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Abstract

Data relating to a total of 471 ship casualties in the Bal-
tic Sea in the years 1979-1981 have been conpiled, statis-
tically analysed and the results are presented. The di s-
cussion conprises |local and seasonal distributions, along
with distribution of the casualties by other tinme-dependent
variables. Also the flags, types, ages, l|lengths and speeds
of the ships in casualties are covered in the analysis.
Sinpl e mat hematical nodels to describe sone of the phenone-
na are considered.

A novel nethod to evaluate the causes of casualties is de-
veloped and the results of its application are presented.

The economi c aspects of the consequences of the casualties
are discussed.

A glance at general nmarine traffic engineering is included
in the paper.



1. INTRODUCTION

A systematic collection of information on the maritinme ca-
sualties in the Baltic Sea began in the Ship Hydrodynam cs
Laboratory of the Helsinki University of Technology at the
begi nning of the year 1979. The purpose of the data col-
lection is the developnent of a reliable and uniform data
base which increases the know edge of the accident phenomne-
na. This report is a statistical analysis of the collected
data base including the years 1979-1981. Additional infor-
mation on the econom c aspects of the casualties has been
conpiled and the possibility to construct an econom cal
nodel for the assessment of the cost of the casualties is
di scussed.

Efforts to put marine safety on a scientific basis have
created a new discipline called marine traffic engineering
To set the present study into the right frame of reference
a short account of general marine traffic engineering is
present ed.



2. MARINE TRAFFIC ENGINEERING

2.1 Definition and Scope

The interdisciplinary science which investigates the prob-
lenms of marine traffic is wusually called marine traffic
engi neeri ng. It can be considered as a specialized branch
of the general operational research. It has been defined
[1] as "the study of marine traffic and the application of

the results of such studies to inprovenents in navigation
facilities and traffic regul ations".

A very wide range of studies has been published to date,
especially in the publications of the Navigation Insti-
tutes. These studies have investigated, broadly speaking,
the following aspects of the maritime traffic phenonena:
traffic features, casualties and econom cs. Al these as-
pects are nore or less interrelated but the classification
nade serves as an outline.

2.2 Traffic Features

The basic traffic features of a given sea area are the num-
ber of ships and their tracks, sizes, speeds, types, cargo

and nationalities. There have been many traffic observa-
tion projects to obtain the distributions of these funda-
mental vari abl es. The first systematic traffic survey was
done in 1963 in Japan [1] where the marine traffic had be-
cone heavily congested. Nowadays over 30 surveys a Yyear
are done in Japan alone [2]. In Europe particularly the
Dover Strait has been under continuous surveillance. In

the Baltic Sea the Polish traffic neasurenents in the
southern Baltic, started in 1979, are worth nentioning [3].



There are currently two supplenentary nmethods of observa-
tion of the traffic in use [2][4]: visual and radar nethod.
In the radar nmethod the positions of all ships in the area
are plotted or photographed e.g. every five mnutes from a
marine radar display equipped with a reflection plotter.
The vessels nust also be identified, wusually visually.
Used al one visual observation has the advantage of sinplic-
ity and is particularly useful for the neasurenent of traf-
fic passing along a relatively narrow waterway. The tine
span of a survey may be from a few days to a whole year.
The nethods of processing and representing the survey data

are still developing, and nuch work is going on at present
[4], especially in the UK, the Netherlands and Japan, and
there wll hopefully be nore advances in the future.

Mat henmati cal nodelling and sinulation of the traffic phe-
nonena have becone possible when the traffic observations

have supplied the necessary underlying data. Statistical,
anal ytical and sinmulation nodels of e.g. traffic flow and
traffic capacity [2]1[4] have been built. The reported

practical applications have been few, but theoretical nod-
elling is a promsing area where efforts are increasingly
bei ng concentr at ed.

Marine traffic engineering has had its wdest practical
applications in the devel opment of marine traffic services

[5]. Marine traffic service nmeans the creation of traffic
separation schemes and information systenms in ports and
congested waterways. There are currently over a hundred

separati on schemes worl dw de.

2.3 Casualties

Maritime casualties can be divided into two distinct groups
according to their primary causes: traffic accidents and
t echni cal accidents. Col l'isions, groundings and ramm ngs
are traffic accidents; explosions and fires, founderings,



capsi zi ngs, floodings, weather and ice danmage are technica
acci dents. The justification of the grouping is evident:
the renedies against trafific accidents can be found in the
devel opnent of the traffic situations and environnment but
the technical accidents call for technical devel opnents of
t he shi ps. Marine traffic engineering has mainly concen-
trated on the accidents of the traffic type.

The conplex nature of marine accidents and the difficulties
in conducting direct experinments have been the reasons why
the collection and analysis of various accident data files
or bases have b=zen the predom nant nethod of safety study.
Governmental agencies of nost seafaring countries conpile
national or regional statistics. The best known independent
collection of worldw de casualty statistics is the data
bank of Lloyd' s Register of Shipping.

One of the difficulties of the statistics nmethod has been
the lack of a uniform international code of investigation
and recording [6], which reflects the cooperation |acking
in the field. Another problemis the quality of the infor-
mati on col | ect ed. The experience gained [7]1[81[9] in sta-
tistical analyses shows that only information of a genera
nature can be obtained and detailed conclusions are gener-

ally not possible. The usefulness of the statistics lies
in their diagnostic ability: t hey show what and where the
main problens are. The inportance especially of human

factors as contributory causes in marine traffic accidents
has energed from the statistical analyses.

The introduction of ship sinulators has opened aprom sing
new field of human factors study which can be of help in
casualty studies. Apart from pure training, sinulators can
be used to investigate a variety of topics [10][11]): bridge
| ayout, ergonom cs of equipnment, hunman response to various
navi gati onal situations and so on.



2.4 Economic Aspects

Proper assessnent of the costs and benefits of each pro-
posed new traffic or safety nmeasure is beneficial to soci-
ety as a whole. In practice costs and especially benefits
are difficult to estimate. An estimate of total |osses
resulting from marine accidents should take into account
both direct and indirect costs. The costs of repair, |ost
cargo and laydays are exanples of direct costs which are in
theory possible to estimte. Indirect costs, e.g. the
price of human life |ost or damaged environment are diffi-
cult to express in nonetary terns. On the benefits side,
a US Coast Guard study [12] canme to the conclusion that,
except in rare cases, no quantitative assessnent is pos-
sible of the extent to which any specific safety action is
effective in reducing the risks of marine accidents.

Due to the difficulties mentioned, reported econom c stud-
ies on marine traffic and safety have been scarce, though
there have been many papers [13]1[14][15] pointing out the
present unsatisfactory situation: the great public and
private investnments in marine safety have to be made with-
out a proper know edge of their effect.

2.5 The Way Ahead

Marine traffic engineering as a science is now at the age
of twenty, which is a short tinme indeed for a science.
Spectacul ar and costly tanker accidents |ike that of Torrey
Canyon have had one positive side-effect: marine traffic
engi neering study has been intensified. The nost prom sing
areas of future study seem to be mathematical nodelling and
the use of simulation techniques. The negl ected economc
aspects will probably get nore attention in the future. As
one onen, a couple of new reports [161[17] which give sone
practical results have been published recently.



3. BALTIC CASUALTY DATA BASE DEVELOPMENT

3.1 Background

The systematic collection of nmaritime casualty statistics
was started in the Ship Hydronom cs Laboratory of the Hel-
sinki University of Technology at the beginning of 1979.
The special features of the Baltic Sea and the general
benefits of regional casualty statistics were the min no-
tivations for the selection of the casualties in the Baltic
as the object of the study.

The Baltic Sea has many special features as a sea route.
The fairways are shallow and w nding near the coasts and in

t he ar chi pel agoes. There are areas of heavy traffic con-
gestion like the Kiel Ford or the Danish-Sounds, Wwhere
there is also heavy crossing traffic. In the winter |arge
parts are covered by ice which hanpers traffic.

Wrl dwi de casualty statistics have certain disadvantages:

if a safety analysis is based on worldw de statistics, this
casualty data should include a great variety of different
| ocal conditions. Conpi l ation and managenent of such a
| arge data base would be inpossible under present condi-
tions and maintaining uniformty in data collection methods
is difficult.

The drawbacks of worldwi de statistics can be avoided by
concentrating on the casualties of a limted geographical
ar ea. The environnmental conditions are uniform and the
special features of the marine traffic are better known.
The casualties are conparatively few in nunber which nmakes
it possible to collect nore detailed information on each

case with limted resources. However, iif the area sel ected
is too limted, the smallness of nunbers can create a sta-
tistical problem The sanple size becones too snall. The

Baltic Sea fornms a natural well-defined honbgenous area



with "enough" accidents for a sufficient sanple to be drawn
wi t hout spreading the tinme span over so nmany years that the
essential features mght have changed, thus distorting the
pi cture.

3.2 Scope of the Data Base

The planning of this data collection is based on the expe-
rience gained from earlier statistical studies [7][18][19]
performed in the Ship Hydrodynam cs Laboratory. The study
programme is docunmented in [20]}[21]). The principal ains
are: the collection of a reliable and uniform data base of
ship casualties in the Baltic Sea; the collection of data
concerning damage to the environnent caused by ship acci-
dents; increasing know edge of marine accident phenonmena in
the Baltic Sea through statistical analyses.

The following definitions and restrictions are applied:

- The Baltic Sea in the Danish Sounds lies to the
south of a line from HSgan&ds to Grena.

- Only casualties to nerchant ships of 100 gross tons
and above are included, because information on them
can be found in the Register of Ships of Lloyd s
Regi ster.
Only ships in commssion, not e.g. on dock or before
delivery, are included.

3.3 Data Sources

The first information on an accident is wusually obtained
from Lloyd' s List. In this newspaper there is a special
section in which marine casualties all over the world are
briefly reported. The nanme of the ship together with the
date, place and nature of the casualty are usually given.
In some cases the initial information on an accident is



derived from local Finnish newspapers or foreign maritinme
journals, e.g. the Swedish Shipping Gazette. First the
guestionnaires, which will be discussed later, are sent to
the master and if no answer is received a new letter is
addressed to the shipowner.

The nethods used have sone obvious deficiencies. Not every
casualty is reported in Lloyd' s List or other publications.
In particular the casualties of the Union of Soviet Social-
ist Republics or the German Denocratic Republic ships in
their own territorial waters are seldom reported. Secondly
the total percentage of questionnaires returned is not very
hi gh. In the years 1979 to 1981, 125 out of 273 or 46 per-
cent were returned. The answers obtained will certainly be
to sonme degree biased, because the shipmasters will find
sone questions enbarrassing.

An inportant data source is the casualty files of the mari-
time authorities. In order to conplete the data base wth
this additional information the maritinme authorities in the
countries around the Baltic have been contacted. I n
Table 1 t he aut horities cont act ed are summari zed.

TABLE 1. Aut horities contacted

Denmar k Mnistry of Industry, Marine D vision
Mnistry of the Environnent

Fi nl and The National Board of Navigation
GDR Board of Navigation and Maritine Affairs

FRG Federal Mnistry of Transport, Maritime Section
Deut sches Hydrographi sches Institut

Pol and Maritime Appeal Court in Gdynia

Sweden The National Adm nistration of Shipping and Navi -
gation; GCeneraltullstyrel sens Kustbevaknings-
sektion

USSR Mnistry for Land Recl amati on and Water Manage-
ment, Maritinme Section
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The Finnish and Swedi sh authorities have been very coopera-
tive and their data have been obtained and added to the
dat a base.

Due to the lack of resources of the Danish Mnistry of In-
dustry detailed information obtained has been scarce.

It was promsed that data collected in the GDR would be
made available but up till now no data have been obtai ned,
except in two cases of oil spills.

Detailed systematic data on ship casualties are not col-
lected in the Federal Republic of Germany. Poland has noti -
fied that they will not nake their data avail able. No re-
sponse has been obtained to inquiries sent to the USSR

The failure to get all the information from the authorities
naturally has an adverse effect on the reiiability of the
dat a base. For instance, such a basic variable as the real
nunber of major accidents in the Baltic remains unknown.

The data collected by neans of sending questionnaires to
masters can be called primary data because they are col-
| ected at source. The data obtained through authorities
are called secondary data. The secondary data may be both
bi ased and i nappropriate. The bias results from the fact
that a report is already a nore or |ess subjective inter-
pretation of an occasion. The objectives of the authori-
ties in recording may differ from those of casualty re-
search, and some factors relevant to casualty research are
not recorded.

The sources used have been selected of necessity: no ot her
sources have been avail abl e. The ideal primary source [22]
would be from a full scale investigation of each case. Un-
fortunately, even if the investigation was "without pre-
judice" and resources were available to undertake the exer-
cise, the key interviewes nay have been lost, or the way
in which they perceived the casualty may be incorrect.
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3.4 Data Collection

There are, broadly speaking, two ways to decide which data
to collect and store on a casualty file. First, hypotheses
which need to be tested are suggested and then data to test
them are coll ected. Secondly, all the available data on
marine casualties can be collected and the hypotheses are
suggested and tested later. The appropriate approach lies
sonewhere between these approaches [22].

Experience gained from the earlier studies [71[18][19]
suggested which information would be both rel evant and pos-

sible to obtain. The three questionnaires given in the
Appendi x were designed for a systematic neasurenment of the
rel evant variables. The questionnaire on page A 4 of the

Appendi x nanmed "Report of maritinme oil or chemcal spill-
lage" was adopted in 1980 and it is neant for the collec-
tion of information from authorities.

The earlier studies indicated clearly that the information
obtained wth the conventional guestionnaires can not
provi de guidance on detailed safety analysis. Much nore is
required if casualty statistics are to play an efficient
and active role in pronoting safety. Special difficulties
arise in nmaking the casual relationships clear. Synbol i c
nodel ling by neans of functional block diagram and fault
trees has proved to be an effective aid in safety analysis
[23]. They can be used effectively to indicate the rela-
ti onshi ps between physical factors or between all of these.
They can be used to determine the effects that can be gen-
erated by a change in any of the factors or in the inter-
rel ati onshi ps. In addition, these nodels permt easy
under standing and recognition of the factors leading to the
i ndi vi dual casualty.

Data relating to the 707 ship casualties in the Baltic in
1971-1975 [7] were gone over and all factors relevant to
the casualties were collected and classified. After
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di scussions with captains of varying backgrounds and with
a psychol ogi st sone factors were added. Finally a collec-
tion of blocks representing factors relevant to casualties
in the Baltic Sea Area was obtai ned.

The bl ock schene is presented on page A 3 in the Appendi Xx.
The purpose is to trace the sequence of events relevant to
the casualty by connecting the appropriate blocks wth
l'i nes. In the block schene of the Appendix there are two
exanpl es of casualties presented.

The questionnaire on pages A 1- A 2 of the Appendix, "Ship
Casualty Card", 1is a conventional one. It is neant for the
collection of general and background data on a casualty.
The Ship Casualty Card, the block scheme and a schene wth
exanples facilitating the understanding of the purpose of
the logic diagram are sent to a master of a ship involved
in a casualty. There are questionnaires in two |anguages
available, in German and in English.

If no answer is received from the master or owner, the
guestionnaire and the block schene are filled by our re-
searcher on the basis of the available informtion. The
sane applies to cases where an authority is the initial
primary source.

3.5 Evaluation of Causal Factors and Their “Relationship

It is often assunmed that an accident is caused by one defi-
nite factor and if this factor could have been elim nated
t he undesired event would not have occurred. Although this
position mght be defensible in sone rare cases, it over-
sinplifies the problem In general a casualty is the re-
sult of several causes, or nore correctly an unwanted chain
of events.



13

Using the block schene described above the systematic trac-
ing of the relevant sequence of events is possible. Thi s
conbi nation of elenents is then used for classification of
i ndi vidual factors in each casualty. In this classifica-
tion it is essential to evaluate each factor from the point
of view of its effect upon the casualty.

Each factor is classified in one of the following four
cat egori es:

1. Essential . Factors
Absence of an essential factor or its replacenent
with right-functioning factor would have prevented
the casualty wth a probability P = .9-1.0.

2. Part_Factors
Absence of a part factor or its replacenent wth
right-functioning factor would not alone have pre-
vented the casualty. Prevention of the casualty
would require the elimnating of the effect of at
| east two part factors.

3. Conducing _Factorcs
A conducing factor has an effect on the occurrence
of the casualty, elimnating a conducing factor
al one or together with other factors would not, how
ever, have prevented the casualty.

4. Indefinite. Factars
The causal relationship of an indefinite factor to
the occurrence of a casualty is indefinite or insig-
ni ficant.

The classification stated above does not concern the ele-
ments Deck O ficer, Pilot, Helnsnan and Look-out Man, which

are to be regarded as "addresses" of human factors. Al so
the group of elenents under the heading of Nature of Casu-
alty will not be classified because they are consequences

of a certain conbination of factors.
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The effect of each factor upon the casualty is nmeasured by
its weight coefficient. The val ues of weight coefficients
are determined after the classification of the factors ac-
cording to the follow ng principles:

1 Maxi mum val ues of weight coefficients are taken from
Tabl e 2.

TABLE 2.

Category of the Factor Maxi mum Wei ght Coeffi ci ent

Essential Factor !

Part Factor .5

Conduci ng Fact or .2

Indefinite Factor 0

2. The sum of weight coefficients of the part and con-

ducing factors for each casualty may not be greater
than 1. Wth this I[imtation the relative overesti -
mation of the part and conducing factors is pre-
vent ed.

3. If the sequence of events contains one or nore es-
sential factors belonging to the group "Actions" and
the sum of weight coefficients of the part and/or
conducing factors of the previous branches of the
sequence is equal to 1, then the weight’coefficient
of these essential factors is taken to be O.

This corresponds to the situation where environnmen-
tal conditions and the condition of the navigator
al toget her exceed the human capability to take the
right action.

4, If the sequence of events of a casualty is not con-
sidered to be satisfactorily cleared up, then the



15

sum of weight coefficient of all factors should be
| ess than 1. O herwi se the sum = 1.

Thus the casualties which have not been cleared up
can not distort the analysis, and no cleared up case
i s overestimated.

Let the weight coefficient of a factor i in a casualty | be
Wiy and the nunber of factors included in the analysis n,
and the nunber of the casualties in the data base m Then

the "effect |evel” e, of a factor i is defined by the
equat i on:
m
Z .
17
e, = j=1
m n
z .Z Wij
n=1 1=1

The effect level can be interpreted as a probability:

e, =0if w. =0 for all j,
1]

If an accident is selected at random the probability that
factor i has been the cause of the accident is e, . The
effect level is a useful neasure in ranking different fac-
tors according to their overall effect on casualties.



16

3.6 Coding and Processing

The vast anmount of information collected can be managed,
descri bed and anal ysed nost conveniently on a conputer. The
casualty information has been coded and a permanent file on
DEC- 20 conputer has been created. The anal yses have been
made using the statistical package SPSS [24][25] which has
been found to be very suitable for this purpose. The struc-
ture of the permanent file created nakes it easy to update
old and add new cases.
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4. ANALYSIS OF THE DATA BASE

4.1 Basic Sample Characteristics

The population of this statistical study consists of all
t he nerchant accidents which have taken place in the Baltic
Sea to ships of 100 gross tons or above in the years 1979-
1981. For the reasons nmentioned in section 3.3 it has not
been possible to collect relevant information on the entire
popul ation, but the collected data base is a sanple or a
part of the popul ation.

In order to be able to use the sanple in making inferences
about the population, the sanple nust be representative.
A representative sanple includes, in approximately the sanme
proportion as in the population fromwhich it is taken, any
classificatory factor that mght influence the phenonena to
be studi ed. This feature is guaranteed only in a probabil -
ity [26] or random sanpl e. Every elenment in the popul ation
nmust have sone chance of selection. Apparently this con-
dition is not fulfilled here. Casualties to the USSR,
Polish and the GDR ships in their own territorial waters
have a much smaller chance of selection than their evident
proportion suggests: casualties on the Swedish and Finnish
coasts have an over-representation because of the anple
additional data obtained from the maritinme admnistrations
of both countries. The effect of this bias on each factor
or variable considered is in practice inpossible to quan-
tify but it has to be considered when draw ng conclusions
on the basis of the sanple.

The sanple consists of 471 casualties and the nunber of

ships involved is 529. Table 3 shows the ways the data
were obtained by flag. A total of 273 ships were contacted
by letter and 125 answers were received. 237 ships not

nmentioned in Lloyd s List were obtained through authorities.
Here it is clearly seen how the additional information from
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authorities effects the flag distribution by enlarging the
Swedi sh and Finnish representation. In 19 cases the ad-
dress of the shipower was not found and reports in
LIoyd's List were the only source.

TABLE 3 Nunber of questionnaires sent and returned by flag

Total number of Nunber of Addi tional ships
questionnaires questionnaires  fram authorities
sent returned

Fl ag

FRG 38 19 23

G eek 35 8 2

Swedi sh 31 16 86

Fi nni sh 25 18 81

USSR 19 5

Pol i sh 17 1

Dut ch 16

British 13

Nor wegi an 11

Pananmani an 11

Daniga 10

Singaporean 8

GDR

Li beri an

Cuban

[ cel andic

Brazilian

Cypri ot

[ ndi an

Spani sh

Tur ki sh

Bangl adesh

Bel gi an

Czechosl ovak

French

Hungari an

| srael

[talian

Mal aysi an

Moroccon

Net her | ands
Antilles

Ni gerian

Por t uguese

Sudanese

Chi nese

Japanese - -

Madagascar - -

>N 01T N 0w oo -

oo
|

e e e e = = = NN NN N W WA
|

I
—
|

_ e

273 125 (46%) 237
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During the coding the principal source of the available
informati on on each ship was determ ned. This rather sub-
jective assessnment gives credit to the source where the
anount of information on causal factors was thought to be
nost i nformative. Table 4 i ndi cat es the result:

TABLE 4. Princi pal source of information

year own answer aut hority newspaper ot her ship
1979 56 132 61 5
1980 41 73 48 2
1981 26 60 21 !
t ot al 123 265 130 11

The source "other ship" refers to collisions where only own
answer of the case has been available or the other answer
has been defective. The quality of information is poorest
in cases where Lloyd's List has been the principal source
of informati on, because the causes of casualties are sel dom
di scussed in that newspaper.

The annual nunbers of ships in accidents together with the
distribution of the primary source of information is de-
picted in Fig.1. The primary source neans the source from
which the first information of the casualty is obtained.

The ratio between the nunber of ships from newspapers and
the additional ships from authorities seens to have re-

mained the sane over the three years. This neans that
there seens to have been no changes in the sanpling nethod
whi ch could cause bias to the sanple. The decreasing trend
in the nunber of accidents which enmerges from Fig.1. can
evidently not be explained by a change in the sanpling
nmet hod.
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4.2 Poisson Distribution

The use of the observed past frequency of marine accidents
in prediction of the future frequency necessitates the es-
tablishment of a statistical nodel which fits the past
dat a. By assuming that the nodel will continue to apply in
the future the appropriate prediction can be nmade with sone
degree of confidence. For marine accidents, which are iso-
|ated events occurring in a continuum of tine, it mght
reasonably be expected that the nodel nost likely to de-
scribe their frequency of occurrence would be the Poisson
distribution or a distribution derived from it [27].

If events occur independently of one another at a constant
average rate, the nunber of events per unit of neasurenent
will follow the Poisson distribution [28]. [In the context
of marine accidents the condition which demands that the
average rate of accidents be constant is clearly not satis-

fied: changes in weather, fluctuations in traffic etc.
change the average rate. However, if the Poisson distribu-
tion fits the observed data sufficiently well, the condi-

tion is apparently not excessively violated and the distri-
bution is an adequate one as a nodel of the phenonmenon.

To test if the Poisson distribution can be used as a nodel
to describe the frequency of accidents in the Baltic, the
nunber of days on which 0, 1, 2... accidents had occurred
were calculated for each year. That each year should be
t aken separately follows fromthe fact seen in Fig. 1: t he
nunber of accidents per year differs greatly, which neans
that the average rate has not been constant from year to
year.

The Poisson distribution is fitted to the observed data in
the follow ng way: if the average nunber of accidents per
day is m then the probability of having k accidents in a
day is given [28] by the fornula:
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P(N=k) =

The expected nunber of days in a year having k accidents is
365 X P(N=k) or 366 x P(N=k) in a l|leap year. As an exanpl e
the distribution is fitted to the data of the year 1981 in

Tabl e 5. In 1981 there were 103 accidents with known data
and t hus
_ 103 _
m = 365 - 0. 282.

TABLE 5. Accidents per day in 1981

tciden per day 0 ! 2 3 4 5
observed 275 80 8 ! ! 0
days
P(N=k) 0.754  0.212 0. 030 0.0028 0.0002 O
expect ed days, 275 78 11 1 0 0
365xP(N=k)

The observed nunbers of days for each year are given as
histograns in Fig.2. where the expected values of the
Poi sson distribution are also drawn as dots in a continuous
l'ine.

The fit was tested by neans of a x2 test. In essence this
test [29] gives the probability of a possibility that the
di fferences between the observed and expected val ues have
arisen by chance though the wunderlying distributions are
t he sane. If this possibility is 5 percent or less, the
di screpancy between the theoretical and observed distribu-
tion is considered to be significant and the theoretical
nodel nust be rejected. Now the probabilities were for the
years 1979, 1980 and 1981 0.15, 0.75 and 0.90, respec-
tively. The fit seens to be good enough and the Poisson
distribution is an adequate nodel to be used in investi-
gati ng accident frequencies.
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As an application of the Poisson nodel the total nunbers of
accidents in the three years are conpared on the basis of
t he average nunber of accidents per year. The annual acci -
dent nunbers are shown in Fig.3. on a quarterly basis. The
line of all accidents indicates a decreasing trend. The
nunber of accidents in the year 1979 was 223, 1980 144 and
1981 104; thus the average rate is 157 accidents per year.

Is it possible to suppose that the differences in the num
ber of accidents per year have arisen by pure chance though
the average rate or a probability of an accident has re-
mai ned the same over the three years? The answer is ob-
tained as in the fit test above by calculating the proba-
bilities of getting the observed nunbers of accidents when
the average rate or the expected nunber is 157. If the
probabilities are 0.05 or less, it nust be concluded that
the average rate has decreased significantly in the three
years.

The Poi sson nodel is adopted. The probabilities of getting
the observed nunbers are calculated from the Poisson dis-
tribution wth the average rate m = 157; N denotes the
nunber of accidents per year:

> 222

1979: PN 2 223) = 1 - P(N = 222) = 1-3 m e ™ =0.5°10
k=0 X1

1980: P(N S 144) = o0.16.

1981: P(N§ 104) = 0.037.

The cal culated probabilities indicate that the differences
in the nunber of accidents are statistically very highly

significant. There is anple evidence to reject the hypo-
thesis that the differences from the three year average
have arisen by pure chance. The differences from the two-
year averages can be tested in the sane way. The average
of the years 1979-1980 is m, = 183.5 and for 1980-1981
m, = 124 accidents per year:

2

-6
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m=m  1979: P(N 2 223) = 0.002.
1980: P(N £ 144) = 0.001.
m=m  1980: P(N 2 144) = 0.04.
1981: P(N £ 104) = 0.04.

Also the differences from the two-year averages are signif-
i cant. On the basis of these statistical tests it nust be
concluded that the decreasing trend observed in accident
nunbers is real

4.2 Types Of Casualties and Their Local and Seasonal
Distributions

The percentages of the different types of casualties are

shown in Fig.4. Collisions are ship-to-ship collisions
where both ships are under way. Ramm ngs are ship-to-
obj ect collisions: a moored ship is also defined as an
obj ect .

Fig.5. shows how casualties are distributed according to
the type of the sailing area where the casualty took place.
The distribution of casualty types in each sailing area are
shown in Fig.6. The absol ute nunbers of casualty types are
crosstabul ated by sailing area in Table 6. The ranking of
sailing areas according to their proportions of casualties
is the sane as [7] in the years 1971-1975. Sounds, pas-
sages and port areas are places where nobst casualties
occur .
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TABLE 6. Nunbers of accidents by sailing area

.0lL DIS- FIRE GROUN-  COL- RAMMING FOUNDER- WEATHER |CE Rouw
LCHARGE DING LISION ING.LIST DAMAGE  DAMAGE Total
: P 3 s . . i . i

_ o T3y 4 1e ;4 o nnp o2 3 43

OPEN SEA . Lo L. . . . S0 s
: T e T a2y ey 2 7Y Tor T3 e

OPEN COAST -3 ¢ [ : : : : : : .
: 0; 1; 107 t 27 % 7 3 2 3 0 3 < B 547

SOUND. PASSAGE 7% N : oLt P : s . . 3.2
AT A s e ol . 3% s foo 11 0

APPROACH TO PORT . -| i : oy . : *o13.
U B e T R 37 1 fa Poqm

PORT AREA - : ! L A s— : : : Poaif
Column ~* : TTTeTTTITITT T e ’ ‘23 T sy

Total 0.: 1.1 46.6 213 17.3 26.0 119 5.0 0.: 2.4 100.0

The basic marine traffic features nentioned in section 2.2
are not measured in the Baltic. The only avail able sources
of traffic data are the national maritine statistics which
have been found to be very unsuitable for the purpose of
detailed traffic analysis, both in the course of this study
and el sewhere [30]. The Danish and Swedish statistics are
not detailed enough and give the nunbers of port calls on
a yearly basis; the USSR and Polish statistics have not
been avail abl e.

The traffic data which have been collected from [31][32]
[33] are presented in Fig.7. The figures are based on the
nunber of arrivals to ports or in the case of the Kiel
Canal on the nunber of passings on a nonthly basis. Fig.7
gives no information on the total nunber of ships at risk
per nonth, but it clearly indicates the seasonal variations
in the traffic. In the northern part of the Baltic the
seasonal variation is narked. In the spring of 1979 the
ice conditions were exceptionally difficult even in the
southern part of the Baltic Sea. Specially adverse ice and
weat her conditions in February 1979 explain the heavy

e
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Fig.4.
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reduction of traffic in the Kiel Canal and the ports of the
Federal Republic of GCernmany. The Kiel Canal traffic is
usual ly alnost free from seasonal variations. The effects
of the abnormal ice conditions can also be seen in the nore
than usual reduction in the arrivals to Finnish ports in
February 1979. The sane kind of wunusual drop in arrivals
to Finnish ports in the spring of 1980 was caused by a |ong
strike in the Finnish nerchant fleet.

The nunber of casualties was exceptionally high in the
first quarter of 1979, as can be seen from Fig. 3. The ad-
verse ice and weather conditions nentioned are an evident
expl anation for the increase.

Fig.8 shows the relative nunber of accidents in nine dif-
ferent districts of the Baltic and the division into dis-
tricts which has been applied is presented in Fig.9. The
lack of detailed traffic data nakes it inpossible to assess
if there are nore casualties in sone districts than their
traffic would suggest. As nentioned, the geographical non-
representativeness of the sanple futher distorts the
pi cture.

The distribution of casualty types in the nine districts
is given in Fig.10 and the absolute nunbers of different
casualty types are crosstabulated by district in Table 7.
The proportions of different casualty types in each dis-
trict seem to be about the same except in Kiel Ford, the
@l f of Finland and the @Qulf of Bothnia. The hi gh propor-
tion of rammngs in Kiel Fjord is caused by the fact that
contact with a lock gate is quite a combn casualty at the
Hol tenau Locks which are situated at the eastern end of the
Ki el Canal. The relatively high nunber of collisions in
the @Qulf of Bothnia and Finland can be explained by ice
condi ti ons: a comon type of collision takes place in an
ice convoy when a ship gets stuck and another ship com ng
behi nd cannot stop in time to avoid a collision. In the
@il f of Bothnia 11 of 22 collisions happened in ice convoy,
in the Gulf of Finland 5 of 11.

it
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TABLE 7. Nunber of casualties in different parts of the

Bal tic
: - GROUN-  COL-  RAMMING FOUNDER- WEATHER IGE Row
st T BINe . LIStoN |ING,LIST DAMAGE DARAGE  Total
; : H H : : : i

T 2z : i 1w00: 8% 2f 0§ 0 g

SOUND : : : : : : : : 12,7
P R A O O - )

GREAT BELT | i ; : H : : : Pors
STy 1 sy o10F a7 i 1 i 0 0% es

FEMMARN & KIEL : : : : : : : HIEEK:
7 0 : o : 7 ! 1 3 o : o} o i 13

KALMAR SGUND : H : : H : : : : 2.8
T i sl 4 i 13 24 ;15 2 iz % g0

OTHER PARTS : i : : : H : : Po22s
Y S T R A S T S T S 1

STOCKHOLN'S APPR_: : : : : : : : : 6.6
T e o w8 &3 s 2z o0 1:

ALAND WITH SURR - i : ; ; ; ; : . 436
e ¢ 1 : am i oz i ol oo 1 i 8 i m

GULF OF DOTHNIA } : : H ; : : : Poae
T

GULF OF FINLAND } : : : : i : : K 4
B g T 219 0 81 120 0 23 T 3 16 a7

C%‘l,g::; 0.: 1.7 456.5 17.2 23.3 4,9 0.4 3.4 100.0

The seasonal relationship between different types of casu-
alties is illustrated in Fig.11 and the absol ute nunbers of
groundi ngs, rammings and collisions are shown in Fig.3 on
a quarterly basis. The self-evident facts that ice damages
take place in the winter and founderings, heavy lists, cap-
sizings and weather danmages happen in the storny autum
period energe from Fig.11. From Fig.3 it is seen that the
casualty figures within a year have nmaxima at the beginning
and at the end of the year and a mninmum in the sunmmer.
Thus it is evident. that the environnmental conditions are
very inportant contributory causes of casualties.
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4.4 Time of the Day and Day of the Week

The distributions of casualties by watches are shown in

Fig.12. The hypothesis that the occurrence of a casualty
is the same in every watch was tested statistically using
t he XZ test explained in section 4.2. Table 8 summarizes

the calculated probabilities that the observed nunbers of
of the sanple have been taken from a uniform distribution.
In groundings and collisions the probabilities indicate
that the hypothesis can be accepted. In ramm ng the proba-
bility is less than 0.05 and the hypothesis is rejected

TABLE 8. X2 test probabilities

gr oundi ngs col l'isions ramm ngs al |l cas.
0.60 0.50 0.03 0.70

The observed variations from the wuniform distribution in
groundings and collisions are thus not found to be statis-
tically significant. This nmerely nmeans that the possible
trends are not very strong. These distributions resenble
those found earlier [7] in the Baltic or worldw de [34].
No evidence can, however, be found fromFig.1l 2 that there
would be a correlation between the nunber of groundings or
collisions at a certain tine and e.g. the diurnal change
of the physiological or psychological capabilities of the
navi gat or.

No exact information on the daily distribution of arrivals
in and departures from ports were available, but the peak
period of rammngs is evidently coincident with the traffic
peak at ports, which is the sailing area where nost
ranm ngs take place, as seen in Fig. 6.
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The distributions of casualties by days of the week are

presented in Fig.1l 3. As above, a hypothesis of a uniform
distribution is made and tested wth x2 test. The results
of the testing are given in Table 9. The test indicates

that the fit of the uniform distribution to the observed
values is good and it is reasonable to say that no day is
nore accident-prone than others, wth the possible excep-
tion of ranm ngs. Though the |ow nunber of rammngs on
Sundays has not been found to be statistically significant,
it is evident that the scarcity in casualty nunbers re-
flects a real situation: arrivals in and departures from
ports are generally at a mninum on Sundays.

TABLE 9. X2 test probabilities

gr oundi ngs col l'isions ramm ngs al |l cas.
0.85 - 0.65 0. 40 0.80

4.5 Flags

The flags or the official countries of registry of the
ships in the sanple are shown in Table 10.

Do ships of various flags have a different probability of
getting involved in casualties in the Baltic? The nunbers
of casualties of various flags can be conpared only on the
basis of a variable which takes into account the ampunt of
exposur e. The only avail able exposure variable has been
the nunber of the Kiel Canal passings and the arrivals in
Fi nnish ports in the years 1979-1980.
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TABLE 10. Flags of ships in casualties

Fl ag Nunber of Per cent ages of
ships in all ships in
acci dents acci dents

Swedi sh 112 21.2

Fi nni sh 107 20. 2

FRG 65 12.3

G eek 47 8.9

USSR 25 4.7

Dani sh 21 4.0

Pol i sh 21 4.0

Nor wegi an 19 3.6

Dut ch 19 3.6

Pananmani an 17 3.2

British 13 2.5

GDR 10 1.9

Si ngapor ean 8 1.5

Li beri an 6 1.1

| cel andi ¢ 3 0.6

Cypri ot 3 0.6

Brazilian 3 0.6

Spani sh 3 0.6

Cuban 3 0.6

Italian 2 0.4

Bel gi an 2 0.4

I ndi an 2 0.4

Tur ki sh 2 0.4

Net herl ands Antilles 2 0.4

| sraeli 2 0.4

O her flags 12 2.4

In Table Ila the nunber of arrivals [31] by flag in Finnish
ports in the years 1979-1980 are presented. Fifteen flags
with the highest quota of the traffic are included_ The
nunbers of casualties sustained by ships of these fleets in
the two years are al so shown. The casualties included have
taken place in the Gulf of Finland, the Qulf of Bothnia or
in the surroundings of Aland. These districts are seen in
Fig.9 as E, B and G respectively.

Table Ilb is a simlar presentation based on the Kiel Cana
passings [33] by flag. The casualties included have taken
place in the Fehmarn Belt and Kiel Fjord or in district C
of Fig.9.

#
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TABLE 11a Arrivals in Finnish ports and casualties in
@l f of Finland, @ulf of Bothnia and Aland with
surroundings in 1979-1980

Fl ags Traffic Casual ties Cas./graffic
No Rank Rank No 10
Fi nni sh 6090 1 1 55
FRG 5073 2 2.5 19 3.7
USSR 4071 3 5 6 1.5
Swedi sh 1352 4 2.5 19
Dut ch 997 5 4 10 10.0
Nor wegi an 583 6 6 5 8.6
British 502 7 8 3 6.0
Pol i sh 461 8 10.5 1 2.2
Dani sh 371 9 13.5 0 0
GDR 364 10 13.5 0 0
G eek 198 11 8 3 15.0
| cel andi c 114 12 13.5 0 0
French 105 13 13.5 0 0
Pananmani an 91 14 8 3 33.0
Si ngapor ean 77 15 10.5 ! 13.0

TABLE |Ib Kiel Canal passings and casualties in Fehmarn
Belt and Kieler Bucht in 1979-1980

| Traffic Casual ties Cas./Eraffic
ags No Rank Rank No 10
FRG 35748 1 2 7 0.20
Pol i sh 5371 2 4.5 4 0.75
USSR 5331 3 4.5 4 0.75
GDR 4408 4 4.5 4 0.91
Dut ch 4069 5 12 1 0.25
Swedi sh 3798 6 10 2 0.57
Dani sh 3325 7 10 2 0.60
Fi nni sh 3099 8 10 2 0.65
G eek 1867 9 1 12 6.43
Panamani an 1367 10 14 1 0.73
British 1044 11 4.5 4 3.83
Nor wegi an 1003 12 14 ! 1.00
Cypri ot 814 13 14 1 1.23
Si ngapor ean 594 14 7.5 3 5.05
Li beri an 542 15 7.5 3 5.56
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The traffic figures are by no neans absol ute ones. But it
is reasonable to suppose that they represent the relative
proportions which the fleets of different flags have of the
traffic in the naned districts of the Baltic. Theref ore,
the correlations between the traffic and casualty figures
of various flags are neasured by calculating two correl a-

tion coefficients based on ranks. For this purpose both
the traffic and casualty nunbers of Tables llaand 11b are
r anked: in the case of traffic, rank 1 is given to the

flag having the greatest traffic, rank 2 to the next
hi ghest, etc; the casualty nunbers are ranked in the sane
way . If the nunber of casualties is the sane, the rank
assigned is the average of the ranks which would have been
assigned if the nunbers had differed slightly. The ranks
are given in both Tabl es.

The ranks of traffic and casualties are depicted in Figs.

14 and 15. If there was a perfect rank agreenent between
the amount of traffic and the nunber of casualties of each
flag, the points should lie on the diagonal straight Iine, i

but now the points are sonewhat scattered. To test statis-
tically whether the sanple data give real indication of
association in the ranking, two rank correlation coeffi-
cients, Spearnan's p and Kendall's t were calculated [35].
Roughly speaking, a value of a coefficient near 1 indicates
associ ati on, a value near 0 lack of association. A
reasoning simlar to that with the XZ test is enployed. |If
the probability to obtain the calculated value. of the co-
efficient is 0.05 or under, it must be concluded that there
is a real association between the variables. The values of
the coefficients together with the probabilities of ob-
taining them when there is no association are given in
Tabl e 12.

TABLE 12. Rank correlation coefficients

Districts o P T P

E, B, G 0.831 0 0.629 0
C 0. 463 0.05 0.371 0.03
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The values of correlation coefficients differ from zero
significantly and there is association between the anount
of traffic and the nunber of casualties. But the corre-
l[ation is far from perfect which is manifested in the
scatter of Figs.14 and 15. There are many possible reasons
for that: some flags may be nore prone to casualties than
others; the anmount of traffic as neasured here may not be
an appropriate variable to neasure the anount of exposure,;
a possible mxture of both nentioned reasons. Many statis-
tical casualty studies [8][36] have found sone narked vari -
ations in the casualty rates of different flags and, there-
fore, it is reasonable to interpret the scatter as an ex-
pression of this.

Each arrival in a port or each passing through the Kiel
Canal can be interpreted as a trial which leads to two pos-
i bl e outcones: a casualty or a non-casualty. If p, the
probability of a casualty is assuned to be constant in n
arrivals, the nunber of casualties in n arrivals follows
the binomal distribution. If pis small and n is |arge,
the Poisson distribution with the paraneter m=np can be
used as an approximation of the binomal distribution [28].

The Poisson distribution will be used to determ ne which
flags have statistically higher or |ower casualty rates
than all flags on the average. First it is assuned that p

is the sanme constant for all flags, the two areas have
naturally a different p and they are considered separately.
The probability of getting the observed nunber of casual-
ties in the known nunber of arrivals or passings is cal-
culated from the Poisson distribution for each flag sepa-
rately. As usual, the probability of 0.05 or less indi-
cates a statistically significant discrepancy from the
assunpti on.

From Table 11a the nunmber of arrivals is 13007 and the
nunber of casualties is 51. The Finnish and Swedi sh ships
have been excluded from these figures because of the

a6
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nmenti oned sanpling error. Thus the average probability of
a casualty per arrival is p = 3.9 ° 10_3. To illustrate
the use of the test it is applied to the Polish ships.
Nunmber of arrivals is n = 461 and the Poisson paraneter
m = np = 1.8, the observed nunber of casualties is one:
< 1 k -m
P(N'1) = ¢ me _ = 0.46
k=0 k!

The probability value is very comon and the casualty rate
of Polish ships in the northern part of the Baltic can be
considered to be normal or near the average of all flags

The areas of Tables llaand Ilb were tested separately.

Al flags from Table Ilb were included. The cal cul at ed
probabilities and their significances are presented in
Tabl e 13. If the probability indicates a statistically
significant difference from the average casualty rate, the
direction is also given: "+" nmeans higher "-" neans | ower
t han aver age val ue.

TABLE 13. Poisson probabilities and their significances

@l f of Finland, Kiel Fjord,
Fl ag @l f of Bothnia Fehmarn Belt

Aland

P Signifi- P Signifi-

cance cance

British 0. 310 no 0. 007 yes, +
Cypriot 0.435 no
Danish 0.235 no 0.584 no
Dut ch 0. 007 yes, + 0.220 no
GDR 0. 242 no 0. 377 no
Fi nni sh 0.628 no
French 0.670 no
G eek 0. 044 yes, + 0 yes, +
[ cel andi ¢ 0.638 no
Li beri an 0. 007 yes, +
Nor wegi an 0. 083 no 0.505 no
Panamani an 0. 006 yes, + 0. 749 no
Pol i sh 0. 463 no 0.524 no
Si ngapor ean 0. 259 no 0. 009 yes, +
Swedi sh 0.584 no
USSR 0.004 yes, - 0.518 no
FRG 0.490 no 0

yes, -

3
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The period investigated here is only two years |long, and
the traffic and casualty nunbers are few Thi s nmeans that
especially in the case of flags whose casualty nunbers are
based on a small traffic may reflect a random effect which
woul d be snoothed off if the time span were |onger. There-
fore, the results are nore reliable in the case of flags
whi ch have larger traffic nunbers.

Table 13 indicates that nost flags show a casualty rate
which does not differ significantly from the average. G eek
ships seem to have a higher than average rate. Li beri an,
Panam an and Singaporean ships also have higher than aver-
age rates in either area concerned but their small traffic
may affect the reliability of this conclusion. Quite sur-
prisingly, Dutch ships in the northern Baltic and British
ships in the southern Baltic have a higher than average
rate. Lower than average rate of the USSR ships is evi-
dently caused nerely by the sanple error.

4.6 Ship Type, Age, Length and Speed

Table 14. shows the division of ship types by different
casualty types. Dry cargo ships include ordinary general
cargo, RoRo and container ships and bulk carriers; car
ferries and passenger ships are ferries; special vessels
i nclude fishing vessels, tugs, etc.

TABLE 14. Ship types by nature of casualty

$0IL"VG- FIRE GROUN-  COL- RAMMING FOUNDER- WEATHER ICE Row
iCHARGE ! LISION DING ,ENG,LIST DAMAGE _DAMAGE . Total
SRS TR ige 2L cae y 94t L+ fo 1 2 ; 14 | 357
DRY CARGO SHIP i : : : : : : : . 67.6
: o: f; 3 183 wi o zji o0 03 e
TANKER ; N : . : : ; b1,
EE L T Rt TR T ISR L § S - S S SN S
FERRY o : s . : : : : : 8.5
: : 4 { i Do i P
L 13 3 7 ey 0 : 0 : &

ICEBREAKER - : -y s ® . . . - ; H
SPECIAL VESSEL  ° o 03 .2 ;12 jtaty oop ot 4l

Column ~° 8 220 . 13 ' '
Total 0. 1.5 4%_7 22,5 26,1 119 42: 0.6 3.0 100.0
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Frequency

Fig.17 Relationship between traffic volume and speed [4]
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Lack of know edge about the type distribution of the total
traffic makes it inpossible to assess if sonme type cate-
gories have nore or less casualties than their quota of the
traffic would inply. The percentage of different ship
types are about the sane as in the years 1971-1975 [7].

Age distributions of all ships, dry cargo ships and tankers
in the sanple are depicted in Fig.16, where also the cor-
responding distributions of all ships and tankers of the

total world fleet in the year 1980 are given. The sim -
larity between the sanple and the world fleet distributions
is evident from the histograns. The nedian age of all

ships in the sanple is 12.0 years and 12.6 years in the
world fleet, for tankers the nmedian age is 11.9 and 12.0

years, respectively. It is reasonable to assune that the
age distribution of ships navigating in the Baltic does not
differ substantially fromthat of the world fleet. If this
assunption is correct, it follows that no age class seens

to have markedly nore casualties than expected.

The age distributions of Finnish or Swedish ships operating
in the Baltic is not known but here again the distributions
of the fleets offer a reasonable approximation. The ages
are published [31][38] in such a form that the nedian is
the only suitable paranmeter to describe the average age.
Tabl e 15. presents the sanple and fleet (1980) particulars
of the age distributions of Finnish and Swedish dry cargo
ships, age in years. The standard nedian test [29] was em
ployed to get information on whether it is likely that the

TABLE 15. Dry cargo ship age nedi ans

Fl eet Sanpl e .
nmedi an shi ps medi an shi ps
Fi nni sh 14. 38 212 14. 33 64

Swedi sh 10. 28 271 11.96 47
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sanple nedian is equal to the fleet nedian. The test gave
the probability 1.0 for the Finnish data and the probabil-
ity 0.45 for the OSwedish data that the respective jge
nmedi ans are equal . This confirns the conclusion that on
the average the ages of ships involved in casualties do not
differ fromthe ages of the whole popul ation.

The parameters of age distributions of ships in the three
nost common types of casualties are shown in Table 16, age

in years.

TABLE 16. Ship age paraneters by casualty type

shi ps nmean age standard dev.
gr oundi ngs 220 15. 62 14.16
col l'isions 136 13.13 12.08
ramm ngs 119 11. 96 10. 75

Do the differences in the nmean ages indicate that the age
distributions in different types of casualties are not the
same? Totest the differences statistically two standard
tests, z - test [39] and Mann-Witney U test [27], were em
pl oyed. The tests give the probabilities of the occurrence
of the observed differences between the sanples under the
hypot hesis that the underlying distributions are the sane.
Z - test is a paranetric test which gives the probability
that the nmeans are equal; Mann-Wiitney U test is a non-
paranetric test which assesses the probability that both
the forms and the locations of the distributions are the
sane. Table 17 sunmarizes the calculated probabilities
bet ween the various casualty types.

As wusual, the differences are taken to be statistically
significant if the probabilities are 0.05 or |Iess. Bot h
tests indicate that the average age of ships in groundings
is significantly higher than in rammngs and al nost
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significantly higher than in collisions. The ship age dis-
tributions in collisions and ranmings do not differ
essentially.

TABLE 17. Probabilities from z and U tests

bet ween z U

groundi ngs and collisions 0.078 0. 149
groundi ngs and ranm ngs 0. 008 0. 020
collisions and ranm ngs 0. 415 0. 303

The parameters in length distributions of the three nost
common ship types of the sanple in groundings, collisions
and ramm ngs are presented in Table 18. Z, U and nedian
tests were used to find out if the differences in the nean
or median length inply statistically significant differ-
ences in the underlying distributions. The cal cul ated test
probabilities are summarized in Table 19. Z - test is
applicable only to cases where the nunber of ships in both
sanples is over 30. It emerges from Tables 18 and 19

that the average length of general dry cargo ship is sig-
nificantly higher in rammngs than in collisions and |ike-
wi se significantly higher in collisions than in groundings.

The observed differences in the case of tanker and bulk
carrier lengths are not significant. This reflects a comon
feature in connection with small sanples: even |arge
differences may turn out to be non-significant.

It can be sumarized that on the average the ships in
groundi ngs seem to be older and smaller than those involved
in collisions and ranm ngs.

i
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TABLE 18. Ship length paraneters by casualty type

shi ps mean standard medi an
| ength dev. | ength

general cargo.ship
groundi ngs 100 70. 86 28.08 64. 38
col l'isions 67 85.12 30. 76 77.73
rammings 64 103. 58 24.55 102. 22
bulk.carriers
groundi ngs 29 149. 92 41. 87 151. 82
col l'isions 14 142. 34 33. 47 140. 00
rammings 22 144,08 43.03 153. 33
tankers
groundi ngs 37 113.98 57.13 98. 89
col l'i sions 18 117.75 40. 38 113. 33
rammings 11 135. 26 37. 89 143. 33

TABLE 19. Z, U and nedian test probabilities

bet ween Z U nedi an

general. cargo. ships

groundi ngs and collisions 0.002 0

groundi ngs and rammings 0 0

collisions and rammings 0. 002 0. 004 . 045
bul k carriers

groundings and collisions - 0.294 0.128
groundi ngs and ranm ngs - 0. 669 0.872
collisions and ramm ngs - 0. 650 0. 305
tankers

groundi ngs and collisions - 0.584 0.252
groundi ngs and ramings - 0.244 0.125
collisions and ranm ngs - 0.431 0. 264
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No direct neasurenents of ship speed distributions in the
Baltic are avail abl e. It is, however, reasonable to assune
that the speed of ships, when navigating freely, is approx-
imately normally distributed. Japanese marine traffic
nmeasurenments confirm this assunption. In Fig.17 [4] the
rel ati onship between traffic volume and speed is qualita-
tively depicted. The variable traffic volume can be
changed to poor visibility, because both greater traffic
volune and poorer visibility decrease the nean and the
variance of the speed distribution but the distribution
remai ns nornmal .

The distributions of speeds at the time of groundings,
collisions and ramm ngs are shown in Fig.18. It is evident
that these distributions are not normal but the speeds have
clustered towards the |ower speeds. The forns of the dis-
tributions conform with the results of the years 1971-1975
{7}. The particulars of the distribution are tabulated in
Tabl e 20, in knots.

TABLE 20. Speed distributions

mean standard dev. medi an nunber of ships
groundi ngs 6. 47 4,51 5.78 94
col l'isions 4.50 4.43 2.80 75
rammings 1.98 1.80 1.46 41

The fornms of the speed distributions in collisions and
ramm ngs suggest that sone theoretical distribution could
be fitted to the observations. The form of the distribu-
tions and the fact that the mean and the standard deviation
are approximately equal in both cases hint that the expo-
nential distribution [40] m ght be an appropriate choice.

The probability density function for v = speed is

f(v) =ce "7, v > 0.
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The nean m and the 'standard deviation s are equal and are
related to the distribution paraneter in the follow ng way:
m =S = |/c. The cunul ative probability function or the
probability that speed v > a is

F(v) =P(v< _a) 1 - e 9,

The exponential distributions which have the sane neans as
the corresponding sanple neans in collisions and ranm ngs
have been plotted on the observed histograns in Fig.18.
The agreenment with the observed distribution seens to be
good and it has been tested using the usual x> met hod
described in section 4.2. The test gives the probabilities
0.40 for collisions and 0.80 for ranmmngs which inplies
that the discrepancies between the theoretical and observed
distributions are far from significant. The exponenti al
distribution is an adequate mathematical nodel to describe
the speed distribution of ships in collisions and ramm ngs.

In groundings no theoretical nodel has been found.

The sanple nodel found can be used e.g. in estimating the

probabl e speeds in ramm ngs and colli sions. These are of
interest in structural design of ships [41] or in con-
struction of piers. For instance, what is the speed Vo in

ramm ngs which is exceeded only with the probability 0.01?
In rammngs ¢ = 1.98 (Table 20.):

P(vd>v )= 1 - P(v<v ) = e Vo = 0.01
o ~Yo

=> vy = 9.1 knots = 4.7 nm's.

4.7 Causes of Casualties

The potential nunber of causal factors and their conbi-
nations associated with marine casualties is high. As an
exanple of this the causal factors given in the block
schene of the Appendix are considered. There are 60
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factors listed in the schene, but the total nunber of
factors which were needed to describe the causes of the
casualties in the sanple is 68. In principle, if only one
factor is taken as a cause of a casualty, there are 68 pos-
sible factors which can appear as a cause. If two factors
are needed, there are N = 68 67 = 4558 possible different
casualties when the order of the blocks is of inportance.
If no attention is paid to the order, the nunber of dif-
ferent possibilities is M =368 " 67 = 2278. In general
k factors of 68 can be conbined in N or M ways which are
calculated [28] by the fornulas:
68! 68!

N = 1gs=xy: M=

For instance: k = 3, N = 300694 and M = 50116; k = 4,
N = 19545240 and M = 874385 and so on. This exenplifies
how great the nunber of different casualties can be when
there are many contributory factors which have to be taken
into account as causes of casualties.

In other words, each casualty consists of an individual
collection of causes. In order to be able to assess on
the basis of the sanple which causal factors appear to be
nore comon and inportant, the evaluation procedure de-
scribed in section 3.5 was devi sed and  applied.

In the block schenme the factors have been divided into
three distinct groups: Environnental conditions; Techni cal
deficiencies and their reasons; Human factors wth a sub-
group actions. The average effect of a causal factor of
each group can be examned by calculating separately the
mean value of the weight coefficients given to the factors
of each group. The nean values of weight coefficients are
shown in Table 21 which is based on all casualties in the
sanpl e. On the basis of Tables 2 and 21 it is clear that
a technical deficiency, when it 1is present and has been
identified as one of the causes of a casualty, has on the
average a nore marked effect on the occurrence of the
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casualty than the factors of the other groups. This nerely
reflects the fact that often a single technical fault, e.g.
an electrical black-out, at a critical nonent can lead to
a casualty, but many sinultaneous environnmental and human
factors are usually present in casualties without a techni-
cal fault.

TABLE 21. Mean  weight coefficients by factor gr oups

Nunber of Mean wei ght

factors

wei ght ed
Envi ronnental conditions 640 0.317
Techni cal defici enci es 96 0.519
Human factors and actions 302 0.382

By enploying the effect |level explained in section 3.5 the
relative inportance of the three factor groups can be
exam ned. Table 22 shows the effect |levels or probabili-
ties of the three groups in different types of casualties.
The nost unorthodox result is the |low proportion of human
factors in collisions, only 17 percent, though the usual

figure nost often quoted [34] is about 80 percent. One
evident reason for the low ratio is the weighting principle
nunber 3 of section 3.5. The definition of the environ-

mental conditions and the exceptional environment of the
Baltic are other reasons for the high ratio of environnen-

tal conditions. Table 23 presents the nost inportant
single factors with their probabilities in groundings, col-
[isions and ramm ngs. In collisions all five factors

belong to the group environnental conditions, and espe-
cially the factor heavy ice conditions is a typical Baltic
feature.

Table 24 gives the probabilities of the three groups in
different parts of the Baltic in groundings, ranmngs and
col l'i si ons. The | ow nunber of casualties may have a random



TABLE 22

The relative inportance of the three factor
types of casualties

Acci dent a

groups in different

: ) Expl osi on or G oundi ng Col l'i sion
di scharge of oil fire
N=1 N=8 N=219 N=81
Environnent a
condi tions 0 0 0. 44 0.77
Techni ca
defi ci enci es
and their reasons 0 0. 80 0.11 0.07
Human factors 1.00 0.2 0.45 0.16
and actions
Hanmi ng Founderi ng, Heavy weat her I ce damage
N=120 capsi zi ng, damage N=16
heavy |ist N=23 N=3
Environnenta
condi tions 0.49 0.41 0.80 0.91
Techni ca
defici enci es
and their reasons| 0.22 0. 48 0.20 0
Human factors
and actions 0.29 0.11 o - 0.09
i
TABLE 23

The nost important factors and their

common types of casualties

G oundi ng
N=219

| npr oper

M scal cul ati on
the position

M sobservati on
Storm

Narrow channel ,
passage

Poor marking of
fai rway

manoeuvr e 0.11

of

0.09
0.06

Col l'ision

N=81

probabilities in

Heavy ice conditions

Fog

G her ship nanoeuvring

agai nst rules
G her ship, no
to the critica
situation

Narrow channel,
passage

0.28

0.12

0.12

reactions

0.06

0.04

the three nost

Ranmmi ng
N=120

Storm

0.15

Heavy ice conditions 0.09

| npr oper

manoeuvr e 0.09

Main engine failure 0.08

| npr oper
of tugs

assi st ance
0.05
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effect on the results of the individual districts, but
generally no striking differences can be seen between the
different parts of the Baltic. From Tables 22 and 24 it
can be concluded that in a grounding or collision the cause
is a technical failure with an approxi mate probability 0.10.
In a rammng this probability is about tw ce as high. Thus
it can be said that a technical failure is not a very
common cause of a grounding, ramming or collision.

The nost inportant single causal factors and their proba-
bilities in the different parts of the Baltic in groundi ngs,
ranm ngs and collisions are shown in Tables 25, 26 and 27,
respectively. From them and Table 23 the follow ng con-
clusions can be drawn:

In groundings the nost probable causes both in the
northern and southern Baltic seem to be of navi-

gational or human Kind: i Mproper nmanoeuvre, msS-
calculation of the position and m sobservation show
hi gh probabilities. O  environnmental conditions,
narrow channel, passage and poor marking of the
fai rway are i mport ant causes in  groundings

In ramm ngs heavy ice conditions and storm are the
nost probable causes, especially in the northern
Bal tic. Technical failures seemto be often present
in the ranm ngs taking place in the southern Baltic.

- As already nentioned in section 4.3, heavy ice con-
ditions in the northern Baltic are very inportant
causes in collisions, and together with fog or poor
visibility they constitute the nost probable causes
of a collision. The high probabilities of factors
indicating the fault of other vessels stem from the
bias in the sanple: in his answer a shipnmaster of
a vessel in collision often blaned the other vessel,
and answers were seldom obtained from both ships.
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TABLE 24

The relative inportance of the three factor groups in different parts of the
Baltic Sea in groundings, ranmngs and collisions

G oundi ngs | 2 3 4 l 9
N=38 N=27 N=5 N=9 N=46 N=22 N=18 N=33 N=21
Envi ronment al
condi tions 0.54 0.39 0.32 0.44 0. 37 0.43 0.48 0.44 0.49
Techni cal deficiencies
and their reasons 0.14 0.12 0.14 0.05 0.16 0.13 0.10 0.10 0.01
Human factors and
actions 0.32 0. 49 0.54 0.51 0.47 0.44 0.42 0.46 0.50
Rarmmi ngs 1 2 4 5 6 I 8 9
N=8 N=5 N=47 N=3 N=24 N=4 N=5 N=18 N=6
Envi r onnent al
condi tions 0.24 0.65 0.31 0.67 0.43 0.45 0.40 0.64 0.96
Techni cal deficiencies
and their reasons 0.19 0.22 0.43 0.33 0.19 0.03 0.17 0.17 0
Human factors and
actions 0.57 0.13 0.26 0 0.38 0.52 0.43 0.19 0. 04 s
Col I'i sions | 2 3 4 6 7
N=10 N=4 N=10 N=1 N=13 N=4 N=6 N=22 N=11
Envi ronnent al
condi tions 0.59 . 0.91 0.89 0.75 0.66 0.68 0.66 0.89 0.83
Techni cal deficiencies
and their reasons 0.18 0 0 0 0.07 0 0.02 0.02 0.13
Human factors and
actions 0.23 0.09 0.11 0.25 0.27 0.32 0.32 0.09 0. 04
Legend: 1 The Sound 4 Kal mar Sound 7 Aland with surroundings
2 Great Belt 5 Gt her parts of 8 The Gulf of Bothnia

3 Fehnarn Belt and the Baltic
Kiel Fjord 6 St ockhol m approach

9 The @lf of Finland
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TABLE 25

The nost inmportant factors and their probabilities in groundings in different

parts of the Baltic Sea

The Sound
N=38

M scal cul ation of

the position 0.12
Narrow channel,
passage 0.08
Heavy ice conditions 0.08
M sobservation 0.07
Storm 0. 07
Kalmar Sound

N=9Q
Ti redness 0.18
M scal cul ation of
the position 0.15

Aland W th surroundings'
N=18

| nproper manoeuvre
Ti redness

Dar kness

Storm

Poor marking of
fai rway

M sobservation

0.14
0.11
0.08
0.08

0.07
0.06

Geat Belt
N=27

M scal cul ati on of

Fehmarn Belt and
Kiel Fjord n=s

the position 0.20
M sobservation 0.10
| nproper nanoeuvre 0.10
Poor marking of fairway 0.06
Narrow channel , passage 0.05
QG her parts of the Baltic
N=46
M sobser vati on 0.14
M scal cul ation of the
position 0.10
| nproper nanoeuvre 0.10
Electr. black out 0.08
Negligence of critical
situation 0.08
Storm 0.07
The @ulf of Bothnia
_ N=33
Poor nmarking of
fai rway 0.13
M sobser vati on 0.13
M scal cul ation of
the position 0.12
| nproper manoeuvre 0.12
Narrow channel, passage 0.05
Dar kness 0.04

M scal cul ation of

the position 0.32

| nproper manoeuvre 0.14

St ockhol m approach

N=22
| nproper manoeuvre 0.19
Narrow channel,
passage 0.09
Storm 0.08
Fog 0.07
Autopilot failure 0. 06
The @l f of Finland

N=21
| nproper manoeuvre 0.19
Negligence of critical
situation 0.09
Narrow channel,
passage 0.08
Dar kness 0.07
Poor marking: of
fai rway 0. 07
| mproper deci sion 0. 07
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TABLE 26

The nmost inportant factors and their probabilities in rammngs in different
parts of the Baltic Sea

The Sound Geat Belt Fehmarn Belt and
N=8 Ns5 B Kiel Fjord wn=47
M sunder standi ng  of H gh speed 0.35 Main engine failure 0.26
instruction or command 0.19 ]
) Storm 0.30 I nproper assistance 0.11
KaMewa failure 0.19 ] ] ] of tugs
Main engine failure 0.22
Storm 0.17 Steering engine failure 0.07
| nproper nanoeuvre 0.15 Display failure 0.01
Negl i gence of critical
situation 0. 07
Kal mar  Sound Q her parts of the ' St ockhol rﬁa@r oach -
N=3 N=24 N=4
Heavy ice conditions 0.33 | nproper manoeuvre  0.16 M sunder standi ng of
| nproper assi stance instruction or conmmand O0.43
Electr. bl ack out 0.33 of tugs 0.11
Fog 0.20
Storm 0.13 Storm 0.08
] ] ] Current 0.13
Main engine failure 0.06
Storm 0.13
KaMewa failure 0.06
Lack of training with
the ship in quest. 0.06
Aland W th surroundings The Gl f of Bothnia The @l f of Finland
N=5 N=33 ) N=21
| mproper manoeuvre 0.23 Storm 0.22 Storm 0. 46
Fog 0.17 Heavy ice conditions 0.22 Heavy ice conditions 0.14
Storm 0.13 KaMeWa failure 0.10 Dar kness 0.11
Heavy ice conditions 0.10 | mproper deci sion 0.09 G her ship on
collision course 0.10

| mpr oper manoeuvr e 0. 07
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TABLE 27

The nost inportant factors and their probabilities
different parts of the Baltic Sea

The Sound
N=10

Q her ship manoeuvring

incollisions in

Geat Belt
N=4

Q her ship manoeuvring

against rules 0.16
Fog 0.15
Heavy ice conditions 0.13
| mproper  deci si on 0.10
Breaki ng of mooring

wire 0.08
Kal mar  Sound

N=1
Fog 0.50

against rules 0.27
Fog 0.22
Dar kness 0.09
Heavy ice conditions 0.09
Narrow channel ,

passage 0.09
Qher parts of the

Baltic w=13

Q her ship manoeuvring

agai nst rules 0.19
Fog 0.11
M sobservation 0.10
O her ship, no reaction

to the critical

situation 0.08
Q her ship passing or
overtaking of a too

close distance 0.06
No reaction to the

critical situation 0.06

Aland Wi th surroundings
N=4

The Qulf of Bothnia
N=22

Heavy ice conditions 0.45

G her ship passing
or overtaking at a

too cl ose distance 0.16
Q her ship manoeuvring

agai nst rul es 0.16
| mproper nmanoeuvre 0.12

Negl i gence of critical
situation 0.10

Heavy ice conditions 0.

Fog 0.

G her ship, no reactions
to the critical

situation 0.
Narrow channel ,
passage 0.

Q her ship on collision
course

50
11

06

06

0.06

Fehmarn Belt and
Kiel Fiord n=10

Ct her ship manoeuvring

agai nst rul es 0.18

G her ship, no reaction

to the critical

situation 0.17

Dar kness 0.08

Heavy surrounding

traffic 0.08

Stockholm approach B
N=4

Fog 0.23

Q her ship manoeuvring

against rules 0.18

M sunder st andi ng of

instruction or command O0.15

Heavy ice conditions 0.13
M sobservation 0.08
The @l f of Finland

N=11
Heavy ice conditions 0.48
O her ship, no reactions
to the critical
situation 0.11
Steering engine
fail ureg g 0.10
G her ship manoeuvring =
against rules 0.08
Fog 0. 05
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The effect of a pilot on the causal configuration in
groundings is examned in Table 28 where the probabilities
of the three factor groups and the nobst promnent single
factors in groundings are presented with a pilot and with-
out a pilot on the bridge at the time of the casualty. In
groundings with a pilot the enphasis is nore on the en-
vironnental conditions than in cases without a pilot. Thi s
is, of course, not surprising because the pilots are
working on routes which are difficult to navigate.

TABLE 28. Probabilities of causal factors in groundings
with a pilot and without a pil ot

Pilot N = 61 No pilot N = 124
Environnental conditions 0.54 0.38
Techni cal deficiencies 0.12 0.09
and their reasons
Human factors and actions 0.34 0.53
Improper 0.15 M scal cul ation of 0.13
manoeuvr e the position
Poor marking of 0.09 M sobservation 0.12
fai rway
Narrow channel 0.09 Improper 0.10
passage manoeuvr e
Fog 0.06 storm 0. 06
M sobservati on 0.05 Ti redness 0.06
M scal cul ati on of 0.05 Narrow channel, 0.05
the position passage
Dar kness 0. 05 Negl i gence of 0.05

critical situation

Table 28 is interesting as an indication of the ability of
the evaluation nethod used. Evidently the nethod gives
results which are qualitatively in the right direction.
The main problens associated with the determnation of the
causal factors wer e found to Dbe t he fol | owi ng
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- I nformati on obtained on the causes of casualties was
often defective both in the answers of the ship-
owers and in the secondary data obtained through
the authorities. This is a typical situation in
statistical casualty studies.

- The classification and weighting of the factors
which are nore or less surely known to have affected
the casualty is very sensitive to subjective inter-
pretations of the eval uator.

4.8 Consequences of Casualties

The nost inportant known consequences of the casualties in
the sanple are sumarized in Table 29. The evi dent conmon
neasure of the seriousness of a casualty is the nonetary
value of the consequences. Unfortunately, the original
casualty data collected do not contain information on this
aspect, but the possibilities to assess the costs wll be
di scussed in chapter 5.

TABLE 29. Consequences of the casualties

consequence nunber
lives | ost 35
injuries 51
total |osses 15
cargo danmages 28
hul | damages 328
engi ne damages 17
propel | er danmages 40
rudder damages 20
oil outflows 13

damages to objects 88
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Table 30 shows the division of the losses of I|ives by
casualty type, and also the nean or expected nunber of
lives lost in each casualty type is given. The nunber of
cases which lead to loss of life is small, but evidently a

foundering or capsizing and a fire or explosion are poten-
tially the nost serious casualty types which threaten the
lives of seanen. This inference is anplified by the

TABLE 30. Loss of life by casualty type

l'ives number of number of expect ednunber

| ost cases casualties  per casualty
f ounderi ngs, 25 5 22 1.13
capsi zi ngs
fires, explosions 3 2 8 0.375
col lisions 7 3 134 0. 052

figures in Table 31 which presents the injuries by casualty

t ypes. Also in injuries the actual nunber of cases which
lead to an injury is small, and fires and founderings have
t he highest expected value of injuries per casualty. In-

formation on the loss of life and injuries was derived from
526 and 521 ships, respectively, or from alnost every ship
in the sanple.

TABLE 31. Nunber of injuries by casualty type

number of number of number of expect ed

injuries cases casualties  nunber per
casual ty
fires, explosions 22 2 8 2.75
f ounderi ngs, 7 2 22 0.318
capsi zi ngs
col l'i sions 21 5 131 0. 160

ranm ngs ! ! 117 0. 008
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Information on total |osses was derived from 523 ships.

The 15 total |osses were distributed by casualty types in
the follow ng ways: 1 through a fire; 3 through ground-
ings; 2 through collisions; 1 through a rammng and 8
t hrough founderings or capsizings.

Cargo, hull and engine danmages were ranked in three dif-
ferent categories: slight, noderate and severe danages.
This <classification is susceptible to subjective inter-
pretations, but it gives sone neasure to estimate the
severity of the danmages. Tables 32 and 33 show the dis-
tribution of cargo and engine damages in different casualty
types, and also the nean number of cargo and engi ne danages

of any severity per casualty are calcul ated. I nformation
on cargo damages was derived from 430 ships, on engine
damages from 426 shi ps. Cargo and engi ne damages seem to

be rare in groundings, collisions and ramm ngs, which are
t he nost common casualty types.

TABLE 32. Nunber of cargo damages by casualty type

moder- casu- Mmeannunber
slight ate severe sum alties per casualty

fires, explosions - ! - ! 4 0.25
groundi ngs 2 5 2 9 180 0.05

col lisions 4 ! ! 6 109 0.06
rammings 3 - - 3 107 0.03

f ounderings, cap- 3 3 2 8 11 0.73
sizings, heavy lists

heavy weat her 1 - 1 3 0.33

damages
The ranking distributions of hull damages in groundings,

collisions and ramm ngs are depicted in Fig.19, where also
a simlar ranking distribution of the danmages to objects in
ramm ngs is given. A hull damage of sone degree is very
probable in all the three casualty types: t he mean nunber
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per casualty is 0.77 in a grounding, 0.82 in a collision
and 0.64 in a ramm ng. But as can be seen in Fig.19, the
damage is nost likely slight or noderate. Danmages to ob-
jects in ranmngs seemto be quite common but it was found
difficult to estinmate their severity.

TABLE 33. MNunber of engine damages by casualty type

moder— casu— mean number
slight ate severe sum alties per casualty

fires, explosions ! ! ! 3 5 0. 60
groundi ngs 7 1 4 12 181 0.06
col l'isions ! - 1 106 0.01
ranm ngs ! - - ! 104 0.01

Information on the 40 propeller danages was derived from
425 shi ps. The cal cul ated nean nunber of propeller damage
per casualty is 0.15 in groundings; 0.03 in collisions and
rammings; 0.5 in ice damages. Propel | er damage seens to be
a common ice damage, nore comon than a hull danage: t he
mean nunber of hull damages in ice danmages is 0.33. How-
ever, the small nunber of ice damages in the sanple |owers
the reliability of this conclusion.

Rudder damage was reported in 20 of 422 ships. The nean
nunber of rudder danage per casualty is 0.08 in groundings;
0.01 in collisions and ranmm ngs; 0.31 in ice danmages.

Information on the 13 outflows was derived from a sanple
of 481 shi ps. Qoviously many nore than 13 oil spills have
taken place in connection wth ship casualties in the
Baltic in the years 1979-1981, but because of the publicity
given to oil accidents the sizes and effects of the unknown
cases are probably small.



70

60} 60
50 GROUNDINGS 50 COLLISIONS
N =191 N =109

z 40 Z b0
[R5 wi
) I

304 30.]
s 3
a 20 a 20

10 10

0 0

! 2 3 0 ! 2 3
60,
So_ RAMMINGS 50 OBJECTS IN RAMMINGS
N =109 — -1 N =97

—
=z L0 Zz 404
w w
U o

304 30
a a
a 20, a 20

10 10

0 356 I 20 0 o

1 2 3 0 ! 2 3 4
Fig.19. Hul | damages in groundi ngs, collisions and
rammings and damages to objects in ramm ngs.

Legend: no damages

0
1
2
3
4

sl i ght

noder at e

severe

damages wi th unknown severity



71

Ten of the oil outflows were consequences of groundings;
one took place in a collision and one in connection wth
ice damage; one casualty was an accidental discharge of
oil. The total amount spilled in the reported oil | eakages
was 22065 tons, but the reported anmounts are evidently only
very rough estimates. About 21000 tons of the total anount
was spilled in two spectacul ar tanker groundings, and thus
the remaining cases were of an essentially smaller order

of magni tude. This fact is evident from the difference
between the nean and the nedian value of the oil spilled:
the nean is 1700 tons per spill, but the nedian is only 100

tons, which clearly reflects a lack of symetry in the size
distribution [35].

The small nunber of oil spills nakes an attenpt to draw any
statistical conclusion superfluous. Even if the sanple was
essentially larger, an estimation of the probable anount
and frequency of future oil spills wuld be a very diffi-
cult statistical problem because of the follow ng general
features of oil spills [42] which were also identified in
the present sanple: the size range of an individual spill
is extrenely large; the great majority of oil spills are at
the lower end of this range; nost of the oil spilled is

spilled in a few very large spills. Evidently, a single-
nunber estimate of the anmount of oil spilled based on the
actual data would be neaningless. According to [43], the

nost promsing nethods of evaluating accident and spill
probabilities conbine the statistical analysis of histori-
cal casualty data wth analytical nodels expressing the
ki nematics of accident scenarios, but these nodels are
still wunder developnent and lie outside the present study.
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5. COST OF MARINE CASUALTIES

5.1 Introduction

The economi c aspects of marine casualties w 11 be briefly
di scussed in this chapter. The objective is to identify
the nost relevant cost variables and to estimate their
val ues where possible. Know edge of costs is an inportant
factor to consider when devel oping safety regulations and
systens, or when characterizing the severity of vessel
casual ti es.

The collection of cost data was not a part of the origina

data base project. The shipowners' cost data are nostly
trade secrets which are not avail able. Informati on on
actual costs has been obtained from shipowners only in 27
cases. The estimations of various costs are, therefore,

based mainly on published sources. Al'l costs quoted are
1980 prices and expressed in Finnish rmarks (mk).

5.2 Identification of the Costs

The cost of accidents falls both on the shipowners, e.g.
t hrough |oss of revenue and insurance rates, and on soci-
ety, e.g. through loss of |life and danage to property. The
total financial loss of a marine accident in a general case
can be divided into parts which belong to the categories
given in the foll ow ng:

a. Deaths and injuries to persons
crew, passengers, wor ker s, gener al public
b. Danmage to property

- vessels, cargo
- facilities: piers, wharves, termnals, Dbridges
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c. Damage to the marine environnent
- water pollution by oil or chemcals:
effects on fishery, tourism seabirds, etc.

d. Loss of function
- vessel out of operation
- delays in delivering cargo

5.2.1 Value of Life

Any attenpt to put a value on human life runs into a nunber
of difficulties, the nost fundanental of which is the

objection that the value of Ilife cannot be neasured in
nonetary terns. Cscar Wlde is reported to have said that
"Who knows the price of anything knows the value of
not hi ng". However, as a part of everyday functioning of
both the Ilegal system and the insurance industry, such
eval uations nust be, and are regularly carried out. There
exi sts an extensive literature on the value of human life
[43]), and only the adequate price estimates will be quoted
here.

In [15] the value of British human life is nmeasured in two

ways: in terns of a person's expected lifetine earnings
and in ternms of industry's expenditure on safety neasures
per life saved. The first nethod gives an estimated val ue

of the life of a seaman to be about 1.2 mllion nk; the
second nethod estimates the value to be 1.4 mllion nk.

The value of human life lost in a road accident in Finland
is calculated [45] to be 1.9 mllion nk. The differences
in the three estimates given nmanifest the nature of the
probl em the value set on a human life is largely a matter
of opinion or definition. As a conprom se, the nmean val ue
1.5 mllion nk will be used here.
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The cost of injuries are less a matter of opinion than the
value of a life. However, the lack of know edge on the
distribution of the severity of injuries nakes a detailed
anal ysis inpossible_ A rough average estimate from [45] isS
50000 nk per injury. Wien using this estimate it is as-
suned that the severity distribution of injuries in mari-
time casualties is the same as in road accidents.

By using the estimtes given above, the expected nonetary

| oss through deaths and injuries in a given casualty type

can be cal cul at ed: expect ed nonet ary loss is
6 3

1.5 x 10" X m, + 50 x 10 m.,
1 1

where m, and m, are the expected or mean nunber of deaths
and injury per casualty, which are given in Tables 30 and
31. The calculated values are presented in Table 34.

TABLE 34. Expected nonetary loss in a casualty through
deaths and injuries

mean val ue nunmber of totag
k]

per casu- casualties [10°
alty
foundering, capsizing [ 830 000 23 42.1
fire, explosion 580 000 8 4.6
col I'i sion 90 000 81 7.3
ramm ng 400 120 0. 05

The total cost of deaths and injuries in the sanple is thus
about 54 mllion nk.
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5.2.2 Value of Damage to Property

Jotal _l osses

The second-hand nmarket value is generally assunmed to be the
best indication of the value of a vessel [16]. This view
point is adopted here and the values of ships totally | ost
are taken to be equal to their second-hand prices

Publ i shed ships sales in the second-hand market were col -
lected from [46][47]1[48]. The ships totally lost in the
Baltic were found to be on the average nuch older and
smal ler than the ships whose sales are reported worldwide.
Therefore, the regression fornulas calculated from the pub-
lished data did not give good estimates of the second-hand
prices of the ships totally lost and the fornulas could not
be used.

The nunber of total losses is only 15, and it was practica

to assess the second-hand value of each ship separately by
taking the known prices of ships of the sane type and about
the sane age and size and then taking the average. The sum
of estimated prices of the ships totally lost was found to
b= about 90 mllion nk.

RepalLt . costs

Accurate information on repair costs was obtained only in
t he case of 27 damages, of which 16 were groundings, 9 col-
lisions and 2 ranm ngs. Because the repair cost sanple is
small, only rough average estimates of repair costs can be
calculated, and it is necessary to make nmany assunpti ons.

It is assuned that the repair cost on the average is di-
rectly proportional to the severity of the hull damage.
In groundings the following mean repair costs per casualty
in the three severity categories were found: slight hull
damage 285000 nk, nmoderate 1 911 000 nk and severe
3 450 000 nk. In collisions repair costs of only slight
hul | danages were obtained, the nmean is 224000 nk.
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The expected or nean repair costs per grounding is calcu-
lated with the help of the severity distribution of hull
danages in groundings depicted in Fig.19. The follow ng
formula is applied:
(0.3p, + 2.0p, + 3.5p;)" 10°mk,

wher e pq 02 and p; are the proportions of slight, noderate
and severe hull damages, respectively; p, = 0. 49, Py = 0. 20
p3 = 0.08 and the nmean repair costs have been rounded. The
formula gives the mean repair cost per grounding to be 0.80
mllion nk.

Informati on obtained on repair costs of danmages in other
casualty types, and of damages to facilities is scarce.
Therefore, no direct estimates can be obtai ned.

It is reasonable to assune that the ratios of the nean re-
pair cost per casualty in different casualty types to the
mean repair cost per grounding are the sane as the corres-
ponding ratios in the clains to insurance conpanies in
partial | osses. These calculated ratios are given in the
first colum of Table 35, the figures are based on the
clainse paid by Finnish insurance conpanies in the years
1979-1980 [49]. Taking the ratios and the nean value of
repair costs in a grounding, 0.8 mllion, to be represen-
tative, the values of nean and total repair costs in dif-
ferent casualty types shown in Table 35 are obtained.
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TABLE 35. Repair costs of di fferent casual ty types

ratio nmean cost number of t ot al
per6casua1ty shi ps 6

[107mk] [107mk]
groundi ngs ! 0.80 216 173
col l'isions 0.4 0.32 137 44
ranm ngs 0.2 0.16 119 19
i ce danages 0.4 0.32 16 5
heavy weather danmages 0.3 0.24 3 !

fires and expl osions 0.7 0.56 7 4

246

It can be seen that on the average a grounding is the nost
expensi ve. Total repair costs of the ships of the sanple
in the casualty types given in Table 35. are thus estimated
to be 246 mllion nk.

It has not been possible to estimate the following repair
costs: founderings and capsizings which are not total
| osses; damages to facilities.

Cargo. damages

There is not enough information on the cargo damages to
assess their cost. The market value of the oil spilled,
22000 t, can be estimated to be about 20 mllion nk.

5.2.3 Value of Environmental Damage

The determ nation of the economc value of damage to the
maritime environnment through an oil or chem cal discharge
is a very difficult task in the present state of know edge.
A detailed analysis of each case should take into account
e.g. the following constituents [SQ: physical effects on

P
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the biol ogical envi ronment ; | ost recreational val ues;
effects on the tourist industry; econom c consequences for
the fishing industry,; cost of restoration neasures.

Informati on obtained on the economc consequences of the
oil spills which have taken place in connection wth the
ship casualties of the sanmple is scarce and no detailed
analysis is possible at this stage.

Cleanup costs give an indication of the magnitude of the

econom ¢ val ues invol ved. Estimates on cleanup costs were
available in five cases where a total of about 5500 t oil
was spilled. The total cleanup costs ware about 125 m|l -

lion nk, of which about 112 mllion nk were through one
t anker groundi ng.

5.2.4 Value of Loss of Function

The cost of not delivering the cargo is very difficult to
quantify and it will be neglected here, though it has to be
identified as a potential source of cost.

Wien a ship is out of operation through a casualty, the
shi powner |oses the revenue, but h= has to pay the fixed
costs, of which the greatest are the capital and crew
costs. The loss thus conprises the profit and fixed costs.

No attenpt will be made here to estimate the values of
profit of individual ships. It is assuned that the profit
is generally of a smaller order of magnitude than the fixed
costs and can be negl ect ed.

The fixed <costs <consist of the following costs [51]:
capi tal cost, crew costs, i nsur ance, mai nt enance and
general adm nistration. The actual values and the pro-
portions of these constituents differ much according to the
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type and age of the ship and the country of registration.
It is assuned here that the fixed costs of Finnish ships
are on the average representative.

The following least-square equations for the fixed cost C
were obtained by applying regression analysis to the fixed
cost data of Finnish ships [52]:

dry cargo ship: C 10.46 + 3.197d - 0.03755 4

bul k carrier: C = 18.37 + 1.360d - 6.535 * 10 °4°
t anker : C = 17.62 + 1.424d - 7.235 * 10 °a2
Cis the fixed cost per day in 103 nk, d is deadweight tons
. 3
in 10 t.

Usi ng these equations, the fixed costs of the ships of the
three types in the sanple were cal cul at ed. The nean val ues
for the fixed cost per day were the follow ng: gener al
cargo ship 22500 mkx; bulk carrier 42000 nk; tanker 33500 mk

Informati on on the nunber of days |ost through casualties
was obtained in the case of 33 groundings, 22 collisions
and 21 rammngs, but only in 8 cases of other casualties.
Therefore, only the three nost common casualty types can be
consi dered here. The nmean nunber of days |lost were the
fol | ow ng: in groundings 9.7 days; in collisions 1.7 days;
in ramm ngs 0.6 days.

Table 36 shows the nunber of general cargo ships, bulk
carriers and tankers in groundings, collisions and ram
m ngs. Usi ng these nunbers and the nean val ues given above
the expected cost through the days lost in casualties can
be estimated. For instance, in a grounding the nean cost
IS
9.7 x 10°
(100 x 22.5 + 29 x 42.0 + 37 x 33.5) e nk

= 275 000 nk.
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In a collision the nean cost is 46300 nk, in a ranmng
16900 nk.

TABLE 36. Nunber of ships by casualty type

general cargo bulk carrier tanker t ot al
gr oundi ngs 100 29 37 166
col l'isions 67 14 18 99
ramm ngs 64 22 11 97

The nunber of general cargo ships, bulk carriers and
tankers in groundings, <collisions and rammngs is 362.
Using the nean costs of days lost, the total sum of the
| osses of these ships is 52 mllion nk. These ships con-
stitute about 70 percent of the sanple. Assumi ng that the
value of the days lost in the rest of the sanple is the
sane as above, the total sum of the costs through days out
of operation is 75 mllion nk.

5.3 Remarks on the Cost Estimates

The following list sunmarizes the economic estimtes of the
| osses in the casualties of the sanple:

a. Deaths and injuries to persons: 54 mllion nk.
b. Damage to property: 356 mllion nk

- not included: cargo damages, damages to facilities
c. Danmage to environnent: -

Loss of function: 75 mllion nk.

The total sumis 485 mllion nk or 162 mllion nk per year,
damage to environnent excl uded.

The estimation procedures have out of necessity been based
on small cost data sanples. This neans that many of the
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cost variables entering into the calculations are subject
to a high level of uncertainty. Therefore, the estinmates

presented have to be considered as first approxinations.

The purpose of the cost estimation here has been to find

the right order of nagnitude of the | osses. Theref ore,
the procedures based on a single value estinmates can be
considered to be an adequate nethod to use here. A nore

sophisticated cost analysis nethod [53] would take into
account the uncertainty surrounding the key cost variables.
This could be done by using the probability distributions
of the cost variables and conputer sinulation.
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6. CONCLUSIONS

A presentation is nade in this paper of the results ob-
tained by a statistical analysis of 471 ship casualties in
the Baltic Sea in the years 1979-1981. From the informa-
tion presented the following conclusions are nade:

(a) The Poisson distribution is useful as a first ap-
proxi mate nodel to describe casualty frequencies in
a short interval.

(b) The nunber of casualties per year seens to vary con-
siderably fromyear to year.

(c) G oundi ngs, ramm ngs and collisions constitute 90
percent of the casualties. Most of the groundings
and collisions occurred in narrow waterways.

(d) The seasonal distribution of the nunber of the casu-
alties shows a clear periodic feature, with a nmaxi-
mum in the winter and mninmum in the summer. Thi s

indicates the inportance of the environnmental con-
ditions as contributory causes of casual ti es.

(e) In groundings and collisions no watch or day is sig-
nificantly nore prone to accidents than others. More
ranm ngs than expected take place between 8 a.m and
4 p.m, and lesser than expected on Sundays. These
features can be explained by the variations in the
amount of traffic.

(£) Most flags have a casualty rate which does not dif-
fer significantly from the average. G eek ships
have a higher than average rate, and evidently also
Li beri an, Pananmani an and Singaporean shi ps.
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The ages of ships in casualties do not on the aver-
age differ from the ages of the whole ship popul a-

tion. The ages of ships in groundings are signifi-
cantly higher than in rammngs and al nost signifi-
cantly higher than in collisions. In general the
ships in groundings are on the average older and
smaller than those involved in collisions and
ranmm ngs.

Ship speeds in collisions and ramm ngs are exponen-
tially distributed.

Environnental conditions are often present as i npor-
tant causes of casualties in the Baltic Sea. Espe-
cially heavy ice conditions are frequently present
in ramm ngs and collisions. A storm a narrow chan-
nel and poor marking of the fairway are inportant
causal factors in groundings.

A technical failure is very seldom a cause of a
groundi ng or collision. In fires, founderings and
heavy list a technical failure is the nost common
causal factor leading to a casualty.

Human factors or errors are dom nant causal factors
in groundi ngs: an inproper nsnoeuvre, a mscalcul a-
tion of the position and a m sobservation are the
nost frequent reasons for groundi ngs.

A foundering, capsizing or fire are the greatest
threat to the lives of seanen

A slight hull danage is the nbst commbn consequence
of a grounding, collision or ranmm ng.

The size range of oil spills in connection with the
casualties is extrenely large and nost spills are
smal | . Most of the oil spilled is spilled in a few
very large spills.



(o)

(p)

(q)

84

A lower 1imit for the average costs of the casual-
ties in the sanple per year are estimated to be in
total about 160 mllion nk when the costs of envi-
ronnental danage are excluded.

The lack of know edge on the basic traffic features
in the Baltic Sea fornms a great obstacle to a casu-
alty anal ysis. Informati on on the nunber of ships
and their tracks, sizes, speeds, types, cargo and
nationalities is needed.

The analysis of the conpiled casualty data shows
clearly the limted capability of the statistical
appr oach. A vast nunber of conceivable cause
relationships, a small sanple and the difficulties
in obtaining relevant information on each case nake
it very difficult to neasure quantitative and ana-
| yse the causal relationships.
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HELS INKI UNIVERSITY OF TECHNOLOGY s 41 P
S4IPHYDRODYNAMICS LABORATORY CASUALTY
SF-02150 ESPOO 15 FINLANO CARDO
TELEX NO 121591 tkk sf NO

FILLOUT THE BLANKS ANDUNOERLINE APPROPR{ ATE ALTERNATIVES

PLACE OF CASUALTY . . . ... ... . . i LAT ... LONG ....... ......

OPEN SEA / OPEN COAST / SOUND, PASSAGE / APPROACH TO THE PORT / PORT AREA

DATE OF GASUALTY . . . . ... ... ... .*.. LOCAL TIME /GMT .....ss.....0CLOCK
NAME OF THE SHIP . . . . . . . . . . . e FLAG . ... . .
SHE POWNER .« o i ot ot et e e e Lo e
CLASSIFICATION SOCIETY . . . e e e e e e e e e e e e fecssreeenrna

TYPE OF THE VESSEL: ORDINARY ORY CARGO SHIP / ROLL ON = ROLL OFF SHIP /

CONTAINER SHIP/BULX CARRIER / TANK&R / PASSENGER SHIP/ CAR FERRY /

FI’S'H!NG VESSEL / TUG / LIGHTER / OTHER: . . . . . ..*......... P
LENGTH BETWEEN PERPENDICULARSL = . . . ... .. m. MOULDED BREADBTH& = .. ......... m
MOULDED DEPTH D = ........ m. DRAUGHT BEFORE CASUALTY : AMICSHIPST = .. ... .. "

FORE . ... mAFT «%....m
YEAR OF 8UILD . ........... L TDW/GT .
LOADING CONDITION: 100 PER C&NT LOAD/ ................ PER CENT LOAD / BALLAST
AIND . ... m/3 A seA STaTE NUMBER . . . ... ... .......... At THE TIME OF CASUALTY.
SPEED OF SHIP AT THETIMEOQF CASUALTY .......... KNOTS.

NUMBER OF DECK OFFICERS ON THEBRICGE AT THE TIME OF CASUALTY ...v.a...
‘WAS PILOT ON THE BRIOGE AT THE TIME OF CASUALTY? YES/NO
CASUALTY INVOLVED THE LOSS OF ....... .+ LIFES. NUMBER Of INJURED .............

VESSEL WAS TOTALLY LOST: f&S/NO. CARGO DAMAGES: SEVERE /MODERATE/SLIGHT

HULL DAMAGES: S&V&R& / MODERATE / SLIGHT. ENGINE DAMAGES: SEVERE /MODERATE

LIGHT, PROPELLER DAMAGED: YES/NO RUDOER DAMAGED: YES /NO

TOTALLY ...es2.... TANKS WERE DAMAGED. THESE TANKS CONTAINED . . ... ... . ... TONS
CRUDE OIL, ......... TONS DIES&L OIL,LIGHT FUEL OIL, .......... TONS HEAVY
FUEL OIL, ......... TONS GASOLINE ANO .......... TONS OTHER CHEMICAL(S);

STAT& THE NAME(S) OF THE CHEMICALCS ). esvasseeaotonssensosssassssonoscosnansanson

APPRGX. ....... TONS OF OIL AND ....... TONS OF CHEMICALS LEAKED INTO THE S&A.

INITIAL DETECTION CF THE OTHER OBJECT WAS MADEQ3Y DIRECT SIGHTING / RAOAR /
SOUND SIGNALS/RADIO OR 2AOIOTELEPHONE.

SPEED QF OTHER SHIP ...4....s+ KNOTS.

IMPACT? YES / NO. DETECTION WAS MAOE BY_DIRECT SIGHTING / RADAR /
ECHO SOUNDING /8Y O THERMEANS . . . . . e e e e e

CETECTIONWASMADE . . . ... ... ... M{LES BEFORE THE I[MPACT.
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THE LABORATORY
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ADDITICNALINFORMATIQONIN CASE OF COLLISION OR GROUNDING

LOCATION ANO DIMENSIONS _OF.DAMAGES

ARE TO BE OUTLINED O THE SCHEMATIC

ORAWINGS BELOW. SEE EXAMPLE.

AP }

STARBOARD ]

LWl

. WAS NE OUTFLOW OF CARGO RAPID/ sSLOW.

Lwi

' COLLIS IZON GROUNDI
i -

MAXIMUM PENETRATION OF DAMAGE 2=....... [ d | - z

DAMAGES IN THE BULKHEADS: YES / NO.

CAMAGESIN THE TANK YOP: YES / NO.

ADOITIONAL IMFORMATION IN CASE Of FIRES AND EXPLOS [ONS

NATURE : FIRE / FIRE AND EXPLOSION(S)/EXFLOSION(S) ANO FIRE /EXPLOSION(S)
ORIGINAL SEAT QF THE FIRE OR-EXPLOSIONS: ACCOMMODATION/ GALLEY /PAI NT
STORE / ENGINE STORE /ENGINE ROOM / BECK CARGO / CAR60 TANK NO . . .. .. ... /

CARGOHOLONO . . .. ... .. / FUEL OIL TANK NO . . . . . . ... / OTHER - - - - - v v v v

FIRE WASOETECTED B8Y MEANS of DIRECT SIGHTING / AuT O MAT ic ALARM
FIRE WAS DETECTEDBY A MEMBERQFDECK CREW / ENGINE CREW/

OECK OFFICER / ENGINEER / PASSENGER / OTHER . . ... .. [

ADDITIONAL INFORMATION IN CASE OF ACCIDENTAL OISCHARGE OF OIL OR CHEMICAL

DISCHARGED AMOUNT APPROX. sosssesess TONS OF CRUDE OIL /DUIESEL OIL, LIGHT
PysL OIL / HEAVY PUEL OIL / GASOLINE / OTHER CHEMICAL, STATE THE NAME OF

THECHEMI CALS . . o

ACD[ TIONAL INFORMATION ON THE MEASURES TAKEN ON 8QARD DAMAGED SHIP

TO STOP OR DIMINISH THE QUTFLOW OF OIL OR CMEMICAL

wHAT MEASURES 010 YOU TAKE TO PREVENT OR REDUCE LEAKAGE OF OIL OR CHEMICALS? I

R R T T T S S S T A I I B P R N I T I S R S R R I I B SRR WY

HOW LONG DID IT TAKE BEFORE LIGHTENING OF CARGO FRCMDAMAGED TANKS COULO B8E

COMMENCED?.......... ... .. I R e L R N R
COULD SHIP'S CARGO PUMPSBE USED FOR LIGHTENING OR INTERNAL TRANSFER OF CARGO1
YES / NO. WHAT OTHERMEANSWERE USED? . . ... .. .. ... P T I I I
WHEN ANO TO WHOMODID YOU REPORT THE LEAKAGE? DATE . . . . ... .. .. .... LOCAL TIME/

GMT .. ......... Q'CLOCK, AUTHORITY . . . . . s s s s

1)

47

48

49

58

59

60
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e



FIHD OUT THE RELEVANT SENUENCE OF EVENTS OF THE
CASUALTY BY COMNECTING THE APPROPRIATE BL OCKS MIIMLIKES.
ADD TOUR OWHBLOCKS IF HECESSARY.

FORFURTHER ADVICE SEC ATIACHED EXAMPLES.

SHIP HYDRODYMAHICS LABORATORY
HELSIHK) UNIVERSITY OF TECHNOLOGY
SF-02139 ESPOO | f FLNLAND

ENYIRONMENTAL CONDILITIONS

DATLICHY IHILIGHT ARKHESS roc RAIN SNOW $TORM HEAVY ICE SUDDEN CHANGE (FNG BANK, SHOKER OF
%\\ CONDITLONS RATH ETC) EN WEATHER CONBJT(OMS
~___-~-__-~___-___ﬁ
‘ -
HARROW LoW POOR WRONG SHALL DINER SHIP PASSING| | [OTHER SHIP HEAVY HEAVY HIGH
CHANNEL , WATER HARK t NG MARK | HG VESSCLS 1N OR OVERTARING AT A} : loN coLLisiON SURROUNDING SHIP SPEED
PASSA RWAY EAJAWAY HE_FALRWAY o OSE _DiSYANCE COURSE
[PASSAGE LEVEL OF FAl OF FA] 1E_FAL 100 L i /{\\ TRAFELC 1. 1HO T 1 ONS
-
OTHER SHIP, NO \ fowner sutp 7 | iHPROPER
REACTIONS 10 THE \ jmanoeuvring /1 IAssisTANCE
CRITICAL SETUATION] '\ [AGAINST RULES) , OF TUGS
\ /
TECHNICAL DEFICIENCILES \\ £ _
AHND THEIR REASONS ’ \ ’/ \ HUMAN FACTORS
\n,’
N
PQOR POOR POOR STOWAGE {NADEQUATE LACK vV JLACK UF TRA}- EXTERNAL MONO T10NOUS
MAINTE- (HSPECTION AND/OR FASTE-P~a OLUCATION OF l NING WITH THE DESTURBANCE WATCH
NAMCE NING OF CARGO s EXPERIENCE] 7 [SHIP IN QUEST KEEPING
) : {
POOR POOR POOR PLACING ) ACUTE TIREDNESS] ¢ [POOR ILLNESS SIRESS STATE OF
QUALILY DESIGH OF MAVIG. equirH{ !/ IATTATX OF ) p Blew DRUNKENNES S
ON -THE BRIDGE 'i FCKHESS h
ELHO RADIO RADAR - SHIFTING ENGIHEER l DECK PILOY HELMS - LUOKOUT
SOUNDER FATLURE FAILURE OF CARGO/ I , OFFICER MAN MAN
FAILURE \\zcuco ,
\
.[Aute- GYRO RUDDER STEERING S\ ——-—aa
PILOT- COMPASS FAJLURE ENGINE ‘\ ACTIDNS
FAILUARE FALLURE FALLURE Y,
HUSUNDERS TANDING MISOBSER- IMPROPER NEGUIGENCE MESCALCULA-
SPEED BREAK NG HAIN ELECIR, OF INSTRUCTION VATION DECISION OF CRITICAL TION OF THE
Los OF HOORING] [ENGINE BLACK N OR CUMMHAND SITUATION POSIVION
FAILURE WIRE FAILURE ouT \\ 1
\\ IHPROPER O REACTIONS ( .4'
- -
YALYE or FRACTURE ~ MANOEUVRE éig';f,f,:',’l:m
PIPING 1N snye
PAJLUAE STRUCTURE /’
- >
\ -
- I
MRE OF CAsul\va -
\] ,;' w
Ww L
ACCIDENTAL EXPLOS1ON CROUNDING COLLISION CcoLLiSION FOUMDERING, HEAVY 1CE DAMAGE OTHER!
DISCHARGE oR LTI OTHER WiTH PLER, CAPSIZING, NEATHER
OF 01t O« Fing SHIP 8RIDCE, HEAYY L1ST DAMAGE
CHEM) CAL DOLPHIN




HELSINKIT UNIVERSITY OF TECHNOLOGY RESCRT OF MARI TIME OIL
Si41P HY DRODY NAMI CS LABORATORY OR CHEMICAL SPILLAGE
SF-0215C ES”00 15 FINLAND

TELEX NO 121591 tkks?

A -4
THIS PART OF THE
QUESTIONNAIRE TO
BE FILLED OUT BY

THE LABORATORY

FILL OUT THEBLANKS AND UNDERLINE APPROPRIATE ALTERNATIVES

AUTHORITY P

GENERAL INFORMATION

NAME(S) OF THE SHIP(S) 8..0uunrn i
PLACE OF THE CASUALTY ..,
DATE OF THE CASUALTY . . . . . . . . . . . . ...

NATURE OF THE CASUALTY: ACCIDENTAL DISCHARGE OF OIL OR CHEMICAL / EXPLOSION
OR FIRE / GROUNDING / COLLISION WITH OTHER SHIP / COLLISION WITHPIER,BRIDGE,

DOLPHIN /FOUNDERING, CAPSIZING, HEAVY LIST / HEAVY WEATHER DAMAGE / ICE

DAMAGE / OTHER . . v o s unaeons
TY25(S) AND AMOUNT(S) OF SPILLED OIL OR CHEMICALS?... . . ... TONS CRUDE OIL,
......... TONS DIESEL O, . . . . . . . . . TONS HEAVY FUEL O, . . . . . . . . . TONS

GASOLINE AND ......... TONS OTHER CHEMICAL(S); STATE THE NAME(S) OF THE

CHEMICAL(S) . . . . . . . . . .. ..
WHEN AND BY WHOM WERE YOU INFORMED OF THE SPILLAGE? DATE . . . . . . ..a..........
TIME . . .. ... se OCLOCK  BY v eestaentneenemsaesoaeesaeinesnasosassasseanannnas

DAMAGE TO THE ENVIRONMENT

LENGTHORTHEPOLLUTED COAST-LINE . . . . . . . . . . . .m
1$ / WAS IT POSSIBLE TO REMOVE ALL OIL OR CHEMICALS? YES / NO,

...... % OF OIL OR CHEMICALS.
HAS THE LEAKAGE CAUSED, IN YOUR OPINION, DAMAGE TO BIRDS / FISH / SEALs /

FLORA? SEVERE / MODERATE / SLIGHT / NO DAMAGE.

EXPENSES OF THE SPILLAGE

PROTECTION AND CLEANING:

THE TOTAL EXPENSES BECAUSE OF PROTECTION AND CLEANING OPERATIONS «¢owuee. .. ..
THE AMOUNT OF THESE EXPENSES PAID BY YOUR OFFICE.......... I S I
OTHER EXPENSES:

DO YOU HAVE KNOWLEDGE OF OTHER FINANCIAL CLAIMS TO THE SHIPOWNER(S) E.G. BY

FISHERY OR TOURISM? BY WHOM AND HOW MUCH 44 s cvsenonocosencerovessastsonsan,
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No. 1 JAONT ACTIVITIES OF THE BALTIC SEA STATES WTH N
THE FRAMVEWORK OF THE CONVENTI ON ON THE PROTECTI ON

OF THE MARI NE ENVI RONMENT OF THE BALTIC SEA AREA
1974-1978
(1979)*

No. 2 REPORT OF THE INTER'M COMM SSION (1C) TO THE BALTIC
MARI NE ENVI RONVENT PROTECTI ON' COMM SSI ON
(1981)

No. 3 ACTIMITIES c¢r THE COWMM SSI ON 1980
- Report on the activities of the Baltic Marine
Envi ronnent Protection Comm ssion during 1980

- HELCOM Recommendati ons passed during 1980
(1981)

No. 4 BALTIC MARI NE ENVI RONMENT BI BLI OGRAPHY 1970-1979
(1981)

No. 5A ASSESSMENT OF THE EFFECT'S OF POLLUTION ON THE
NATURAL RESOURCES OF THE BALTIC SEA, 1980
PART A-l: OVERALL CONCLUSI ONS
(1981)

No. 5B ASSESSMENT OF THE EFFECTS OF POLLUTION ON THE
NATURAL RESOURCES OF THE BALTIC SEA, 1980
PART A-l: OVERALL CONCLUSI ONS
PART A-2: SUWMARY OF RESULTS
PART B: SCI ENTI FI C  MATERI AL
(1581)

No. 6 WORKSHOP ON THE ANALYSIS OF HYDROCARBONS I N
SEAVWATER
Institut fir Meereskunde an der Universitat Kiel,
Departnent of Marine Chem stry, Mrch 23 -
April 3, 1981
(1982)

bo. 7 ACTIMITIES O THE COW SSI ON 1981
- Report of the activities of the Baltic Marine
Envi ronnent Protection Comm ssion during 1981
including the Third Meeting of the Conmm ssion
held in Helsinki 16-19 February 1982

- HELCOM Recommendations passed during 1981 and 1982
(1982)

No. 8 ACTIMTIES OF THE COW SSI ON 1982
- Report of the activities of the Baltic Marine
Envi ronnent Protection Conm ssion during 1982
including the Fourth Meeting of the Comm ssion
held in Helsinki -3 February 1983

- HELCOM Recommendati ons passed during 1982 and 1983
(1983)
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