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ABSTRACT 

A model is developed by which the poison concentration due to 
a discharge of toxic matter in the coastal water is calculated. 
The outlet arises from a h~rpothetical accident to a ship loaded 
with dangerous materials. The oceanogre.p.hic conditions are 
assumed to be mast unfavourable fora rapid dilution cf the 
toxic matter and the current is assumed to be towards the coast . 
Calculations of the time develop:.:ent ::,.s well as calculetio=is of 
areas constantly covered with :poison during a time ·period of 
45-55 hours are carried out for diffe:i.-ent conditions. 
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Calculations of poison concentrations from a hypothetical 
accident off the Swedish coast 

The U.N. is considering regulation of the shipboard transport 
of dangerous materials, such as poisons, and the right fora 
country to intervene if an accident occurs. The Swedish 
Enviromnental Protection Board together with the Swedish 
Administration of Shipping and. Navigation and the Swedish 
Board of Customs has commissioned the Swedish Meteorological 
and Hydrological Institute to calculate the poison concentra­
tion from a hypothetical accident. 

The results of a model study are presented below. 

DESCRIPTION OF A HYPOTHETICAL ACCIDENT WHICH CAUSES A DISCHARGE 
OF POISON 

A ship loaded with some toxjc rn.atter, neutrally buoyant or 
soluble in water, is supposed to collide or ground 4 nautical 
miles (about 7.5 km) off the Swedish coast. The wreck is 
supposed to remain in the sarr~ position during the discharge 
of the cargo, 

The oceanographic conditions are assumed to be mast unfavourab1e 
fora rapid transpo:rt out of the area or fora rapid dilution. 
This means that spring condi tiom.: are assumed to prevail witb 
a strong vertical den,;ity gradient a.t about 10 m depth. The 
poison is tben spread in the upper 1oyer and. no poison is 
transferre<1 to the dc !?per layer. The current on the outer 
boundary of f'ig. ·1 is tak:::11 to be t owards the coast wi th the 
same ve loci ty ( 10 cm/ s) from the surface down to the thermocline 
(pycnocline). 

The coast is straight with t-wo points and the water off the 
coast is 10 m deep or more ( see fig. 1 ) . 

The water ruovements in thc, vj cinity of the ship are assumed to 
mix the toxic me1.tt1:::r evenly in all space directions wi thin a 
volurne 10 m thick and of 2-3 shiplengths diameter. 

Two types of accidents bave been studieri. 

1. The cargo (10,000 tons) is released ,:,.uring 8 days (192 hrs). 
The source concentrat.:ion is taken to be constant during the 
first 96 hours and the model is run for this time. The source 
concentration is then asirnmed to decrease during the next 
96 bours to 1 /'IO of Ute initial value. This means that about 
2/3 of the ca.rgo ir-; released. during the modelled period ( see 
fig. 2) . 

. 2. The same cru'go is rele.ased du.ring 2 hours. 'I'he source 
concentration is this t i me taken td be consta.nt during 1 hour 
a.nd assumed to d.ecrease to 1/10 of the initial value during the 
next bour. The mod.el is run :for 96 hours to calculate the poisor. 
concentration a.fter ;he outlet bas sto_fJped. 
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THE MODEL 

The concentration of :poison can be modelled. ·by a 2-dimension::i.l 
model if' there are no variations in th.e vertical direction. 
Ve loci ties and poison ccmcentration nre calculated. on o, net of 
gridpoints ( 45x50 points) . 'l'he .lllodel only covers one half of 
the axea in fig. 1b. 'I'hc other h?~lf' is a mirror image of tbe 
modelled one. 

K.nowing the concentrat.ie:n in the vic:in::.ty of the ship and the 
other bounde.ry cond.iticns the medel ,;ives values of current and 
poison concen.tre.tion on cvery gridpcint. The dilut-ion of' poison 
is due to diffusion and. advi2ction of' water past the shipwreck 
and finally out of the region. 'l'Le mathe:natic,!.l formulation of 
the model rn explained in Cl.ppendix 1 • 

The value of the horizontal diffusion coefficient, according to 
observations, range fron: the 11:~;lecular viscosity coefficient 
n = D,014 to A = 101 : G ~m-1 sec- 1 • 'I,~e coefficient A is 
considered to be depc ndent on thE: sizs of tbe turbulence 
elements and comp"\'.'ise a c::mtinuous spe:ctrum. This me::i.ns thc.t 
the value of tbe cce:f'ficient among other things :i.s dependent 
on the si zc of thc bas.in. Calculations o-:: A for the Irish Sea 
which is approximately the s1:rrl"e s1z<, e.s th<:: Kattesat or the 
Baltic Sea g:i.ve thc result A"' 2·10 5 . 

This value may be tco large, due to the Gtrcng tid2,l current i.2:. 
the Irish Sea. 'l'ber:.:forE, the poison c0rc2ntrs.tion in the model 
has been calcula t ed with A = 2·705 and as a conparison also 
wi th A == 4 · 104 . Bot :::1 valucs a-r-e er9ected t,:i b::: •mlid in Swedish 
coastal waters . 

The concentrat.ion in the vic:inity of the ship is assurr..ed to b e 
different in the d.iff2r·ent c:n.:::es. 

A -· 2· 105 
} 

during C = 75 ppu Outlet ·192 J-i:,:·s 0 

A = 4 • 1 o4 
} 

duri.ng C = 250 pr,:m Outlet 192 brs C, 

A = 2· ,oS 
6,500 Outlet during 2 hrs 

} C p:pL1 
0 

A = 4 • 104 , 
Outlet during 2 hrs i C ... 2'7, 700 :ppni 

C 

All of the abovc coDCi:':nt.;r,J..t:i()ns resuJ.t in a release o-f 
10,000 tons of toxic rmt2rial durinz the outlet time. 

The current field. whiC'h resu1tf; f':t·;)D1 the model is shcwn in 
fig. 3. The cm-r0nt fj<':ld is eo:n~te:0t with time. 
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RESULTS OF THE CALCULATIONS 

The result from the two runs with an outlet during 2 hours is 
shown in fig. 4-13. The figures represent the calculated pcison 
concentration 18.8, 37.7, 56.6, 75.5, 94.4 hours nfter the 
start of the outlet. The figures show half the calculated poison 
field. The other half isa mirror image of the field shown. 

Fig. 4-13 give the concentrs.tion at o. certain time. It is also 
of interest to know how large an area is continuously covercd 
with poison during a certain time period. From fig. 4-13 it is 
possible to estimate the areas covered with a poison concentra­
tion of 1 ppm or 10 ppm for more than 45-55 hours. ·such 
estimations have been carried out for both the outlet during 
2 hours and the outlet during 1.92 hourn. The areas are shown 
in fig. 1 4-17. 

With a large diffusion coefficient lo.rge areas are covered with 
a concentration of 1 ppm while relatively small areas cre 
covered with a concentration of 10 ppm. (In the case of outlet 
during 2 hours, A = 2•105 , no area. is covered with 10 ppm 
during 45-55 hours.) If one assumes t.he, small diffusion 
coefficient, smal.ler arco.s are covered with a concentration 
of 1 ppm 'but rclati vely l!i.rge areas with high concentration. 
Parts of the Rreas are outside the model and it is therefore 
only possible to roughly estimate the A.ctual areas covered 
with a certain concentration. The sizes of the areas given in 
fig. 14-19 repres0nt the area in the model. There is an equal 
area in the mirror image. We have also given (in fig. 20) a 
picture of the time dependent poison conc0ntrations a.t five 
evenly spaced places st the coast. The figure represents the 
c~se with an outlet during 2 hcurs. Point 1 is situated in the 
lefthand corner of the medel.led region, point 5 at the right­
hand corner. Point 3 is situa~ed at the cape. (The location 
of thc five point$ is given in fig. 1b.) A much higher 
concentration at the coast results if one assumes the lower 
mixing rate. It i;.; also deroonstrated that the poison reaches 
the cape before it reach~s the part of the coast which is 
closest to the ship. 

This model isa first at.tempt to deBcribe poison concentrations 
due to outlet of toxic matter off thE Swedish coast. Ther1.: has 
up to now been no time for verification. The modelled coast 
has a very simple shape and the bottom configuration has not 
been taken into accouut. Further no current driving elements 
such as fresh wate::.~ inf'low, hcating and wind stress have been 
incorporated in the rr.i0uel. The concentration figures given 
above must therefore be looked upon·as an attcmpt to estimate 
the order of magni tude ra:ther than the correct concentration 
value for a certain coe.stal area. Further work and verification 
studies are proposed to be carried out in order to investige.te 
the reliability of a medel of this type. 
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SMHI APPENDIX 1 : 1 ( 2) 

The poison concentration in the model is calculated from the 
equation 

1s+ ~ (uc) +L (ve) a2c a2c 
= A (w + ay2 öt ax ay 

x = coordinates parallel to the coast 
y = coordinates perpendicular to the coast 
u, v = velocities in x and y directions 
c = concentration 
A = horizontal diffusion coefficient. 

( 1) 

The boundary conditions are: At the coast and at the two 
boundaries perpendicular to the coast: 

öc = O 
ön n = normal direction. 

At the outer boundary: 

C = 0. 

At ene gridpoint of the left boundary: 

c = source concentration. 

Eq. (1) is. solved as a finite difference equation in which 

ac 
1. The time change, at , is represented by a leap frog scheme 
n+1 n-1 

C - C 

26t 

a a 2. The advective terms, ax (uc), ay (ve), are written in the 

flux form so that the mean and variance ar2 conserved; e.g. 

a (uc) ., 
ÖX 

(c. 
1 

+ c.) 
1- 1. 

2 

The advecti ve terms are given on the n time leve 1. 

3. The diffusion l.S written in the Dufort-Frankel 

A. 
z,2c A ( n n+1 n-1 

c~ 1). . 
äx7 

:::, 

6X2 ci+1 - c. - c. + 
1. 1 1-

explicit 

From these expressions an explicit relation 1s obtained for 
n+1 . n n-1 

c as a funct1on of c , c 

This equation is solved on a compu.ter. 

for1n: 
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Without e..~y friction at the coast or horizontal density 
gradients the system is not creating any vorticity. If no 
vorticity is advected inta the region and if the vorticity 
initially is zero the current field is the solution of the 
equation 

n = o 

where n = (au _ av ) . . . = vort1c1ty component in tbe verl1cal. ay ax 

Define a stream function $ 

a2w a2w n = äy2° + w = o. 

This equation is .solved by an over relaxation once since the 
field is unchanged intime. The bounde.ry conditions for the 
stream function are: $ = 0 at the ccast and at the boundary 
where the ship is located, At the outer boundary 1'J increases 
linearly and at the right boundary perpendicular to the coast 
~ decreases again to o. 

The resulting current field is shown in fig. 3. 

The equa.tions in tb.e mode l are nondimensionalized so that each 
run repres ents a f r:nily of solutions. The independent para­
meters are r educed to only two: 

t = ratio of diffusion to advection = advective time­
scale/diffösive tin..e scale 

o = aspec t ratio of the two mixing components. 

A run with E = 1,for exl-l!!lple,represents 

105 105 106 

s 104 • 10 = 105• 1 = 105 • 10 

A = horizontal diffusion coefficient in y directicn 
H = l ength scale in y direction 
v = velocity in y dircction. 
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