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0 Summary 

Chances of c a l a m i t i e s w i t h b u l k t r a n s p o r t o f chemi­
c a l s have grown c o n s i d e r a b l y d u r i n g the l a s t decade, 
because of the i n c r e a s e d sea t r a n s p o r t . The r e p o r t 
d e a l s w i t h the q u e s t i o n how to abate the escaped 
substances i n the best p o s s i b l e way. 
To t h i s end c h e m i c a l s have been d i v i d e d i n groups 
based on t h e i r p h y s i c o c h e m i c a l p r o p e r t i e s . 

The f o l l o w i n g main d i v i s i o n s are d i s c e r n e d : 
I s u b s t a n c e s forming gas and vapour c l o u d s 
I I s u b s t a n c e s which f l o a t on the water 
I I I s u b s t a n c e s which s i n k or are suspended. 
For the v a r i o u s groups the b e h a v i o u r o f the escaped 
substances i s d i s c u s s e d , e . i . the d i f f u s i o n i n a i r ; 
or on r e s p e c t i v e l y i n the water. D e t e c t i o n methods 
are suggested i n c l u d i n g t h e i r v a r i o u s hazardsC The 
c o u n t e r p o l l u t i o n methods best s u i t a b l e f o r the 
v a r i o u s groups are d i s c u s s e d . 
C o n c l u s i o n s are s t a t e d and recommendations are sug­
gest e d f o t i l l up the gaps mentioned. 
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1. I n t r o d u c t i o n 

The c o n s t a n t i n c r e a s e i n demand f o r ch e m i c a l pro­
d u c t s has been accompanied by c o n s i d e r a b l e growth i n 
t r a n s p o r t by water, w i t h l a r g e q u a n t i t i e s of chemi­
c a l s f r e q u e n t l y being moved i n b u l k . T h i s has a l s o 
i n c r e a s e d the p r o b a b i l i t y of a c c i d e n t s , r e s u l t i n g i n 
the escape of c h e m i c a l s . Such a c c i d e n t s may g i v e 
r i s e t o the danger of e x p l o s i o n s or f i r e or of dama­
ge caused by the t o x i c p r o p e r t i e s of the escaping 
s u b s t a n c e s . T h i s r e p o r t d i s c u s s e s the best means of 
d e a l i n g w i t h substances t h a t have escaped. 

Most substances t r a n s p o r t e d i n bulk by water are l i ­
q u i d s , the m a j o r i t y being crude o i l and o i l p r o ­
d u c t s . Some s o l i d s are con v e r t e d to l i q u i d form f o r 
t r a n s p o r t purposes, and some gases are compressed to 
form l i q u i d s b e f o r e they are t r a n s p o r t e d . 
Where p o l l u t i o n o c c u r s , a knowledge of the p h y s i c a l 
and c h e m i c a l p r o p e r t i e s o f the substance concerned 
and the dangers i n h e r e n t i n i t s escape i s impor­
t a n t . Such i n f o r m a t i o n can be o b t a i n e d from v a r i o u s 

/ manuals on c h e m i c a l s . 
C o u n t e r - p o l l u t i o n methods are not y e t f a r advanced, 
the o n l y o p e r a t i o n a l t e c h n i q u e s developed so f a r r e ­
l a t i n g t o o i l p o l l u t i o n at sea. 
The o b j e c t of t h i s r e p o r t i s to p r o v i d e an impulse 
f o r the development o f more s p e c i f i c c o u n t e r - p o l l u ­
t i o n methods by g r o u p i n g c h e m i c a l s which are t r a n s ­
p o r t e d a c c o r d i n g t o t h e i r p h y s i c o - c h e m i c a l p r o p e r ­
t i e s . 
The c h e m i c a l s i n each group w i l l behave i n a p p r o x i ­
m a t e l y the same way i f r e l e a s e d i n t o the sea. 
The f o l l o w i n g premises have been adopted f o r t h i s 
p r o c e s s : 

the o b j e c t of the c o u n t e r - p o l l u t i o n a c t i v i t i e s 
must be to render the p o l l u t a n t h a r m l e s s , p r e f e - -
r a b l y by removing i t from the environment, where 
t h i s i s p o s s i b l e , w i t h due regard f o r human sa­
f e t y . 
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The c o u n t e r - p o l l u t i o n methods, equipment, e t c . 
developed should as f a r as p o s s i b l e d o v e t a i l w i t h 
e x i s t i n g methods, equipment, e t c . 

. Wherever p o s s i b l e , the attempt must be made to 
d e v e l o p u n i f o r m methods. A s p e c i f i c method f o r a 
g i v e n c h e m i c a l may be more e f f e c t i v e , but the 
enormous l o g i s t i c a l and f i n a n c i a l i m p l i c a t i o n s do 
not g e n e r a l l y j u s t i f y t h i s approach. 

T h i s r e p o r t i s not concerned w i t h r a d i o - a c t i v e sub­
s t a n c e s or w i t h composite substances such as crude 
o i l . 

What_hapoens 

Where c h e m i c a l s escape i n t o the water i n a d i s a s t e r , 
they spread over v a r i o u s e n v i r o n m e n t a l compartments 
as d i f f e r e n t spread phenomena o c c u r : 

p r i m a r y spread phenomena 

Phenomena r e s u l t i n g i n the substance t e n d i n g to 
accumulate i n the compartment w i t h which i t has 
the g r e a t e s t a f f i n i t y i n view of i t s p r o p e r t i e s , 
e.g. s t a t e o f a g g r e g a t i o n , d e n s i t y compared w i t h 
a i r or w a t e r , r e a c t i o n w i t h water, e t c . 
The compartments may be a i r , water s u r f a c e , water 
and the s u r f a c e o f the seabed. 
The mechanisms o c c u r r i n g here a r e : r i s i n g , evapo­
r a t i o n , f l o a t i n g , r e a c t i o n w i t h water and s i n ­
k i n g . These mechanisms i n f a c t determine the 
l o c a t i o n o f the p o l l u t a n t with the passage of 
time. Thus the c h e m i c a l s can be d i v i d e d i n t o 
t h r e e main groups: 

I s u b s t a n c e s which form gas and vapour clouds 
I I s u b s t a n c e s which c o n t i n u e to f l o a t on the 

water 
I I I s u b s t a n c e s which s i n k or remain suspended. 
T h i s d i v i s i o n w i l l be d i s c u s s e d i n g r e a t e r d e t a i l 
i n Chapter 





Secondary spread phenomena 

T h i s c a t e g o r y covers the phenomena t h a t l e a d to 
the spread of substances i n a g i v e n compartment 
under the i n f l u e n c e of d i f f e r e n c e s i n c o n c e n t r a ­
t i o n and e x t e r n a l f a c t o r s , e.g. d i f f u s i o n i n a i r , 
s p r e a d i n g , t h e e f f e c t of wind, waves and t i d a l 
c u r r e n t s , d i f f u s i o n i n water. 
I t a l s o i n c l u d e s n a t u r a l d e g r a d a t i o n mechanisms 
such as: 

photochemical o x i d a t i o n 
b i o d e g r a d a t i o n . 

Chapters 3 t o 11 d i s c u s s these secondary spread 
phenomena, methods of d e t e c t i o n , dangers and 
c o u n t e r - p o l l u t i o n methods* as a p p l i c a b l e to each 
of the main groups o f c h e m i c a l s . 

The term " c o u n t e r - p o l l u t i o n methods" should be 
i n t e r p r e t e d l o o s e l y to i n c l u d e , f o r example, a c t i v i 
t i e s p o s s i b l y r e s u l t i n g i n e v a c u a t i o n where a t o x i c 
c l o u d d r i f t s to the shore. 
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2. Grouping c h e m i c a l s 

2.1 I n t r o d u c t i o n 

As e x p l a i n e d i n Chapter 1, the f o l l o w i n g main 
d i v i s i o n of c h e m i c a l s has been chosen: 

Main Group I : substances which form gas and 
vapour c l o u d s 

Main Group I I : substances which c o n t i n u e to f l o a t 
on the water 

Main Group I I I . : substances which s i n k or remain 
suspended. 

F i g u r e 1 p r o v i d e s a more d e t a i l e d p i c t u r e of t h i s 
d i v i s i o n . I t i s so arranged t h a t the c r i t e r i a o f 
g r e a t e s t importance f o r spread are at the t o p . 

The c r i t e r i a used i n t h i s d i v i s i o n are as f o l l o w s : . 

- s t a t e o f a g g r e g a t i o n at 5 to 15*C: the tempera­
t u r e o f the seawater o f f the Dutch c o a s t v a r i e s 
from 5*C i n w i n t e r to 15*C i n summer. In hot sum­
mers the l a t t e r temperature may be somewhat 
h i g h e r . 

- D e n s i t y compared with- sea water: the d e n s i t y o f 
sea water i s ± 1025 kg/m 3 at a temperature of 5 
to 15 #C. 

- D e n s i t y compared w i t h a i r : the d e n s i t y of a i r has 
been taken as 1. 

- P a r t i a l vapour p r e s s u r e : 150 mm Hg at 5 to 15'C. 
C a l c u l a t i o n s (see Appendix I , f o r example) have 
shown t h a t c h e m i c a l s f l o a t i n g on water and having 
a p a r t i a l vapour p r e s s u r e o f 150 mm Hg or more 
evaporate at a r a t e of many tonnes per hour. 
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R e a c t i o n w i t h water. 
T h i s c o v e r s both p h y s i c a l and c h e m i c a l r e a c t i o n s 
w i t h water and i n c l u d e s such p r o c e s s e s as d i s s o ­
l u t i o n d e c o m p o s i t i o n and h y d r o l y s i s . One of these 
p r o c e s s e s w i l l always o c c u r . The q u e s t i o n i s , 
however, whether a p r o c e s s o f t h i s nature can 
b r i n g about a s i g n i f i c a n t change the d e t e r m i n i n g 
f a c t o r b eing the r e a c t i o n r a t e . 
P a r t i a l vapour p r e s s u r e : 1 mm Hg. 
By\.bringing about the d i v i s i o n the p a r t i a l vapour 
p r e s s u r e f o r about twohundred much t r a n s p o r t e d 
c h e m i c a l s was o b t a i n e d . As f a r as f i g u r e s were 
known, v a l u e s about 1 mm Hg appeared to be the 
lo w e s t v a l u e s . T h e r e f o r e the e v a p o r a t i o n o f che­
m i c a l s w i t h lower v a l u e s than .1 ram Hg at 5-15*C 
i s c o n s i d e r e d to be n e g l i g i b l e . 

£5iD_S£2HE_Ii_3y£5£ances_which_form_gas_and_vapour 
cl o u d s 

The main group i n c l u d e s those substances which are 
gaseous at a temperature o f 5 t o 15*C and substances 
which are l i q u i d at a temperature o f 5 t o 15'C, are 
l i g h t e r than sea water and have a p a r t i a l vapour 
p r e s s u r e h i g h e r than 150 mm Hg. 
A number of substances are t r a n s p o r t e d under p r e s ­
sure o r i n a r e f r i g e r a t e d s t a t e . Where such s u b s t a n ­
ces escape i n an a c c i d e n t , they s p o n t a n e o u s l y change 
to the gas phase at ambient temperature and p r e s s u ­
r e . Chemicals i n t h i s group i n c l u d e propane, butane 
and v i n y l c h l o r i d e . 

Depending on t h e i r d e n s i t y compared w i t h a i r , 
gaseous p r o d u c t s r i s e or remain suspended over the 
water. 
I f the gas c l o u d r i s e s , no c o u n t e r - p o l l u t i o n a c t i o n 
i s p o s s i b l e . The c h e m i c a l s i n t h i s c a t e g o r y have 
been a l l o c a t e d to Group IA. 
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I f the c l o u d remains suspended, c a u t i o n i s r e q u i r e d . 
The e x p l o s i o n l i m i t s and gas c o n c e n t r a t i o n determine 
whether a gas c l o u d i s e x p l o s i v e . Poisonous gas con­
c e n t r a t i o n s which, although not e x p l o s i v e , are dan­
gerous f o r human beings and animals because of t h e i r 
t o x i c i t y may a l s o o c c u r . Although c o u n t e r - p o l l u t i o n 
a c t i v i t i e s are not always p o s s i b l e , some a p p r o p r i a t e 
a c t i o n must be t a k e n . 
T h i s group i s known as IB. 

2.3 J J 3 i S - 2 S 2 H B - I i l . I H f e S ^ 5 S S S i - ! ^ l i ^ l - _ f l o a t 
on_the_water 

A l l s o l i d and l i q u i d substances having a d e n s i t y 
lower than t h a t of sea water w i l l f l o a t on the 
water i f they escape. 
Substances which need t o be heated i f they are to 
remain l i q u i d , e.g. p a r a f f i n wax, may s o l i d i f y on 
e s c a p i n g . 

Substances w i t h a hig h p a r t i a l vapour p r e s s u r e eva-
* p o r a t e q u i c k l y . At a p a r t i a l vapour p r e s s u r e of 

> 150 mm Hg e v a p o r a t i o n o c c u r s at a r a t e of many 
tonnes per hour (see Appendix I ) . In the event of a 
d i s a s t e r , t h i s w i l l u s u a l l y mean t h a t the substance 
has evaporated b e f o r e c o u n t e r - p o l l u t i o n a c t i v i t i e s 
can be s u c c e s s f u l l y s t a r t e d and work has begun on 
d e a l i n g w i t h a s p i l l . 
Substances w i t h a lower p a r t i a l vapour p r e s s u r e 
evaporate more s l o w l y . 
A s p i l l w i l l t h e r e f o r e remain on the water l o n g e r , • 
and a r e a c t i o n w i t h the water may then o c c u r . The 
r e a c t i o n r a t e i n the v a r i o u s p r o c e s s e s determines 
where the l a r g e s t mass of the substance w i l l 
u l t i m a t e l y be found. 





- 11 -

Main Group I I can thus be d i v i d e d i n t o the f o l l o w i n g 
sub-groups: 
IIA : s u b s t a n c e s which f l o a t on water and form a 

s l i c k over which a gas c l o u d i s suspended, 
t h e i r r e a c t i o n w i t h water being n e g l i g i ­
b l e ; 

IIB : s u b s t a n c e s which f l o a t on water and s i m p l y 
form a s l i c k , e v a p o r a t i o n and r e a c t i o n 
w i t h water being n e g l i g i b l e ; 

IIC : s u b s t a n c e s which f l o a t on water and form a 
s l i c k over which a gas c l o u d i s suspended, 
a r e a c t i o n w i t h water a l s o o c c u r r i n g ; 

IID : s u b s t a n c e s which f l o a t on w a t e r , form a 
s l i c k and r e a c t w i t h water,, v i r t u a l l y no 
e v a p o r a t i o n o c c u r r i n g . 

2.4 M a i n _ G r o u p _ - I I l 2 _ s u b s t a n 
suspended 

A l l s o l i d and l i q u i d substances w i t h a d e n s i t y which 
i s g r e a t e r than t h a t o f sea water w i l l s i n k towards 
the bottom. 
Substances which do not or h a r d l y r e a c t w i t h water, 
e i t h e r by d i s s o l v i n g or by undergoing a c h e m i c a l 
r e a c t i o n , w i l l form a p o o l on the bottom. 
In the case o f substances which do r e a c t w h i l e s i n ­
k i n g , i t w i l l depend of the r e a c t i o n r a t e whether or 
not t h e r e i s a c c u m u l a t i o n on the bottom. 
In t h i s maingroup the packed c h e m i c a l s a l s o can be 
d i v i d e d . T h i s r e p o r t t akes the l i n e t h a t c h e m i c a l s 
shipped i n b u l k behave themselves i n the marine 
environment a c c o r d i n g to t h e i r p h y s i c o - c h e m i c a l 
p r o p e r t i e s . In g e n e r a l packed c h e m i c a l s (drums, 
s a c k s , g a s c y l i n d e r s , c o n t a i n e r s , e t c . ) however w i l l 
s i n k and e v e n t u a l l y a f t e r being damages r e a c t w i t h 
water. 
Thus the f o l l o w i n g sub-groups can be formed: 
I I I A : s u b s t a n c e s which s i n k and r e a c t w i t h water 
I I I B : substances which s i n k w i t h o u t r e a c t i n g 

w i t h water. 
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In a d d i t i o n t h e r e i s a s m a l l group of c h e m i c a l s 
which, i n view of the d i v i s i o n made i n F i g u r e 1, 
s h o u l d i n f a c t form a separate main group: s u b s t a n ­
ces which remain suspended. 
In view of the l i m i t e d s i z e of t h i s group, however, 
they have not been a l l o c a t e d to a s e p a r a t e group. 
The best-known c h e m i c a l s of t h i s group are a n i l i n e 
and c a p r o l a c t a m . 
I I I C : s u b s t a n c e s which remain suspended s i n c e 

t h e i r d e n s i t y i s s i m i l a r to t h a t of sea 
water. 

methods 

I t was d e c i d e d to d i v i d e c h e m i c a l s i n t o sub-groups 
as i n s e c t i o n s 2.2 t o 2.4 i n terms of p o s s i b l e coun­
t e r - p o l l u t i o n a c t i v i t i e s . The arrangement i s t h e r e ­
f o r e c l e a r l y " a c t i o n - o r i e n t a t e d " . Such a c t i o n should 
be geared to r e n d e r i n g harmless as much of the p o l ­
l u t a n t as p o s s i b l e . 

The d i v i s i o n i n t o groups i s shown i n another way i n 
F i g u r e 2. 

T a b l e 1 a l s o l i s t s the c h e m i c a l s handled i n the P o r t 
o f Rotterdam i n the o r d e r o f t h e i r c a t e g o r i e s . 
The l i s t i s based on 1979 f i g u r e s . I t i s thus p o s s i ­
b l e t o e s t i m a t e the p r o b a b i l i t y of a d i s a s t e r i n v o l ­
v i n g a g i v e n c h e m i c a l , a l t h o u g h t h i s i s not done i n 
t h i s r e p o r t . In t h i s c o n n e c t i o n , i t i s a l s o impor­
t a n t t o know what q u a n t i t y of c h e m i c a l s i s l o c a t e d 
at any g i v e n p a r t of a c h e m i c a l c a r r i e r . T h i s aspect 
i s c u r r e n t l y b eing i n v e s t i g a t e d and w i l l form the 
s u b j e c t of a s e p a r a t e r e p o r t . 
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TABLE 1. 

• 

Group Q u a n t i t y i n m"3 % 

Maingroup I : 

Subgroup I A: 44,321 0,4 
I B : 650,893 6,6 

695,214 7 

Maingroup I I : 

Subgroup I I A: 3,758,749 38,8 
I I B: 1,127,117 11,7 
I I C: 1,108,068 11,4 

I I D: 90,671 0,9 

6,084,605 62,8 

Maingroup I I I : 

Subgroup 111A: 1,127,632 11,6 

I I I B : 1,234,585 12,7 

I I I C : 124,588 1,3 

2,486,805 25,6 

Unknown substances 418,866 4,3 

T o t a l 9,685,490 99,8 

Q u a n t i t i e s o f c h e m i c a l s t r a n s p o r t e d i n b u l k ( e x c l . crude 

o i l and o i l p r o d u c t s ) v i a Rotterdam i n 1979 (m 3). 
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In f i g u r e 3 the l o a d i n g p l a n of any p r o d u c t t a n k e r i s 
shown. I t appears t h a t 27 d i f f e r e n t c h e m i c a l s are 
t r a n s p o r t e d i n p a r c e l s v a r y i n g from 240 to 1360 m.3. 
T h i s i n d i c a t e s t h a t i n an a c c i d e n t w i t h a c h e m i c a l -
t a n k e r a d i s a s t e r o r g a n i z a t i o n can be c o n f r o n t e d 
w i t h a s p i l l o f v a r i o u s c h e m i c a l s . In most cases i t 
w i l l not be known how the c h e m i c a l s w i l l r e a c t on 
each o t h e r . So the danger of p o s s i b l e new formed ' 
c h e m i c a l s cannot be judged. In such a case one has 
to c o n s i d e r the worst, p o s s i b l e case: < 

e x p l o s i o n danger 
- h e a l t h danger. 

As T a b l e 1 and f i g u r e 3 show , the na t u r e o f some 
c h e m i c a l s t r a n s p o r t e d i s not p r e c i s e l y known. T h i s 
may r e p r e s e n t a c o n s i d e r a b l e danger i f a d i s a s t e r 
o c c u r s . An attempt must be made w i t h i n IMCO t o ban 
the use of p r o d u c t names i n cargo l i s t s or to ensure 
t h a t r e l i a b l e i n f o r m a t i o n on p r o d u c t s i s a v a i l a b l e 
at a l l t i m e s , p o s s i b l y by u s i n g r e f e r e n c e numbers, 
e.g. UN numbers. 
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3. Behaviour o f gas and vapour c l o u d s ; Main Group I 

The substances i n c l u d e d i n Main Group I w i l l form 
c l o u d s immediately on escaping i n t o the sea or a 
s h o r t time t h e r e a f t e r . Substances w i t h an atmos­
p h e r i c b o i l i n g p o i n t below ambient temperature are 
t r a n s p o r t e d i n bulk i n a r e f r i g e r a t e d s t a t e or under 
p r e s s u r e . The escape of a substance o f t h i s k i n d i s 
g e n e r a l l y f o l l o w e d by a d i a b a t i c e x p a n s i o n , r e s u l t i n g 
i n a drop i n temperature i n most of the substance 
and r e m a i n i n g i n l i q u i d form. I t w i l l then b o i l 
under the i n f l u e n c e of ambient heat, and a gas w i l l 
form. The way i n which the process of e v a p o r a t i o n 
known as f l a s h e v a p o r a t i o n , w i l l come about i s depen­
d i n g on the p h y s i c o - c h e m i c a l p r o p e r t i e s of the l i ­
q u i d . Important f o r the course o f the g a s i f i c a t i o n 
i s the c o n d i t i o n of the formed two phase system. 
Opschoor (1979) g i v e s a number o f s i t u a t i o n s i n c l u ­
d i n g c a l c u l a t i o n m e t h o d s w i t h which the v a r i o u s p r o ­
cesses can be f o l l o w e d . 
L i q u i d substances w i t h a hig h p a r t i a l vapour p r e s ­
sure ( > 150 mm Hg) u s u a l l y evaporate q u i c k l y (see 

' Appendix I ) . 

Main Group I i s d i v i d e d i n t o two sub-groups. 
Group IA comprises substances forming gas and vapour 
c l o u d s which are l i g h t e r than a i r . Such c l o u d s w i l l 
r i s e , making proper a c t i o n e x t r e m e l y d i f f i c u l t . 
T h i s c a t e g o r y i s , however, v e r y l i m i t e d . Only one 
ch e m i c a l i s i n v o l v e d at the moment: e t h y l e n e . 
Group IB comprises substances which form gas and 
vapour c l o u d s t h a t are h e a v i e r than a i r . I f we take 
the d e n s i t y of a i r t o be 1, most of the substances 
i n t h i s sub-group have a d e n s i t y compared w i t h a i r 
w i t h i n the range of 3 to 7. They are t h e r e f o r e r e ­
f e r r e d t o as heavy gases and vapours. 
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As d i s a s t e r o r g a n i z a t i o n s cannot as a r u l e be on the 
spot u n t i l some hours a f t e r the a c c i d e n t , they w i l l 
u s u a l l y be d e a l i n g w i t h substances i n the gas or 
vapour phase where Main Group I i s concerned. A c t i o n 
must t h e r e f o r e be taken a c c o r d i n g l y . I t i s a l s o 
i m p o r t a n t t o e s t a b l i s h how gas and vapour c l o u d s 
have s p r e a d . In t h i s , c o m p u t a t i o n a l models have an 
i m p o r t a n t r o l e to p l a y . 
A gas or vapour c l o u d w i l l d r i f t w i t h the wind, 
spread out and become d i l u t e d as a r e s u l t of the 
t u r b u l e n c e i n . t h e atmosphere. T h i s t u r b u l e n c e de­
pends on the roughness o f the s u r f a c e o f the e a r t h 
and sea and on the s t a b i l i t y of the atmosphere. To 
enable d i l u t i o n i n the a i r to be m o n i t o r e d , the 
Gauss plume model has been developed. 
As t h i s i s an i d e a l i z e d model designed f o r l a n d ap­
p l i c a t i o n s , i t s use i s s u b j e c t to a number of' l i m i ­
t a t i o n s , e.g. 

the assumption t h a t m e t e o r o l o g i c a l and topograp­
h i c a l c o n d i t i o n s are c o n s t a n t over the whole 
d i s t a n c e t o which the model i s to a p p l i e d 
i t a p p l i e s o n l y to gases as heavy as a i r . 

The e f f e c t o f the f i r s t l i m i t a t i o n can be d i s c o u n t e d 
by making an e s t i m a t e , but the second has so p r o ­
nounced an e f f e c t on the r e s u l t o f c a l c u l a t i o n s t h a t 
the use o f a model cannot be j u s t i f i e d , the p r i n c i ­
p a l f a c t o r b e i n g the e f f e c t of g r a v i t y on the c l o u d 
(Buytenen, 1979). TNO i s at p r e s e n t d e v e l o p i n g a 
model to p e r m i t the c a l c u l a t i o n of the spread of 
heavy gases and vapours. 
I t i s d e s i g n e d f o r i n s t a n t a n e o u s sources and i s 
t h e r e f o r e r e l e v a n t i n t h i s c o n t e x t . However, i t can­
not be a p p l i e d to s i t u a t i o n s over the sea, where we 
f i n d the phenomenon of a d r i f t i n g c l o u d r e a c t i n g 
w i t h the s u r f a c e of the water w h i l e being d i l u t e d 
w i t h the a i r . R e d u c t i o n a l s o o c c u r s through ab­
s o r p t i o n i n t o the water phase. 
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There i s a need f o r a c o m p u t a t i o n a l model that can 
be used e a s i l y at any hour of the day. One can t h i n k 
o f p a r t i a l copying the system d e v e l l o p e d by the 
U n i t e d S t a t e s Coast Guard. T h i s system (CHRIS» 
Chemical Hazards Response I n f o r m a t i o n System (1978)) 
i n d i c a t e s on the b a s i s o f an assessmentcode awarded 
to each c h e m i c a l what the dangers are and how 
c o u n t e r p o l l u t i o n a c t i o n s has to take p l a c e . The code 
a l s o r e f e r s to a c a l c u l a t i o n method, w i t h which 
v a r i o u s d a t a as s p r e a d , c o n c e n t r a t i o n , dangerzones, 
e t c . can be obtained-. At the moment the U n i t e d 
S t a t e s Coast Guard i s t r y i n g t o computerise CHRIS. 
An d i s a d v a n t a g e o f the system i s the use of American 
u n i t s . 
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4. D e t e c t i o n o f gas and vapour c l o u d s 

As most gases and vapours are c o l o u r l e s s , i t i s im­
p o s s i b l e t o see where a c l o u d i s l o c a t e d . 
In view of the need to measure c o n c e n t r a t i o n s , 
d e t e c t i o n apparatus must t h e r e f o r e be used. When 
t r y i n g t o d e t e c t a gas or vapour c l o u d , a s h i p must 
always approach i t from upwind t o a v o i d u n d e s i r a b l e 
exposure. 

4 * 1 55§_^Stection_with_the-helg_of_ 
There are a l r e a d y a l o t o f d e t e c t i o n - and measuring 
systems which are cap a b l e o f d e t e c t i n g dangerous 
g a s s e s . The l o t o f those d e v i c e s o p e r a t e s on la n d as 
w e l l as on s h i p b o a r d . They v a r y from s i m p l e p o r t a b l e 
s e t s t o permanent i n s t a l l e d c o n t i n u o u s m o n i t o r i n g 
systems. An example o f a simp l e s e t i s the Dr,ager 
tube. T h i s i s a g l a s s tube f i l l e d w i t h a substance 
which r e a c t s t o a s p e c i f i c substance being sought by 
changing i t s c o l o u r . 
A i r i s i n d u c t e d w i t h the a i d of s m a l l b e l l o w s , and 
the degree o f d i s c o l o r a t i o n then corresponds to the 
c o n c e n t r a t i o n o f the p o l l u t a n t i n the a i r (see F i g . 
4). Each tube can be used o n l y once. As th e r e are 
many d i f f e r e n t types of gases and as many measure­
ments are needed to a s c e r t a i n what danger i s i n v o l ­
ved, a c o n s i d e r a b l e assortment o f Drager tubes has 
to be a v a i l a b l e . 
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r 

F i g . 4. Drager apparatus f o r gas d e t e c t i o n . 

C o m b u s t i b l e gases i n the atmosphere can a l s o be 
d e t e c t e d w i t h an e x p l o s i m e t e r . The measurement i s 
based on the p r i n c i p l e of c a t a l y t i c a l combustion. 
The heat produced changes the r e s i s t a n c e of a sen­
s o r , w i t h which a s i g n a l can be produced. In g e n e r a l 
the meter i s c a l l i b r a t e d i n a way t h a t the s c a l e i s 
d i v i d e d i n percentages of the lower e x p l o s i o n l i m i t 
(see 5.1.1.). E x p l o s i o n m e t e r s are used both p o r t a b l e 
and i n s t a l l e d . 

B e s i d e s t h e r e i s equipment a v a i l a b l e f o r the d e t e c ­
t i o n of s p e c i f i c components as i n f r a r e d a n a l y s e s and 
gaschromatographs. C xHy-monitors g i v e i n f o r m a t i o n on 
the parameter: t o t a l hydrocarbons. These d e v i c e s are 
v e r y v u n e r a b l e and ase not l i k e l y to be s u i t a b l e f o r 
a p p l i c a t i o n on s h i p b o a r d . 
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D e t e c t i o n of g a s c l o u d s ( i n which i s no danger f o r 
e x p l o s i o n s ) can a l s o be performed by s p e c i a l equiped 
a i r p l a n e s . P a r t i c u l a r l y the d e t e r m i n a t i o n of concen­
t r a t i o n s o f t o x i c components i n c l o u d s d r i f t i n g 
ashore. 

D i r e c t measurements i n gas and vapour c l o u d s can 
o n l y be performed i f the c l o u d s are not dangerous. 
So a minor chance f o r e x p l o s i o n and h e a l t h danger. 
A method t o p e r f o r m the measurements i n any case are 
remote s e n s i t y t e c h n i q u e s . The a v a i l a b l e system at 
the moment i s f o r example capable of d e t e c t i n g d i f ­
f e r e n c e i n h e a t . T h i s can be an a p p l i c a t i o n i n a 
l i m i t e d number of c a s e s . These systems are c a l l e d 
p a s s i v e systems. 
A c t i v e systems on the c o n t r a r y are capable of d e t e c ­
t i n g c o n c e n t r a t i o n d i f f e r e n c e s of s p e c i f i c chemi­
c a l s . A s i m i l a r system, l a s e r - f l u o r e s c e n t r o n , i s at 
the moment i n a e x p e r i m e n t a l s t a g e . I t seem to be 
s u i t a b l e f o r a p p l i c a t i o n . I t i s a v a i s a b l e to judge 
the a p p l i c a b i l i t y o f t h i s system i n p r a c t i c e . 
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5. Dangers o f gas and vapour c l o u d s , and a p p r o p r i a t e 
a c t i o n 
The dangers of gas and vapour c l o u d s are l i m i t e d i n 
the marine environment. Man, on the ot h e r hand, i s 
exposed to danger i n h i s e f f o r t s to d e a l i n g w i t h 
such c l o u d s . These dangers i n c l u d e f i r e and e x p l o ­
s i o n and the r i s k of h e a l t h being a f f e c t e d by the 
t o x i c p r o p e r t i e s of the substances concerned. 

I ^ S - l i l l S _ 2 l _ ^ i E 2 _ a n d - e x g l o s i o n 

E x p l o s i o n l i m i t e s , e t c . 

Where a gaseous or e v a p o r a t i n g substance escapes, an 
e x p l o s i v e or co m b u s t i b l e m i x t u r e may form. 
An e x p l o s i v e m i x t u r e o c c u r s i f the gas c o n c e n t r a t i o n 
i n the c l o u d ( l o c a l ) i s between the upper and lower 
e x p l o s i o n l i m i t s ( P i g . 5 ) . 
I f the lo w e s t c o n c e n t r a t i o n i n the c l o u d i s above 
the upper e x p l o s i o n l i m i t , o n l y combustion can oc­
c u r . Where combustion o c c u r s , the c o n c e n t r a t i o n may 
f a l l below the upper e x p l o s i o n l i m i t as a r e s u l t of 
d i l u t i o n and an e x p l o s i o n may then f o l l o w . 
There i s no danger of a f i r e or e x p l o s i o n i f the 
maximum c o n c e n t r a t i o n i n the c l o u d i s below the 
lower e x p l o s i o n l i m i t . 

5.1 

5.1.1 
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Figure 5. The connection between p a r t i a l pressure, temperature, 
varxxirconcentration, upper explosion lirrdt(UEL) , lovfer 
explosion l i m i t (LEL)and flashpoint (F) i n relaion to 
the dangerzones. 

As a measure o f the danger of gas and vapour c l o u d s 
e x p l o d i n g we thus have the lower e x p l o s i o n l i m i t 
( L E D and the upper e x p l o s i o n l i m i t (UEL), expressed 
as volume p e r c e n t a g e s . 
As a measure of the danger of the combustion of 
l i q u i d s the f l a s h p o i n t i s used. The f l a s h p o i n t 
(measured i n *C) o f a c o m b u s t i b l e l i q u i d i s the 
lowest temperature at which the gases i t g i v e s o f f 
form an i g n i t a b l e m i x t u r e w i t h a i r . 
IMCO ( I n t e r - g o v e r n m e n t a l M a r i t i m e C o n s u l t a t i v e Orga­
n i z a t i o n ) has drawn up d i r e c t i v e s on substances 
t r a n s p o r t e d by sea. These d i r e c t i v e s make a 
d i s t i n c t i o n between t h r e e groups of su b s t a n c e s : 
IMCO Group 3.1 f l a s h p o i n t 4 18"C 
IMCO Group 3.2 - 1 8 * C < f l a s h p o i n t 4 23 aC 
IMCO Group 3 .3 2 3 ' C < f l a s h p o i n t 4 61*C. 
Substances i n Group 3.1 r e p r e s e n t the g r e a t e s t f i r e 
h a z a r d , w h i l e those w i t h a f l a s h p o i n t over 61"C are 
not regarded as i a n g e r c u s . 
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5.1.2 The o c c u r r e n c e of f i r e and e x p l o s i o n s 

A f i r e or e x p l o s i o n can occur o n l y i f t h r e e r e q u i r e ­
ments are s i m u l t a n t e o u s l y s a t i s f i e d . These t h r e e 
r e q u i r e m e n t s form the "combustion t r i a n g l e " 
( P i g . 6 ) . 

F i g . 6: combustion t r i a n g l e . 

P o s s i b l e s ources of i g n i t i o n a r e : 
- open f i r e 

impact 
f r i c t i o n 
l o c a l h e a t i n g 

- e l e c t r o s t a t i c or m e c h a n i c a l spa r k s 
( r a d i o - a c t i v e ) r a d i a t i o n 
n o i s e . 

I f the energy c o n t e n t of the source i s g r e a t e r than 
the i g n i t i o n energy of the gas and vapour m i x t u r e , a 
f i r e or e x p l o s i o n may o c c u r . 
Where an a c c i d e n t has o c c u r r e d , s h i p p i n g and a i r ­
c r a f t must always be warned because s h i p s and a i r ­
c r a f t a l s o r e p r e s e n t p o t e n t i a l sources of i g n i t i o n . 
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Where a q u a n t i t y of gas compressed to l i q u i d form 
escapes, i g n i t i o n i s v e r y l i k e l y . A study of e s c a ­
p i n g LNG p u t s the p r o b a b i l i t y at 65% ( S n e l l i n k , 
1978). A p o s s i b l e source o f i g n i t i o n i n t h i s case 
would be a d i s c h a r g e of s t a t i c e l e c t r i c i t y . 

5.1.3 E x t i n g u i s h i n g f i r e s 

A f i r e i s e x t i n g u i s h e d by e l i m i n a t i n g one of the 
f a c t o r s i n the combustion t r i a n g l e : 

removing the f u e l 
removing the oxygen 
removing the source o f i g n i t i o n . 

In most c a s e s , a c o m b i n a t i o n of these b a s i c methods 
i s used. The f o l l o w i n g b r i e f l y d e s c r i b e s how these 
b a s i c methods can be a p p l i e d . 

5.1.3.1 Removing the f u e l 

I t i s u s u a l l y d i f f i c u l t to remove the f u e l d u r i n g a 
f i r e . 
I t may be p o s s i b l e to s t o p the i n f l o w of f u e l , f o r 
example by s h u t t i n g o f f the source from which the 
l i q u i d and gas are e s c a p i n g . Another p o s s i b i l i t y i s 
to a l l o w the f i r e to burn out under c o n t r o l l e d con­
d i t i o n s . 

5.1.3.2 Removing the oxygen 

Reducing or removing the oxygen p r e s e n t can be ac­
complished i n two ways: 
(a) P r e v e n t i n g the f l o w of f r e s h a i r to the seat of 

the f i r e . The combustion r e a c t i o n then uses up 
the oxygen p r e s e n t and the f i r e goes out. This 
method i s a p p l i e d by c o v e r i n g a b u r n i n g s u r f a c e 
w i t h foam. The c o m b u s t i b l e substance i s separa­
ted from the a i r , which puts out the f i r e . 
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(b) The oxygen i s d i s p l a c e d through the i n t r o d u c ­
t i o n of an i n e r t gas. In t h e o r y , any gas or 
vapour t h a t w i l l not take p a r t i n the combus­
t i o n r e a c t i o n can be used f o r t h i s i n e r t i n g 
p r o c e s s . 
Examples of such substances used t o e x t i n g u i s h 
f i r e s on land are n i t r o g e n , carbon d i o x i d e and 
steam. 
The e v a p o r a t i o n of water used to e x t i n g u i s h a 
f i r e has an c o n s i d e r a b l e i n e r t i n g e f f e c t s i n c e 
i t i n c r e a s e s s u b s t a n t i a l l y i n volume w h i l e 
e v a p o r a t i n g (1 kg of water produces 1700 1 of 
steam at 1 atm.). 

5.1.3.3 Removing the source o f i g n i t i o n 

A source of i g n i t i o n w i l l s t a r t a f i r e i f the energy 
content o f the source i s g r e a t e r than the i g n i t i o n 
energy o f the c o m b u s t i b l e m i x t u r e . Once the f i r e has 
s t a r t e d , enough energy i s g e n e r a l l y r e l e a s e d f o r 
combus'tion t o be s e l f - m a i n t a i n i n g . 
There i s then no p o i n t i n removing the source of 
i g n i t i o n . An attempt can be made to absorb the ener­
gy r e l e a s e d , which can be achieved by c o o l i n g , thus 
e x t i n g u i s h i n g the f i r e . The e a s i e s t method ( c e r t a i n ­
l y at sea) i s t o spray water i n t o the f i r e . The 
energy r e l e a s e d d u r i n g combustion i s then used to 
evaporate the water. Another method of e x t i n g u i s h i n g 
a f i r e i s to i n t r o d u c e s o l i d carbon d i o x i d e . 
The removal o f one source of i g n i t i o n does not e x l u -
de the p o s s i b i l i t y of o t h e r s f o r m i n g . K l e t z (1977) 
g i v e s a number of examples o f t h i s . 
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5.2 §S3i^fe-^S53S55.^SiiSS^-feZ-S25i2-fiE22S£ties 

Among the c h e m i c a l s t r a n s p o r t e d i n bulk by sea there 
are a number of substances which form a poisonous 
gas c l o u d when they escape. In g e n e r a l , i n t o x i c a t i o n 
can o c c u r along t h r e e d i f f e r e n t r o u t e s : 

the d i g e s t i v e organs 
the s k i n 
i n h a l a t i o n . 

In the case o f t o x i c c l o u d s , p r i m a r y i n t o x i c a t i o n 
w i l l o c c u r through the i n h a l a t i o n of the t o x i n . 

Where a q u a n t i t y of t o x i n has been absorbed by the 
body, a d i n s t i n c t i o n can be made between a number 
of e f f e c t s o f i n t o x i c a t i o n : 

s l i g h t i r r i t a t i o n , w a t e r i n g eyes and choking 
s e r i o u s i r r i t a t i o n , i . e . i n t o l e r a b l e i r r i t a t i o n 
which s t o p s when exposure cases 
r e v e r s i b l e or i r r e v e r s i b l e damage to the h e a l t h 

- d e a t h . 

The e f f e c t exposure to the t o x i n has i s determined 
by two p r i n c i p a l f a c t o r s : 

c o n c e n t r a t i o n i n the atmosphere 
the p e r i o d o f exposure. 

To reduce the e f f e c t s of exposure standards have 
been l a i d down i n which these two f a c t o r s are coun­
t e d . In the N e t h e r l a n d s we use l i m i t values f o r a 
s i n g l e exposure of the p o p u l a t i o n to r e l a t i v e l a r g e 
q u a n t i t i e s of a c c i d e n t a l e m i s s i o n s , the o b j e c t o f 
t h i s v a l u e , EPEL-value, i s to s a f e guard the h e a l t h 
and s a f e t y of the p o p u l a t i o n at an emergency exposu­
re as good as p o s s i b l e . 
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In t a b l e mentioned below a number of proposed EPEL-
v a l u e s are g i v e n : 

1/2 n o u r 1 hour 2 hours 

a c e t o n i t r i l 160 80 40 
a r y l o n i t r i l 40 20 20 
a l l y l c h l o r i d e 4 2 1 
ammonia 50 25 25 
c h l o o r 1,5 1 1 
e t h y l e e n o x i d e . 200 1 00 50 
fosgeen 0,13 0 ,06 0,03 
methylbromide 30 1 5 1 5 
z w a v e l w a t e r s t o f 1-2 1-2 1 -2 

Tab l e 2 Proposed EPEL-values i n the N e t h e r l a n d s 
( i n ppm) 

Because EPEL-values o n l y have been l a i d down f o r a 
l i m i t e d number of c h e m i c a l s , one can a l s o use MAC-
v a l u e s f o r the d e t e r m i n a t i o n o f the a c c e s s i b i l i t y of 

4 a d i s a s t e r a r e a . S t r i c t l y speaking the MAC-value 
(Maximum A c c e p t i b l e C o n c e n t r a t i o n ) i s a v a l u e f o r 
o c c u p a t i o n a l exposure d u r i n g 8 hour a day, 5 days a 
week. In p r a c t i c e the MAC- and EPEL-values appear to 
be c l o s e t o g e t h e r . In America the TLV ( T h r e s h o l d 
L i m i t V a l u e ) i s used. T h i s v a l u e i s i n many cases 
s i m i l a r to the MAC-value. 

5 • 3 ?I2^S£^i2Q.52§iQ§^-^S.^5Q2SE5-2f _2§§_2i2H2'5 
Where a poisonous gas c l o u d d r i f t s to the c o a s t , the 
p o p u l a t i o n of the area concerned must be p r o t e c t e d 
a g a i n s t i t s h a r m f u l e f f e c t s . 
Such p r o t e c t i o n can be achieved i n two days: 

e v a c u a t i o n 
r e m a i n i n g i n d o o r s . 
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E v a c u a t i o n i s a dangerous measure, s e v e r a l i n c i d e n t s 
having shown t h a t p a n i c and the r e s u l t i n g chaos may 
c l a i m more v i c t i m s than the gas c l o u d . The d e c i s i o n 
to evacuate an area s h o u l d be taken o n l y where there 
i s a grave danger of p o i s o n i n g and/or danger of 
f i r e . 

By r e m a i n i n g i n d o o r s d u r i n g the passage o f a gas-
c l o u d and r e d u c i n g the exchange of a i r i n and out­
s i d e -to a minimum a r e l a t i v e s a f e p r o t e c t i o n can be 
o f f e r e d . The exchange, can be reduced by l o c k i n g a l l 
the gaps, c l o s i n g the c h i n k s ( s p e c i a l at the 
w e a t h e r s i d e o f the house) and s t o p p i n g the mechani­
c a l v e n t i l a t i o n equipment. 
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6. Behaviour o f s p i l l s : Main Group I I 

Substances i n Main Group I I w i l l f l o a t on the wa­
t e r . In a d d i t i o n , the substances i n Sub-groups IIA 
and I I C evaporate to such an extent t h a t the p o s s i ­
b i l i t y of a vapour c l o u d must be c o n s i d e r e d . The 
substances i n Sub-groups I I C and IID w i l l form 
c l o u d s o f the p r o d u c t s o f t h e i r r e a c t i o n w i t h water. 
A f t e r e s c a p i n g , the substance w i l l spread out on the 
water ( s p r e a d i n g ) , where i t w i l l then be a f f e c t e d by 
e x t e r n a l f a c t o r s such as wind, waves and t i d a l c u r ­
r e n t s ( d i s p l a c e m e n t ) . While these secondary spread 
phenomena c o n t i n u e , v a r i o u s n a t u r a l d e g r a d a t i o n pro­
cesses o c c u r . 

6.1 §E£S2^iD2 
Spreading i s caused by the combined e f f e c t of the 
p o t e n t i a l energy the e s c a p i n g l i q u i d possesses on 
coming i n t o c o n t a c t w i t h the water, and the s u r f a c e 
t e n s i o n of the l i q u i d . 
A c c o r d i n g t o Fay (1969), s p r e a d i n g can be sub-

y d i v i d e d i n t o a number of phases. As the f i n a l r e s u l t 
he p r e s e n t s an a p p r o x i m a t i o n f o r m u l a f o r c a l c u l a t i n g 
the s u r f a c e of a c i r c u l a r s p i l l on the b a s i s of the 
volume of e s c a p i n g substance: 

5 i A = 10 V* 

Fay developed t h i s f o r m u l a to c a l c u l a t e the spread 
of o i l on sea water h i s assumptions being t h a t : 

the p r o p e r t i e s o f the l i q u i d do not change w h i l e 
i t i s s p r e a d i n g ; 
the sea i s calm w h i l e the substance i s s p r e a d i n g ; 
the o i l i s d i s t r i b u t e d homogeneously over a c i r ­
c u l a r a r e a . 
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As the p r o p e r t i e s o f the substances i n Group I I un­
dergo l i t t l e or no change w h i l e they are s p r e a d i n g , 
i t i s not u n a c c e p t a b l e f o r these formulae to be ap­
p l i e d to these s u b s t a n c e s . 

6.2 Slsolaceraent 

Of the many p h y s i c a l p r o c e s s e s c a u s i n g the d i s p l a c e ­
ment o f a s p i l l , the wind and t i d a l c u r r e n t s are the 
most "important. 
The e f f e c t o f waves on the d i s p l a c e m e n t of the f l o a ­
t i n g substance i s v e r y l i m i t e d and can t h e r e f o r e be 
ig n o r e d i n t h i s c o n t e x t . 

A l i n e a r c o n n e c t i o n c l e a r l y e x i s t s between wind 
speed, measured TO metres above the s u r f a c e o f the 
water, and the speed of the movement of the s p i l l as 
c a l c u l a t e d by the f o r m u l a (Teeson, 1970). 

u Q » the speed at which the 
s p i l l i s moving (m/s) 

f . • wind d r i f t f a c t o r (-) 
u Q = f as u u 1 0 * wind speed measured 10 

metres above the s u r f a c e 
of the water (m/s) 

The l i t e r a t u r e r e f e r s to a wind d r i f t f a c t o r o f ± 3% 
f o r an u n d u l a t i n g s u r f a c e (e.g. A l l e , 1977). 

T i d a l c u r r e n t s caused by the ebb and f l o w of the sea 
can a l s o r e s u l t i n c o n s i d e r a b l e d i s p l a c e m e n t . 
I n f o r m a t i o n on t h i s a s p e c t can be found i n c h a r t s of 
the sea and i t s c u r r e n t s . 
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U l t i m a t e d i s p l a c e m e n t i s the sum of the c u r r e n t and 
wind v e c t o r s . 

u v a u c u r r e n t + ° - 0 3 u10 w i n d 

o r , t r a n s l a t e d i n t o a v e c t o r diagram: 

F i g . 7 V e c t o r diagram 

6.3 5§2£22^£ion_grocesses 

The most important f a c t o r s i n photochemical o x i d a ­
t i o n are ozone ( O 3 ) and u l t r a v i o l e t l i g h t (sun­
l i g h t ) . 

' U n s a t u r a t e d compounds are most s e n s i t i v e to photo­
c h e m i c a l o x i d a t i o n (WHO, 1978; P r o c e e d i n g s , 1976). 
A r o m a t i c compounds w i t h a h i g h m o l e c u l a r weight 
e.g. d i o c t y l p h t h a l a t e , d o d e c y l benzene and nonyl 
p h e n o l ) , substances w i t h double bonds (e.g. d i c y c l o -
p e n t a d i e n e , n - b u t y l a c r y l a t e and the u n s a t u r a t e d 
o i l s ) and substances c o n t a i n i n g t e r t i a r y a l k y l 
groups ( i s o d e c a n o l , i s o n o n a n o l ) are most r a p i d l y 
o x i d i z e d . 
A c o n d i t i o n f o r pho t o c h e m i c a l o x i d a t i o n i s t h a t the 
subst a n c e must come i n t o i n t i m a t e c o n t a c t w i t h the 
o u t s i d e a i r . The r e a c t i o n p r o d u c t s of photochemical 
o x i d a t i o n are a l i p h a t i c and arom a t i c a c i d s and, to a 
l e s s e r degree, a l c o h o l s and phenols. These r e a c t i o n 
p r o d u c t s d i s s o l v e i n water. 
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The l e v e l o f b i o - d e g r a d a t i o n depends, among o t h e r 
f a c t o r s , on the temperature o f the environment, the 
degree o f d i s p e r s i o n i n sea water and the oxygen 
c o n t e n t o f the sea water. 
In g e n e r a l , a l l hydrocarbons are broken down to a 
g r e a t e r o r l e s s e r degree by micro-organisms (Dark, 
1977). N - a l k a n e s , branched a l k a n e s and e s t e r s are 
q u i c k e s t t o succumb to d e g r a d a t i o n , a r o m a t i c s and 
c y c l o a l k a n e s s l o w e s t . R e s a r c h e r s have shown t h a t 
n-alkanes are capable o f b i o - d e g r a d a t i o n i n one or 
two days ( P r o c e e d i n g s , 1976). A l k a n e s w i t h a low 
m o l e c u l a r mass are degraded sooner than a l k a n e s w i t h 
a h i g h m o l e c u l a r mass. Some b a c t e r i a can degrade 
a r o m a t i c s , e s p e c i a l l y those w i t h s i d e - c h a i n s 
( P r o c e e d i n g s , 1976). 
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7. D e t e c t i o n and i d e n t i f i c a t i o n of s l i c k s 

C hemical s l i c k s are u s u a l l y c o l o u r l e s s , u n l i k e o i l 
s l i c k s , which r e f l e c t e d the l i g h t and are conse­
q u e n t l y easy to see i n most cases. Some chem i c a l may 
be v i s i b l e because they have a d i f f e r e n t index o f 
r e f r a c t i o n than the su r r o u n d i n g sea water. 
A i r c r a f t and h e l i c o p t e r s are used t o l o c a t e o i l 
s l i c k s , t h e i r advantage being the wide area they can 
cover and t h e i r h i g h speed. T h e i r d i s a d v a n t a g e , on 
the, o t h e r hand, i s t h a t s i g h t i n g s are d i f f i c u l t or 
i m p o s s i b l e at night" and when the c l o u d cover i s 
low. C o n s e q u e n t l y , remote s e n s i n g methods are 
c u r r e n t l y being developed. These methods can, 
p o s s i b l y w i t h some m o d i f i c a t i o n , a l s o be used t o 
d e t e c t c h e m i c a l s l i c k s . 

Remote s e n s i n g t e c h n i q u e s may be s u i t a b l e f o r d e t e c ­
t i n g and/or f o l l o w i n g s l i c k s . However, i t i s not 
p o s s i b l e t o i d e n t i f y an unknown s p i l l . I f 
a p p r o p r i a t e a c t i o n i s t o be tak e n , measurements must 
t h e r e f o r e be c a r r i e d out i n the s p i l l i t s e l f . In 
view of the need f o r the f i n d i n g s to be a v a i l a b l e 
q u i c k l y , t h e r e i s no time f o r e x t e n s i v e l a b o r a t o r y 
work. 

A r a p i d method o f i d e n t i f i c a t i o n , which p r o v i d e s 
r e l e v a n t i n f o r m a t i o n w i t h i n a s h o r t space o f time, 
s h o u l d t h e r e f o r e be developed. There are v a r i o u s a l ­
t e r n a t i v e s : 

a package of i n s t r u m e n t s kept aboard the v a r i o u s 
s h i p s . A package of t h i s k i n d has been developed 
by EPA ( f o r use on l a n d ) . I t i n c l u d e s a pfl meter, 
a c o n d u c t i v i t y meter and a c o l o r i m e t e r (Bock, 
1 979) ; 
a package of i n s t r u m e n t s ashore. Samples have t o 
be taken w i t h a h e l i c o p t e r . I d e n t i f i c a t i o n of the 
samples take p l a c e ashore o r on board the 
h e l i c o p t e r . 
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8. Dangers o f c h e m i c a l s l i c k s and a p p r o p r i a t e a ct 

The p o t e n t i a l dangers of s l i c k s formed by s u b s t i r . c s r 
from Main Group I I may m a n i f e s t themselves both 
above and below the s u r f a c e o f the water. 
For example, the c h e m i c a l s i n c l u d e d i n Sub-grci.:s 
IIA and I I C w i l l form both a s l i c k and a yapou: 
c l o u d , w h i l e s ubstances i n Sub-groups i l C and . 
w i l l form a s l i c k and a l s o a c l o u d o f the reac". 
p r o d u c t s w i t h water. The dangers and the a c t i c r 
t aken t o e l i m i n a t e them thus r e l a t e t o : 
- c l o u d s above s l i c k s : e v a p o r a t i o n 

s l i c k s 
- c l o u d s beneath s l i c k s : r e a c t i o n s . 

8.1 §Z3E2E§£i22 
As a r e s u l t o f e v a p o r a t i o n , the substances in>.\ - a 

t 

i n Sub-groups I I A and I I C w i l l produce a c l o u d . :.:e 
a s s o c i a t e d p o t e n t i a l dangers o f f i r e and e x p l c : .or.a, 
and damage t o human h e a l t h , f o r example, aro t l - c s-
sed i n Chapter 5. A q u a n t i t a t i v e assessment o: V. 
e v a p o r a t i o n p r o c e s s i s t o be found i n Appenui.; .' 

As Chapter 5 has shown, t h e r e are very few wa.-i v 
d e a l i n g w i t h gas and vapour c l o u d s . I t can eve 
s a i d t h a t the removal of a gaseous suDStance r : " 
the environment i n the case of an a c c i d e n t i.s ic~. .s-
s i b l e . C onsequently and i n o r d e r t o reduce cfce r i i k s 
i n h e r e n t i n gas and vapour c l o u d s , i t i s i m p c r - i n : 
to t r y t o p r e v e n t the e v a p o r a t i o n of a s p i l l as car 
as p o s s i b l e . 
The r a t e of e v a p o r a t i o n can be reduced through the 
a p p l i c a t i o n of foam. 
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By s p r a y i n g foam over an e v a p o r a t i n g s p i l l , the f o l ­
l o w i n g e f f e c t s are a c h i e v e d : 

i t becomes d i f f i c u l t f o r vapour to move away from 
the s u r f a c e of the l i q u i d ; 
the heat from the sun i s reduced, and l e s s sub­
sta n c e evaporates as a r e s u l t ; 
as one of the c o n s t i t u e n t s o f foam i s water, a 
substance which d i s s o l v e s i n water i s p a r t l y 
absorbed by the l a y e r of foam. 

V a r i o u s types of foam are capable of d e a l i n g w i t n 
v a r i o u s c h e m i c a l s . So i t i s necessary t o i n v e s t i g a t e 
the u s e f u l n e s s of foam f o r a p p l i c a t i o n on a l a r g e 
s c a l e i n d i s a s t e r s i t u a t i o n s . 
I t might a l s o be asked whether t h e r e i s any p o i n t i n 
an o r g a n i z a t i o n u s i n g f i r e - f i g h t i n g foam at sea i n 
view of the long p e r i o d e l a p s i n g b e f o r e a c t i o n i s 
taken a f t e r an a c c i d e n t . The use of foams would 
c e r t a i n l y serve a purpose i n t h i s c o n n e c t i o n i f a 
foam cover c o u l d be l a i d immediately a f t e r the 
substance had escaped from the s h i p concerned. More 
e x t e n s i v e r e s e a r c h i n t o the use of foams at sea i s , 
however, needed t o p r o v i d e a b e t t e r understanding of 
t h i s m a t e r i a l . 

8 • 2 § i i £*.s_and_the i r _ e l i m i n a t i o n 
The dangers i n h e r e n t i n s l i c k s and ways of h a n d l i n g 
them form a s u b j e c t about which a g r e a t d e a l i s 
known. A c o n s i d e r a b l e amount has been done i n t h i s 
a r e a , p a r t i c u l a r l y through the development of t e c h ­
niques f o r d e a l i n g w i t h o i l s l i c k s . 
O i l s l i c k s are a hazard f o r b i r d s at sea and, i f 
washed ashore, can cause c o n s i d e r a b l e c o a s t a l p o l l u ­
t i o n . 
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A c t i o n taken t o d e a l w i t h o i l s l i c k s i s geared to 
the r e m o v a l r o f the o i l from the environment, t h i s 
being a c h i e v e d by mechanical means o r , where they 
are u n s u c c e s s f u l , by adding c h e m i c a l d i s p e r s a n t s t o 
d i l u t e the o i l i n the water. P r a c t i c a l l y no expe­
r i e n c e has yet been g a i n e d w i t h the a p p r e c i a t i o n of 
these v a r i o u s t e c h n i q u e s of c h e m i c a l s . 
The o v e r r i d i n g p r i n c i p l e adopted i s t h a t , where p o l ­
l u t i o n o c c u r s , an attempt must be made to remove 
c h e m i c a l s from the environment, p a r t i c u l a r l y i f they 
are x e n o b i o t i c . Thiis may n e c e s s i t a t e the a d a p t a t i o n 
of the p r e s e n t range of mechanical c o u n t e r - p o l l u t i o n 
equipment. Where they cannot be adapted, new 
equipment s h o u l d be developed. I n a d d i t i o n , such 
c h e m i c a l agents as g e l s , foams and absorbant 
m a t e r i a l s c o u l d be used t o c o l l e c t the p o l l u t a n t . 
None of these agents i s , however, u n i v e r s a l l y 
a p p l i c a b l e (see T a b l e 3 ) , which means t h a t , i f the 
whole range o f c h e m i c a l s i s t o be covered, c o n s i d e ­
r a b l e i n v e s t m e n t s must be made and l o g i s t i c a l p r o ­
blems overcome. American s t u d i e s have shown t h a t 
e f f e c t i v e m a t e r i a l s do e x i s t , but t h a t they are very 
c o s t l y (Robinson, 1979). Furthermore, most of these 
m a t e r i a l s have been developed f o r i n l a n d b o dies of 
water r a t h e r than the open sea. 
In o r d e r t o p r e v e n t s l i c k s s p r e a d i n g booms o r 
w a t e r j e t s can be used. B e s i d e s foams have been 
developed to e n c i r c l e a s l i c k ( F r i e l , 1973). 
F u r t h e r study i s r e q u i r e d i n t h i s a rea. 

8.3 S u b s t a n c e s _ w h i c h _ r e a c t _ w i t h _ w a t e r ^ 

Substances i n Sub-groups IIC and IID w i l l r e a c t w i t h 
water bertfeth the s p i l l t h a t has formed. T h i s may 
take the form of a p h y s i c a l r e a c t i o n , e.g. the sub­
stance d i s s o l v e s i n the waer, or of a c h e m i c a l r e a c ­
t i o n such as h y d r o l y s i s or d e c o m p o s i t i o n . 





- 39 -
Table 3. 

C o a p a e l b U l t T a f H a u r d o u a U q u i d a m a S a l a c c a d S o r b v n c S i t i r n i i 

s o i u c r r 

a u 
• i • 

u 
* 
I 

II 

• 
e 

1 ? ; 
• 3 3 a w - - i i t < 
a 9 s — — • m 

U Q c m 
1 s 
i i \ 3 

3 
hp 
« 

i 
tm 
1 

X 

« V 
"J s 
£ z 

j ! i f 
* 

ik 
0 

£ 

3 
>. 
z 
ft* 

1 -1 
i r 11 

j C v c l e h a x a n a ^ • i / 

! J / i » 4 i / 
1 I n t n t * 4 1 n 10° 4 19 .141 / / 
! E c i i T l b a t i a a n a ' / / / i / 

1 / t ! / 1 / 

1 S e r r a a a ' • / • i / 1 / J ! / ! / / 
T o l u a n a 

1 
4 A 1 u i / 1 / J 1 / 1 / / 

i 
X v l a n a ' — i / A I 11 / 4 1 / ! / f 

M A c a c i e a c i d I .. Z 1 / ! / ! ; 1 / 
3 
* 

A c t e l e i n h r d r l d a 1 I A i / I / 1 i i / 
3 S u r r r l e a c i d 4 • - 1 1 / 1 1 1 / 
o 
A* A C 3 S A S ) 

f o r m i c a c i d ' 1 / 1 1 
• DELTTAirSTS S a o h e a a n i e a c i d 1 1 : 1 1 1 
o 
U f r e e I o n i c a d d 4 1 ,' 1 i 1 1 1 / 

f r o e i o n l c a n f l v d r l d a ! • i / l 1 1 1 

u O l c n l o r o o r o o i o o l c a c t d ! l l I f : i 1 
M 
s 

AIONIOLS 

A i l v l a l c o h o l 4 • / 
< AIONIOLS 

C r a s o l 1 4 4 / / / 

m i i 1 / , 
a AettaldahTTla / • / 4 r ~* 

A L S Q T S E S A e r o i t t n 1 4 I 1 \ < I i ! 
r o r s a l d a t t r d i I X 1 » ! / 1 i 1 / 
f u r f u r a l I / 4 

»' i i \ t i / 

1 A a r r l a c a c a c a ' I / A 

• / 1 / / 

1 SUCYI a c e c a c a / < <• / / / 
c m s • l a t h y l a a c l v a c r y l a c a 1 / / 4 4 4 \ / / / 

r v r a c a r l a a 1 1 t I 1 \ 4 ! 

7 l a * l a c a c a e a 1 J 1 /* 1 4 / / / / 
A c a t y l b r o o l d a ! ; / i i ! / 
A e a t r t e h l o T t d a - : ! 4 1 1 1 ! / l 1 

A X l y l c a i . o r l d « c 1 / i ,' 1 / 4 / ' ! / 
O i l o r o f o r a 

1 
4* ! J 1 1 8 ° 1 / / / 

C r a n o t a a e a l o r l d a ! i 1 1 1 1 / ! / 
B A L O C O r h e a j a o * 

1 1. / 1 ! ! 
S a n x o y l c i i o n d a ! 4 | / l / i i 4 ! 
i a a x r l c a l o r i d a 1 ; 1 l 1 / 1 / ! / 

a C h l o r d a n a ! 4 | 

X C b - l o r o b a m a n a s | / l 1 ! / j / 4 
3 
o ? e l v e n i o r l . s a t a d b l e h a a v l s ! / 1 / | 
a> 

A c a c o a a c v a a o o v d r l a ! 1 4 / I 1 / ; / 
X 
o A c r r l o n i t r l l a / 1 / i I 10 1 / I / . 4 | / 
u B u c r l a a U a a i 1 • i I 1 / I " ! • 

O i a t n r l a m i n a 1 • / ! ! / I 4 

1 , ' / f 4 ! 
s I c f r v l a a a d l a a u a 1 4 I 4 
•« 
II s m o c n H v d r o f m e r a n i d a 1 / i 4 I I 

• l o n o a c a v l a s i a a 1 1 1 

T r l t c S v l a a i a a / i 4 

A n i l i a a Z 1 1 4 I i • ! / 

S t t u o n i c r i l a / ; 1 ! • 

U l t r o b a a x a n a I / / | / i / 

Q u a M l i M : / 
T r i M t n v l a a U a a • I ! / i 

s s t r a C a r b o n d l a u l ' l d a / 1 / — 4 
s s t r a "̂ -ioromuiicnic i c i d 





- 40 

Table 3- CcontdJ 

C a n p a c i i i l i c y i t - i a x a r d m i a L l q u i d a j a d S a u a C t a * i o c a a n c l l i c a r l a l J ( C c n t d ) 
. 1 

HKZUQOCS 
L I O C X ' S 

S O U C i T 
1 

a 
a 

• a 

1 i i 

1 

1 
1 3 

: 
3 
a 

3 

1 
1 
1 

h. 
! » 

X 

1 
I £ 
fi X 

i 

• | 
II 
l ; 

w 

* 
1 
>> 
s. 
a 
w 
A 

"a 
a. 

j ' j i ! r : 
! ~ • 

• 
u 

? 
• 

X 

h 
s -

s i 

! »*-
[ • i - • 
1 * -at - < 

i 
' 7* -

! _£ J 

a 
1 " H t t l i a l i i 1 • • :"°***' 

z 3 t c ! v l o r - o « -(- K - : : • 1 : : | 
a 
o 

S L s u l f o c o n ! 1 ! 1 1 / : i 1 ! 
&. X c s i o o , I : ! 1 I ; 
X 
o 

ORGLSOPHOSTSOKIJS • M a l a e f t l o n I • i : 1 1 1 i 
u 

Jr'JL.. X a e f t y L p a r a c o l o n : : / i | 

u 

z ! 1 •• 1 : ! t ! / ! ! ; ; 
<4 r i r i r t i i i w 

! ! • * ! i ,' i i 1 / ; 
u 
of "**T»«CN»L 5 v r o » h o i o t u e » 1 1 i ! 
o 

n i r i . i - w i - i i • T 
C 0 W O C S 3 S 

t a c r a a c h y l l a a d I / ' i 1 / r i i • i 
. 4 y a r a c a l a r l c a c t a X X i X • • i j ! : 

a i H y d r o f l u o r i c a c i d ! X 1 X V / ! 1 1 
a ACIDS 1 U l c r l e a c i d * x r x / : I : o i / 1 1 
a ~ a o a o f t o r l c a c i d X X I X 2 : s 1 V 1 1 | 
X S u l f u r i c a c i d X x 1 X ; 1 « i / t 
o A a c l a o n y o a o e a e h l o r l d a i 1 i i r i ! i : 

" A f i « n t c c r l c a l o r l d a 1 ! 1 1 / • • ' ! 1 
u ' R s a a o n o r u a e x y e & l o r t d a 1 1 i / i 1 * . ! ; 
X s V U . I 3 £ S L 

? h o a e h o n i a e n c h l o r l d a 1 1 1 1 1 • 1 ! i 
•< S o d l u a h v o o c h l o r l t a ( a o l u d o a ) 1 1 , 1 ! 

I ; ! i ! M ' S u l f u r a o a o c a i o r l d a 1 ! , ! / • I i ! 
3 
z 

Z'.r.e s t U o r l d a f a o L u e l s n ) ! 1 1 ! « i i ; 
o t m A m o n i u a I v a r o x i a a 1 1 1 i 1 i i \ y • 

! U c r e x e ~ d l o x i d a 1 : / 1 I I . 1 ! \ 
• O O I T ' . J S A L " S T O B U X X O S 1 k I a I » . a ! • I * ! i I a 1 . 1 a i a . a I 

Tlef oronce: John E. Snigger 
Proceedings 1980. 

E x p l a n a t i o n . 
a Wool, feathers, chrome, leather shavings 
b Straw, sawdust, bark, hulls, peat moss 
C Includes proprietary product(s) 
d Calcium carbonate 
e Ash. sand, vermieulite, perlite. clays 

Insoluole tloater 
S "»»" -epresents compatible combinations 
h Numbers represent absorption capacity (mass of material sorbed per unit mis* of sorbent); based on experimental data 
i Conclusion based on experimental data, ratner than extrapolation or speculation 
j " \ " represents incompatible combinations 
k 3auer. W.M.. rt al.. (1975) . Agents. Methods and Devices tor Amelioration ot Discharges ut Hazaraous Chemicals on Water. L.S. Coast Guars. 

Wjsmneion, DC 
I Data saeet on proprietary product 
m Pihe. S.J.. et al., (1975). Methods :o Treat. Control and Monitor Spilled Hazardous Materials. EP \-6'0/Z-'!.-0*Z) 
n TL-moie. X . E . . et al.. (1978), A New Universal Sorbent for Hazardous Spills. In Pm<.ecai/ies uj :ue /9~3 .\ationut Conjerence on :m Cjniroi oj 

Hazjrcoiis Material Sui/ls. U.S. EPA (available from Information Transfer. Inc.. Rockville, VID) 
o Akers. Civ. , ct al.. Cuiaelmes tor the Lscot Chemicals in Removing Ha«raou» Suosiance Disnca.-ges. L.S. EPA Contract No. 6S-0J-:CSU un 

prcpaxoiion) 
p Vlicnatovic, J.G.. el at.. (197*1. Multipurpose Celling Agent and Its Application 10 Soiilcd Haxaraou.s Materials. E?\-<xX>/ !•"•< 5 I 

file:///ationut




- 41 -

F i g . 8 g i v e s a g e n e r a l i m p r e s s i o n of the s o l u b i l i t y 
of h y d r o c a r b o n s . r 
The r e a c t i o n p r o d u c t s w i l l form c l o u d s i n water. The 
behaviour and counter p o l l u t i o n a c t i o n s of these 
c l o u d s are s i m i l a r t o c l o u d formed by substances 
from Main Group I I I . For t h i s reason the d i s c u s s i o n 
of the v a r i o u s a s p e c t s w i l l take p l a c e i n the Chap­
t e r s 9 t o 11. 

o.i • ' 1 

50 60 70 80 90 100 110 120 130 140 150 160 175 
MOLAR VOLUME OF HYDROCARBON 

( ml / moie at 20 C ) 4 

F i g u r e 8. Comparison o f the s o l u b i l i t y i n water of v a r i o u s 
types of hydrocarbons as a f u n k t i o n of t h e i r 
mcaar volumes (American Petroleum I n s t i t u t e 196 3̂  
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9* B e h a v i o u r o f c l o u d s i n water: Main Group I I I 

On e s c a p i n g i n t o sea water, the substances i n Main 
Group I I I w i l l s i n k t o the bottom. The speed at 
which they s i n k depends on the d i f f e r e n c e between 
the s p e c i f i c g r a v i t y o f the substance and t h a t o f 
the sea water. Where the d i f f e r e n c e i s s m a l l , the 
substance w i l l s i n k s l o w l y and the c l o u d t h a t forms 
may a l s o come t o a s t a n d s t i l l under the i n f l u e n c e of 
a c u r r e n t . As i t s i n k s , the c l o u d w i l l be d i l u t e d as 
a r e s u l t of t u r b u l e n c e . I f the substance accumulates 
on the bottom, i t w i l l become d i l u t e d through t u r b u ­
l e n c e caused by the c u r r e n t . 
The s u b s t a n c e s i n Sub-group I I L A w i l l form a c l o u d 
o f r e a c t i o n p r o d u c t s . T h i s c l o u d w i l l a l s o become 
d i l u t e d owing t o the i n f l u e n c e of the c u r r e n t . 

A l l t hese p r o c e s s e s are capable of r e a s o n a b l e t o 
good d e s c r i p t i o n i n p h y s i c a l terms. There i s conse­
q u e n t l y a need f o r a s i m p l e computer s i m u l a t i o n 
model t o enable a p r e d i c t i o n o f the l i k e l y spread of 
an e s c a p i n g c h e m i c a l on the b a s i s o f v a r i o u s of i t s 
p r o p e r t i e s and p h y s i c a l o c eanographic d a t a . Perhaps 
the CHRIS model (see Chapter 3) can o f f e r p o i n t s of 
c o n t a c t . 
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10. D e t e c t i o n o f c l o u d s i n water and a c c u m u l a t i o n s on 
the bottom • 

P o l l u t a n t s which have sunk beneath the s u r f a c e are 
o f t e n d i f f i c u l t to d e t e c t u n t i l e f f e c t s such as dead 
f i s h i n d i c a t e t h e i r p resence. 
To l i m i t the damage to the environment, the p o l l u ­
t a n t must be d e t e c t e d as soon as p o s s i b l e and the 
e x t e n t of the p o l l u t i o n determined. 

10.1 D e t e c t i o n us i n g _ the T g o g j u c t i v i t y _ of substance 

The c o n d u c t i v i t y of o r g a n i c c h e m i c a l s which s i n k i s 
g e n e r a l l y many times lower than t h a t of sea water 
(sea water: 43*10~ 3 mho cm " 1 . g r " ' 1 , as a g a i n s t 
CC1 4:4*10" 8 mho cm " 1 g r " 1 ) . 
Meyer (1980) has developed a c o n d u c t i v i t y meter, 
which measures i n t e r m i t t e n t l y . T h i s d e s i g n i s a l s o 
s u i t a b l e f o r t a k i n g measurements i n the bottom 
l a y e r . 
Bock (1979) have announced a number of s i m p l e 
d e s i g n s which can be used c o n t i n u o u s l y . 

i o . 2 ' ^ s ^ s ^ ^ i ^ r i - H ^ i r i S - ^ r i - ^ ^ i i S - ^ ^ y D ^ ^ ^ 

An echo sounder can be used t o e s t a b l i s h the dimen­
s i o n s of the a c c u m u l a t i o n and i t s behaviour (e.g. 
movement) 
The p r i n c i p l e of the echo sounder i s shown i n F i g s . 
9 - and 10 , where carbon t e t r a c h l o r i d e (CCI4) has 
been chosen as an example of a p o l l u t a n t . 
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T R A N S D U C E R 
D I S T A N C E 

T R A N S I T 

T I M E 

3 . 4 m u c 

[o.2 , 

P t ' P O L L U T A N T 

« t L A Y E R ( C Q 4 ) 

0 . 2 m s « c 

P i g . 9 : diagram showing an echo sounder b * i n c . . j 
t o l o c a t e an a c c u m u l a t i o n of CCI4. rm 
1980). 

P^ 3 8 i n i t i a l wave 
P r • r e f l e c t e d wave 
P t • t r a n s i e n t wave. 
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10 : s i g n a l s t r e n g t h as a f u n c t i o n of tim3 
d u r i n g measurements under the c o n d i t i o n s 
of P i g . 9 (Meyer, 1 980) . 
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An echo sounder w i t h a frequency of 200 kHz produces 
a s a t i s f a c t o r y s i g n a l i n water. 
The maximum a c o u s t i c measuring range i s some 73 m i n 
the case of a 200 kHz echo sounder. 

L a b o r a t o r y t e s t s (Meyer, 1980) w i t h a 200 kHz echo 
sounder showed t h a t the a c o u s t i c e s t i m a t e s of the 
depth of the CCl4~water boundary l a y e r were w i t h i n 
* 20% o f a l l a c t u a l depth measurements. T h i s method 
sh o u l d be developed f u r t h e r . 

10.3 D e t e c t i o n o f packed che m i c a l s 

The d e t e c t i o n o f packed c h e m i c a l s , being on the 
bottom, can be c a r r i e d out w i t h s i d e scan sonar, 
s p e c i a l l y as l a r g e r packages as drums, g a s c y l i n d e r s 
and c o n t a i n e r s , are i n v o l v e d . O f t e n a d i v e r has to 
i d e n t i f y the s i g n a l of the sonar. 
Some cases i n the r e c e n t past l e a r n e d t h a t the 
d e t e c t i o n of such packages i s a time and consequent 
l y money consuming b u s i n e s s . 
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1 1 . Dangers and c o u n t e r - p o l l u t i o n a c t i v i t i e s : Main Group 
I I I - substances which s i n k 

The dangers t o man of substances which s i n k both 
c l o u d s and p o o l s on the seabed are on the whole 
l i m i t e d . The p o t e n t i a l dangers f o r the marine 
environment, on the o t h e r hand, can be c o n s i ­
d e r a b l e . To l i m i t these dangers, i t i s important to 
p r e v e n t the substance from s p r e a d i n g . 
T h i s can be done by c o n t a i n i n g the p o o l on the sea 
bed-or moving i t i n t o a h o l l o w . A l t h o u g h b u i l d i n g 
d i k e s and d i g g i n g h o l e s i n the sea i s a c o s t l y 
b u s i n e s s , i t i s not an i m p o s s i b i l i t y . 
B e s i d e s t h i s , a "bottom-containment boom" has been 
developed f o r t h i s purposes i n America. T h i s boom 
(see F i g u r e 11) was o r i g i n a l l y d e s i g n e d f o r use i n 
s h a l l o w water and from the bottom t o the s u r f a c e of 
the water. I t s h o u l d , however, be p o s s i b l e t o use i t 
i n deep water (Robinson, 1979). 
To c o u n t e r the s p r e a d i n g of c l o u d s i n water i s 
i m p o s s i b l e . 

F i g u r e 11. 
Bottom containment boom 
(Robinson,1979). 
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11.1 £ounter_pgllution_activities_of_gools_on_the_seabed 
There are v a r i o u s ways of d e a l i n g w i t h p o o l s on the 
seabed: 

c a u s i n g a r e a c t i o n 
b u r y i n g 
removal w i t h dredgers 
a combination o f these methods. 

11.1.1 Causing a r e a c t i o n 
By adding an agent t o a c l o u d , whether or not i t i s 
s i n k i n g , the o r i g i n a l substance can be converted 
i n t o a l e s s h a r m f u l substance or i n t o a substance 
which s i n k s . The d i s a d v a n t a g e of t h i s method i s that 
l a r g e q u a n t i t i e s o f a s p e c i f i c agent are r e q u i r e d . 

No e x p e r i e n c e has y e t been g a i n e d w i t h the use of 
s o r b e n t s , g e l s and foams on s i n k i n g c l o u d s at sea. 
I t i s not known what e f f e c t the p r e s s u r e at g r e a t e r 
depths has on the a c t i v i t y of these agents. 

• 

B u r y i n g 
Only s o l i d substances can be b u r i e d . T h i s method can 
be used as a temporary s o l u t i o n to pr e v e n t the sub­
s t a n c e from moving. I t can a l s o be regarded as the 
f i n a l s o l u t i o n f o r r e l a t i v e l y harmless substances 
such as a s p h a l t . 
Sand can be used as the c o v e r i n g l a y e r . In s p e c i f i c 
c a s e s , use can a l s o be made of a n e u t r a l i z i n g 
agent. For example, barium carbonate can be covered 
w i t h a l a y e r of c a l c i u m s u l p h a t e to produce barium 
s u l p h a t e , a harmless s u b s t a n c e . 

11.1.3 Dredging 
Dredging i s g e n e r a l l y regarded as s u i t a b l e f o r the 
removal of dangerous substances from the bottom. I t 
i s , however, a method which has ve r y seldom been .• 
used i n p r a c t i c e , p a r t i c u l a r l y i n the case of l i ­
q u i d s . 
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There are t h r e e d r e d g i n g methods: 
m e c h a n i c a l systems: 
the use o f b u c k e t s , p i n c h e r s or c u t t e r s 

- h y d r a u l i c systems: 
a h y d r a u l i c a l l y d r i v e n c e n t r i f u g a l pump c r e a t e s a 
vacuum 
pneumatic s u c t i o n systems: 
a vacuum i s c r e a t e d w i t h the a i d of a compressor 
and a i r chambers. 

M e c h a n i c a l d r e d g i n g seems l e s s s u i t a b l e f o r c o l l e c ­
t i n g t o x i c p o l l u t a n t s , s i n c e i t i n c r e a s e s t u r b u l e n c e 
i n the water and churns up the bottom. T h i s may 
r e s u l t i n the d i s p e r s i o n o f a major p o r t i o n of the 
p o l l u t a n t i n the water thus e n l a r g i n g the danger 
zone, which may cause even g r e a t e r damage to the 
marine environment. However, new types of c u t t e r s 
are c u r r e n t l y being d e v e l o p e d , the o b j e c t being to 
reduce the t u r b u l e n c e around the c u t t e r and so 
prevent f r e s h m a t e r i a l from the sea bed from 
becoming suspended i n the water. 
An added f a c t o r i s t h a t few m e c h a n ical systems are 
s u i t a b l e f o r use on the open sea. 

Of the h y d r a u l i c systems the t r a i l e r s u c t i o n hopper 
dredge would seem to be the most s u i t a b l e i n t h i s 
c o n t e x t . The sea-going types can be used anywhere. 
T h e i r d i s a d v a n t a g e s are t h a t they can work o n l y up 
to a depth of some 35 m and t h a t the c a p a c i t y of the 
hopper i s l i m i t e d . 
C o n s i d e r a t i o n might be g i v e n to the use of s h i p s as 
i s now done w i t h the "Cosmos" to d e a l w i t h o i l 
p o l l u t i o n . 





4? -

F i g . 12: T r a i l e r su c t i o n hopper dredge (PIANC, 
1977). 

The pneumatic s u c t i o n systems are the most re c e n t 
development i n the f i e l d of d r e d g i n g . I n I t a l y and 
Japan i n p a r t i c u l a r v a r i o u s systems have been deve 
lo p e d t o remove l a y e r s of p o l l u t a n t s l u d g e . Turbu­
l e n c e i s minimal w i t h these systems. T h e i r use i s 
g e n e r a l l y independent on the depth of the water. 

F i g . 13: Pneumatic system (PIANC, 1977). 
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A study s h o u l d be made to e s t a b l i s h what dredging 
equipment i s a v a i l a b l e or c o u l d be used i n the 
N e t h e r l a n d s f o r the removal of p o l l u t a n t s . Account 
should a l s o be taken i n t h i s study of o t h e r develop 
ments such as d e e p - w e l l pumps and emergency d i s ­
charge systems. 

11.2 92HD£er_gollution_activities_of_clo water 
In r e c e n t y e a r s many agents have been developed to 
combat p o l l u t a n t s i n water. Only a l i m i t e d number 
have proved s u c c e s s f u l , and even then t h e i r use i s 
c o n f i n e d to s m a l l a c c i d e n t s , e i t h e r on i n l a n d 
waterways or on l a n d ( R o b i n s o n , 1979). 

The v a r i o u s methods on which these agents are based 
a r e : 

a b s o r p t i o n 
s o l v e n t e x t r a c t i o n 
n e u t r a l i z a t i o n 

- p r e c i p i t a t i o n 
c h e l a t e f o r m a t i o n . 

Where s o r b e n t s are used, i t i s impor t a n t f o r t h e r e 
to be a h i g h c o n c e n t r a t i o n o f the c h e m i c a l 
concerned. Such h i g h c o n c e n t r a t i o n s w i l l u s u a l l y 
o c c u r i n sea water. S o l v e n t e x t r a c t i o n i s s u i t a b l e 
f o r o n l y a s m a l l number o f c h e m i c a l s and r e q u i r e s a 
g r e a t d e a l o f equipment. 

In the case of the l a s t t h r e e methods l i s t e d above, 
a s p e c i f i c reagent i s needed f o r each p o l l u t a n t . 
T h i s c o n f l i c t s w i t h the aim of d e v e l o p i n g uniform 
methods. 
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In summary, i t can be s a i d t h a t at p r e s e n t l i t t l e or 
no t h i n g can be done to d e a l w i t h the r e a c t i o n 
p r o d u c t s of ch e m i c a l s which r e a c t w i t h water. 
F u r t h e r study i s t h e r e f o r e r e q u i r e d . 

As the pr e c e d i n g t e x t shows the spread i n g of the 
c l o u d s cannot be prevented and counter p o l l u t i o n 
a c t i o n are not o f h a r d l y f e a s i b l e . For t h i s reason 
one can t r y t o d i s p e r s e the formed c l o u d as soon as 
p o s s i b l e . T h i s method, know as " d i l u t e and 
d i s p e r s e " , can be performed by g e n e r a t i n g a r t i f i c i a l 
c u r r e n t , f o r example w i t h anchored s h i p s r e v o l v i n g 
t h e i r p r o p e l l o r s , pumps and water g e t s . 

11.3 22ii2^§£_E2iiH^i2S_l£^i225-2l_E5£iS®^_£^®?Si£5i§ 
As e x p l a i n e d i n 2.4 packed chem i c a l s can be 
c o n s i d e r e d as p a r t s of Maingroup I I I . The counter 
p o l l u t i o n a c t i o n s o f t h i s category come t o s a l v a g i n g 
the packages: drums, g a s c y l i n d e r s and c o n t a i n e r s . 
T h i s can be performed w i t h h o i s t i n g - a p p a r a t u s . That 
means p u t t i n g on d i v e r s . An o t h e r way i s the use of a 
s t e e l t r a w l n e t . 
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12. C o n c l u s i o n s and recommendations 

The substances e s c a p i n g d u r i n g a c a l a m i t y w i t h cr.-• -
m i c a l t a n k e r s w i l l s p r e a d : i n the a i r , on the wr- ^'r 
s u r f a c e , i n the water i t s e l f and on the bo t t ; r t . ? 
d i s t r i b u t i o n of the substances over these Lcra-. 3 
depends on the p r o p e r t i e s of the substance;; — 
ned. 

Based on these p r o p e r t i e s , c h e m i c a l s can be • l a s a . -
f i e d "as f o l l o w s : 
I s u b s t a n c e s , forming gas and vapour c l o u r s 
I I s u b s t a n c e s , which f l o a t on the water 
I I I s u b s t a n c e s , which s i n k or are suspended. 

I t appeared t h a t f o r t r a n s p o r t o f c h e m i c a l s r, 
names or c a t e g o r i e s are used, such as: brake r" 
H/C s o l v e n t , e t c . I t i s recommended to a r r i v e ' at 
s t a n d a r d i z e d namens on the b i l l s of l a d i n g , fi-r 
example based on U.N. numbers. 

B e h a v i o u r : 

The substances from Main Group I are p r a c t i c a l _ y a i . 
h e a v i e r than a i r . No c a l c u l a t i o n model f o r the d 
f u s i o n o f t h i s c a t e g o r y of gases and vapours L.3 
a v a i l a b l e i n the N e t h e r l a n d s at the moment. I t 
d e s i r a b l e to deve l o p such a model i n the near 
f u t u r e . 
For the d i f f u s i o n o f ' c l o u d s ' i n water t h e r e i s no 
i n t e g r a t e d c a l c u l a t i o n model a v a i l a b l e e i t h e r , su:h 
a model needs to be developed t o o . 

D e t e c t i o n 

The a p p l i c a t i o n of remote s e n s i n g t e c h n i q u e s 5 r- u. 
d e t e c t i o n of gas and vapour c l o u d s and of s l i c k s 
seems f e a s i b l e . 
However, a study of the u s e f u l n e s s of the equipment 
a v a i l a b l e at p r e s e n t i s d e s i r a b l e . 
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The use of planes f o r d i r e c t measurements i n gas and 
vapour c l o u d s should be i n v e s t i g a t e d i n more d e t a i l . 
In a d d i t i o n t o d e t e c t i o n , f o r s l i c k s of unknown com­
p o s i t i o n , t h e r e i s a l s o a need f o r i d e n t i f i c a t i o n of 
the substances concerned. T h i s means t h a t f u r t h e r 
r e s e a r c h must be done i n t o the p o s s i b i l i t i e s o f 
q u i c k a n a l y s e s , e i t h e r ashore or at sea. 
For the d e t e c t i o n o f c l o u d s i n water a number of 
t e c h n i q u e s are g i v e n : by means of c o n d u c t i v i t y mea­
surement or by echo sounders. Both methods should be 
f u r t h e r developed on"the b a s i s of p r a c t i c a l t e s t s . 

Hazards and t h e i r abatement 

The hazards of gas and vapour c l o u d s are f i r e - e x p l o ­
s i o n and/or danger to h e a l t h . Counter p o l l u t i o n 
a c t i v i t i e s aimed at r e n d e r i n g the c l o u d s harmless i s 
i m p o s s i b l e . The a c t i o n w i l l , t h e r e f o r e , have to be 
aimed at the p r o t e c t i o n of i n d i v i d u a l s , on the spot 
of the d i s a s t e r as w e l l as i n areas which can be 
a f f e c t e d by the c l o u d s . 
F u r t h e r r e s e a r c h i n t o the use of foam f o r f i r e 
f i g h t i n g c.q. p r e v e n t i o n i s a d v i s a b l e . 

Foams may a l s o be used f o r the p r e v e n t i o n or 
r e s t r i c t i o n o f the e v a p o r a t i o n of s l i c k s at sea. In 
t h i s c o n t e x t should be mentioned the d e s i r a b i l i t y of 
a foam i n s t a l l a t i o n on board c h e m i c a l t a n k e r s . In 
case of c a s u a l t i e s the c h e m i c a l s p o u r i n g out may 
then at once be covered by foam. 
There i s l i t t l e e x p e r i e n c e yet w i t h the f i g h t i n g and 
c o n t r o l of c h e m i c a l s l i c k s . I t should be i n v e s t i g a ­
t e d to which e x t e n t the mechanical o i l counter p o l ­
l u t i o n equipment i s s u i t a b l e f o r removing c h e m i c a l 
s l i c k s . 
F urthermore, the a p p l i c a b i l i t y and e f f e c t i v i t y of 
g e l s and absorbant m a t e r i a l , f o r removing chemical 
s l i c k s are q u i t e unknown. Both s t u d i e s and p r a c t i c a l 
t e s t s are n e c e s s a r y here. 
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The c o u n t e r p o l l u t i o n of c l o u d s of c h e m i c a l s i n 
water seems i m p o s s i b l e . 
In o r d e r to r e s t r i c t the damage we w i l l have to t r y 
to q u i c k l y reach a low c o n c e n t r a t i o n by a r t i f i c i a l 
d i l u t i o n . 
For the abatement o f p o o l s on the ground should be 
aimed at l i m i t i n g t h e i r s i z e i n the f i r s t p l a c e . 
A c t i o n s t o make p o o l s harmless are e.g. c h e m i c a l 
reagens, b u r y i n g and d r e d g i n g . 
In p a r t i c u l a r the l a t t e r t e c h n i q u e s h o u l d be f u r t h e r 
i n v e s t i g a t e d on i t s o p e r a t i o n a l b e n e f i t s . 
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Appendix I E v a p o r a t i o n 

In l i t e r a t u r e s e v e r a l e m p i r a c a l formulaes f o r c a l c u l a t i o n s on 
the e v a p o r a t i o n of n o n - b o i l i n g l i q u i d s can be found. Opschoor 
(1979) comes a f t e r t h e o r e t i c a l r e f l e c t i o n s to a d i v i s i o n of 
the substances i n two groups: 
A. substances w i t h a p a r t i a l vapour p r e s s u r e 

>150 mm Hg, by which the e v a p o r a t i o n r s u i t s i n a high 
m a s s - f l u x 

B. substances w i t h a p a r t i a l vapour p r e s s u r e 
<150 mm Hg, by which the e v a p o r a t i o n r e s u l t s i n a low 
m a s s - f l u x . 

At the same time formulaes f o r both groups are d e r i v e d . The 
d i f f e r e n c e between the r e s u l t s of Group A and B i s due to the 
f a c t t h a t at h i g h m a s s - f l u x e s the mass t r a n s f e r - c o e f f i c i e n t 
i s no l o n g e r independant on the m a s s - f l u x e s . 

Group A: > 150 mm Hg; h i g h m a s s - f l u x . 

Q » 2.10-3 u0.78 r -0,11 _ § (P W-P«J 
R.T. 

Group B: ̂ 1 5 0 mm Hg; low m a s s - f l u x . 

Q • • (Pw-Pc* ) R.T. 

Q =» mas s - f l u x (kg.nT^s" 1) 
0 • speed of wind (m.s~ 1) 
V* * r a d i u s of the l i q u i d p o o l (m) 
M =» m o l e c u l a r weight of the substance (kg.kmol"" 1 ) 
R • m o l e c u l a r gas c o n s t a n t ( J . k m o l ~ 1 K ~ 1 ) 
T • temperature of the l i q u i d (K) 
P w * p a r t i a l vapour p r e s s u r e at the l i q u i d s u r f a c e (Pa) 
Pc/a. • p a r t i a l vapour p r e s s u r e i n the sur r o u n d i n g s (Pa) 
K = mass t r a n s f e r c o e f f i c i e n t (ms~) 
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In o r d e r to assess the r a t e of e v a p o r a t i o n c a l c u l a t i o n ; 
made w i t h two substances w i t h a h i g h p a r t i a l vapour p r r 
aceton and hexane and w i t h two substances w i t h a low pa 
vapour p r e s s u r e : hexane and a c r y l a c i d . 

The f o l l o w i n g assumptions have been made: 
speed of wind: u » 6 m/s 
r a d i u s o f the p o o l : r » 25 m — t o t a l s u r f a c e » 2C( 
the d r i v i n g f o r c e has to be at most. So the term 
(P w-Poa )-has t o be at most: Pco • 0. 

The f o l l o w i n g c o n s t a n t s have been used: 

m o l e c u l a r gas c o n s t a n t : R - 8.3 * 1 0 3 J . k m o l _ 1 . K " 1 
mass t r a n s f e r c o e f f i c i e n t : k » 10-3 m/s 

1 P a s c a l » 7,5 * 10" 3 mm Hg —«• 1 mm Hg » 133.3 Pa 

R e s u l t s ' 

Group A: 

Q - 2.10- 3.u.0,78. r - 0 , 1 1 M (P w-Pc« ) 
RT 

2.10-3.60,78.25°, 1 1 M 
8.3. 10 3.283 

S P w - ° ) 

Pw IS Cor»we-.fctd io mm : P wHg 
3.2 * 1Q-7.M.PW H g 

Aceton: M * 58 
P wHg » 180 mm Hg Q - 3.3 * 10-3 kg/m 2s 

3 24 ton per hour 

Hexane: M =» 34 
P wHg -« 310 mm Hg Q • 8 #3 * 10"3 kg/m 2s 

* 60 ton per hour 





Group B: 

_ K.M . . 
Q - (P w- poo ) RT 

10" 3.M 
(P w-0) 8,3 * 103.283 

P w i s converted to nun Hg : ^ww3 

5,7 * 10-8.M.P W H q 

Hexane : M • 86 
P ^ g » 120 nun Hg Q - 5,9 * 10" 4 kg 

• 4.2 ton per he 

A c r y l a c i d : M • 72 
P w H g - 10 nun Hg Q » 4.1 * 10~ 5 kg. 

* 0,3 ton per he 




