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1. INTRODUCTION

1.1. GENERAL

The North Sea D irec to ra te  o f  the Dutch M in is t r y  o f  t ranspor t  and pub
l i c  works requested tha t  a survey be ca r r ied  out concerning the c o l l i 

sion and grounding p r o b a b i l i t i e s  o f i n c in e ra to r  vessels en route from 

Antwerp to an area f o r  burning refuse mater ia ls  in the North Sea. The 
area f o r  burning refuse mater ia ls  is  a c i r c u l a r  area w ith  a radius of 

15 naut ica l  m i les .  The center l i e s  approximately in  the pos i t ion  

54°-17!5 N,003°-45'E. The ca lcu la ted  values give an in d ic a t io n  o f the 

p r o b a b i l i t y  th a t  the ship w i l l  be involved in a c o l l i s i o n  or s trand
ing. The damage r a t i o  presents the r a t i o  o f  the number of vessels tha t  

sustained c r i t i c a l  damage as the consequence o f  a ce r ta in  type of ac
c ident  and the to ta l  number of ships tha t  were involved in the same 

type of acc ident.  C r i t i c a l  damage is  so extensive th a t  one must count 
on the s ink ing o f  the vessel or the release o f cargo.
Within the area f o r  burning refuse mater ia ls  the in c in e ra t io n  may be 
ca r r ied  out wh i le  s a i l i n g .

1.2. The vessels

Two of the vessels which inc ine ra te  chemical refuse have approximately 
the same measurements. The main measurements are:

VULCANUS I & I I  VESTA

- gross r e g is te r  tonnage 3400 GRT 1000 GRT
- 1ength over a l 1 94 m 72 m
- breadth 16 m 11 m
- draught a f t 6.1 m 4.3 m
- speed 12.5 knots 11.5 knots
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Above the standard equipment which is  required f o r  these vessels they 
possess:

Vulcanus I 
2nd radar 

Decca rece iver  
ARPA

VULCANUS I I  

2nd radar 

Decca rece iver  
ARPA

VESTA 

2nd radar 

Decca rece iver

Bow th ru s te r  Bow th ru s te r  Bow th ru s te r
Flap rudder 
Con t ro l lab le  p i tch  
p ro pe l le r

The c a l l s ig n s  must be painted on the vessels in such a manner tha t  
they are c le a r l y  v i s i b l e  from the a i r .  The Vulcanus I has two in c in e 
ra to r  ovens a f t .  The accomodation is  a f t  as w e l l .

The Vulcanus I I  has three in c in ce ra to r  ovens a f t .  The accomodation has 
been placed on the fore  pa r t  o f  the vessel.

The Vesta has one in c in e ra to r  oven a f t .  The accomodation is  forward.

1.3. The route

The route runs from Antwerp via the Westerschelde and the Oostgat to 

the Schouwendiep (51°44'N, 3°16'E).  From the Schouwendiep the route 

runs in  an almost s t r a ig h t  l i n e  to the area f o r  burning refuse m ate r i 

a ls (see the map in the back of t h i s  re p o r t ) .  On account o f  the ab
sence o f  s u f f i c i e n t  accident data on th a t  pa r t  o f  the route which runs 
from Antwerp to the Dutch border t h i s  part  o f  the route w i l l  not be 
taken in to  cons idera t ion.

Considering the d i f f e r e n t  t r a f f i c  patterns and the d i f f e r e n t  nature of 

the fairways the route is  d iv ided in to  three par ts to f a c i l i t a t e  the 
est imation o f  c o l l i s i o n  and stranding frequencies.
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1. The Westerschelde from the Dutch-Belgian border up to and inc lu d 
ing the roads o f Flushing.

2. From the roads o f  Flushing to  the 52nd p a ra l le l  North (approx i 

mately 3°20'E; the Oostgat and tha t  pa r t  o f  the route o f f  the 

coast o f  Zeai and).

3. From the 52nd p a ra l le l  North to the area f o r  burning refuse mate
r i a l s .
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2. TRAFFIC

2.1 .  Westerschelde

The t r a f f i c  f igu res  th a t  have been used f o r  t h i s  survey date from 

1978. Recent s t a t i s t i c s  show th a t  the f igu res  have hardly  changed, 
the re fo re  ca lcu la ted  accident frequencies are assumed app l icab le  to 

the present s i t u a t i o n .

T r a f f i c  on the Westerschelde:

IN OUT TOTAL

ANTWERP 17,700 17,700 35,400
TERNEUZEN 4,700 4,700 9,400

VLISSINGEN 2,100 2,100 4,200

OOSTGAT 11,200 12,000 23,200

The ca r fe r ry  between Flushing and Breskens makes approximately 25,000 

movements a year.  The c a r fe r r y  between Kruiningen and Perkpolder makes 

approximately 20,000 movements a year.

The inland vessel t r a f f i c  has been omitted from the f igu res  as inland 

vessels present less danger to the i n c in e ra to r  vessels than seagoing 

vessels do. Also since the Rhine-Scheldt canal was opened the number 
o f inland vessels on the Westerschelde has diminished. For the same 

reasons recrea t iona l  vessels have not been included.
The roads o f Flushing are mentioned separate ly  owing to the compli
cated t r a f f i c  pat tern  there . The complicated t r a f f i c  pattern  i s  a 

r e s u l t  o f  the anchorage and the changing of the p i l o t  on the roads. 
During s t r i k e s  in  Antwerp the anchorage harbours more vessels than 

usual.  During high wind forces the number o f  anchored vessels i n 

creases due to discont inued p i l o t  serv ices.
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2.2. 0ostgat_to_A_(52°00N_,_003°20^E)

The character o f the t r a f f i c  from Oostgat to  A can best be described 

in two par ts .  The f i r s t  par t  concerns the Oostgat to  the Schouwendiep. 
On t h i s  par t  o f  the route hardly  any crossing t r a f f i c  is  met. The ma

j o r i t y  o f t r a f f i c  w i l l  fo l lo w  p a ra l le l  courses. On average 11,200 ves

sels enter the Oostgat from the North Sea and approximately 12,000 
vessels leave v ia  the Oostgat. From the Schouwendiep on a Nor ther ly  

course to the 52nd p a ra l le l  North, the t r a f f i c  tha t  is  met consists  
mainly o f vessels crossing the course o f  the in c in e ra to r  vessels. 
These course crossing vessels have Rotterdam as t h e i r  dest iny or t h e i r  

po r t  o f  departure. The t o ta l  number o f  course crossing vessels in 
Easte r ly  and Wester ly d i re c t io n s  amounts to approximately 24,000 a 
year .

2 .3 . A to the area f o r  burning refuse mater ia ls

The t r a f f i c  on th i s  par t  o f  the route d is t ingu ishes  i t s e l f  by mainly 
fo l lo w in g  Nor th -Easter ly  and South-Wester ly courses. The t o ta l  number 

o f  vessels th a t  crosseçthe l i n e  from A to the area f o r  burning refuse 

mate r ia ls  amount to  approximately 39,000. Of these approximately 
17,200 sa i l  on Nor th -Easter ly  courses and 21,900 on South-Westerly 

courses.
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3. RISKS

Risk has two components. The f i r s t  component is  the chance tha t  an 

event w i l l  take place. The second is  the consequence when the event 
does take place. For each par t  o f  the route the frequencies o f a cc i 
dents w i l l  be ca lcu la ted  and enlarged upon.

3 .1 . Westerschelde

A number o f  measures have been taken to l i m i t  the r isks  f o r  vessels 
ca r ry ing  dangerous goods on the Westerschelde. The most important r i s k  
l i m i t i n g  measures are:

An emphasized o b l ig a t io n  to have a p i l o t  aboard vessels ca r ry 

ing dangerous cargo(s) .

A l l  gastankers are p roh ib i ted  to sa i l  when v i s i b i l i t y  is 

less than 1500 metres.

From e a r l i e r  studies (Ref. 1) i t  is  c lea r  tha t  during poor v i s i b i l i t y  

condi t ions the c o l l i s i o n  r a t i o *  is  10 to 20 times higher than during 

good v i s i b i l i t y .  Vessels w i thou t  a p i l o t  possess a c o l l i s i o n  r a t i o  

th a t  is  fou r  times higher than p i lo te d  vessels.
From sunset to sunrise the c o l l i s i o n  r a t i o  is  two to three times
higher than during d a y l ig h t  cond i t ions .  A poss ib le  safe ty  measure

would be to permit  the in c in c e ra to r  vessels to sa i l  on the Wester-
schelde during d a y l ig h t  hours only.
Wind force genera l ly  has no percep t ib le  in f luence on the c o l l i s i o n  

r a t i o .  However, the stranding r a t i o  is  inf luenced by wind forces of 

over seven Beaufor t .  The stranding r a t i o  then becomes three times as 

large as when the wind force i s  less than seven Beaufort .  From
"Scheepsongevallen op de Westerschelde over de periode 1965-1978" 

(Ref. 2) the fo l lo w ing  statements are app l icab le :

West o f the roads o f  Flushing the route is  sa fer  than on the 

Westerschelde both in absolute and r e la t i v e  sense.

* See d e f i n i t i o n s
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The Oostgat i s  more accident prone than the Wielingen and 
Scheur.

In the v i c i n i t y  o f  the Zandv l ie ts lu izen  w a i t ing  causes an 
increased accident ra te .

From (1) the fo l lo w in g  summaries o f  accident frequencies have been 

deduced f o r  the tonnage class to which the in c in e ra to r  vessels belong 
(500-5000 GRT).

Summary o f  accident frequencies per vessel movement

A) This summary concerns c o l l i s i o n  frequencies during good v i s i b i l 

i t y  condi t ions and a wind force o f  less than seven Beaufort f o r  
vessels w ith  a p i l o t  aboard.

The presented frequencies are average frequencies f o r  the vessel 
class concerned. The in c in e ra to r  vessels have wel l  t ra ined  crews, 

good equipment and they do not s a i l  in b a l l a s t .  These are fac to rs  
tha t  d e f i n i t e l y  have a p o s i t i v e  e f f e c t  which, however, cannot be 
e a s i l y  q u a n t i f ie d .

route sect ion c o l l i s i o n
r a t i o

damage
r a t i o

frequencies 
o f  c r i t i c a l  
damages

Border-Hansweert 1/19,000 1/12.6 1/239,000

Hansweert-Pas van Terneuzen 1/179,000 1/12.6 1/2,255,000
Terneuzen roads 1/26,000 1/12.6 1/328,000

Pas van Terneuzen-Honte 1/206,000 1/12.6 1/2,596,000
Flushing roads 1/12,000 1/12.6 1/164,000
Sardi jngeul 1/18,000 1/12.6 1/227,000
Oostgat 1/53,000 1/12.6 1/668,000

As mentioned e a r l i e r  the c o l l i s i o n  r a t i o  during poor v i s i b i l i t y  
i s  10 to  20 times higher.
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B) This summary concerns stranding frequencies during good v i s i b i l 

i t y  cond i t ions ,  a wind fo rce o f less than seven Beaufort and fo r  
vessels w ith  a p i l o t  aboard.

Route sect ion strandings damage frequencies
r a t i o  r a t i o  o f c r i t i c a l

damages

Border to Flushing roads Compared to the frequency of
c r i t i c a l  damages as a re s u l t  o f  
c o l l i s i o n ,  the frequency o f  c r i t 
ica l  damages as a re s u l t  o f  strand 
ing is  n e g l ig ib le  f o r  the incenra 
t o r  vessels concerned.

Flushing roads 1/52,000 1/200 1/20,800,000

Sardi jngeul 1/11,000 1/200 1/4,400,000
Oostgat 1/10,000 1/200 1/4,000,000

The presented damage r a t i o ' s  are average damage r a t i o ' s  o f  the 
vessel class concerned. The construc t ion  o f the i n c in e ra to r  ves

sels j u s t i f i e s  a damage r a t i o  th a t  is  two times smal le r  when the

wind force is  less than seven Beaufort .

The strandings r a t i o  is  approximately three times as high when 
the wind force is  seven Beaufort  or more. In add i t ion  the damage 

r a t i o  then increases to approximately 1/10.

3.2. Oostgat to A

The frequency o f  a ce r ta in  type o f accident on th i s  route sect ion is 

the sum of the frequencies o f accidents in the Oostgat,  the route sec

t i o n  to the Schouwenbank and in the route sect ion from the Schouwen-

bank to the 52nd p a ra l le l  North.

The c o l l i s i o n  r a t i o  f o r  the route sect ion Oostgat to the Schouwenbank 
is  (Ref. 1): 1/53,000.

The strandings r a t i o  f o r  the mentioned route sect ion i s :  1/9,000.
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The route sect ion from the Schouwenbank to A has a c o l l i s i o n  r a t i o  of 
1/30,000 (Ref. 3) .

The st randing r a t i o  on th i s  sect ion o f the route is  not re levant f o r  

in c in e ra t io n  vessels due to t h e i r  small draught.

3 .3. A to the area f o r  burning refuse mater ia ls  (A to  B)

The number o f  vessel movements on th i s  route sect ion averages 39,000 

per year.  There was one re levant c o l l i s i o n  invo lv ing  two vessels over 

a period o f  f i v e  years (Ref. 3) .  The m a jo r i ty  o f  vessel movements 
cross the course l i n e  A-B o f  the i n c in e ra to r  vesse ls^ therefore  one can 

not s u f f i c e  w ith  ca lcu la t in g  the c o l l i s i o n  frequency per vessel move
ment. In t h i s  case the c o l l i s i o n  frequency per naut ica l  mi le is  ca lcu
la ted .  The o ther  route sect ions would permit  ca lc u la t in g  the c o l l i s i o n  
frequency per naut ica l  mi le by simply m u l t ip l y in g  the number o f  ship 

n ' /  the length o f the route. The ca lc u la t io n  o f  the number of
n ing t r a f f i c  -&e¥e-e5> is  done w i th in  a s t r i p  twenty mi les

wide (ten miles on e i t h e r  side o f  the course l i n e  A-B). The width of 

the s t r i p  has been so chosen because the t r a f f i c  w i th in  t h i s  s t r i p  is  
character ized f o r  the area which the i n c in e ra to r  vessels pass through. 
The c a lc u la t io n  o f  the t o ta l  number o f ship mi les takes the crossing 

angle o f the t r a f f i c  f lows in to  account. The to ta l  number o f covered 
sh ip mi les w i th in  the 20 mile  s t r i p  comes to 1,267,610.

There was one re levant c o l l i s i o n  invo lv ing  two vessels w i th in  the 20 

miles wide s t r i p  in  a f i v e  year period. The expected frquency of 

c o l l i s i o n s  may be estimated to be:

 2_____  = 1/3,169,000 per ship mi le

5*1,267,610

The route sect ion A-B is  124 miles long so the estimated frequency of 

c o l l i s i o n s  on t h i s  route sect ion i s :

t u i  ' j é  * X m

i

124 = 1/25,600 per covered route section A-B

3,169,000
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The route sect ion from the Schouwenbank to A has a c o l l i s i o n  r a t i o  of 
1/30,000 (Ref. 3) .

The stranding r a t i o  on th i s  sect ion of the route is  not re levant f o r  
in c in e ra t io n  vessels due to t h e i r  small draught.

3 .3 . A_to_the_area for_burning refuse mater ia ls  (A to B)

The number o f vessel movements on t h i s  route sect ion averages 39,000 
per year.  There was one re levant c o l l i s i o n  invo lv ing  two vessels over 

a period o f  f i v e  years (Ref. 3 ) .  The m a jo r i t y  o f  vessel movements 

cross the course l i n e  A-B o f the i n c in e ra to r  vessels there fore  one can 
not s u f f i c e  w ith  ca lcu la t in g  the c o l l i s i o n  frequency per vessel move
ment. In t h i s  case the c o l l i s i o n  frequency per naut ica l  mi le  is  ca lcu
la ted .  The o ther  route sect ions would permit  ca lcu la t in g  the c o l l i s i o n  
frequency per naut ica l  mi le by simply m u l t ip l y in g  the number o f ship 

movements by the length o f the route . The ca lc u la t io n  o f  the number o f 
mi les covered by crossing t r a f f i c ,  is  done w i th in  a s t r i p  twenty mi les 

wide (ten miles on e i t h e r  side o f the course l i n e  A-B). The width o f 
the s t r i p  has been so chosen because the t r a f f i c  w i th in  t h i s  s t r i p  is

character ized f o r  the area which the in c in e ra to r  vessels pass through.

The c a lc u la t io n  o f  the to ta l  number o f  ship mi les takes the crossing 

angle o f the t r a f f i c  f lows in to  account. The to ta l  number o f  covered
ship mi les w i th in  the 20 mile s t r i p  comes to 1,267,610.

There was one re levant c o l l i s i o n  invo lv ing  two vessels w i th in  the 20 
miles wide s t r i p  in  a f i v e  year  period. The expected frquency of 

c o l l i s i o n s  may be est imated to be:

 2_____  = 1/3,169,000 per ship mi le
5*1,267,610

The route sect ion A-B is  124 miles long so the estimated frequency of 
c o l l i s i o n s  on t h i s  route sect ion is :

124 = 1/25,600 per covered route section A-B

3,169,000
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3.4. Summary_of the accident frequencies

To give an impression o f  the chance tha t  an in c in e ra t io n  vessel w i l l  

be involved in  an accident ( c o l l i s i o n ,  s tranding)  en route from 

Antwerp to the area f o r  burning refuse mater ia ls  a summary o f  accident 
frequencies is  presented he rea f te r .  From Antwerp to the p i l o t  s ta t ion  

near the Steenbank the reported frequencies are v a l id  under good v i s i 

b i l i t y  condi t ions and a wind force o f less than 7 Beaufort .  When the 
wind force reaches values of 7 Beaufort or over the stranding r a t i o  is 

approximately three times as high. Furthermore the frequency of c r i t i 

cal damages f o r  t h i s  type o f  accident becomes approximately 1/10. On 
the route sect ion A-B the reported f ig u res  are v a l i d  regardless o f the 

weather cond i t ions .
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Route sect ion Coi 1 i sion 
r a t i o

C r i t i c a l
damage
frequency

Strandi ng 
frequency

C r i t i c a l
damage
frequency

Border-Hansweert 1/19,000 1/239,000 - -

Hansweert-P.v.Terneuzen 1/179,000 1/2,255,000 - -

Roads o f Terneuzen 1/26,000 1/328,000 - -

P.v.Terneuzen-Honte 1/206,000 1/2,596,000 - -

Roads o f Flushing 1/13,000 1/164,000 - _

Sardi jngeul 1/18,000 1/227,000 1/11,000 1/4,400,000

Oostgat 1/53,000 1/668,000 1/10,000 1/4,000,000

Oostgat-Schouwenbank 1/53,000 1/668,000 1/9,000 1/3,600,000
Schouwenbank-52°N 1/30,000 1/378,000 - -

52°-B 1/26,000 1/323,000 - -

Total 1/2,900 1/38,000 1/3,300 1/1,324,000
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Considering the main c h a r a c te r i s t i c s  o f the areas through which the 

in c in e ra t io n  vessels s a i l ,  the areas can be grouped as fo l low s :

1) The area from the border to the roads o f Flushing

The vessels p r im a r i l y  sa i l  through r e l a t i v e l y  t h i n l y  populated 

areas. The fa i rway concerned has r i v e r  c h a ra c te r i s t i c s .

2) The roads o f  Flushing and the Sardi jngeul

The t r a f f i c  pa t te rn  i s  busy and complicated. Vessels sa i l  close 
to  densly populated areas.

3) The Oostgat

This is  a narrow fa i rway near the coast.

4) From the Oostgat to 52°N

This is  an approaching area near the coast.

5) From 52°N to the area f o r  tu rn ing  refuse mater ia ls

This par t  o f  the route is  s i tua ted  in  open sea.
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Route sect ion C o l l i s io n  C r i t i c a l  damage Stranding C r i t i c a l
r a t i o  frequency frequency damage

frequency

1 1/10,000 1/144,000

2 1/8,000 1/95,000 1/11,000 1/4,400,000

3 1/53,000 1/668,000 1/10,000 1/4,000,000
4 1/19,000 1/241,000 1/9,000 1/3,600,000
5 1/26,000 1/323,000
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4. RECOMMENDATIONS CONCERNING SAFETY MEASURES

The fo l lo w ing  safe ty  measures could be considered:

1) During fog condi t ions avoid s a i l i n g  on the Westerschelde as much 

as possible since the c o l l i s i o n  r a t i o  is  then 10 to 20 times as 

high as during good v i s i b i l i t y  cond i t ions.

2) Avoid s a i l i n g  on the route sect ion Sardijngeul-Schouwenbank dur
ing wind force seven Beaufort or more.
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6. DEFINITIONS

C o l l i s i o n  r a t i o

Stranding r a t i o

C r i t i c a l  damage

Accident 

Damage r a t i o

Poor v i s i b i l i t y  

Beaufort  7

Wageningen, February 1986. 

MARITIME RESEARCH INSTITUTE

I r  J.B.H. Suyderhoud 

Head Mari t ime Operations

The number o f vessels, belonging to a ce r ta in  

category, th a t  is  involved in a c o l l i s i o n ,  d iv ided by 

the t o ta l  number o f  vessel movements in the area by 
vessels o f  the same category.

The number o f  vessels,  belonging to  a ce r ta in  

category, tha t  st rand, d iv ided by the to ta l  number o f 
vessel movements in  the area by vessels of the same 
category.

Damage to an extent tha t  s ink ing or the re 
lease o f cargo must be counted on.

The f i r s t  accident which a vessel meets w i th .

The r a t i o  between the number o f vessels tha t  
susta in  c r i t i c a l  damage owing to a ce r ta in  type of 

accident and the t o ta l  number o f  vessels th a t  

experienced the same type o f  acc ident.

A v i s i b i l i t y  o f  is  less than 1500 m.

Strong wind, 13-16 m/s.
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