RGHO
GHYHBSHG DWL 2 $$ 1&( 3 > @7KH JRYHIIQ HTXDIRQY IQFGGH UHDRIRQ DQG WIDIQQ) R
\WH Z DYH I IHTG GXH \R \MP SRUDCDQG VSDMDOYDUDIRQY R \WWH P HDQ Z DWMUGHSW. DQG WH P HDQ
FXUHQVDQG ZDYH JURZ\W DQG GHFD\ GXH \R WH DRIRYY R ZIQG  QRQEHDU UHVRCDQW
IQMDPIRYY GWISDWRQ @ KIWWFDSSIQ)  DQG ERWRP [URWRQ 7KH SURIQRWIE SDUDP HMY DUH



JUGEHG IHOV R PHDQ ZDYH SDUDP HMY VXFK DV WH WIQUEDQWNZDYH KHJIKWDQG

QUHAIRYY DQG W QUFDQAZDYH SHIRG : : IV IRFHGE 00 P KHIKWZIQGV 7KH

VXUDFH FXUHQW DUH VXSS@HG B\ AUFXOMRQ P RGHO 7KH Z 1QG DQG FXWHQN \IP H\AKMS IV KU

7KH P RGHOXVHV WH IRUHFDVIV Z DYH VSHRARD DV \WH IQUDOFRQEMRQY IRUMWH QH WXQ 7KH

IICHWYSDIDOHVROMRQ IV 6¢ QXP EHUR QRGHVLY 160° 60 QXP EHUR VSHPMDOFRP SRQHQN IV
DGAURRY LY  7IPHAMSY  V

YJUXH : IKGIHGDW P SUHARMGE 00 DW 87&
6 HS\WP EHU

) UXWH 6 XUDFH FXUWHQWV SUHARMG B\ AURXOMRQ P RGHDW
87&  6HSWPEHU

0.0

) UXWH . DYHAUHARQDQGKHIKVWBUHARMG: @ DW
87&  6HSWP EHU



) LUXWH " UHSUHVHQBRMRQ B\ IOMUDRYH YIVXDOV/DMRQ VWRAR \WWH ROVSIODVYKH
1 RW ZHWMOQWKHDOR WH %DFN 6 HD 7 KH VXUDAH VIFN RAQ Z DWUDQG RCRQ
ERWRP  FRQFHQMDMRQY DIH VKRZ QE\ EOFN @KW UH DQGEDWNJUH  UHVSHRMNHO

7KH FLLFX@WRQ P RGHO
7KHK\ GRG QOP IEVFRGH 7+5( (72 EDVHG RQWH \WUHH GP HOVRQDOWP H GHSHQGHOM UH
VXUDFH SUP IMYH HTXDMRQ P RGHO> @7 KH SURIQRAF YDUDEBN R WH K\ GURG. QDP IFV FRGH
DUH \KH \WUHH FRP SRQHQW R \WH YHBFW \MP SHIDMUH VDIW DQG VXUDFH HBIYDURQ 7KH S
FRREM VAP P RGH VSOMY DQG \ER HTXDIRQ P RGHOR \MUEXGIQFH DUH P SRUBQW
IHDWUHV R P RGHO 7KH P RGHOR \MUEXBIQFH SURYIGHY QHFHWDW  YDOHV R YHWFDOGLIXVIRQ
FRH I IEHQADQG GMMSDURY 0 RGHCDOR GHVFUEHV Z DYH EWHDNQ) HIHRW RQ WH VXUDFH ©\ HU
> @ 6XVSHQEHG VHEP HOMDQUSRWY DQ RSURQ R P RGHO> @7 KH VXUDFH Z 1QG WHW DQG
KHDWG] HV DUH SIRYIGHGE\ 00 ZOMMWP HVMS KU 7KHUAMVROMRQLY [ NP QXPEHUR
QREIVIV137° 68 DIGQPPEHUR 5 OVHVLY ,QMEDEP RGH WP HWMS IV v

0 RGHIQ V\ WP GHVLIQ

7KH 2,/72; P RGHOIQFOGHY FRP SXIMRQDOHQIICH ROGDWEDVH DQG * UDSKIFDO 8 VHU
,QMIDFH 7KH GDWEDVH R WH P RGHOIQFGGHV IQRP DIRQ DERXWD KXQAHG WSHY R RO
WDQVSRIMG LQ \WH %DFN 6 HD DQG WHUP DIQ SK\ IEDOFKHP IFDOSURSHMWAY 7RI HKHUZ LW \KH
WEQEDG ' YIVXDO) DIRQ WRRY \WH RIOVSIOHYROMRQ Z DV WDFNHG B\ DQ IQMIDRAYH ' \RRO
EDVHG RQ 2 SHY' / \WFKQRBJ\  7KH IRMFDWQ VWP ZDV GHMIGHG \R RSHIDM DARQ D
/1QX] EDVHG3& QHERWN 2,/ 72 FDQEH XVHG LQ QLI HHQWFRQLI XUDIRQY

6\BQG DBQH YHWIRQ Z1MK HOYURGP HOQNVSDWDP HMY  VSHALHG B\ XVHU IQFBAQ]

FO@P DM CDWEDVH

IHVRQ @NHG Z W FLFXOMRQ P RGHOZ MK P HWRURBI IFDOSDUDP HMY VSHFLHG E\

XVHU

) X@VFDG! YHWRQ GNHG Z WY Z HDWHU Z DYH DQG FILFXOMRQ P RGHY

$ SSCEDMRQV

7KH P RGHBY W\ VMP  Z DV DEDSWG \R \WWH %DFN 6 HD EDVIQ 7KH UHVXQ@V R VIP XOMRQY R
VXUDFH Z1QG Z DYHV DQG FXUHQW 1Q \WH %DFN 6 HD DV REWIICHG E\ \WH FRXS®IG P RGHOA WMP
DHWKRZQIQ) UXBHV  7KH K\ SRIMHMFDOVFHCDUR R DQ ROVSIOR \RQVR FXGH RO
RQ \WH CRW Z HAMQ VKHD R \WH %DFN6HD RQ 6 HSWP EHU DWD GMBQRH R DIRXQG
NP IURP \KH 2 GHWD ROMP LQDCZ DV FRMGHIHG 7KH ROIFN GUWMG B\ Z 1QG DQG VXUDFH



FXUWHQAR D VKD@Z DUHD 7KH RIQURP MIFN Z DV HQADICHG B\ EUHDNQJ ZDYHV Z W UDW \KDW
ZDYH SDIDP HMY 7KH ROGRSBW ZHH \WDQVSRUMG E\
FXUHQN QVSHYWHG B\ WWMUEXGIQFH  IQMDRMG Z W VXVSHQGHG DQG ERWRP VHAP HQWV DQG
JUDGXD® UHVXUDFHG B\ EXR DQR IRFHV IRP 1Q) WIQ II® (“sheen”) behind the thick slick

GHSHQGV RQ FDBXOWG E\

DUD 7KH UWXTZ
ERWP IVVKRZQIQ) LIXUH
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QILTOX  THREETOR RUM  Help
Model par:

Release date:
17 July 22.0 hours
Duration of modeling:

T

Elapsed time 2:48

3T ay

2003 07, 18 00:48:40
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10.0 hours

Oil amount:

5000 cub. m.

Oil type:

Diesel - long term
Weather conditions:
User defined
Simulated processes:
dif adv chm sh
Mumber of particles:
2685

AT

A
S

—
s =

e
At g

.«2,1,

g

e
T -
o
B

SE AN
s,

25"

e
- =

P'E{u-?

R
o /—-ﬁﬂh—:_.\iit:

A

3 '

K e

YUXH
2,/72; IQMIDFH

{3 pbe - [DILTOX] e

OQILTCY  THREETOX RUNM  Help

Model parameters

Release date:
17 July 22.0 hours

Duration of modeling:

10.0 hours 100.
Qil amount:

5000 cub. m.

Qil type: 80.

Diesel - long term
‘Weather conditions:
User defined
Simulated processes:
dif adv chm sh
Mumber of particles:

60.

O Remained

Elapsed time 9:56

2003 07, 18 07:56:00
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$ QRIWHUH DP SBI IV \WH' QSR YRRI ( VDU \WDVWY \WH O HWNQ WH %DFN 6 HD EDMQ 7ZR
OUHFAWAY 0\ NRD\ LY DQG. KHWRQ Z M SRUV DQG UH LOHUHV DUH GFDWMG [Q WH MDY DQG W
IV RQ WH ZD\ R WH ' QSWR EDMQ VWP ) URP WH YHVRQ R WH WWMP  ZKIEK
FRQIIQV \KH FILFXOMRQ P RGHODQG 2,/ 72 ; FRP SBP HQMGE\ D GDWEDVH DQG* 8, ZI@EH IQ
XVH B\ 6\VIW ' HSDUWY HON RQ WH ( QVILRQP HQADQG 1 DXUDOS HVRXUFHV 1Q \WH . KHWRQ DQG
O\NRD\LY )UXH KRZV * 8, UHSUHVHQOEBMRQ R \KH VIP XOWG VSIOIQ \WH ' QSR 9RR]
( VWDU D\MU D K\ SRKHIFDOVSIOR \RQV R @HVHOIXHO 7KH Dl RVSKHUE |RUAQ
REVHUYHG ZIQG DIU WP SHIDMH KXP IGW DQG FEXACHW  UYHU QVFKDUH DQG BIYHOLQ
HWXDY P RX\W Z HH DYDIDE®I HYHY ~ KRXWY 7KH SEBWZ W VSIOEXGI HWY JLYHQLQ) LIXUH

) XWMUH GHYHBRSP HQWDQG FRQFOXVIRQV

7KLY SDSHUSUHVHQN \WH GHYHBSP HOAR D ' ROVSIOP RGH2 ,/ 72 ;  EDVHG RQ DQ H \WMQGHG
/ DIWDQIIDQ FRFHSMKDWIGFOGHV IlYH IQMDPWYH SKDVHV R DQ ROVSIO® 1 HZ VSUHDAQ
DORUKP D®BZV VP XOW P RMSIRFHWHY JRYHQY HYRGMRQ R VXUDFH VN, WFDQ EH XVHG
VR VIP XOW VN UAMQIRQ B\ ERRP V DQG EDUHY 7KH P RGHOW FRXS®IG ZIW D Z HDHU
|RUMFDVIAVP RGHODQG Z DYH DQG FIFXOMRQ P RGHY 7KH ZKRBI V\VAWP  ZDV DEDSWMG \R \KH
%DFN 6 HD DQG \WH IIWAMMAMUHVXOV VKRZ HG SRMQIDOIRUD P XAIBXISRVH P RGHEY A VAP
) XWMUWH GHYHBSP HOMQFGGH D H \WOMRQ R ROVSIOP RGHOFDSDEIDM R VXSSRWXVH

FKHP IFDOQVSHYDQN DQG FBDQXS RSHIMRYY  E  IXOFRXS@Y R ZHDWHU ZDYH DQG
FUFXOMRQ P RGHY Z W GHBIBIG P RGHAY R ZDYH EWDNQ) DQG 6\RNHV - GUWHIHAW RQ

YHMPDCDQG KRU RQBOGVSHWRQR RO
$ FNQRZ BIGI HP HOW

EXUWHONGHYHBSP HOAR WH VA WMP LV IXQGHG Z MWIQ WH ,1 7$6 SURMRM R DQG \WH
86 $,) SWRWRW : DMJU TXDOW SWRIWDP DWHWP HQNVDQG DEDWP HQWV' QSUR ( VAXDY
3 KDWH
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