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Passive dispersion rno<lels are described by Nihoul in 

Modellin:r of' tfar>ine .'i;fs-ter.s, Elsevi.er Puhl. Amsterdam 1974, 

Chapter J. 

The present report C'orip1crnents the !''aterial presented 

in the hook by providin~ ~ table of the dispersion coeffi­

cients in the Southern lli3i1t nnd a sir.1ple riethod to find 

·rapi dly the essential feiltur8s of the dispersion patche 

followine a localized release. The natheraticn l introduc­

tion preceding the tahle closely follows the ordering and 

notations of the hook and so1ne pnrts are reproduced frorn it 

w i t h o u t mo d i f i c a t i o n • l\ I l r e f e r e n c e s r.:. u s t b e r·. a d e t o t h e 

book. 



I. Introduction 

One of the main objectives of marine models is the 

prediction of the distribution in space and time of tempe-

rature, nutrients, pollutants, .•• 

As shown by Nihoul ( 1974), the evolution of a marine 

constituent results frof'.1 the advection by the currents, 

the migration (in particular the sedimentation), the dis-

persion hy molecular diffusion, turbulence and in general 

all small scale motions which contribute to the agitation 

of the sea and the chemical, biochemical or ecological 

interactions. 

The cumulative effect of tl1ese processes on the space 

and time variations of tl1e concentrations r of a given a . 

constituent a is expressed in mathematical form by a 

partial differential equation. 

Advection and dispersion are governed by the sea dyna-

mies. There is thus a coupl.in1 between the state vari;ible 

r and the mcclianic;i.l variables \ ~ cscribinp: the systen's 
a 

hydrodynamics. In general also, the interactions introdu-

ce coupling between r and the concentrations of other 
a 

constituents. 



If the hydrodynaw.ics is known experimentally or given by 

a preliminary model, one can calculate the velocity field and 

the dispersion coefficients and substitute them in the <lisper-

sion equation. If, furthermore, the interactions with other 

constituents lia v e only little influence on the evolution and, 

in the first inst ~nce, can be nefllected, this equat~on can be 

solved independently of the other evolution equations of the 

model. 

A non·-interactinp; constituent whicl1 can be described in 

this simple way is ca1 led a pasnilJe const1:tuent and the model 

which is subsequently reduced to a single evolution equation 

with given mechanical coefficients of advection and <lisper-

sion is generally called a ransive dispersion model. 

I t is o u vi o us l y i rq> or tan t I. n n1 a r I n c mode 11 in g to mas t er 

the techniques of pass i ve dispersion models. 

In addition to aclequatQly descrihinp, the evolution of 

some - effectively passive - ·~onstituents, such r.10dcls i:!lways 

provide valuable estir:ates of the distribution of non passive 

constituents by, at least, appraising their possible trans­

port by the sea motions. 

Moreover , ln many ens es, t l1e interaction processes are 

not yet entirely undersr.oo<l .:tn(I cnnnot be formulated with 

sufficient accuracy to lie used in a reliable simulation model. 



It 1s then preferable to base one's predictions on the esti• 

mates of a passive dispersion model until new experimental 

and theoretical data are available and the interaction terms 

can be determined with the rerp1ir ·~d precision. 

In any case, if the interactions play a significant 

role, they can be taken into account in a passive dispersion 

model if one assumes that their net result is a production or 

destruction of constituent which can be expressed as a 

function of ra alone. 

Indeed the condition for the disp ersio n equation to be 

independent of the other evolution equations is that the 

interaction term I is a zero or a function of ra only. This 

is the case, for instance, wit!t a radio active substance which 

decays in time with a rate proportional to its concentration. 

On the model of ra<li_oactive decay, the resulting effect 

of all interactions is often approximated by a linear produc-

tion or destruction ter~ of th e for~ 

( I ) I a K r 
a 

With this approximation, pnss1ve dispersion models can 

be used to describe the ~eneral features of the space and 

time variations of even non-passive constituents. 
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This is again an exa~ple of the general policy which 

consists in extractinr., from the exhaustive r.iulti-purpose 

mathematical model one tries to elaborate, the ele~ents 

of less ambitious hut mo re practical sub-~odel s to accele-

rate sir.ulation, prediction ancl dia p.n osis. 

2. The equation of passive dispersion 
-·--·----·--------·- ··-··------ .. ----

If the interactions of the constituent a. ·with other 

constituents as well i ts disappearan ce by sedi~entation can 

be globalized in a destruction ( P, > O) or production (B < 0) 

term S r 
a 

1974) 

( 2) 

the dispersion equation can be written (Nihoul 

()r 
__ a_+ 'V.r 
at a 

u P. r + V 
('( h 

.(KV
1
r) 

l a 

where Q is the rate of production (destruction) of the cons­
a 

tituent by external sources (sinks) and where K and A are the 

horizont;i,l and vertica] eddy dif[usivi.ties respectively. 

Restrictin~ attention t o ~ean vertical concentration, one 

defines 

r 

( 3) x 
2 

t) J: - l et ' ? 

e f r dx
3 u. 

-li 

where h is the depth, c. tile surface elevation and 
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(4) H h + i: 

Integrating eq. (2) froM - h to i: , µsing (3), neglecting 

small order terms (and in particular turbulent dispersion as 

compared to shear effect dispersion) and assuming that the 

release takes place at so~e initial time with otherwise no 

continuous external source, one obtains (l:ihoul, 1974) 

( 5) 
oc 
d t 

+ u. 
- tl 

L-1 . Ve)) 

w h e r e ~ h i s t h e d e p t h - a v e r ;i ~ " • • 11 o r i z o n t Cl 1 v e 1 o c i t y a n d y a 

shear effect coefficient of order 1 . 

In many cases, one is only interested in a prediction of 

the pollutant's concentration every one o~ t wo tiJ al periods. 

It is then advantageous to avera~c first eq.(5) over a tidal 

period. 

Changing to a fran 1 e of reference which moves with the 

advection velocity ~h and neglecting small order terms, one 

obtains 

(6) 

thus, 

oc 
m 

at 

noting c the 
m 

tidal average of c 

= KGA 
() x2 

I 

+ KT) A 
l ,., 

where the x
1 

- axis is taken along the ~reat axis of the best 

ellipse whic11 fits the tidal velocity vector diagram, the 

x
2 

- axis is perpendicular to it KGA and KrA are dispersion 

coefficients in the corresponding directions. 

) 





KGA and KPA have been calculated for a grid of points covering 

the Southern Bip,ht (figure I) and the numerical values are 

given in the annexed table. 

3. !so-concentration curves 1n axes nov1ng with the center of the 
---·--·------------·--------------
patche 

Eq. (6) shows tl1at the simplest good esti111ates of the curves 

of equal concentration followin~ a point release, are 1n axes 

moving with the local advect:i.nn velocity of the patch, ellipses 

given by 

( 7) 
x2 x2 

I 
+ 2 = 

a2 b2 

with 

c 
( 8) a 2 4 t ln 0 

K ·-GA c 
m . 

c 
b 2 4 t ln 0 

K 
PA c 

( 9) 
l'1 . 

where c is the concentration nt tl1e center of the patch and is 
0 

Biven by 

( l 0) c: 
0 

I 
'-I 1T 

o .. - I 
! \ 1! 

l /2 1 /2 t 
K GA Kp ,\ 

where R is the amount of initial release and H is the depth. 

r 



The depth-mean concentration of the constituent a at the 

center of the patch is obtained by multiplying (IO) by -St 
e 

The annexed table gives, for each point-located by its 

longitude and latitude in degrees and n1 inut es - the dispersion 

coefficients KG.A and KPi\ in rnZ/sec and the direction of the 

great axi s of the iso-conc e ntration el lip ses referred to the 

geographical North in de gre ss a nd T6-o of degrees. 

The table can be used to get a first estimation of the 

extension with time of a patch o f pollutant following an 

initial release . 

At a given tilT:e t (t s11ould be an integer number of tidal 

periods expressed in seconds), one first es ti~ates the position 

of the center of the patch and the concentration at the center 

of the patch. 

The iso-concentrati o n ellipses corresponding to IO-I 

I0-
2 

, 10-J ••• of the central concentration are then obtained 

by substituting in (G) and (')) the corresponding values of t 

KGA and KP.A and taking ln 

Reference 

c 
0 

c 
rn 

ln!O , 2ln10 , 3lnl0 etc .. 

Ni ho u 1 J . C • J. ( l 9 7 4) , i~ od e 11 i n r of !'far in e Sys t c n:s , 

Elsevier Publ. Ams terda ~. 
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LONG LAT KGA KPA DIRECTION 

1°22' 52°39' 8.56 I • 9 4 21°60 
I 0 3 I I II 7.53 4.50 39°44 
1°40' II 13.74 4. 18 35°15 
1o49 I II I 5. 0 I 4.82 35°19 
1O58 I II I 5. 5 8 3 • 8 J 28°69 
2°07' II 8.80 3.54 50°18 
2 O 16 I II 7 . 2 4 I. 7 4 45°48 
2°25' II 4.24 2. I 7 35°99 
2°34' II 8.32 0.58 12°52 
2°43' II I, 94 0.22 7 4 ° l: I 
2°52' II I • 09 0. 12 38°06 
I 0 22 I 52 O 31 I 6.45 I , 2 I 20 .. 35 
1 ° 3 I I II 6. 15 1 • 9 5 40°83 
1°40' II I 0, 06 I . 93 40°61 
1°49' " 15. 46 2 • I 1 33°~!+ 
I 0 58 I " 15. 64 1 • 93 35°60 
2°07' II 1I.24 1 • 4 6 49°15 
2 ° I 6 I II 10 . 02 0.92 l,8°0'.) 
2 O 2 5 I II 8. I 3 1 . 20 !;9°28 
2°34' II 8.69 0.58 44°52 
2°43' " 6.22 0.07 69°69 
2°52' II 4.90 0.37 57°65 
3 °0 I I II 2. 94 0. 12 72°05 
3 o 1 0 I II 1. 70 0. 1 0 78°30 
3 ° I 9 I 

II I. 03 0. 1 2 36°16 
0°55' 52°23' 0.29 0. I J 87°01 
1°04' II 0. 7 3 0.25 58°94 
I 0 I 3 I 

II 4.82 0.45 12°97 
1 O 2 2 I " 4 • 7 I I. 00 47°65 
I 0 3 I I 

II 6. 7 7 I. 35 61 ° I 6 
1°40' II 8. 48 2.98 40°07 
I 0 4 9 I II I !1, 2 3 J. l.t 24°54 

I 0 5 8 ' II 13. I 2 I • 55 31°83 
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LONG LAT KGA KPA DIRECTION 

2°07' 52°23 I 2 . 4 1 0.67 42°88 
2 ° 1 6 ' " 1 1 • 0 6 0.60 42°34 
2°25' " 9. 22 0.60 42°60 
2 °34' " 8. 2 7 0. 1 1 43°10 
2°43' " 6.52 0.02 51°98 
2°52' II 

6.~5 0.03 50°1~5 
3 ° 0 1 I II 5,07 0.04 59°48 
3°10' " 3. 7 2 0.39 39°47 
3 ° I 9' II I. 89 0.33 30°42 
3°28' " 0.83 0. 13 35;, 0 I 
0°55' 52°15 0.17 0. 1 3 59°57 
I 0 04 I II I • 4 6 a. l I 49°84 
1 ° l 3 I II 

'•. 2 2 0. 17 4'+ 0 65 
1 ° 2 2 I II 4. 4 l 0.26 55°07 
1° 3 I I " 4.70 0.72 36°27 
} O 40 I " 7. 7 7 0.99 :.11 ° L1 S 
} O 49 I " l 5. 0 6 0.47 22°66 
} O 58 I " l 0. 5 I I • 6 6 36..,09 
2°07' " 13. 28 0.24 3 2,, 12 
2 ° I 6 I II I I. 06 0.52 36°30 
2°25' II 10,48 0. 19 38 ° I I 
2°34' " 8.98 0,09 4 1°3 2 
2°43' " 7. 59 0.03 43°79 
2°52' II 6 . 2 I 0.42 40°76 
3°01 I " 4.94 0.22 46°85 
3., I 0 I II 6. I 2 0. l18 31°99 
3 ° I 9 I " 3.77 0.44 36°88 
3°28' " 2.44 0. 1 3 15°47 
0°55' 52°07' 0.42 0.02 78°01 
1°04' " I. 55 0.02 73°50 
} o 13 I II 3.06 0.02 76°12 
I 0 2 2 ' II 5.70 0.06 45°46 
1 ° 3 l I 

II 5.72 0 .1..0 52°08 
I 0 40' " 7.06 I • 03 41°49 



I I 

LONG LAT KCA KPA DIRECTION 

1°49' 52°07' 14. 62 0.28 24°35 
1o58 I " 9. 6!+ I. 34 44°93 
2°07' ti I 4 . 7 3 0.09 32°74 
2 ° I 6 I ti I 2. 45 0.32 35°07 
2°25' ti 10.33 0.44 36°36 
2°34' ti 9.90 0.37 38°47 
2 ° '• 3' ti 8.59 0.24 42°65 
2°52' " 8. I 7 0.40 42°16 
3., 0 I I II 6.53 0. 21 41°54 
3 O) 0 I " 6 • O l 0.25 38°55 
3 ° I 9 I " 6. 46 0, I 0 27°86 
3°28' " 5. 0) 0. 13 38°20 
3 ° 3 7 ' " 2 , 2 I 0.05 36°96 
I 0 2 2' 51°59 2.58 o.oo 39°5!1 
I 0 3 I I " l1. 7 8 0. 31 52°45 
I 0 40 I " 6.92 0.46 33°61 
I 0 4 9 I " 12.40 0.45 2 I 0 I 3 
I 0 58 I ti 8.92 0.06 3()01+6 
2°07' " 12.69 0. 3 I 28°91 
2 ° l 6' " 13. 8 5 0.25 29°52 
2°25' " I I. 6 7 0. 12 2 9 ° I 4 
2°34' ti 9, 8 I+ 0.03 29°29 
2°43' II 8.29 0.03 34°67 
2°52' II 7.98 0. I 7 33°23 
JO 0 1 I, " 7 • -, 7 0.03 34°68 
3 ° I 0 I II 6. I 4 0.04 421)8 9 
3 ° I 9 I " 6.67 0.26 35°92 
3°28' " 6.34 0. I 9 36°25 
3 ° 3 7' " !1. 9 6 0.08 44°17 
3°46' " 2.67 0, I 6 58°56 
3°55' " 0. 9 l 0.08 40°00 
1 ° 3 I I 5 1 ° 5 I I 1 • 7 0 0.00 39°38 
1°40' " 6. I 9 0.02 29°91 
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LONG LAT KGA KPA DIRECTION 

I 0 4 9 ' 5 I 0 5 I I 10.87 0.07 2 3 °96 
I 0 58 I 

II 9. 2 !l 0.62 25°63 
2°07' II 9.97 0.56 23°75 
2 ° I 6 I II 13. 45 0.26 19°94 
2°25' II 1 2 . 2 !• 0. I 6 23°39 
2°34' II 10.24 0. 18 27°68 
2°43' II 8.28 0. I I 32°57 
2°52' II 8.64 0.08 28°74 
3 ° 0 I' II 7.30 0. 1 0 29°86 
3 ° I 0 I 

II 6.09 0. I 1 3 5 ° 1 7 
3 O 1 9 I " 6. I 9 0. 20 33°81 
3°28' " 6. 115 0.28 33°45 
3°37 1 ,, s. l 0 0. 13 !14°76 
3 O f16 I II 4.60 0. 13 40°47 
3°55' " 3.38 0.03 21°88 
I 0 /10 I 51°43' 3. 8 1 0.03 5°28 
I 0 4 9 I " 8.09 0.02 1 1°6 6 
I 0 58 I 

1: 9.86 0.02 17°37 
2°07 1 II 9.29 0.06 I 9 ° I 2 
2 ° I 6 I " I 2 . 2 9 0. 21 18°30 
2°25' II I I . 7 9 0.38 22°74 
2°34' II 10.54 0. L14 25 ° I 5 
2°43' II 8.33 0.25 3 I 0 2 9 
2°52' II 8.89 0.25 29°00 
3 ° 0 I I " 7.75 0 . 5 I 38°85 
3 ° I 0 I " 6.60 0.23 36°80 
3 ° I 9 I 

II 6.37 0. 12 33°95 
3°28' II 6. 24 0. 16 32°81 
3 ° 3 7 ' II 5.06 0.06 40°41 
3 o l16 I II 4.99 0.04 !13°33 

3°55 1 II 5. 811 0.07 44°46 
l1°0t1' II 3.58 0. I 0 65°84 
4 ° I 3 I 

II I . 66 0.06 38°93 
1°40 1 51°35 1 2. I 0 o.oo 36°14 
I 0 4 9 I 

II 
(i • 8 7 0.01 2 I 0 5 1 
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LONG LAT KGA KPA DIRECTION 

I 0 58 I 5 I 0 35 I 9.22 o.oo I 7 ° 8 I 
2°07' II 9.88 o.os 15 ° 6 I 
2 ° I 6 I II 10.49 0.22 12°28 
2°25' II 10.85 0. 1 1 I 5 ° 1 2 
2°34' II 9.95 0. 1 6 20°82 
2°43' II 8.60 0.29 23°05 
2°52' " 8 • 1 1 0. 13 22°12 
3 ° 0 I I II 7. 2 5 0, I 4 25°86 
3 O} 0 I II 6.46 0. I 7 30°94 
3, 1 9' " 6.33 0. I I 32°40 
3 ° 2,.8 ' II t. J') 0. I 2 36°09 
3°37' " 5.42 0.07 41°3'• 
3°46' II 4. 6 l 0.06 44°40 
3°55' " 4.56 0.09 !•O ° C 4 
4°04' II 4. 15 0.09 42°19 
4 ° I 3' " 3.64 0.04 42°90 
Li 0 l 2 _• " I. 8 6 0.07 37°63 
I 0 4 9 I 5 JO 2 7 I 5.06 0.01 10°39 
JO 58 I II 8.82 o.oo 10°50 
2°07' II 9. 7 7 0,08 9°35 
2 ° 1 6' II 10.06 0. 30 10°92 
2°25' II - 9. 65 0.47 12°59 
2°34' " 9.29 0.58 13°38 
2°43' " 8.56 0.59 12°85 
2 ° 5.2 ' " 7 • 3 l 0.69 16° 6 7 
3 ° 0 I I 

II 6.32 0. 7 2 23°88 
3 ° I 0 I 

II 5.97 0.65 26°68 
3 ° I 9 I " 5 • '• 7 0.66 32°27 
3°28' " 5.56 0.47 34°93 
3 O 3 7 I " 5 .24 0. 20 35°43 
3°46' " 4.40 0, I 7 37°41 
3°55' " 4. I 6 0.09 36°06 
4°04' II 3. 8 7 0.09 35°80 
4 ° I 3 I " 3.52 0. 15 33°35 
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LONG LAT KGA KPA DIRECTION 

/1o22 I 51°27' 3.46 0.25 23°92 
4 o 3 J I II 0.94 0.09 4 I 0 7 1 
J o 4 9 I 51°19' 3. 65 ~). 08 358°19 
I 0 58 I II 8.58 0. 14 359°45 
2°07' II 8.65 0.29 2°44 
2 o 1 6 I II 9.27 0.55 j

0 94 
2°25' II 9.26 0. 90 6°68 
2°3!•' II 9. 1 I I • I 3 6°50 
2°43' II 7.Su I • 3 7 10°79 
2°52' " 6.68 I • 3 4 17°04 
3 ° 0 I I II 5. 51 I. 29 24c48 
3°10' II 5.92 0.89 25°07 
3 ° I 9 I II 

l1. 60 0 • 8 :l 31°52 
3°28' II 5. 18 0.43 34°59 
3 o 3 7 I II 

5 • '• 6 0.26 35°91 
3 ° 4 6' II 4.87 0. 1 9 36°82 
3°55' II 4.25 0. 15 36° 10 
4°04' II 4. I 0 0. I 2 30°34 
4 ° J 3' 11 3.78 0. I 0 23°74 
4°22' 11 3. 3 I 0.09 18°27 
4 ° 3 I I 

II 2.24 0.02 I'• 
0 3 8 

I 0 4 9 I 5 I 0 I I I 4.98 0.02 31 .. 8°86 

I 0 5 8 I II 8.08 0. '• 6 347°60 
2°07 II 7.59 0.95 350°29 
2°16 II 8.29 0.95 354°59 
2°25' 11 9.25 I • 08 356°66 
2°34' II 8.62 I • 4 7 358°95 
2°43' II 6.82 I . 8 9 3°87 
2°52' II 6.06 2.04 I I 0 60 
3 ° 0 I I II 4.85 1 • 9 6 I 9 ° 1 9 
3 ° I 0 I II 5.25 I • 4 7 25°48 
3 O 1 9 I II 4. I 9 I. 43 40°89 
3°28' II t • • 7 9 0.93 32°90 
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LONG LAT KGA KPA DIRECTION 

3 ° 37' 5 1 ° I 1 I 4.63 0. 7 1 33°20 
3°46' ti 5 • 2 I 0.25 32°41 
3 ° 55' " 4.37 0. I 9 34°1/• 
4°04' " 4. 6 7 0.08 27°50 
4 ° I 3 I " 4.36 0.08 24°19 
4°22' ti 4.42 0.07 l S 0 6 I 
4 o 3 l I " 3.48 0.02 6°75 
1°40' 51°03' I • 6 6 0,05 320°94 
l 0 4 9 I " 6. 7?. 0.03 338°69 
1° 58 I " 9. l 9 0.32 337°83 
2 0 o ·; I ti 6.96 0.40 3 29" 31 
2 ° 1 6 I " 7 • '• 5 l . I 7 341°20 
2°25~ " 9.67 I • 7 3 345°93 
2°34' ti 7. 6 7 2.64 343°10 
2 o !i 3 I " 6.00 3. l 9 349°30 
2°52' ti 4.89 3.23 6°44 
3 ° 0 1 I II 4.62 2 • 9 l 32°51 
3 ° I 0 I ti 5, 0 I 2.01 1.2°22 
3 ° I 9 I ti I• • I 5 I • 9 7 44°54 

3°28' " 5.04 l . I I 34°35 

3°37' ti 4.44 o.e5 36°50 

3°'•6' ti 5. 2 7 0.22 32°28 
3°55' ti 4.73 0. 13 36°25 
4°04' " 5.03 0. I 7 33°16 
4 ° I 3 I " 5. 1. 7 0.09 24°42 

4 " 2 2 ' " 5. 15 0.04 18°80 
4 0 JI I II 4 . l+ 7 0. 13 17°62 
401.0' II 0.96 0.08 39°96 
I 0 3 I I 50°55' I . I 6 0.03 133°45 

1°40' " 3.36 0.61 324°63 
I 0 4 9 I II 6.90 0 • 3 I 337°02 

1°58' " 6 . 9 I 0.22 348°63 
2°07' " 1. 3 7 o.~4 345°97 
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LONG LAT KGA KPA DIRECTION 

2 ° I 6' 50°55' 9.05 I • 5 2 328°97 

2°25' II 10.88 2.24 329°02 

2°34' II 8. 01. 3.26 316°88 

2°43' II 5.85 4.27 I I'• 
0 9 I 

2°52' II 5.06 3.74 7 4 ° 13 

3 ° 0 I I II 4. 6 I 3 • I 5 66°08 

3 ° I 0 I II 5. I 7 2.38 5 I 0 I 0 

3 ° I 9 I II 4.99 2. 13 43°47 

3°28' II 5.28 ! . 26 33°20 

3 O 3 7 I II 4.56 0.67 34°89 

3 0 4 I) I II '•. 88 0.20 3 6 ° I t 

3°55' II 4.85 0.23 42°42 

/l 0 04 I II 5. I 7 0. 7 I 34°7!• 

'• 0 I 3 I 
II 6 . 3 <J 0.65 24°38 

4°22' II 5.87 0. 74 20°38 

4 ° 3 I I " 5. 1.s 0.32 12°78 

4 0 /10 I " I. 83 0,08 18°99 


