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RISK ASSESSMENT OF
MARINE CASUALTIES INVOLVING HAZARDOUS
SUBSTANCES IN THE MEDITERRANEAN SEA

The risk assessment of an accident involving ships transporting
chemicals in the Mediterranean is related to the amount of traffic
of specialized carriers in certain areas ; the main routes are the
longitudinal routes Suez-Gibraltar and Bosporus~Gibraltar which
have the most concentrated circulation and the transversal routes
connecting the main petrochemical complexes in the southern
Mediterranean +to Marseilles-Fos, Genca and Trieste which are
connhected with the Scuth European pipeline. A significant coastal
navigation is also associated with these major routes and
chemicals are heavily transported along the French, Spanish and
Italian coastlines.

Liquefied gas is the major product which is transported in terms
,0of weight and its traffic is especially large in the Adriatic sea
and around the Italian peninsula.

Among the organic chemicals most transported, in terms of their
tonnage, we note methancl, ethancl, benzene, ethylene-glycol,
styrene, Xylene and toluene. The inorganic chemicals are mainly
sodium hydroxide, phosphoric acid and sulfur.

The packaged chemicals (data taken from the Marseilles-Fos port
complex) only represent 2.5 % of the total tonnage (the remaining
97.5 % is covered by bulk-including LG-transport) ; however, more
than 40 % of +the movements (calculated on the frequency per
chemical) are involved with packaged chemical transportation.
Thus, the same ship could carry a large variety of chemicals which
have been packaged, although not in large quantity ; the most
often carried are anhydrous aluminium chloride, arsenious

anhydride, barium chloride and sodium cyanide.



A classification of these products in three categories (liquefied
gases and volatiles listed in the IGC code, other products which
can be transported in bulk and packaged chemicals) was done on the
basis of their transported weight, as well as on the basis of the
frequency of their movements and on the basis of those products
which are the most hazardous for man and his environment.

The likelihood of a spill, for each product and for each group of
chemicals was calculated on the basis of casualties which have
previously occured, for all the ships of more than 100 GRT, in the
Mediterranean, between 1978 and 1982. In this way, the likelihood
of an accident has bheen determined to be 0.03 % per year for the
entire Mediterranean, which is about 10 per year for the ships
carrying chemicals and liquefied gases.

The accident case studies of chemical spills have shown that these
accidents are, in fact, even less than was expected from the risk
assessment figures. However, xrecent examples o¢f accidents show
that the losses of chemical containers which have been loaded onto
the deck are increasing.

If we believe that the Mediterranean, on the basis of its
hydrological and ecological characteristics, is a vulnerable sea,
especially when compared with an oceanic zone =~ and especially
near the coastline where +the dgreatest amount of +traffic is
concentrated, measures must be taken to predict and prevent major
risks in the case of an accident.

It is notably in this light that the members of the task force n°
8§ in the COST-301 program are trying to precisely evaluate the
amount and the nature of maritime transportation in +the
Mediterranean. (In this report we also present an overview of the
problems associated with combating marine pollution by hazardous
substances.) Also, in order to improve cooperation among the
Mediterranean neighboring countries, both in the prevention of
accidents as well as 1in controling and cleaning-up any eventual
hazardous spills, ROCC needs to play a determining role as it does
in the area of cil spills.



RISK ASSESSMENT OF
MARINE CASUALTIES INVOLVING HAZARDOUS
SUBSTANCES IN THE MEDITERRANEAN SEA
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1. INTRODUCTION

At the request of the International Maritime Organization
(I.M.0), an overview paper, concerning the risk assessment of
marine casualty involving hazardous substances other than oil,
carried by ships in the Mediterranean, has been done by the French
Centre de Documentation, Research and Experimentation on
Accidental water Pollution (Centre de Documentation, de Recherche
et d'Expérimentation sur les Pollutions Accidentelles des
Eaux-CEDRE)The contract was signed on december 17, 1986 and the
study involvethproximately 2 engineer - months of work.

Such a preoccupation is due to the increased use of man-made
chemical products in inustry or agriculture and the obvious
consequence of increasing their transportation. The risks related
to the maritime transportation of the substance are two fold with
the increased tonnage as well as an increased number of movements.
An increased risk of casualties, an increase of dangers for both
the crew and the rescuers, and, finally, an increase of menaces to
marine resources are the resulting corollaries.

Although all these risks have been fairly precisely evaluated
for certain areas of the world's ocean, on the contrary, in the
Mediterranean, very little information is available at this time.

The purpose of this study is

- to present an overview of +the situation of maritime
transportation of chemical products in the Mediterranean,
both in bulk and packaged.

- to evaluate the 1likelihood of an accident for ships
transporting chemical products and liquefied gases, and to
define the factors specific to the Mediterranean area.



- to know which hazardous substances have the greatest
possibility of being spilled and in what quantity.

- to summarize what threats are posed to man and .his
environment by an accidental chemical spill.

- to inventory the information available on the
techniques used for a hazardous chemical spill control.

The conclusions of this study provide indubitable arguments
for the ’

- prevention of accidents (an increased surveillance with
appropriate methods in high risk zones) ;

-~ optimization of intervention in the event of a hazardous
spill (ensuring the safety of human lives both for victims
as well as rescuers as well as prompt action to mitigate
damage to the environment) ;

- use of operaticnal procedures with a maximum effectiveness
and speed.

This orientation should also furnish information
- which will improve existing contingency plans

~ which will assure a training program for anti-pollution
pexrsonnel.

2. GENERALITIES

2.1 Definition of a "marine casualty".

It is common practice to distinguish between the marine
casualties which are "serious" from those which are not. It is, in
fact, on the basis of this separation that Lloyd's Shipping
Information Service prepared a classification and published it in
the “Tanker Casualty Bulletin®.



Certain basic definitions are listed below :

- MARINE CASUALTY Any incident to a propelled, sea-going
mexrchant ship of 100 tons gross and
abovz in which the condition of the
ship suffers adversely.

- MARINE TRAFFIC (RELATED) The initial casualty types ; collision,
CASUALTY contact/ramming, wrecked/stranded.

- SERIOQUS CASUALTY A marine casualty which results in
a) Structural damage, rendering the
ship unseaworthy, such as penetra-
tion of hull underwater, immobili-
sation of main engines, extensive
damage, etc.

b) Breakdown necessitating towage or
shore assistance

¢) Actual total loss of vessel

d) Any other undefined situation
resulting in damage or financial
loss which is considered to be

serious.

Several possibilities exist for studying the risk assessment
of Marine Casualties. One assessment study, done by the "BUREAU
VERITAS" in 1985 at the demand of CEDRE and IFREMER, characterized
the probability of pollution, associated with all potentially
dangerous ships in a well defined maritime area (several hundred
kilometers). The methods used by the BUREAU VERITAS, described in
Annex I, deal successively with

- a definition of pollution processes

- an estimation of accident rates which are characteristic
for various types of transport ships

- a calculation of the probabilities of pollution.



Studies of reliability or of security, based on the methods
of the "failure tree" and on the "failure mode and effect
analysis" (F.M.E.A.) rely on a precise and complete knowledge of
data such as : the tonnage and the nature of the products which
are Jloaded or unloaded in port, the frequency of their
transportation, their packaging, the characteristics of the ships
used for transport (size, structure, means of navigation, age,
upkeep, commissioning, flag state, etec), the xroutes which are
used, the amount of traffic, the means of surveillance, the means
of rescue and the meteo-cceanological conditions.

The methodology used by the Canadian Coast Guard in its study
“Vessel Traffic Service®" has given a definition of a risk index
and the probabilities of an accident. According to this study, the
probability of an accident endangering a ship (i) in a given area
(3) is +the result of +the "danger factor" of +the area (aj)
multiplied by the average accident rate for the ship in category
i. 211l these terms have been carefully defined in a statistical
manner on the basis of available information regarding the
transported products, the ships or the environmental parameters.

Such risk assessment studies have their origin in investi-~
gations adapted by the port authorities or other organizations
dealing with a centralization of detailed information. Available
information in data banks have up to now bheen sparse o
incomplete, especially in regard to transportation of chemical
substances.

According to a CEDRE Report (1982), the methods normally used
in risk assessment have been shown to be incperable. It proposes
that +the study begin by an inventory of all the accidents and
incidents which have already taken place and which are able to
cause coastal pollution. The predominant idea is that any catas-
trophic accident is preceeded by accidents or incidents which are
warning signs. In paying attention to the warning events, it
should be possible to prepare meaningful scenarios and thereby
predict the catastrophic events.



The Maritime Research Institute of Hamburg (Forschungsstelle Fiir
die Seeschiffahrt zu Hamburg-FSSH) elaborates "model accidents"”
based on accidents which have or have not caused real pollution.

T;o flow charts summarizing a preliminary risk assessment and
an accident scenario are presented in Annex II. They present
possibilities of major sea casualties along with their causes and
consequences.

The event tree which was obtained for sea casualties
(CEDRE Report, 1982) has up to 19 levels of decomposition, 254
root events and 173 intermediate events. This method is also
applicable to marine <casualties involving chemicals on the
a condition that the totality of *root events" is really known. A
list of fundamental events is given in Annex III.

2.2, se Q i s £

The methodological approach used in +this study is more
general ; it is near that presented by the Dutch RIJKSWATERSTAAT
(1984, 1986) which distinguishes the "relative risk", based on the
maritime traffic (tonnage and frequency) from the “"absolute risk"
based on the frequency of accidents. In the present report,we do
an analogical comparison of the number of accidents which affected
all ships.

This method is easier to use when the nature of the
transported chemicals and their tonnage are defined and quantified
for one port. In the case of the Mediterranean, it is necessary to
know precisely the flow of transportation for chemicals from port
to port, or the transit traffic across the Mediterranean.



Such an inventory has not yet been done. A start has been
made in this area within the framework of the "COST 301“program
and information is centralized at the calculation center of- the
Navigation Institute of Automation {Istituto per 1l'Automazione de
la Navigazione} in Genca, under the responsability of Professor
E. Volta.

As of January 1987, the data collected in Genoa are limited
and also inaccessible because the Institute is in the process of
acquiring a new computer in order to evaluate the data and then to
prepare a recapitulation of the maritime routes used by the
tankers carrying chemical substances.

The only precise information which we have come from the area
Marseilles~Fos : approximately 150 Liquefied gases and other
chemicals transported in bulk, and in a packaged form (of more
than 10 tons per load) have been inventoried.

The port of Marseilles-Fos, largest Mediterranean port, 2nd
largest Eurcpean port and 6th largest in the world, drains a large
part of the maritime transportation of hazardous chemicals. Due to
the diversity of the products which are handled and to the
diversity of the industry which is located in the surrounding area
(Lavéra, Port de Bouc), the chemicals identified in this zone give
an idea of the sorts of products which cirxculate in the
Mediterranean. (Specific information which has been obtained in
the literature and which relates to substances transported through
the Suez Canal or shipped from African coasts will also be taken
into consideration).

Concerning traffic density, we will use existing data on
maritime traffic of merchandise in general or for petroleum.
Although the o0il tanker circulation does not always correspond to
that of chemical carriers, an observation of their maritime
routes, the amount of traffic, and the localities of the principal
petro-chemical complexes on the Mediterranean coast will also give
an idea of hazardeous chemical transportation routes.



A classification of the chemicals has been made according to

- The frequency of +their transport which enables a iisk
assessment for their being spilled

- The tonnage and the chemical properties which enable a risk
assessment for man and the environment in the event of
spillage

- The age of the ships transporting the chemicals enable an
identification of the chemicals carried by high risk
carriers. Three distinct lists have been drawn up : one for
ligquefied gases, one for bulk transport and one for
products which are packaged.

Finally, an estimation of accident frequency specific to the
Mediterranean sea will enable a calculation for a risk of release
of a given chemical during a given period.

The consequences of a marine casualty -which should be taken
into consideration in all risk assessment studies in the same way
as the possibility of accident- will be covered later.

2.3. Definition of the expression "hazardous substances”

(other than hydrocarbons)

The term "hazardous substances", as well as their
transportation in bulk or in packages, has been defined in
numerous international conventions. We distinguish here, among
the chemical products

- liguefied gases : LNG and LPG, as well as volatile liguids
(Bp<35°C) listed in the IGC Code.

- bulk chemicals, whether they are liquid or solid

- chemicals carried in a packaged form.
(Radicactive products are not covered in this study)

*Substances other than oil' have been defined in the "prote-
col relating to intervention on the high seas in cases of marine
pollution by substances other than oil, 1973" of I.M.O.
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Annex IV, which is taken from the xreport of the Maritime
Institute of Hamburg, entitled “Relation Between the Conditions of
the Maritime Transport of Dangerous Goods and the Protection of
the Marine Environment®, contains definitions and information
regarding hazardous substances.

3. BIOGEOGRAPHIC FRAMEWORK AND METEO-OCEANOLOGICAL CONDITICNS OF
THE MEDITERRANEAN SEA

As is well-known, the Mediterranean sea has a gquasi-closed
basin, with just one natural doorway (Gibraltar) on the Atlantic
Ocean and a smaller, artificial doorway (Suez Canal) on the Indian
Ocean, It alsc features a few "“check points", like the gateway
between West and East areas (Sicily Channel and Messina Straits),
and the gateway (Bosporus) to the Black Sea.

It is 3.800 km long, and 800 km wide when measured between
the Gulf of Genoa and Tunisia. The volume of water is 4.24 million
km3 and its area is 2.996.000 km2 (including the Black Sea), which
represents 1/180 part of the total surface of the world's oceans
and seas (map n®1). The most dominant characteristic is the steep
descent of the coast lines towards the oceanic ‘*‘plains at the
center of the major basins with a depth varying from 2000 to 3000
m. However, the average depth of the Mediterranean is approximate-
ly 1500 m. The Mediterranean is divided into +two large basins,
west and east,which are separated by the sicilian-tunisian shelf.

The width of the strait of Gibraltar is 14.5 km and its depth
is approximately 160 m. This strangling bottle neck makes a
water exchange with the Atlantic Ocean difficult (the
Mediterranean waters are renewed every 80 to 100 years). Despite
its size, +the Mediterranean, due to the naxrow opening, is
characterized as a half-closed sea whose waters are enclosed in an
area composed for 99 % by a continental land mass. It is,
therefore, a sea which is almost independant. Situated in a
subtropical climate with a large amount of evaporation, and
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having a rain and river contribution which is too small (about
2200 km3) to compensate for evaporation (approximately 5200 km3),
the water level would be diminished by almost 1 m per year if the
sea was not in communication with the Atlantic Ocean via the
Strait of Gibraltar. However, since the contribution of the ocean
cannot completely compensate for the loss by evaporation, the
water is saltier (about 1 ¢g. more per liter) and the salinity
increases with distance from Gibraltar (with local variations at
the mouths of the major rivers).

Along its 20,000 miles 1long seaborder, three Continents
(Europe, Africa and Asia) face each other, flying twenty different
national flags <from their 284 ports of varying size. Twenty
countries, sometimes divided by various political, economical and
technological situations are united by their common interest to
maintain the freedom of navigation in a safe sea which is a
guarantee for their economic support.

Fundamental reasons make the Mediterranean case very distinct
from the North-European one, as pointed out by WG8 of C0OST-301,
i.e. : the climatic, +tidal, and biological conditions, the
sometimes peculiar traffic flows, the heterogeneous technological
level of ports and service centres, the various sensibilities of
governments involved, etc.

Contrary to the Atlantic coastline where the currents are
related to +the tides, in the Mediterranean the wind is almost
always zresponsable for the direction and speed of the sea's
currents. The Mediterranean currents rarely exceed a speed of 1
knot. The surface currents have a c¢yclonic circulation with
currents from the West to East along the African cocast and fronm
East to West along the European coast (Tchernia, 1980). This
general circulation pattern can be completed by coastal
counter-currents which are quite variable and depend -on
meteorological conditions (map n°2).
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In the north-east area of the western basin, including +the
Ligurian sea, the Gulf of Genoa and the Tyrrhenian sea, there is a
regular current called the “"Ligurian current" which occurs
independently from wind conditions. With an average speed of less
than 30 cm/se€, it flows from east to west along the French coast
line from Monaco to Lion gulf. A large whirlpool is located
between the continent and Corsica, and this causes the current to
flow in a north-east direction on the north~west coast of
Corsica. In the strait of Bonifacio a tidal current with a force
of 2-3 knots has been observed, but this is an exceptional and
very localized phenomenon.

Despite the small size of the tides (20-30 cm), an increase
in the sea level could be significant during a bad storm ; this
has been observed in the north of the Adriatic sea where the water
level has coccasionally increased by 2 meters.

According to information given in the “PLAN BLEU", in 1980,
862,000 tons of fish were declared +to be caught from the
Mediterranean (and this does not include +the non-declared
quantities which were consumed by the fishermen or sold locally).
This quantity is equal to 1 % of the total world's fish catch.

Biologically, the plankton prcduction is slowed by the lack
of phosphates, nitrates and nitrites. Only a few large rivers
which might carry these necessary nutrients flow into the
Mediterranean (i.e. Ebro, Rhone, Po and Nile, the flow of which is
greatly reduced by the Asscuan dam and the irrigation canals). The
sea water is relatively stable with a very slight mixing. Benthyic
and abyssal life forms are unplentiful : from 120 or 130 m deep,
the Mediterranean is more or less sterile. Coastal pollution has
contributed to a lowexred fish population : <the pollution orx
destruction of +the posidonia has diminished +the spawning of

numerous species.

The Mediterranean is, however, a sea which is rich in species
(450-500 as opposed to 170 observed in +the Baltic sea).
Approximately 120 species are caught by fishermen and some of them
are probably over-exploited.
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The clupeides (anchovies, sardines, etc) are more than half
of the total catch, followed by mackerel. Shellfish are a little
more than 15 % (by weight) of the total.

Algb, the Mediterranean has an important potential for fish
farming.

The diversity of species and the geographic isolation of the
sea are two reasons for its ecological fragility. The
vulnerability of the Mediterranean is due to its moderate size and
accentuated by the ratio of its long coastlines to its water mass.
In fact, Coastline pollution 1is the greatest cause for the
Mediterranean pollution problem.

4. THE MEDITERRANEAN MARITIME TRAFFIC

4.1 General considerations

The Mediterranean Sea was defined as a "“special area“ by an
IMO Convention with regaxrd to antipollution measures and in the
light of possible ecological calamities as a consequence of
shipping casualties.

Work conducted within the TRAMED 77 PROGRAM and group 8 of
COST 301 * (cf£.ANNEX V) has enabled the traffic in the
Mediterranean Sea to be considered as independant from traffic
generated in other Eurcpean seas, based on specific

characteristics :

- pollution hazards are extremely critical due to the long
renewal cycle of the waters, and due to the major economic
role played by the tourist industry ;

* The European COST 301 program dealing with the Mediterranean
has covered the particulatities of this sea in terms of traffic
c¢irculation. We have used long passages of the COST 301 Reports in
this study, especially those writen by the Professor Volta's team
in Genoa.
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- traffic is of a ‘'captive' nature in the sense that inward
as well as outward movements can easily be controlled in
the basin ;

- vessels' navigation time between origin and destination in
the Mediterranean is generally not more than two days ;

Apart from geographical characteristics, Mediterranean
traffic also has some specific aspects which can be summarized as
follows :

- The coexistance of various kinds of traffic, such as large
ships (tankers etc.), crossing commercial traffic (such as
ferries etc.) and small leisure and fishing boats in the
same area.

~ The very scarce use of traffic separation schemes.

- The absence of harbours with long approach channels.

- The presence of traffic which is just transiting across the

sea and not landing in any port.

Approximately 600 vessels «c¢irculate every day in the
Mediterranean, i.e. 1/3 of the world's oil-tankexr traffic and 1/6
of the internaticnal maritime commerce (Journal de la Marine

Marchande, January 9, 1986).

For the North Atlantic, the traffic of petroleum products,
liquefied gases, and bulk chemicals is *

60% of the ships carry petroleum products (90 % of the tonnage)
20% of the ships carry liquefied gases (6.5 % of the tonnage)
20% of the ships carry bulk chemicals (4.5 % of the tonnage),
especially coasters of around 2,000 tons of capacity.

However, commercial exchanges of chemicals are very variable
according to trade and dollar wvalue fluctuaticns ; alsc the
“special drawing rights" to be paid at the Suez Canal may lead a
transporter +to choose the route around Africa rather +than a
crossing of the Mediterranean sea. In addition, financial

* The statistics have been done by CEPPOL on the basis of
vessels traveling off the coast of Brittany.
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interests related to the facilities of the Port of Rotterdam, free
trade, could cause ships moving, for example, from Suez to Fos, to
travel by way of Rotterdam.

4.2. The principal maritime routes

Data analysis of transportation in the Mediterranean has
been made by the Maritime Research Institute Netherlands
(M.A.R.I.N.) in collaboration with the Danish Maritime Institute
(DMI). Map n° 3 shows the principal maritime routes and the
traffic flow in the Mediterranean. The major traffic route crosses
the entire sea and passes close to the Algerian Coast. Another
important route connects Suez with the northern Adriatic sea. If
we observe all the maritime routes (map n® 4), only a few zones in
the Mediterranean are unused by the carriers., Certain areas are
significantly more dense, i.e. the zone surrounding the Italian
peninsula. In addition +to the =xoutes shown on map 3, those
connecting the major Italian ports with petrochemical industrial
complexes, particularly Skida, Marsa-El-Brega and Marseille-Fos,
are shown on map n°® 5.

Data collection from several sources enabled the elaboration
of map n® 4, where the principal trade routes in the Mediterranean
have been centralized.

Although the East-West routes (such as Suez-Gibraltar,
Dardanelles-Gibraltar or Suez-Adriatic) are very much traveled, the
north-south crossings are also heavily used. These trade routes
are especially related to petroleum products transportation.
Concerning North South routes, the most heavily traveled connects
Skida, in Africa, to the Ports of Tarragone, Marseilles-Fos, Genoa
and Trieste ; these last three areas are relay zones for the
south-European pipeline. ©Other north-south routes going from
Marsa-El-Brega and Marsa-El-Hariza are less densely traveled.
{map n°4).

In addition to these tans-mediterranean routes, we note a
large Coastal circulation.
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The report prepared by the M.A.R.I.N. gives a precise idea of
the traffic patterns in the Mediterranean including zones such as
the Bosporus, the Strait of Messina and the Strait of Gibraltar. A
large amount of data concerning the “"Sub-areas" are alsoc available
in the COST 301 program reports.

On map n° 6 the routes used arcund Corsica, including the
Strait of Bonifacio - between Corsica and Sardinia - have been
traced.

This traffic eveolves from one year to the next and also from
one season to another. The table below, taken from an Italian
report of the COST 301 (VII/417/85), shows variations in ship
movements recorded for summer and winter in Italianterritorial

waters
ship movements
type of ship January July
Ferries 883 2171
Gas carriers 253 179

The maritime transportation of liquefied gases is greater in
winter when the need for heating is greater, while the Ferry-Boat
circulation is greater in the summer with the increase in tourism.

4.3 Maritime traffic of liquefied gases

The maritime transportation of liquefied gases is relatively
well known. On map n® 7, the main routes used by LNG-LPG carriers
as well as the principal coastal cities having a pipeline for
natural gas are shown,

The supply of natural gas or petroleum for south-Europe comes
from the gas fields and refineries 1located in Venezuela (via
Gibkraltar), from Saudi-Arabia (via Suez), from Algeria (Skida) or
Tunisia (Cap Bon). The érincipal trade routes used by the methane
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Map nr.6 - Traffic density and main crossing areas in a sub-area all around Corsica




* (£3Taocyiny
}aed seT{Tesaey pue erpadoi{ofoug wnsyodlsd TRUCIIBRUASIUL Tog ISOD 30anos )
UoT3BesSTTEDOT QurTadid sed

TBJANIBU PUB BAg URSURIILIIIPSR 2Y} UY SADTAJRD TJO-"IND Jd0F S91N0L UTRK - £ du dey

TR, or T Ty 0y IO AT S e oS (9o L s L A A S TS BT Ky

e e e S S e e L

Tl ¥ e L, Thoe S o S A D AT AN E B i ek S A T S
oty e B R T P e s SR

4 N U e A e P R unw¢mwaq,nﬁpnm.

TS VIR surredid evd pranavg & oatOs i A
5 ¥ QO Tﬁwﬁ.wmﬂ.c s * wdm.m.mmmmwﬂnnww‘mgﬁw

s x y 22T S e T i e e 35 >oy Llial 5 m iy .
eilor} H‘-‘ﬁcmg e 08 K.wumﬂvmw.\o .&%ﬁ * ﬁwgm-% 7 i LA+
s R A By WSOOYSTTI PuR eesIpp away - Ry T i P s
3 T H PO N ¢ ‘..,./.W! AR S 7 2D Saus

S _.mww,. v Tawr e ASOIYITIY Puw wESIpD 330 9 ..rﬂ.«w.mvﬁﬂﬂu _:‘ﬂw,mm%n_mw I frasggiag il
S T ITRIS Y9y away g wm AR Pl
R 310y soyruodeg oy 3 g unmw.»ﬂr..av,. o,.rﬂﬂ o A .Ar.d..wu.u.mw
¢ EinpREh ﬁ?.“.w! A A
z o X
!

e

g
Z Carkr 3 ekl Ly o iy ¢
Ak s & iy e ot r‘m.".m vde) uog 330 %« Sranatosis : Ske
SR SRe s NS e e purter sue) 330 - BERALEONE SR RRTTE B
S Eralo e A teamnaga go yeaas | SR S S
T T TRl et ot T 3 BT IE e ik b bt TS G e
<r> 8 _M._WUW ) .ﬂhm‘..w.wﬂ& 257t \aat (VAS JOWIR Puw) vas AVaNVENZLIgaw mmuwunmwfﬁ e Tzﬁ.mwvn.wwnw-
o6 LA eSS, E3 Prat PN S s 7k St ey
d AN Vi R it R L
el ety XTI TEE DA B et W BN R A e B A e
5 s s & AR T N e
- = FaEE e N oy A by R T L e S e et
P A T, TS P o, S ko 2ot I T e SRR oS
SR e s s L i S
Vil u.w., SFETS ..z..ﬁ.\a..a ey .MWV el 0 0 9 0 —.un.wnwvﬂ—a 25 4
3 ARl

RATaT)
% fre o
% 29 TR 4 RS

G N G N et e R e =
i Ve e s e S e e
S Euﬁmﬂ%&ﬂh?@mﬂ, el
NI L s e i
ARl ok - p SR
S ) oo

AT T e, o

= A ST

S

AT

s o)
..h..-wmz t Vv @
S
hﬂ..man. euobzase) m*iw.uwﬂwww 5
Ao Ly 95 -
g iR

2N

e RS

oy S Mﬂ..u,..-ﬂL .u__wtnsl.‘ o

: .. h e P AT '
ATty | . y G RE o AN rs.m. v
_."W.w....wa.,m..r o «wﬂm,...».xm.hﬂm«.ﬁ. A .,.m.%... 2 L3 e!
: T e B et Rt T S e
. R

ot ;. wumu,n_“._. ks LN ot

Iﬁﬁrl?{.ﬁ% > % .«W =T vt SRR

SNt TN ph s g
s - i @ ol € ez 3ueycu07) PRETT: Mqr Tl

@ o M con da.i ..[..t, Jv«ﬂ 3
A St A et nn-}tﬂl.u ) ~ g = Lt v

; RS, TR L R R L el 8 oo N L] T Y e T A ) anl ¢

X et wedn e s el : e ww%m&&ad. Tt T D
= ek O, 5 A Stk R P LR RS S e S A ety S AL
@9.Jﬁﬁﬁ%ﬂ“ﬁwﬂf Tk uossayy 36, AT e HNELVEG B R DT s S A B
o) fh e i 7 B 1 A St e s T : et e o = e e Py i S
Z . P g2 ; y ) b : ; G AONVIMTZLING Fo i na g
X ™ L o

o oyt
i
e T

A i

\

& fy
s

e =S¥y

% muzqnudﬂw&»m‘w,.
3 : % wmmwm«umm&ﬁuﬂmwﬁwﬂmpl”ga
A T ;s : SR Tou e s 4 & TN R T rfih.hm@%m@ﬁﬂﬂhmyﬁ;
.#ﬂm%ﬁﬁam S AR e : S N S e SIS L B Ay e e NS ﬁﬁﬂ.ﬁﬁmﬁ%@x&ﬂkﬂﬁﬁﬂnﬂﬂﬂ»ﬁﬂ%ﬁ%u&

S

Ll
o

@

5

b fapid N I v oW v_ll—“-w_rl T Bl T X ] P o e o P Y A D L “ T ey
R eR S R e A e R e D e o
B A e T e ST I O e s e, =
L]
. " . - .




o
1
-

. ships per day

1n Crossing areas

gga Ha

ian waters

¢ for Ital

i

LPG traff

Map nr. 8 - Main LNG-

(source CosST 301)



- ek a4

17
tankers are Marsa—El-Brega/Cap Bon or S8Skida —~—)>» Marseilles or

Barcelona or La Spezia, i.e. from the plants where the gas has
been liquefied to the plants where it will be re-gasified.

For example, approximately 500 Q00 tons/years of butane and
propane enter the port of Lavera (Marseilles) where they are
sEEred in underground tanks ; about 200 000 tons are re-exported
to Spain and Italy by coasters. For these two gases, 200 to 300
operations per year have taken place at Lavéra, an average of 1
ship per day. A total of approximately 2.7 million tons of LNG
were imported from Algeria in 1983 by the Port of Marseilles
(transportation is done by "Tellier" and "Hassi R'Mel" which both
own a carrier of 40,000 m3.)

In the Italian waters, from 30 to 90 movements per month of
LNG-LPG were recorded on the Adriatic coast, at the south of
Italy, and off Sicily and Sardinia (map n® 8), with a maximal
frequency (more than 90 movements per month) in the area of Venice
and in the southern part of Italy between Otranto and Brindisi
(studies done by the Italian Ship Research Center-CETENA).

Ammonia was among the products the most carried near the Suez
and the Bosporus.

Concerning other products listed in the IGC Code of the IMO,
there is a large traffic of ethylene via Suez, from Marsa-El-Brega
(Libya) and Marseilles * (around 100,000 tons/year were exported)
and of vinyl chloride, exported mainly from. Marseilles-Fos (around
30,000 tons per year).

Other products having a low boiling point, are produced in
the area Marseilles-Fos : propylene (500,000 tons/yeaxr) and
chlorine (700,000 tons/year), but we do not have precise data
concerning their traffic.

* The ethylene pipeline between Marseilles and Lyon is the 2nd
largest in Europe.
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Let us keep in mind that in 1984 the world's fleet of gas
carriers numbered 775, of which 36 were Greek tankers, 36 Italian
tankers, 12 Spanish, 11 Russian and 9 were French.

4.4. Maritime transportation of chemicals
=

(other than liquefied gases)

Chemical transportation is done by two types of ships
- those having a large capacity (about 40 000 tons) which
carry either several types of chemicals (parcel tankers)
or only one product {(methanol, benzene, ethylene-glycol,
phosphoric acid)
- those ships with a small capacity (about 3000 d.w.t.)which
are essentially used in coastal trading ; more +than 4/5 o©of the
ships carrying chemicals in bulk are coasters.

It is to be noted that the world's fleet of chemical carriers
was 847 units in 1984, of which about 40 were French, totaling
about 1 million G.R.T.

The following table, extracted f£rom a RIJKSWATERSTAAT Report
gives some general information :

Average tanker capacity 4030 tons
Average capacity of a coaster 1500 tons
" " * " parcel tanker 15700 tons
Average number of tanks per ship 14
" u " " per coasterx 12
" " " " per parcel tanker 23
Average quantity per tank 288 tons
. " " " for a coaster 125 tons
" * " " for a parcel tanker 683 tons
Average payload 77 %

Although the bulk <transport of chemicals is fairly well
studied for the English Channel or the North Sea, it is much less
known for the Mediterranean unlike what is know for petroleum
products and liquefied gases. The maritime transportation of



P .

19

chemicals depends on their production and on their eventual use ;
for products which are most often used, the producing countries
tend to limit their dependence on other countries by producing the

finished products such as PCV or polysthylene themselves.

General trends for Bulk chemical transport are obtained from
statistics dealing with commercial exchanges by sea and especially
from magazines such as “Maritime Transportation" and “Chemical
Parcel Tankers", and from the French Journal of the Merchant
Marine (see bibliography).

The principal chemicals transported through the Suez Canal
(coming from +the Middle-East), with gquantities greater than
several hundred thousand tons per year are : benzene, ethanol,
ethylene-glycol, hexane, methanol, sodium hydroxide, styrene,
Xylene.

. The principal chemicals leaving Marsa-El-Brega, where a large
petrochemical complex is under construction at Ras Lanuf are
Ethylene-glycol, methanol, styrene.

- In Algeria, the facilities available at the petrochemical
complex of Arzew which is currently being enlarged enable
the exportation of : benzene, methanol, toluene, xylene
(about 200 000 tons per year except for the methanol).

- Chemicals coming from Bulgaria, via the Bosporus are :
methanol and styrene.

~ There is also a large coastal traffic of chemicals between
the European Economic Community's countries ; about 200, 000
tons of chemicals (1981) were exchanged between France and
Italy, 100,000 tons between France and Spain, 100,000 tons
between France and Greece.

In the Port of Marseilles-Fos, more than 400JOOO tons (1986
data) of various organic chemicals were transported and twenty of
these chemicals represented about 300,000 tons transported by
about 250 ships (data from MAVRAC/Lavéra). Among the products most
often carried : benzene, sodium hydroxide, ethyl-hexanol, butancl,
monocethylene-glycol and chloroform (in decreasing order, for 1986
only).
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As far as packed products are concerned, they are transported
much less than bulk chemicals ; however, they are generally very
toxic and the loss of containers which are swept over board during
bad weather is frequent. A large diversity of products can be
transported in a packaged form. A detailed 1list of these
substances is given for the Marseilles-Fos Region in chapter 5.
(table 3).

4.5. Future traffic trends

A study by Holland's Maritime Economic Research Center-MERC
{Hazardous Cargo Bulletin, Oct. 1986} dealing with deep-sea parcel
tankers has noted an increase in traffic of 3-4 % per year between
1986-1990, with some nuances according to the nature of the
chemicals.

The fleet of short-sea chemical parcel +tankers will also
probably increase. About 50 new deep-sea chemical parcel tankers
will be built between 1986 and 1990, Transportation o¢f oxganic
chemicals {(methanol, ethanol, xylene, styrene, and toluene) will
increase by 10 % while that of inorganics (especially phosphoric
acid, sodium hydroxide and sulfuric acid) will have a meore stable
transportation rate.

The implementation of Annex II of the 73/78 MARPOL Convention
on April &, 1987 will cextainly have an impact on the development
of new tankers and in particular their adaptation to new needs
such as the recycling oxr the destruction of certain products of

categoxry A.

The trend will be towards a decrease of the o0ld tanker fleet,
which will greatly diminish the risks of marine casualties.

For natural gases, an increasing rate of 2 % 1is expected
between 1982 and 1995 (Journal de la Marine Marchande, June 2,
1985) as apposed to 1% for petroleun.

Also, by 1990, gasoline in the industrial world will be
virtually lead free which opens up possibilities for other octane
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boosters such as methanol, benzene, xylene, toluene, ethanol, TBA,
MTBE and TAME. * (The acceptable amounts of these products which
can be incorporated in gasoline has been defined by a Directive of
the EEC Council (85/536) dated December 5, 1985).

Therefore, a large part of the traffic rate will concern
antiknocks. For example, the traffic rate of boosters via the Suez
Canal, by 1990, will be five times greater : about 4 million tons
of Bulk chemical products, of which about 50 % will be methanol
coming from Saudi~Arabia, will cross the Mediterranean.

This is one main reason why the ARCO chemical company is
installed near Marseilles-Fos. This company plans to produce at
the end of 1988, 430,000 tons/year of TBaA, 180,000 T/year of
prapylene oxide and 50,000 T/year of propylene glycol.

Although it is beside the point of this study, it must be
noted that river <+ransportation of hazardous substances is also
evolving. Thus, numerous bulk chemicals which come down the Rhone
river carried by barges before being loaded in Fos, are at this
time qualified as- Class 1II chemicals, especially benzene. This
river traffic will normally increase since benzene is one of the
most frequently transported products (along with methanol) due to
the "Shell Berre" company activities, in the Fos area.

5. CHEMICALS AND LIQUEFIED GASES IN MARSEILLES-FOS

Tables 1, 2 and 3 list respectively the liquefied gases (and
low boiling point liquids from IMDG class III.1) which are loaded
or unloaded in Marseilles~Fos, the bulk chemicals, and <the
chemicals which are transported in a packaged form at more than 10
tons per loading.

- * TBA : Tertio Butylic Alcohol
MTBE : Methyl-tertio~Butyl Ether
TAME : Tertio~Amyl Methyl Ether
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For each substance, these tables list the annual <tonnage,
the number of movements per year, and for tables 2 and 3,
the age of the chemical tankers. These last two parameters are
available only for chemicals inventoried in 1981. When possible we
have used statistics from several years (for example 1981, 1984,
1986 and 70 days of 1984). In all cases the annual average was
calculated by considering the periods of data collection which
could be less than 1 year.

The information we used for the traffic of chemicals in the
Port of Marseilles-Fos comes from several sources *

[

CEDRE Report (R.83.775 R) dealing with statistics for 1981

- lists and data compiled by IFREMER, Toulon (1984, 85)

- MAVRAC, a company in Marseilles zresponsible for the
administration of the chemical stocks (1986)

- DPNM, for the products most transported from 1982 to 1985

- telephone information from various sectors of the Port of
Marseilles and the Company GAZOCEAN in Paris.

- CEPPOL, for the most recent data (the data collection is
still underway on the basis of daily information sent by
CECMED of +the Maritime Prefect for the Third Region)

With all the chemicals and liquefied gases, the Port of
Marseilles-Fos has an annual traffic of 5,250,000 tons. (This
figure does not take into consideration the products which are
transiting through the port). The traffic of liquefied gases is
approximately 3,300,000 tons which is about 1,7 times that of the
chemicals transported in bulk (1,900,000 tons) and is about 60
+imes that of the chemicals which are transported in a packaged
form (50 OO0 tons).

* See last page : "Glossary of abbreviations®.



Table 1 ¢ }HE TOTAL AMOUNT OF LIQUEFIED GASES AND

1.6.C.

FLAMHABLE L1QUIDS CITED

CODE AT MARSEILLE-FOS AHD DETAILS OF SHIP MOVEMENTS

{Source : IFREMER and MAVRAC 19685)

LIQUEFIED GASES ANNUAL TONNAGE TOTAL SHIP MOYEMENTS per L.G. and per TOWN or COUNTRY Hean
TO AND FROM Tonnage
MARSEILLE/Fos IMPORT [MOVEMENTS per ship
[ALL YEAR 1985)] IMPORT EXPORT . ~ COMING FROM : GDING TO :
{16C) EXPORT |(per L.G.])
HETHANE 2,385,796 - 2,385,796 137 SKIKDA : 1185 17,400
ARZEW ; 22
BUTANE 153,228 223,349 376,517 173 ARZEW 5 BASTIA : 2T[AGADIR : 31 2,100
SKIKDA : 5 CARTEGENA ¢ 3
YEHBO 5 AJACCIO : 11)CORSICA AU = 2
BARCELONA : & TUNIS : t0JCASABLANCA @ 2
TARRAGONA 1) SPAIN 13 4
H ALEXANDRIA : 9[FR. ATLAN : 2
RAS TANURA : 3 BALEARES : S1HOUSTON : 2
ZUEITINA : 2 BIZERTE : g{LoalTo ' 2
Us GULF H 2
FRA. ATLAN : 1 TANGER : ]
ISKEMDERHN : 1 LUCIANA : T ANTHERP H 1
PORTSAILD E | DAKAR : 1
BARCELONA : 6| DUNKERGQUE : 1
BETRUT i 6]tA NOUVELLE : 1
LEIXQES ] BfLARNACA : 1
LA VALETYE : 1
ALICANTE :  5|MALAGA LI |
MOHAMMEDIA : S[NETHERLANDS : 1
SFAX ¢ 4{RAVENNA 1 1
ROTTERDAH L |
SKIKDA : 1
TRIPOLE H |
PROPANE 306,505 58,078 364,583 132 ARZEW t 16 ZUETINA t 2|BASTIA : 15[BALEARES : 2] 2,760
TUN1S : TOJCORSICA AU 3 2
SKIKDA : 10[FLUSHING : 1{BIZERTE : 9|HOHAMMEDIA : 2
ISKENDERUN s 1{AJACCIO s B{AGADIR [ |
HOUSTON t  TILAKE CHARLES : 1|BEIRUT t G{CAGLIARI : 1
YEHBD :  T|PORT SAID : 1|LEGHORN i S}CARTEGENA : 1
RASTANURA : 1JLUCIANA : S[FR. ATLAN : 1
BARCELONA : 3 NAPPLES :t SJLA NOUVELLE : 1
ALEXANDRIA t 4|LARNACA i1
TARRAGONA : 2 SFA ¢ AILA VALETYE : ¢
BARCELONA + J{LISBON r 1
LEIXDES t 3{TRIPOLI [ |
VENEZUELA :
ETHYLENE 1,500 106,901 106,401 75 ARGENTINA : 1 LEGRORN : 23iPRIOLO 1 2 1,420
LYBIA : ITJTARRAGONA : 2
SKIDA | NETHERLANDS :16|NORWAY L
BRINGISI 3 SIPORTUGAL (.
HOHAMHEDIA : 31VADO LIG I |
. ANTHERP ¢t 2{WILHEMSHAYEN: 1
YINYLCHLORIDE 31,270 33,270 13 LAKE CHARLES 1 SALONIKI : SIKACHSIUNG EE |
VENEZUELA + 2[SPLIT i 1 2,405
AVEIRO : TIYOUGOSLAVIA : 1
BUTADIENE 12,491 3,088 15,560 9 BRAZIL s ZYBRINDISI s t]HOUSTON s 1ius GULF : 8 1,730
PORTUGAL : 2 SALONIKI HE |
PROPYLENE 12,848 12,046 12 BRINDISI : S|ENGLAND + 2 1,040
CAGLIARI t 2
DIISOBUTYLENE 4,495 4,495 3 1,500
ISOPROPYLAHINE 584 " 53
BROMOHETHANE 220 L1 3
ETHYLETHER 57 2 23
ETHYLENE OXIDE 20 10 z
TOTAL 2,859,520 436,008]3,298,409 668




LOADED AND UNLOADED ANNUAL TONNAGE ANNUAL AGE CLASSES  |MARPOL] HAZARD PROFILE
FOR SHIPS {GESAMP)
BULK_CHEMICALS MOVEMENTS (CEDRE)
AT MARSEILLES/FOS Cate~
CEDRE | DPNM | IFREMER|MAVRAC CEDRE|MAVRAC|IFREMER|< 10 [10-20]> 20 | gory
{ > 10 tons per movement)] 1981 |1983-85] 4384 | 1986 | MEAN 1981 ) 1986 | 1984 | YEARS) YEARS| YEARS alslctolE

1 ACETIC ACID €. 714 57 5,604 | %9 100 36 7116 | .¢c ol z{1}0]c
ACETONE 44 £ k| 2 - 1 c ¢elojojolo
ACRYLAMIDE 461 464 12 1" 1] - ] of| 1] 21| 11f=xx
ALKYL BENZENE 1,000 1,000 (] 0 |(01ft0)] O |xx
AMMONTUM NITRATE 1,080 11,780 2,863 1 415 | 41| 43 ] 57 D o '6133 1/10]0
BENZENE 187,701 | 60,675 102,261} 94,3971 105 ]| 55 c of| 21 1] rx]xxx
BUTYLACRYLATE 1,420 400 1,000 41, 20 si 251 1 o ol 1y vlrix
BUTYLENE GLYCOL 250 250 D 0 F;?) c|olo
BUTYLMETHACRYLATE 104 160 113 6 10 5 -1 - m |o] 1]o] 1]x

10 CALCIUM HYPOCHLORITE 172 360 203 9 90 8 1{ - P ofl3f1]1ix
CHLORACETIC ACID 1,807 1,807] 17 12 5} - c el 2]2|0]0
CHLOROFORM 2,933 | 8,070{ 420 9,964 7,152 | 21 10 30 18 2} - . izl 2¢ 1 [%x
CHLOROSULEONIC ACID 212 212 5 b 21 - c oj2{1{r]o
CYCLOHEXANE 11 n 1 - 1§ - ¢ of 2] 1] §x
DIACETONE ALCOHOL 1,034 240 202 M 15 25 TR D ol tl 1]oi0
DICHLOROBENZENE 2,361 215 2,003 9 10 7 1] - 3 24t 1]1lx
DICHLORO-1,2 ETHANE 157 4,930 3,737 4 3 1) - B 2 1] 20 |xx
DICHLOROMETHANE 2,576 | 5,110] 1,438| 3,870] 4,243 ] 79 9 185 59| 16§ 3 b ojtj1]1]o
DLCHLOROPHENOL 118 7,555 1,355 4 25 4 - - A Tt 3| ¢]mr{xx

20 DICYCLOPENTADIENE 1 1 1 1 -1 - ojojz2{ojo
DIETEYLHEXYL PHTALATE 800 § D olofofolx
DIPERTENE 538 325 552 17 115 17 -1 - c olz2f1]1|x
DIPROPYLENE GLYCOL 518 518 1 ojolololo
ETHANOL 15,642 1,640 13,308 22 195 121 ol - clolofolo
ETHANOLAMINE 618 618 23 15 s| - D o] 1] 1]o}o
ETHYL HEXANOL 26,586 26,6717] 26,631] 23 17 16 6| - c ofjz2|1j0]x
FERRIC CHLORIDE 19 165 43 1 40 1 -1 - c elz2]|1]olx
FERROSILICON 19,517 10,330 17,986 36 430 M 2] - =l -t
FORMIC ACID 1,764 1,330 1,692} 62 145 51 3| 2 D o] 1f1]rIix

30 HEPTANOIC ACID 3,940 | 3,635 3,1} 4 2 2] - 1oy jojmioiz|x
HYDROCHLORIC ACID 3,331 3,885 3,423 40 270 271 12 1 ] oft]l1}]olo
HYDROGEN PEROXIDE 9,465 11,560 9,814] 136 295 |110] 23| 3 ojz2ic0lolo
1SOBUTYL ACETATE 53 170 73 3 15 3 -] - c of2]1})1]e
ISOPROPANOL 489 100 424 | 22 95 14 ay - cfo|t]olo
MALEIC ANHYDRIDE 274 85 22| 10 15 8 2] - D e} 1| 2 frxxx
METHANOL 2,329 160 | 12,871] 6,924 17 6 140 12 41 1 clolt1folo
METHYL ETHYL XETONE 3,915 15,370 5,824] 47 160 1| 10} & D olo]1}folo
METHYL ISOBUTYL KETONE 2,357 12,515 4,860] 57 55 B8] 21| 18 D cfo]1lolo
METHYL KETONE 329 5,241| 2,785 S 1 1 11 - ]

40 MOROETHYLENE GLYCOL 2,897 10,559¢ 6,728 & 10 1 £ - olol1}ole
MONOPROPYLENE GLYCOL 2,176 6,862t 4,519 5 8 2 3] - oloiololo
MORPHOLINE 161 235 173 7 20 6 1] - D o|ltf1]1]o
N and IS0 BUTANOL 20,843 11,647 16,245 44 16 32 8| - oft1]t1io0]o
HITRIC ACID 1,354 105 1,146] 44 110 38 4] 2 c of2]1] 10
NITROMETHANE 489 15 40| 13 20 3 10} - [ty oyt |»
OXALIC ACID 405 405 8 6 2| - D olt|t]lolo
PARACRESOL kY| 34 1 1 -1 - A Tl3] 2|1 |xx
PHENOL 6,610 | 4,930] 30 8,046 5,664} 17| 10 40 3| 12] 2 B + 2] 211 |xx
PHOSPHORIC ACID 255,041 170 215,896] 134 120 96 | 33| 2 D olt]1]1]o

50 PHOSPHORUS TRICHLORIDE 183 183 ] B 11 - D o [ey] 1 lox Ixx
POTASSIUM HYDROXIDE 1,931 795 1,241 4 250 44| 22| 4 c o|l2)1]1]o
PROPIONIC ACID 55 55 2 1 1t - D elt1}l1io0lo
SODIUM HYDROXIDE 853 381 850,000 198 | 255 | 85 | 17 c clz2)1i{1lo
SODIUM MITRITE 2,575 1,185 2,343] 67 185 59 7 1 B oj3j2}olo
SODIUM SULFIDE 1,830 555 1,617 36 40 28 5] 3 [+ jol3]a2lmmi|xx
SULFUR 517,559 11,725 433,253| 204 250 [ 163 | 31| 10 ojiolololx
SULFURIC ACID 8,564 1,130 7,325 75 320 53t 19| 3 c cl{2]1]1]o
TETRACHLORETHYLENELEAD 4,361 | 5,470 5,192 70 44 | 2 5 B z{3]ojo|x
TETRAETHYLLEAD 6,937 1,225 5,980 35 95 24 | 100 A 2|33 {rr fxxx

60 TITANIUM TETRACHLORIDE 361 50 351 9 10 2 - - D of21]2imixx
TOLUENE 14,875 | 1,235} 435 4,345 57 105 22| 22| 3 c ot2{t1lri|x
TOLUENE DIISOCYANATE 5,869 B, 600 6,324} 137 250 15| 33| s c 0 2| ofrr |xxx
TOLUIDINE 32z 125 17 2 15 2 -] - c o 2] 2|11 [xx
TRICHLORETHANE 545 545 65 5 - 1 B z[2j1]o0]o0
TRICHLORETHYLENE 1,123 685 { 2,235} 1,589 47 6 165 37 s 2 B z |2 1|11 |xx
TRICHLOROBENZENE 1,483 1,210 1,437 37 75 31 6| - B 24 1]0]x
TRIETHYLAMINE 298] 298 1 c of|2]1}1]x
TRIMETHYLAMINE 19 19 1 1 - c ol 2324 lx
VINYL ACETATE 838 §00 798 3 20 3 - ¢ of(2f1]1]o

70 XYLENE 129,952f 1,190 25 31,792| 136 70 6| 76 c o]lz2]1]olx

N.Bb : Data from IFREMER ou based on 70 days and extrapolated to { year by x 5.

Taple 2 : THE TOTAL AMOUNT OF BULK CHEMICALS LOADED OR UNLOADED
AT MARSEILLES-FOS, WITH NUMBER OF SHIP MOVEMENTS AND
HAZARD PROFILES.




j LOADED AND UNLOADED ANNUAL TONNAGE ANNUAL AGE CLASSES HAZARD PROFILE
: PACKED CHEMICALS FOR SHIPS {GESAMP)
v MOVEMENTS
AT MARSEILLES/FOS
’ { > 10 tons per movesent) CEDRE ] IFREMER CEDRE{IFREMERi< 10 |10-20{> 20
1981 19684 | MEAN | 1981 1984 jYEARS|YEARS|YEARS; A | B} C| D] E

{ ACIPIC ACID k] 36 1 b 0 0
AMMONIUM BIFLUORIDE 41 300 84 2 35 1 1 -

ANHYDROUS ALUMINIUM CHLORIDE | 9,965 1,740] 8,652 § 21 20 9 5 § ol t]1 1] 0]%
ARSENIC 561 561 i2 10 2 - + 3 4 |IX IXXX
ARSENIC ACID 18 18 1 1 - - +1(3)] 3 0ijo0
ARSENIC PENTOXIDE 34 k1] 2 1 1 -~ + ({331 3 ¢ |o
MRSENIOUS ANHYDRIDE 4,873 3,600} 4,661 1 92 150 41 50 ] +| 3] 2 I [&xX
BARYUM CHLORIDE 4,070| 4,070 e 265

BENZOYL PEROXIDE 125 125 15

10 BUTYL GLYCOL 347 347 17 10 7 ~
BUTYL PHENOL 250 250 8 6 2 - T 3 1 I X
CADMIUM 43 43 1 1 - - + | 41 2 |XI |XxX
CALCIUM CARBIDE 422 3,490 933 15 375 14 1 -

CALCIUM SILICIDE 515 515 55

CARBON DIOXIDE 240 240 85 0} 2] - ]I |XX
CARBON SULFIDE 359 1,070} 447 2 50 2 - - T 2] 3] 1 1%%X
CHLORACETYL CHLORIDE 385 385 11 ] 2 0] 2121 0¢{x%
CHLORODIFLUOROMETHANE 720 120 185

CHROMIUM TRIOXIDE 85 85 2 2 - 2 2 2 I1lX

20 CYCLODODECATRIENE 48 48 2 1 1 - 0 3 1 J1F jX¥
DICHLORODIFLUOROMETHANE 2,270] 2,210 325
D.D.T. 182 182 13 5 - - + 14|20 J¥RX
DICHLOROPHENYLISOCYANATE 65 170 82 i 10 1 - - - - - |If | ¥X
DIETHYL DICHLOROSILANE 11 11 1 1 - - 0 1 1 JIT 1X%
DIMETHOATE 1,528 310 1,325 19 35 i4 4 1 ol 4| 3] 1 [%xx
DIMETHYL DICHLOROSILANE 51 51 4 2 2 - 0 1 1 j1IT XX
DIMETHYL ETHER ACETAMIDE [ %] 69 i 1 - -

DIMETHYLETHYLAMINE 305 305 15 11 3 -

30 ETHYLCHLOROFORMATE 50 50 3 3 - - O - [(3}IT | XXX
ETHYEGLYCOL 221 21 13 35 (3 6 1 0L0]111]0
ETHYL GLYCOL ACETATE 318 335 318 15 40 9 5 1
ETHYL HEXYL 1 1 1 - 1 -

ETHYL-2 HEXYL, CHLOROFORMATE 12% 125 15

ETHYL ORTHOFORMATE 15 75 20

FORMOL 524 200 470 9 155 7 2 - 0| 2(12f1]|0
HEXAMETHYLENE TETRAMINE 131 1,145 350 6 85 [ - - 0jo0jo0j0]}0
HYDRAZINE 1,255 { 1,255 120 04 3§ 2 (I |%XXX
HYDROQUINONE 90 90 20

40 IS0BUTYL CHLOROFORMATE 17 17 1 1 - -

. LINDANE 178 178 7 7 - - + 14| 2] 0|%x
METALDEHYDE 45 45 20
METHYLCARBONATE 54 320 98 k] 30 3 - - 0 = | (3}IT REX
METHYL CHLORQFORMATE 54 210 80 3 15 3 - - O] - 1(3)IT |%xX
¢ METHYL DICHLOROSILARE 51 51 4 2 2 - 0 4 1 |EI |8X
METHYL GLYCOL 21 21 1 1 - -
METHYL ISOCYAWATE 15 15 1 1 - - o - 2 1I1 %X
tMETHYL-4 PENTANOL -2 99 99 6 1 3 - o] 1 1 I ]
{syn=methyl isobutyl carbinol)
HICKEL NITRATE 180 180 10

50 NITROGEN PROTOXIDE 55 55 0
OXYGEN 120 120 55
PARADICHLOROBENZENE 95 95 15
PARAFORMALDEHYDE 15 15 25
PARAPHENITIDINE 368 368 17 17 - 0 [{2)f(2)11IT {xX
PARATHION 15 15 1 1 - - O] 4| 4 JIT [%XX
PHOSPHORIC ANHYDRIDE 325 90 286 16 10 11 3 - 0 1 1 I |0
PHOSPHORUS 690 690 45 + 4 4 |IT IXX
PHOSPHORUS PENTASULFIDE 25 25 10

- ] __PHOSPHORUS PEROXIDE __ 80 80 | 1 1 - - |+ 44 [1T {xx

60 POTASSIUM NITRATE 148 25 127 5 35 2 2 1
RESORCINOL 80 80 20
SODIUM £30 130 20
SODIUM ARSENITE 34 665 137 2 30 1 1 - +1{3 310]j0
SODIUM BISULFATE 324 {10 288 10 40 1 - - o1 t§ 0|0
SODIUM CHLORATE 169 2,450 549 8 60 5 1
SODIYM CHLORITE 530 530 40 g(2{3{rie
S50DIUM CYANIDE 3,095 310 2,631 %8 5Q 42 11 5 01431110
SODIUM HYDROSULFITE 2,261 840 2,024 78 55 L] 13 5 o1 3| 211 IxXx
SODIUM NITRATE 180 180 30

70 SODIUM PENTACHLOROPHENATE 241 155 227 12 30 L] 3 - T 412} 038
THIOGLYCOLIC ACID 8217 150 547 28 15 25 3 Of~-12}I1 {22
THIONYL CHLORIDE 57 575 143 2 45 1 - - 0] 1] - JIr |xx
TRIMETHYLACETYL CHLORIDE 475 475 65
TRINITROTOLUENE 353 35 300 5 5 4 1 0 3 1 It [3%K
ZYLIDINE 143 50 127 3 10 1 2 - ol 2| 1]1I |8X

76 ZINC PHOSPHIDE 50 50 5 ‘+ 3 3]1r |xX

.t N.B : Data from IFREMER are based on 70 days and extrapolated to { year by x 5

Table 3 : THE TOTAL AMOUNT CF CHEMICALS - ON A PACKAGED FORM
LOADED AND UNLOADED AT MARSETLLES-FOS, WITH NUMBER

OF SHIP MOVEMENTS AND HAZARD PROFILES.
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5.1. Liquefied dgases

For the 1liquefied gases, the product the most often
transported is methane with about 2.4 million tons, i.e. 70 % of
+the total liquefied gas traffic. The methane which is discharged
in Fos comes exclusively from Algeria : from Arzew (22
movements/year) but especially from Skida (115 movements/year).
The LNG is carried by methane tankers of approximately 40 000
tons, but the average tonnage which 1is discharged for each
operation in Fos is 17 500 tons. If methane is the major product
transported according to tonnage, it is the fourth most important
in terms of number of movements : only 137 movements/year, as
opposed to 311 for butane and propane, which is equal, in number
of movements, to more than half the LG traffic.

The total tonnage of methane, butane and propane equals 95 %
of the total 1liquefied gas traffic, and probably more if we
consider the data of importation traffic from 1986 which are three
times greater than that of 1985 (information from GAZOCEAN).

Other liquefied gases such as ethylene, vinyl choride,
butadiene and propylene are less than 5 % of the tonnage, but
equal 20 % of the movements.

5.2. Chemicals transported in bulk

The +total +tonnage of +the inventoried products is abeout
1,850,000 tons. However, 80 % of the tonnage is covered by only
three inorganic products : sodium hydroxide, sulfur and phosphoric
acid. The first organic chemical, which arrives in 4th place, with
a tonnage of about 100,000 tons/year is benzene. Table 4 which

classifies in tonnage the bulk chemicals shows that

3 products are carried at more than 100,000 tons/year.

-~ 7 products are carried at tonnages between 10,000 and
100,000 tons/year.

32 products are carried at tonnages between 1,000 and
10,000 tons/year.

18 products are carried at tonnages between 100 and 1,000

tons/year.
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- 10 products are carried at less than 100 tons/year.

If we consider the classification of the same products by the
number of voyages per year (table 5), the first places are filled
by sulfur, sodium hydroxide, hydrogen peroxide, toluene
diisocyanate and phosphoric acid with, respectively 212, 200, 162,
156 and 132 movements per yeax. The inorganic products are carried
in large gquantities, especially the products carried by
specialized tankers (phosphoric acid tanker, for example).

5.3. Chemicals transported i ckaged for

Table 6 shows that

- 9 products are carried at tonnages between 1,000 and
10,000 tons/year

- 39 products are carried at tonnages between 100 and
1,000 tons/year

-~ 33 products are carried at tonnages between 10 and
100 tons/year

Certain products, such as cyanide and arsenic compounds, are

very often transported.

A classification of products which are transported more than
10 movements per vear (less than 1 per month) is recapitulated in
table 7. Five products are carried with a frequency rate higher
than 100 ship movements per year ; these chemicals are
dichlorofluoromethane, barium chloride, chlorodifluoromethane,

hydrazine and arsenious anhydride.



Table &# : MOST TRANSPORTED BULK CHEMICALS AT MARSEILLE-FOS
BASED UP ON YEARLY TONNAGE.

LOADED AND UNLOADED ANNUAL

CHEMICALS AT MARSEILLE/FOS

BULK CHEMICALS TONNAGE
> 1 000 T/ YEAR

1 SODIUM HYDROXIDE 850,000
SULFUR 433,250
PHOSPHORIC ACID 215,900
BENZENE 94,400
XYLENE 31,790
ETHYL HEXANOL 26,630
FERROSILICON 17,990
N and IS0 - BUTANOL 16,245
ETHANOL 13,310
10 HYDROGEN PEROXIDE 9,815
SULFURIC ACID 7,325
CHLOROFORM 7,150
METHANOL 6,925
MONG ETHYLENE GLYCOL 6.730
TOLUENE DIISOCYANATE 6.325
TETRAETHYLLEAD 5,980
METHYLETHYL KETONE 5,825
PHENOL 5,665
ACETIC ACID 5,605
20 ETHYLENE TETRACHLORIDE 5,190
METHYLISOBUTYLKETONE 4,860
‘ MONOPROPYLENE GLYCOL 4,520
TOLUENE 4,445
DICHLOROMETHANE 4,245
DICHLORO.1,2 ETHANE 3,735
HEPTANOIC ACID 3,710
HYDROCHLORIC ACID 3,425
AMMONIUM NITRATE 2,865
METHYL KETONE 2,785
30 SODIUM NITRITE 2,345
DICHLOROBENZENE 2,005
CHLORACETIC ACID 1,805
POTASSIUM HYDROXIDE 1,740
FORMIC ACID 1,690
SODIUM SULFIDE 1,615
TRICHLORETHYLENE 1,590
TRICHLOROBENZENE 1,435
DICHLOROPHENOL 1,355
NITRIC ACID 1,145
40 ALKYL BENZENE 1,000
BUTYLACRYLATE 1,000




Table 5 : MOST TRANSPORTED BULK CHEMICALS AT MARSEILLE-FOS
BASED UP ON YEARLY MOVEMENTS.

LOADED AND UNLOADED ANNUAL
CHEMICALS AT MARSEILLE/FOS
BULKX CHEMICALS MOVEMENT
« » 30 movements/ year

1 SULFUR 212
SODIUM HYDRCXIDE 200
HYDROGEN PEROXIDE 162
TOLUENE DIISOCYANATE 156
PHOSPHORIC ACID 132
XYLENE 125
SULFURIC ACID 116
FERROSILICON 112
POTASSIUM HYDROXIDE 103
10 SODIUM NITRITE 87
ETHANOL 84
BENZENE 80
AMMONIUM NITRATE 80
HYDROCHLORIC ACID 78
FORMIC ACID 76
ETHYLENE TETRACHLCORIDE 70
METHYLETHYL KETONE 66
ACETIC ACID 66
TOLUENE &5
20 TRICHLORETHANE 65
METHANOL 59
DICHLOROMETHANE 57
METHYLISOBUTYIL KETONE 55
NITRIC ACID 5%
v TETRAETHYLLEAD 45
TRICHLORO BENZERE 43
TRICHLORETHYLENE 39
SODIUM SULFIDE 37
BUTYLACRYLATE 37
30 ISOPRCBANOL 34
DIPENTENE 33
N AND ISO BUTANOL 30
DIACETONE ALCOHOL 28
CALCIUM HYPOCHLORITE 22
CHLOROFORM 17
VINYL ACETATE 17
PHENOL 16
DICHLOROBENZENE 14
ISOBUTYLACETATE 8
40 FERRIC CHLORIDE 7




Table 6 : MOST TRANSPORTED PACKED CHEMICALS AT MARSEILLE-FOS
BASED UP ON YEARLY TONNAGE

LOADED AND UNLOADED ANNUAL

CHEMICALS AT MARSEILLE/FOS
PACKED CHEMICALS TONNAGE

= > 100 T/ YEAR

1 ANHYDROUS ALUMINIUM CHLQRIDE 8,640
ARSENIOUS ANHYDRIDE 4L ,660
BARIUM CHLORIDE L& .070
SODIUM CYANIDE 2,630
DICHLORODIFLUOROMETHANE 2.270
SODIUM HYDROSULFITE 2,025
DIMETHOATE 1,325
HYDRAZINE 1,255
CALCIUM CARBIDE 935
10 CHLORODIFLUOROMETHANE 720
PHOSPHORUS 690
ARSENIC 560
SODIUM CHLCRATE 550
THIOGLYCOLIC ACID 545
SODIUM CHLORITE 530
CALCIUM SILICIDE 5185
TRIMETHYLACETYLCHLORIDE 475
FORMOL LT0
CARBON SULFIDE L4717
20 CHLORACETYL CHLORIDE 385
PARAPHENITIDINE 370
HEXAMETHYLENETETRAMINE 350
BUTYL GLYCOL 345
ETHYL GLYCOL ACETATE 320
‘ DIMETHYLETHYLAMINE 305
TRINITROTOLUENE 300
SODIUM BISULFATE 290
PHOSPHORIC ANHYDRIDE 285
BUTYL PHENOL 250
30 CARBON DIOXIDE 240
SCDIUM PENTACHLOROPHENATE 225
ETHYL GLYCOL 220
0.0.T. 180
SODIUM NITRATE 180
NICKEL NITRATE 180
LINDANE 180
THIONYL CHLORIDE 145
SODIUM ARSENITE 135
SODIUM 130
40 POTASSIUM NITRATE 125
XYLIDINE 125
ETHYL-2 HEXYL CHLOROFORMATE 128
BENZOYL PEROXIDE 125
OXYGEN 120
METHYL-4 PENTANOL-2 100

(ISO butyl methyl carbinol)
METHYL CARBONATE 100




Table 7 : MOST TRANSPORTED PACKED CHEMICALS AT MARSEILLE-FOS
BASED UP ON YEARLY MOVEMENTS,

LOADED AND UNLOADED ANNUAL
CHEMICALS AT MARSEILLE/FOS
PACKED CHEMICALS MOVEMENTS
) > 30 movements/ year
=
1 DICHLORODIFLUOROMETHANE 325
BARYUM CHLORIDE 265
CHLORODIFLUOROMETHANE 185
HYDRAZINE 120
ARSENIQUS ANHYDRIDE 102
CARBON DIOXIDE 85
CALCIUM CARBIDE 75
SOPIUM HYDROSULFITE 72
TRIMETHYLACETYL CHLORIDE 65
10 SODIUM CYANIDE 57
CALCIUM SILICIDE 55
OXYGEN 55
THIONYL CHLORIDE 46
PHOSPHORUS 45
SODIUM CHLORIDE 40
FORMOL 33
NITROGEN PROTOXIDE 30
SODIUM NITRATE 30
THIOGLYCOLIC ACID 26
29 DIMETHOATE 22
ANHYDROUS ALUMINIUM CHLORIDE 21
HEXAMETHYLENE TETRAMINE 13
ETHYL GLYCOLACETATE 19
SODIUM CHLORATE 17
s ETHYL GLYCOL 17
SODIUM ARSENITE 17
SODIUM BISULFATE 15
SODIUM PENTACHLOROPHENATE 15
CARBON SULFIDE 12
30 POTASSIUM NITRATE 10
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6. SHIP ACCIDENTS IN THE MEDITERRANEAN

6.1. i i h ajor Ev + se

Map n® 9, elaborated within the framework of +he COST 301
program on the basis of data from the "Lloyd's Register Casualty
Return", gives the localization of the principal casualties at sea
all categories together, between 1976 and 1982. During this tinme,
280 accidents at sea were recorded which is an average of 40 perx
year.

If we take into consideration the data compiled by M.A.R.I.N
(map n° 10) which include collisions, contacts, founderings and
strandings (serious and non-serious cases), 305 casualties were
recorded for a period of 5 years, i.e. 61 per year. Considering
the annual ship traffic in the Mediterranean : 220,000 units (>
100 GRT), the casualty rate is about 0,03 % for the entire
Mediterranean.

Among the areas of high occurence of accidents

~ the eastern part of the Strait of Gibraltar and more
precisely, a triangle Gibraltar -~ Cabo da Gata - Arzew,
where trade routes coming from the north and south of the

Mediterranean come together.

- a zone south-east of Greece and south of the Dardanelles
which corresponds to the route followed by ships crossing
the Bosporus and traveling towards either Gibraltar or the
North-Western Mediterranean.

In these two areas the number of casualties over the seven
year period was approximately 30 for about 100 square miles, i.e.
more than 4 casualties per year.
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Other zones show a large number of casualties :

~« a line running along the African coast (except in the Gulf
of Sidra) which corresponds to the +trade route Suez-
Gibraltar.

- in the very eastern Mediterranean and around Cyprus.

In other areas casualties are more scattered ; however, some
zones are more densely accidented : around Sicily, south of
Sardinia, north of Corsica, south of Barcelona-Tarragone. The
white areas on the map are zones which are less ship traveled. Map
n°® 10 also exposes the navigation problems related to the islands
in the Aegean sea (generally “serious casualties").

For each Mediterranean sub-area c¢f the COST 301, M.A.R.I.N.
is able to furnish case studies dealing with :

- the size of the vessel in GRT (7 classifications) ;

the type of ship (18 classifications) including LNG, LPG

and chemical tankers ;

- The casualty categories (5 classifications) ; each class is
divided into sub-classes, for example for "“collision" : 3
defined types in function of the angle o©f coincidence
{meeting, overtaking, crossing) ;

- date of casualty ;

- lives lost ;

- pollution ;

- ship particularities (7 classifications) ;

- weather (13 classifications) ;

and other details.

We have not been able to obtain these data in time for an in-
depth interpretation ; however, as an example, We expose the case
of a sub-area which illustrates the data (taken from COST 301

.
P
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Report entitled "Marine traffic casualties in the COST 301 area
1978-1982 -~ Final Report on Contract EUR~-NM-O13.NL*). For the
sub-area n°® 152 (Bosporus-Dardanelles) : 1 head-on collision of a
chemical tanker (1600-10 000 G.R.T.) and 2 wrecked/stranded ships
a chemical tanker and a LPG tanker (same classes of GRT).

6.2. Accident Case studies for ships transporting

ubst

Among the principal cases of hazardous materials (HM) spilled
at sea, we can distinguish

- accidents at sea or along the coastline.

~ accidents at stationnary plants (related to the
loading/unloading).

- operational spills related to tank cleaning

- chemical dumping at sea

Only the first point is covered here.

The most well-known accidents involving hazardous substances
in the Mediterranean are :

- foxr liquefied gas tankers

the "EL PASO PAUL KAYSER" during a manceuver to avoid a
collision, sunk near Cibraltar on a rocky sea floor (1980). The
loaded tanker's hull was torn open, but no tank rupture was
observed and consequently no spillage was registered. The o0il
transfer was accomplished under good conditions to the "EL PASO
SONATRACH" .

The "GAS EAST", Greek butane tanker, in the harbour of
Hyéres, heeled over, probably due to an error in the cargo loading
(lack of stability). It was destroved at sea by the French Navy.

the “GAS FOUNTAIN", carrying 15 600 tons of butane and
7,800 tons of propane : due to a fire in the machine room the
tanker was found in the Mediterranean with no means of propulsion.
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The ship towed to Fos, and its cargo was transfered to the
tanker "GARALA"“,

. the LPG-tanker "BRIGITTA MONTANARI" accident in the
Adriatic Sea (Nov. 1984). The 1 300 GRT cargo Sunk ; only small
amounts of fuel-oil spillage was noted.

- for chemical tankeys :

The KNOHR BURCHARD, at Livorno {(Italy) where a large
styrene spill occurred.

- r_ packed-chemical riers :

. 900 drums of lead antiknock fell off the Yugoslavian
freighter “CAVTAT" in the Strait of Otranto (S.E. Italian coast)
on July 14, 1974. The cargo contained 150 tons of tetramethyl lead
and 120 tons of tetraethyl lead. On 22 april 1978, 872 drums were
recovered. A lack of 21.5 tons was notified (IMO, 1979).

2 papers presented in 1977 at Rovinj, Yugoslavia, deal with
Jead alkyls behaviour in the marine environment (see
bibliography). They present methods available for calculating the
dispersion of lead alkyls released from a source on the sea-bed.
For conditions likely to exist in the Strait of Otranto, it is
estimated that safe concentrations of TML and TEL will be reached
well within a few hundred meters from a source located on the
sea-bed. Concerning the risk caused in the marine environment, it
has been demonstrated that the toxicity of alkyl lead compounds is
directly related to the degree of alkylation and to a lesser
extent to the nature of the alkyl groups. Safe levels for tri-
alkyl lead chlorides (the first degradation step for tetra alkyl
forms) have been calculated between 1 p.p.b and 0.1 p.p.m.

The major environmental impact ©of a release of tetra alkyl
lead compounds into the marine environment is more likely to be
due to acutely toxic effects than those of bicaccumulation.
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. The same day, but five years later, July 14, 1979, the
Greek freighter "KLEARCHOS" heeled over outside the port of Olbia
{Sardinia) with various chemical products including metal drums
containing arsenic compounds.

. the "SUNNY KARINA", a dry cargo freighter, lost containers
of ethyl acrylate and titanium dioxide (Maxrch, 1981) near Cape
Bon, Tunisia.

The "VICKY B", a general cargo ship, lost its cargo of
chemical substances (February, 1984).

The characteristics of three of these accidents along with
their trees of events are presented in Annex VI.

On january 11, 1987, the French Ro-Ro "Cap Ferrat" lost 2
protected tanks (6 x 2.4 m) each containing 19 tons of tetraethyl
lead off Barcelona, at around 1500 m. deep. The cargo was probably
dislocated during the sinking and the tetraethyl lead will no
doubt remain in a localised zone. Slow degradation in tri, d4i,
monoethyl oxide and inorganic lead do not seem to affect marine
life,

Historical accidents concerning collisions, strandings, hull
and machinery incidents involving ships used for the transport of
liquefied gases, and Fire/explosion incidents that have occured on
the same carriers were examinated by Blything and Lewis (1%85) and
Blything and Edmonson (1984).

6.3 The risks of accidents (for the whole Mediterranean)

In 1984 approximately 2.7 % of the world's £fleet of ships
specialized in +transporting dangerous substances, equal to 31
ships out of 847, were involved in serious accidents. Of these 31
vessels, there were 4 explosions or fires, 3 collisions, six
groundings and 18 accidents for diverse reasons (running into a
dock, etc.).
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In texrms of a percentage of chemical/gas carriers' casualties
compared to oil tankers' <casualties, the chemical carriers
presented the highest accident rate, as shown in the table below ;
taken from the "Tanker Casualty Bulletin",

=

Ships |[TANKER CASUALTY SERIOUS TANKER
SHIP TYPE at 1984 CASUALTY (1984)
risk N° % N°® %
0il tankers 6,647 583 8.8 133 2.00
Combination carriers 400 93 23.3 11 2.75
Chemical carriers 847 131 15.5 31 3.66
Gas carriers 775 80 10.3 13 1.68

Table 13, involed in the Annex, gives the casualties which occured
in the Mediterranean during 1985 (socurce : Lloyds Register of
Shipping, 1985).

Lloyds' statistics for 1985 (table 13) showed that for
, Mediterranean, 31 losses and 23 casualties, divided in the

following casualty categories have, occured

Casualty category Losses Casualties Total
Foundered 10 2 12
Fire/Explosion 7 7 14
Collision 3 1 4
Contact 1 0 1
Wrecked/Stranded 7 10 17
War/hostilities 3 2 5
Miscellaneous 0 1 1
Total 31 23 54
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Among the 54 vessels which suffered casualties (for the
Mediterranean, Lloyds' data 1985) ;

General Cargos
Tankexs

Fishing

Bulk carriers
Ferries
Container Ships
L.G. Carrier
Ro-Ra

Supply Ship

- ek a aa NN W R =l

Considering hazardous cargo, the LPG "Brigitta Montanari®
which foundered on November 1984 but was cited on the Lloyds' list
for 1985, is, with no doubt, the most serious casualty for
hazardous materials. Tankers transporting fuel oxr gasoline can
cause a release of hazardous substances. But many "general cargos"
(with or without containers), have no specifications concerning
their loads.

A study by the Canadian Coast Guard, covering the years 1969
to 1972, showed that - for LNG carriers - of 4337 movements, no
cargo spillage occured ; however there were 6 groundings, 4 colli-

sions or contacts and 4 serious impacts.

In the Mediterranean, for an annual traffic of about 220,000
units, the number of accidents (all ships » 100 GRT) is about 60
per year, i.e. a likelihood of accident for every 1 out of 3700
ships or about 0.03 %. This average is comparable to that of the
Dutch territorial waters (0.02 %).

If we consider that 1/6 of the world's fleet of specialized
carriers. (i.e. : 140 chemical tankers) travel through the
Mediterranean, and also, that 3.7% of the world's serious
accidents involve this type of tanker, we can conclude that an
average of 5 chemical carriers per year will have accidents in the

Mediterranean.
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The same logic can be applied to liquefied gas carriers which
will give the figure of 2 accidents per year.

If we add the fleet of combination carriers and tankers
carrying packed chemicals, we cén estimate the number of accidents
for ships transporting hazardous substances within the
Mediterranean sea to be about ten per year. However statistics for
1985 (table 13) show that only 1 LG tanker was inveolved in a
casualty in the Mediterranean and no chemical carriers. Only
general cargos were able to transport HM, but we do not know their
nature,
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TABLE

(source

Details of total losses during 19

13 :
t Casualty Return, 1985 -

g8’

yd's Register of Shipping)
FOR THE MEDITERRANEAN SEA

fListed in alphabetical order of ship name within casuaity category.)

Foundered
Ship’s name and Gross
yast of build Tonnage Flag Type Voyage Cargo Circumstances and place Oate
AL HAD! 1183 " LeB m Ge.neral Cargo Chatkis —Sudan genetal 4 miles off Porto Rafui, Greece, after 3 Oct
1964 carge shifted.
m General Cargo Beirut—Limassol Sprang ieak in engine room and sank 8 10 Aug
?gg? 1Al 3% CYP s miles N.W, of Berrut.
i Sprang leak and presumed to have 2 Jan
JUsaAnN 138 ALG wm Fishing '
1959 T Side Trawler foundered 50 miles S.W. of Aimeria
®KOSTIS M 397 GRC m General Cargo Santorim Isiand —~ pumice 3 mules S, of los Island, Greece. 4 Mar
Pireeus
1961
neral Cargo Nisiros Island— PUMICS Presumed to have foundered off Crete 20 Oct
f‘(gg; 481  GRC m Gener g raklion in heavy weather,
LUCKY STAR 398 CYP m General Cargo Alexandria— Beirut potatoces & At Alexandrnia outer anchorage, in lat. 7 Feb
18568 artichokes 31 11 30N., long. 29 47 CQE., whilstn
1ow after sustaining man engine
breakdown.
 MARIOS M 8995 HON m General Cargo Rhodes—Lebanon . Off Cyprus, in lat. 36 OON., long. 32 28 Apr
- 1956 32E.
SINNO M. E. 1718 LEB m General Cargo/ Barcelona—Beirut containers 1 mile off Barcelona, after developing 28 Jun
1964 Vehicles Carrier & PVC list.
chips
TiM STAR 433 EGY m Tug/Supply Ship at Alexandria . Capsized and sank at Alexandria, inlat. 17 Jan
1976 Deck Cargo 3109 48N., long. 29 48 58E., in heavy
weather.
- -
vabt 396 TRK  m General Cargo Bandirma, Turkey—  pyrites 1} miles W. of Mare:ara Isfand. 12 Dec
1968 Ergek, Turkey
Fire/Explosion
Ship's name and Gross
year of build Tonnage Flag Type Voyage Cargo Circumstances and place Data
ANADOLUKAVAGI 781  TRK m Ferry at Karakoy Extensively damaged by fire at Karakoy, 5 Mar
1961 Istanbul; subsequently beached,
refloated, taken to Isunye and sold for
breaking up.
CAMPONAVIA 4222 SPN m Tanker at San Roque gasoline  Sank after explosion and fire whilst 26 May
1973 Terminal loading at San Roque Terminal,
Algeciras Bay; subsequently raised, sold
and broken up. <
ELEFTHERIA M 38275 LB m Tanker at Porto Marghera fuel oit Extensively damaged by fire in 1 Apr
1965 accommodation whiist discharging at
Porto Marghera; subsequently towed to-
Barcelona, sald and broken up.
HARIS 3621 CYP m Container Ship Limassol —Algiers Extensively damaged by fre msngine 15 Feb
1972 Fixed-guides room n lat. 36 49 QON., long. 01 47
30E,, and anchored off Algiers;
subsequently towed to Cartagena,
. o _ Spain, sold and broken up.
MAREL 9883 CYP m Bulk Carrier Thessalonki—Belgium , . Sank after explosion and fire inengine 14 Nov
" 1868 room off Cabo de Gata, Spain.
QDEA 3238 CyP m General Cargo Demerara—Greenock sugar & Caught fire in accommodauan in lat, 35 3 Qct
1870 empty 53N., long. 28 29W., and towed to
contamers Ponta Delgada; subsequently towed to

Greenock and thence to San Esteban de

Pr

avia, sold and broken up.



Fire/Explosion

Ship's name and Gross
year of build Tonnage  Flag Tyos Voysge Cargo Circumstancss and place Date
SELENE ARA 1559 ITL m Tanker Crvitavecchia — - Extensively damaged by explosion and & Aug
1875 Adriatc Sea fire 40 mules W, of Naples and sank off
. GaetaRoads.inlat. 41 11 42N, long.
T3 37 12E., whilst in tow In heavy
weather,
Collision =
f:‘ln's name and Gross
a1 of build Tonnage  Flag Type Voyage Cargo Circumstances and place Date
S ——
AGip
1982f\ﬂl)REx 1086 ITL m Suppily Ship Siracusa— , ., supples Sank after collision with ALHAMBRA, 24 Aug
Deck Cargo 12 miles S.W of Capo San Marco, in
lat. 37 20N., long. 12 54E.. in dense
fog.
MARIA MONICA 1 o e
1855 538 ITL m General Cargo Alexandria— . . o Sank after collision with UN-FORTUNE 12 Jan
otf Crate, 1n lat. 33 35N,, long. 27 30E.
ROSA GANCITAN rshi B
1976 0 148  ITL ;vlrdn lf;.fhm[g . .. Sank after collision with TODARO 4 Aug
e trawler 25 miles W, of Lampedusa, Italy.
Contact
Ship’ d Gross
":: :fn:‘::; an Tonnags  Flag Typs Vovyage Cargo Circumstances and piace Date
KI8RIS | 293 TRK  mRoRo Cargo/Ferry  at Morphou Bay . Struck jetty at Morphou Bay in heavy 4 Feb
1861 Deck Cargo weather; subsequently sank on §
February,
Wrecked/Stranded
Ship’s name and Gross
yesr of build Tonnage  Fiag Type Voyage Cargo Crreumstances and place Date
BRAVO 2 371 PAN m General Cargo at Limassol .o Stranded at Limassol m heavy weather, 18 Jan
1547 whilst laid up; subsequently refloated
and broken up.
GIORGICNE 20841 QI8 m Ta;uker . —Melilis e Stranded on rocks at Santa Panagia 17 Jan
1962 , Bay, in lat. 31 06 28N., long. 1517
22E., after moonings parted in heavy
weather; subsequently refloated, towed
to Algeciras, sold and broken up.
399 LEB m General Cargo at Jourueh .. Stranded 1n Joumeh Bay after dragging 5 Feb
KAZAR anchots (n heavy weather;
1966 subsequently refloated, sold and broken
up In sity.
485 HON m Gener‘al Cargo Limassol—Alexandna bentorute, Developed list inlat 33 40N, long. 34 14 Feb
LINA whisky & 10E., in heavy weather; subsequently
1955 general stranded and broke in two 15 miles N.
of Beswut an 21 February.
498 ITL m General Cargo Porto Empedocie— . Stranded an rocks off Capo Miseno, 27 Feb
MAIORCA Baia Baia; subsequently refloated, taken to
1962 Baia, beached and sold for breaking up.
ON 28587 MTA  m Genera! Cargo Setubal—Karach general Stranded off Punta Leana, inlat. 35 18 Jul
MANJEE MO 56N., long. 05 24W., after main gear
1969 shaft broke; subsequently refioated and
towed to Ceuta, sold and towed to
Cadiz for breaking up.
19099 TRK  m General Cargo . . Swanded otf Elaforusos Istand, S.W. 17 Jan
?-g%s Peloponnisos, in tat, 36 29N., long, 23

OOE., in heavy weather; suhsequently
refloated, renamed NEAPOLIS, taken to
Perama, said and broken up.
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Lost, etc.,

A1) War Loss/Damage During Hostilities

Ship 5 name and Gross

* yaar ot buid Tonnage Flag Typs Vovage Cargo Circumstances and place Date
ADEL 495 LEB m General Cargo at Tapol, Lebanon . Sunk duning hosuhities at Trpoli, 9 Oct
1959 Lebanon.
ATTAVIROS 493 PAN m General Cargo . Sunk duenng hostulittes 100 miles off 20 Apr
1860 israel,
SEADOLL2 1596 CYP n:l General Cargo/ Berwryr—.,. . Sank 20 miles off Berrut after mine 12 Sep
1968 Container Ship explosion.

Fixed-guides



Additional information (casualty)

-
This section contams recently reported total losses occurning prior to 1985,

Foundered
Ship’s narne and Gross
yaar of build Tonnage Fiag Type Circumstances, piace and date
AL TAIF 5284 SAU m Passenger/General . Reparted foundered in Suez Roads on 15 January,
1948 Cargo/Ferry 1981.
297 L m Liquefied Gas Carnier Reported foupdered off Sibenik, in lat. 43 42 54N.,
?S%TTA MONTANARI 129 LPG long. 15 33 4BE., on 16 November, 1284, after
deveioping hst,
Fire/Explosion
' d Gross
f:: ;fn:::; o Tonnage Flag Type Circurmstances, piace and date
ATLAS YV 724 PAN m Factory Fishing Reported damaged by fire in fat. 39 15N., jong, 12
1863 Fish-factory 14E., on 18 September, 1982, and taken to Napies;
subsequentiy broken up.
AZIZ 1365 LEB m General Cargo Reported extensively damaged by fire in engine
1953 room and accommodation in Beirut Roads on 26
February, 1883, 1n heavy weather and towed inte
port; subsequently towed to Limassol and broken
up.
EVANTHIAL 499 cyYp m General Cargo Reported extenswvely damaged by explosion and fire
1962 off Ancona, in lat. 43 22N., long. 14 22E,,0n 18
November, 1984; subsequently towed 10 Ortona
- and sold for breaking up.
FOLLO ’ 965 NCR m General Cargo Reported extensively damaged by fire in engine
1968 room off Algena, in lat. 38 25N., long. 07 45E., on
2 December, 1980 and towed to Caghari;
subsequently towed to Savona and broken up.
GIQANNAKIS 2624 GRC m General Carge Reported extensively damaged by explosion and fire
1858 v in engine room off Kos, in lat. 36 47N., long. 27
17E., on 1 March, 1983, towed 1o Amorgos Isiand
and beached the following day: subsequently
refioated, towed to Pirzeus and broken up.
GONGOLA 3002 GRC m General Cargo Reported extensively damaged by fire in engine
1871 T00Th and accornmodation S, of Crete, in lat. 34
40N,, long. 27 OCE.. on 29 December, 1982;
subsequently towed to Pirzeus, sold and broken up.
?521 4125 GRC m General Cargo Reported extensively damaged by fire in
accommodation at Bejaia on 18 December, 1982
whilst discharging cargo, subsequently towed to
Pirzeus and thence to Aspropyrgos, sold and broken
up.
Collision
Ship’s name and Grass
yesr of build Tonnage Flag Type Circumstances, place and date
PROMITHEUS 22593 PAN m Bulk Carrier Reported beached after collision with GARBIS and
1966 PASADENA n Aliven Bay on 2 March, 1984;

subsequently refloated, towed to Challus and thence
Pirazus and sold for breaking up.
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* Wrecked/Stranded

. d Gross

3:',9, ;::ﬂ: . Tonnage Flag Type Crrcumstances, place and date

ICANNIS M, 497 GRC m General Cargo Reported stranded and sank off Greece, in lat, 38 05

1962 36N.. long. 24 35 O0E., on 29 .July, 1984, 1n heavy
weather,

KVARNER 3185 YUG m General Cargo Reported damaged by stranding off Durres on 21

1946 Ref May, 1984, refloated, taken to Cres and Jaig up;
subsequently taken to Spht, soid and broken up.

LAMBROS 2783 GRC m General Cargo Reported stranded off Porto Palo, Sicily on 22

1963 September, 1384% subsequently refloated, towed to
Palermo, sold and broken up.

M. HARB 849 LEB m General Cargo Reported wrecked on breakwater at Limassol on & )

1966 March, 1984, after dragging anchor in heavy
weather,

MARITASIA 778 CyP m General Cargo Reported stranded off los, Greece on 11 July, 1984;

1962 subseguently refloated, towed to Pirzeus, sold and
broken up.

NAVICO 1253 LEB m General Cargo Reparted stranded off Symy istand on 17 November,

1985 1882, after engine troubie 1n heavy weather,
refloated and towed to Rhodes and thence to
Perama; subsequently taken to Berrut and thence to
Pireaus, sold and broken up,

?gggoco 115 PAN m Tug Reported wrecked between Alexandria and Port
Said on 14 May, 1980.

:IQISLSLIP 7 948 PAN m General Cargo Reported stranded off Laurium on 8 August, 1984,
after sustaining rudder trouble; subsequently
refloated and taken to port, towed to Pirasus and
thence to Gadan! Beach and sold for breaking up.

:’ggngON [ 3611 PAN m General Cargo Reported developed list and beached at Katakolo on

Ref 28 July, 1979; subsequently refloated, taken to
Elsusis, sold and broken up.
THIA DESPINA 11276 CYP m General Cargo Reported stranded off Port Said on 9 July, 1975,

1948 Ref fefloated, taken to Pirzeus and laid up; subsequently
taken to Aliaga, sold and broken up.

Lost, etc. )
(i) War Loss/Damage During Hostilities
Ship’s nams and Gross )
yaar of buid Tonnage Flag Type Circumstances, place and date
s ey Reported damaged durnng hostilities at Tripoli,
TY CHARM 537 cye m General Cargo Lebanon, on 18 December, 1983; subsequently
960 towed to Limassol, sold and broken up.,
Reported struck by missile and sank at Berut on 26
(1:;‘508”|(m 361 LEB m General Cargo Au%ust. ag4,
(iii} Miscellaneous
Ship* d Gross
Ve:: :f“;;:: an Tonnage Flag Type Circumstances, place and date
MARO 142 CYp m Generaf Cargo Reported lost off Lebanon in 1981.

1923
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~ The age of the vessels is a well-known risk factor, and the
likelihood of marine casualties will increase with an increase in
shipage.

The "guide on Maritime Transportation" - relying on data from
1982 for the French merchant fleet- mentions that

.
’

- of 7 liquefied gas tankers, 1 is older than 10 years and 1
is older than 15 years.

- of 9 chemical tankers, 1 is older than 20 years and 1 is
older than 25 years.

Data collected for chemicals loaded or discharged in
Marseilles-Fos during 1981 enabled us to elaborate Table 8 where
the chemicals are classified by the age of the carriers, notably
the classification of 10-20 years and that of more than 20 years.
The overall data {(for 1981) is presented in Table 13

Only one product was carried by old vessels : ammonium
nitrate which was carried (in 1981) on 57 voyages by ships more
than 20 years o0ld, and on 43 voyages by ships between 10 and 20
years old. (Ammonium nitrate is carried by small bulk carriers ox
by dry carges and presents a risk of explosion when exposed to
heat from a fire.)

The risk of accidents due to shipping of chemicals by old
carriers 1is low : only 4 other chemicals are carried at a
frequency of 10 to 20 movements per year by ships older than 20
years.

Sodium hydroxide has been transported on 85 vovages by 10 to
20 year old vessels. Xylene and arsenious anhydride have an annual
movement of 76 and 51 voyages respectively by ships more than 10
years old. However, for the majority of chemicals listed in Table
9, containing a large number of toxic chemicals transported in
packages, most of the transportation is done by ships which are
less than 10 years old.(data for 1981).
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6.4. Risks of accident (for ships coming into oxr out of the
Port of Marseilles-Fos). '

On the basis of the Casualty Risk Assessment proposed in the

o°

preceding section (6.3), which is 0©.03 for the entire
Mediterranean, we can estimate - on the basis of the frequency of
chemical transport - the probability of an accident which could

involve a chemical spill during a given period.

This estimation makes three assumptions

- The risk of marine casualty, calculated from data dealing
with all the traffic, is applicable to tankers carrying liquefied
gases and chemicals.

- The rxisk of ship accidents invelving hazardous substances
is only applicable for ships using the trade routes to and from
the Port of Marseilles-Fos.

- The risk of release of a chemical, in the case of a bulk
transportation, depends on the +type of the chemical carrier
(I, IT or III of IBC Code for example).

In order to extrapolate the frequency ¢f chemical traffic in
all the Mediterranean, we must have precise data regarding
chemical movements per year, especially through the Suez Canal and
the Strait of Gibraltar, which is not the case.

Table 9 is therefore based on the number of vovages for each
type of chemical. Thus, for liquified gases, the risk of an
accident involving a carrier transporting butane is 1 every 21
years ; for methane, 1 accident is probable every 27 years ; for
propane, one every 2B years. For all liquefied gases and volatile
liquids (listed in the IGC Code), the accident probability is one
LNG~LPG carrier approximately every 5 years. Using the same logic,
the probability of an accident for Bulk chemical carriers (parcel
tankers and coasters) is on the order of 1 accident every 1.2
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AVal IRANSPURIED CREMILALG (BULR + FPALRAGED FORM)
BY > 20 YEARS AND 10-20 YEARS OLD CARRIERS

:

{STOPPING AT HMARSEILLE-FOS)

8 : Bulk LOADED AND UNLOADED . |AGE CLASSES
- FOR SHIPS
. P 1 Packa an 138y ANNUAL
CHEMICALS AT HMARSEILLES/FOS TONNAGE
aged form 220 10-20
YEARS | YEARS
] __b, . _lAMMONIUM_NITRAYE __ . . ... ._|.51 .| &3. 2,868
] METHYLISOBUTYL KETONE 18 21 4,860
- [ SODIUM HYDROXIDE 17 (11 850,000
] ACETIC ACID 18 7 5,605
8 SULFUR . 10 a 433,250
T [ ] METHYLETHYL KETONE = _ & 10 %,82%
- ] TOLUENE DIISOCYANATE . ] 39 8,325
\ B ETHYLENE TETRACHLORIDE - s 21 $,190
P _ |sooiuM HYOROSULFITE ——— 5 13 2,029%
P SODIUM CYANIDE R s 1 2,830
8 POTASSIUM HYDROXIDE & 22 1,740
» ANHYDROUS ALUMINIUM CHLORIDE 3 L3 8,540
] HYDROGEN PEROXIDE - 3 23 93,81%
-] TOLYENE 2 23 b, 465
B SULFURIC ACID 3 18 T,32%
B DICHLOROMETHANE 3 16 4,245
8 SODIUM SULFIDE 3 5 1,618
P THIOGLYCOLIC ACID 3 ] 547
P PHOSPHORIC ANHYDRIDE 3 0 286
3 PHOSPHORIC ACID 2 32 21%,300
8 PHENOL 2 12 £,56%
8 FORHMIC ACID 2 g 1,690
] TRICHLORETHYLENE 2 ] 1,580
B NITRIC ACID 2 & 1,145
P ARSENIOUS ANHYDRIDE 1 50 4,650
8 BUTYLACRYLATE . 1 25 1,000
] TETRAETHYLLEAD .- 1 10 5,98¢
8 SODIUM NITRITE . 1 7 2,345
P ETHYL GLYCOL 1 [ 221
P ETHYL GLYCOL ACETATE 1 s 318
P CIMETHOATE 1 -4 1,325
B DIACETONE ALCOHOL , k| b - s02
B DICHLORO « 1,2 ETHANE _ 1 2 32,738
4 POTASSIUM NITRATE 1 2 127
. P SODIUM CHLORATE 1 0 8549
B TRICHLORETHANE 1 0 1%
B ACETONE 1 ] 44
8 XYLENE o 16 31,7130
B ETHANOL 1] 12 13.210
B NITROMETHANE [/} 10 410
8 N and ISOBUTAMNOL 0 8 16,245
B I1SOPROPANOL 0 ] 424
P BUTYL GLYCOL o 7 347
] ETHYL HEXANDL 0 [ 26,530
.} TRICHLOROBENZENE o 3 1,438
8 ETHANOLAMINE o & 18
B HYDROCHLCRIC ACID ) 0 ] 3.425
8 CHLORACETIC ACID 0 L} 1.80%
[} MONOETHYLENE GLYCOL [} [ §.730
B MONOPROPYLENE GLYCOL o 3 4,520
P DIMETHYLETHYLAMINE ] 3 308
p SODIUM PENTACHLOROPHENATE 0 3 227
P METHYL-4 PENTANOL-2 '] 3 100
(isobutylmethylcarbt nol)
8 FERROSILICON 1] 2 17,990
8 CHLORGFORM 0 2 7,150
8 HEPTANQIC ACID 0 2 3,710
P ARSENIC 0 2 561
P TRIMETHYLACETYL CHLORIDE 0 2 LTS8
8 OXALIC ACID 0 2 405
[ CHLORACETYL CHLORIDE o 2 3ss
P BUTYL PHENOL a 2 250
B HALEIC ANHYDRIDE q 2 242
B CHLOROSULFONIC ACID 0 2 212
P XYLIDINE 0 2 127
g P FORMOL Q 2 sa
P DIMETHYLDICHLOROSILANE ] 2 L 1]
P METHYLDICHLOROS ILANE 0 2 %1
[} METHANOL 0 1 §,925%
8 METHYL KETONE 0 1 2,788
8 01CHLOROBENZENE 0 1 2.00%
P CALCIUM CARBIDE 0 ] 932
8 ACRYLAMIDE 0 1 561
? TRINITROTOLUENE - a 1 300
B CALCIUM HYPOCHLORITE 0 1 203
B MORPHOLINE 0 1 173
P SODIUM ARSENITE a 1 137
P AMMONIUM BIFLUORIDE ] 1 86
8 PROPIONIC ACID o 1 58
P CYCLODODECATRIENE 0 1 &8
P ARSENIC PENTOXIDE (] t 34
s CYCLOHEXANE o 1 11
P ETHYL HEXYL o 1 11

— e




Table 9 : RISK OF RELEASE OF CHEMICALS (GN L-GPL, BULK AND PACKED CHEMICALS!,
FOR SHIP ROUTES TO AND FROM MARSEILLE-FOS.

LIQUEFTED GASES TO AND BULK CHEMICALS LOADED ANO UNLOADED AT MARSEILLE-FOS
FROM MARSEILLE/Fos - ‘
(ALL YEAR 1985) {IGC) { > 30 MOVEMENTS / YEAR)
ONE ' ONE ONE
NAME CASUALTY NAME  © CASUALTY NAME CASUALTY
EACH EACH EACH
BUTANE 20.7 YEARS|SULFUR 17.4 YEARS|METHANOL 62.7 YEARS
METHANE 27.0 " |SODIUM HYDROXIDE 18.5 * |DICHLOROMETHANE 4.9 "
PROPANE 26.0 ° |HYDROGEN PEROXIDE 22.8 " |METHYLISOBUTYLKETONE| 67.3 °
BROMOMETHANE | 43.3 " ]TOLUENE DIISOCYANATE | 23.7 " |NITRIC AcID §7.3 "
ETHYLENE 43.3 " {PHOSPHORIC ACID 28.0 " |TETRAETHYLLEAD 82.2 "
YINYLCHLORIDE |285 " IXYLENE 29.6 " |TRICHLOROBENZENE 86.0 "
PROPYLENE 308 " |suLFURIC ACID 31.9 * | TRICHLORETHYLENE 94.9 "
ISOPROPYLAMINE|336 *  |FERROSILICON 33.0 " |sopIuM SULFIDE 100 "
ETHYLENE OXIDE|370 *  |POTASSIUM HYDROXIDE 35.3  °  |BUTYL ACRYLATE 100 -
BUTADIENE 411 * |sopIuM NITRITE 42.5 " | ISOPROPANOL 109 -
ETHANOL 44.0 ° |DIPENTENE 1z - -
BENZENE .46.2 " [N and ISO BUTANOL  |123 )
AMMONIUM NITRATE 46.2 . " |DIACETONE ALcOHOL  |132 "
HYDROGCHLORIC ACID 47.4 ° |CALCIUM HYPOCHLORITE|168 .
FORMIC ACID 48.7 " |CHLOROFORN 218 -
ETHYLENE TETRACHLORIDE| 52.9  * |VINYLACETATE 217 "
METHYLETHYL KETONE 56.1 * |PHENOL 231 "
ACETIC ACID 55.1 * |DICHLOROBENZENE 264 "
TOLUENE 56.9
TRICHLORETHANE 56.9

PACKED CHEMICALS LOADED AND UNLOADED AT MARSEILLE-FOS
{ > 30 MOVEMENTS / YEAR)
ONE ’ ONE
NAME CASUALTY NAME CASUALTY
EACH EACH ,
I
DICHLORODIFLUOROMETHANE| 11.4 YEARS|THIOGLYCOLIC ACID 142.YEARS|
BARYUM CHLORIDE 14.0 - DIMETHOATE 168 " '
CHLORODIFLUGROMETHANE 20.0 " ANHYDROUS ALUMINIUM CHLORIDE! 176 -
HYDRAZINE 3¢.8 ® HEXAMETHYLENE TETRAMINE 195 "
ARSENIOUS ANHYDRIDE 36.3 " ETHYLGLYCOL ACETATE 195 "
CARBON DIOXIDE 3.5 * SODIUM CHKLORATE 218 -
CALCIUM CARBIDE 49.3 " ETHYL GLYCOL 218 "
SODIUM HYDROSULFITE 51.4 b SODIUM ARSENITE 218 "
TRIMETHYLACETYLCHLORIDE] 56.9 b SODIUM BISULFATE 267 "
SOOIUM CYANIDE 64.9 - SODIUM PENTACHLORQPHENATE 247 "
CALCIUM SILICIDE 67.3 " CARBON SULFIDE 308 b
OXYGEN 67.3 " POTASSIUM NITRATE 370 "
THIONYL CHLORIDE 8G.4 "
PHOSPHORUS 82.2 -
SODIUM CHLORITE 92.5 " )
FORMOL 112 - ;
NITROGEN PROTOXIDE 123 ) !
SODIUM NITRATE 123 -
I
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Table 10 = MEAN TONNAGE PER CHEMICAL AND PER MOVEMENT CARRIER

(a : BULK CHEMICALS, ¢ : LIQUEFIED GASES)

Table 10 a :

LOADED AND UNLOADED MEAN MEAN
CHEMICALS AT MARSEILLE/FOS| TONNAGE (Continue) TONNAGE

BULK CHEMICALS movement movement

SODIUM HYDROXIDE 6,370 MALEIC AMNMHYDRIDE 22
SULFUR 2,045 PHOSPHORUS TRICHLORIDE 20
DIISOBUTYLENE 1,500 FOGRMIC ACID 18
PHOSPHORIC ACID 1,335 MORPHOL INE 19
BENZENE 1,180 TRIMETHYLAMINE 19
ETHYL HEXANOL 1,160 NITRIC ACID 17
DICHLORO-1,2 ETHANE 934 DIPENTENE 17
HEPTANOIC ACID 928 BUTYL METHACRYLATE 17
MONOETHYLENE GLYCOL 887 POTASSIUM HYDROXIDE 17
DIETHYL HEXYL PHTALATE 800 ACETONE 15
MONOPROPYLENE GLYCOL 685 ISCPROPANOL 12
DIPROPYLENE GLYCOL 518 TOLUIDINE 12
CHLOROFORM 421 CYCLOHEXANE 11
N and ISO-BUTANOL 388 DICYCLOPENTADIENE 11
PHENOL 354 TRICHLORETHANE 9
METHYL KETCNE 348 CALCIUM HYPOCHLORITE 9
TRIETHYLAMINE 298 ISOBUTYL ACETATE 9
XYLENE 254 FERRIC CHLORIDE (]
DICHLOROPHENOL 181
FERROSILICON 161 |{Table 10 c :
ETHANOL 158
DICHLOROBENZENE 143 LIQUEFIED * GASES TO AND MEAN
TETRAETHYLLEAD 139 FROM MARSEILLE/FOS TONNAGE/
METHANOL 117 {ALL YEAR 1985) (IGC) MOVEMENT
CHLORACETIC ACID 106
AMMONIUM NITRATE 95 METHANE 17,500
METHYLETHYL KETONE 88 PROPANE 2,800
METHYLISOBUTYLKETONE 85 VINYLCHLORIDE 2,400
DICHLOROMETHANE 75 BUTANE 2,100
TETRACHLORETHYLENE T4 BUTADIENE 1,700
ACETIC ACID T1 DIISOBUTYLENE 1,500
TOLUENE 68 PROPYLENE 1,000
SULFURIC ACID 63 ISOPROPYLAMINE 50
HYDROGEN PEROXIDE 61 ETHYL ETHER 30
OXALIC ACID 51 BROMOMETHANE 5
VINYL ACETATE 46 ETHYLENE OXIDE 5
HYDROCHLORIC ACID I
SODIUM SULFIDE 44
CHLOROSULFONIC ACID 62 * Source : IFREMER and MARSEILLES
TOLUENE DIISOCYANATE 41 PORT AUTHORITY
TRICHLOR ETHYLENE 41
TITANIUM TETRACHLGCRIDE 39
ACRYLAMIDE 38
TRICHLOROBENZENE 37
PARACRESOL 34
DIACETONE ALCOHOL 32
SODIUM NITRITE 27
BUTYLACRYLATE 27
ETHANOLAMINE 27
NITROMETHANE 24
PROPIGNIC ACIOD 23




Table 10 b =

MEAN TONNAGE PER PACKED CHEMICAL AND PER MOVEMENT CARRIER

LOADED AND UNLOADED MEAN MEAN
CHEMICALS AT MARSEILLE/FOS | TONNAGE CONTINUE TONNAGE
PACKED CHEMICALS movement movement
ANHYDROUS ALUMINIUM- 412 METHYL CHLOROFORMATE 16
CHLORIDE BARYUM CHLORIDE 15
PHOSPHORUS PEROXIDE 80 PHOSPHORUS 15
DIMETHYLETHER ACETAMIDE 69 SODIUM PENTACHLOROPHENATE 15
SODIUM CYANIDE 66 METHYLISOCYANATE 15
TRINITROTOLUENE 60 PARATHION 15
ARSENIC 47 FORMOL 14
ARSENIOUS ANHYDRIDE 46 METHYL CARBONATE 14
CADMIUM 43 SODIUM CHLORITE 13
CHROMIUM TRIOXIDE 42 ETHYL GLYCOL 13
DIMETHOATE 38 POTASSIUM NITRATE 13
CARBON SULFIDE 38 DIMETHYLDICHLOROSILANE 13
D.D.T. 36 METHYLDICHLOROSILANE 13
ADIPIC ACID 386 CALCIUM CARBIDE 12
CHLORACETYL CHLORIDE 35 AMMONIUM BIFLUORIDE 12
DICHLOROPHENYLISOCYANATE 33 DIETHYLDICHLOROSILANE 11
SODIUM CHLORATE 32 ETHYL HEXYL 11
BUTYL PHENOL 3 HYDRAZINE 10
XYLIDINE 31 ZINC PHOSPHIDE 10
SODIUM HYDROSULFITE 28 CALCIUM SILICIDE g
LINDANE 25 SODIUM ARSENITE 8
CYCLODCDECATRIENE 24 ETHYL.2 HEXYLCHLOROFORMATE 8
THIOGLYCOLIC ACID 21 BENZOYL PEROXIDE 8
PARAPHENITIDINE 21 DICHLORODIFLUOROMETHANE 7
METHYL GLYCOL 21 TRIMETHYLACETYLCHLORIDE 7
PARAFORMALDEHYDE 21 SODIUM 7
BUTYL GLYCOL 20 SODIUM NITRATE 6
DIMETHYLETHYLAMINE 20 PARADICHLORDOBENZENE 6
SODIUM BISULFATE 19 HYDROQUINGONE 5
PHOSPHORIC ACID 19 CHLORODIFLUOROMETHANE 4
HEXAMETHYLENE TETRAMINE 18 RESORCINOL 4
ETHYL GLYCOL ACETATE 18 ETHYL ORTHOFORMATE 4
NICKEL NITRATE 18 CARBON DIOXIDE 3
ARSENIC ACID 18 THIONYL CHLORIDE 3
METHYL-4 PENTANOL-2 17 PHOSPHORUS PENTASULFIDE 3
ETHYL CHLOROFORMATE 17 OXYGEN 2
ARSENIC PENTOXIDE 17 METALDEHYDE 2
ISOBUTYL CHLOROFORMATE 17 NITROGEN PROTOXIDE 2
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yvears and for products transported in a packaged form, 1 accident
every 1.6 years. Ships transporting Sulfur and sodium hydroxide
have the highest risk of accident with 1 every 18 years. Dichloro-
difluoromethane and barium chloride have accident probability of
once every 11 and 14 years, respectivef&.

The likelihood of an accident involving H.M. carriers is
about 0.6/year* for LG + bulk + packaged chemicals ; this deals
only with vessels calling at the Poxt of Marseille-Fos.

7. HAZARDS FOR MAN AND THE ENVIRONMENT
IN THE CASE OF A CHEMICAL SPILL

7.1 General considerations

After evaluating the 1likelihood of accidents and the
subsequent likelihood of hazardous chemical (H.M.) release, it is
important to assess the hazards posed to man and the envirconment
which will vary according to the nature and the volume of spills.

Main hazardous factors are flammability and 1risk of
explosion. (Two other factors are the toxicity and corrosion). The
flammability factor relates to most part of the derivatives of the
petrochemical industry (classified as 2.1, 3.1, 4.1 in the IMDG
Code). The flammable substances cover a large group of products -
gases, liquids or solids - often present in the bulk or packed
tankers' cargos.

A particular place must be given te bulk liquefied gases. The
hazards due to flammable gases (2.1) are greater than liquids in
the same category (3.1) since they are rapidly vaporized in the
case of spillage. A fire which occurs near a LPG reservoir causing

* Calculated on the basis of 6000 ship movements per year of
which 3000 are for bulk chemical transportation, 2300 are for
chemicals transported in packages and 700 for liquified gases,
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the reservoir tank to overhead can lead to a B.L.E.V.E. (Boiling
Liquid Expanding Vapor Explosion). Flammable liquids can form
explosive mixtures with air, especially if +they are confined.

Flammable splids (classes 4.1 and 4.2) such as white
phosphorus or calcium carbide are able to burn due to spontaneous
combustion or by reacting with water in order to release flammable
gases.

In addition to hazards related to the flammability (fire,
explosion, burns) those due to a chemical's toxicity can be two
fold

- intoxication or asphyxia due to toxic vapors

- skin damages

This is observed when the substances give rise to a toxic gas
cloud which may extend over a much larger distance than the
chemical spill itself.

All these aspects are described in the "IMO Antipollution
Manual on Spillages other than 0il" whose first section evaluates
the dangers related to chemical spills.

Among the methods used to gquantify dangers for man and the

environment :

- c¢lassification of chemicals according +to their physical
properties (density, vapor pressure, miscibility with
water) : evaporators, floaters, dissolvers, sinkers.(See
Table 12 for the name group explanation).

- a classification of chemicals according to their toxicity
for man and the environment (see annex IV)
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7.2. sifi ion i [o) ica ort

In order to evaluate the dangers related to H.M.
transportation in the Mediterranean, and those related to loading
or unloading at Marseilles-Fos, three tables have been preparxed

i) a calculation of transported tonnage for each chemical,
per movement (Tables 10 a-b~-c)

ii) a classification of chemicals (in decreasing tonnages),
dangerous for the environment ( 2 or + in Column A, 3 or
4 in Column B, or XX or XXX in Column E} and for man (IX
in Column D) (Tables 11, a, b, ¢, d4) and annex IV for the
GESAMP categories.

iii) For substances most often transported (in tonnage)
chemicals from Categories I, IIb and IIIb (presenting
dangers to man) and from III and IV (dangers for the
environment), the risk of release was evaluated (table 12)

Table 10a gives the average tonnage loaded on a ship for each
bulk chemical : sodium hydroxide is the product whose unit tonnage
is the highest (more than 6000 +tons). For oxrganic chemicals,
diisobutylene, benzene and ethyl hexancol axe loaded at moxre than
1000 tons per carrier.

Table 10b gives the same information for chemicals transpor-
ted in a packaged form. The individual tonnages do not exceed 100
tons except for anhydrous aluminum chloride whose cargo weight per
ship is about 400 tons.

The c¢hemicals which are hazardous %0 man or to +the
environment are shown in Table 11.

For LPG (Table 10c¢), propane, butane and vinyl chloride have
the most tonnage per ship (between 2000 and 3000 tons)
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Benzene is among the products which are the most hazardous to
the environment and the most often transported in bulk, at about
100 Q00 tons per year. Several other hazardous substances are
transported at tonnages 1less than 10 000 tons/year such as
chloroform, toluene, diisocyanate, tetraethyl lead and phenol
(Table 11a).

Among packaged chemicals considered most dangerous for +he
environment, (table 11b) arsenious anhydride 1is more often
transported in the Mediterranean (about 5,000 tons/vear) than even
in othexr seas. Other hazardous substances, which are listed in a
decreasing order according to for their tonnages, are sodium
cyanide, sodium hydrosulfite, dimethoate, and hydrazine.

Paradoxically, we have not listed methyl parathion for more
than 10 tons per cargo because this organic phosphorus is
transported in large quantities (approximately 1500 tons/year) for
the French ports of the Atlantic (CEDRE report R 86.216 R).

The following products are toxic for man and are the most
often transported

- among the products transported in Bulk (Table 11c), 17
substances have been listed of which 9 are carried with tonnages
greater than 1000 tons per year : benzene, toluene diisocyanate,
tetra ethyl lead, phenol, dichlero-1, 2 ethane, sodium sulfide,
trichloroethylene, dichlorophenol, nitric acid.

~ amohg the packaged products {(Table 11d), 3 substances are
transported with an annual weight greater than 1,000 tons per year
hydrazine with 1,255 +tons, sodium hydrosulfite with 2,024 tons,
arsenious anhydride with 4,875 tons (which 1s equal to about
20,000 drums of 250 kilograms per vear).

The hazards for man and the environment of the principal
chemical groups are shown in Table 12. According to the
RIJKSWATERSTAAT groups I, II b and III b are the most hazardous to
man while the chemicals 0f groups III and IV are the most noxious
for the environment.
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a - BULK CHEMICALS INVOLVING THE HIGHEST RISK

FOR THE ENVIRONMENT.

LOADED AND UNLGCADED ANNUAL
CHEMICALS AT MARSEILLES/FOS

BULK CHEMICALS TONNAGE
BENZENE 94,400
CHLOROFORM 7,150
TOLUENE DIISOCYANATE 6,325
TETRA ETHYLLEAD 5,980
PHENOL 5,665
ETHYLENE TETRACHLORIDE 5,190
DICHLORO-1,2 ETHANE 3,138
SODIUM NITRITE 2,345
DICHLCROBENZENE 2,005
SOPIUM SULFIDE 1,615
TRICHLORETHYLENE 1,590
TRICHLOROBENZENE 1,435
DICHLOROPHENOL 1,355
ALKYLBENZENE 1,000
TRICHLORETHANE 545
ACRYLAMIDE 4861
ISOPROPANOL 424
TITANIUM TETRACHLORIDE 351
MALEIC ANHYDRIDE 242
CALCIUM HYPOCHLORIDE 203
PHOSPHORUS TRICHLORIDE 183
TOLUIDINE &7
PARACRESOL 34




11 b - PACKED CHEMICALS INVOLVING THE HIGHEST RISK
FOR THE ENVIRONMENT.

LOADED AND UNLOADED ANNUAL
CHEMICALS AT MARSEILLES/FOS

PACKED CHEMICALS TONNAGE
ARSENIOUS ANHYDRIDE 4,460
SODIUM CYANIDE 2,630
SODIUM HYDROSULFITE 2,025
DIMETHOATE 1,325
HYDRAZINE 1,255
PHOSPHORUS 690
ARSENIC 561
THIOGLYCOLIC ACID 547
CARBON SULFIDE 447
TRINITROTOLUENE 300
CARBON DIOXIDE 240
SODIUM PENTACHLOROPHENATE 227
D.D.T. 182
LINDANE 178
SODIUM ARSENITE 137
METHYL CARBONATE 98
CHROMIUM TRIOXIDE 85
METHYLCHLOROFORMATE 80
PHOSPHORUS PEROXIDE 8o
ZINC PHOSPHIDE 50
ETHYLCHLOROFORMATE 50
CYCLODODECATRIENE 46|
CADMIUM 43
ARSENIC PENTOXIDE 34
ARSENIC ACID 18
PARATHION 15




11 ¢ - BULK CHEMICALS INVOLVING THE HIGHEST RISK

FOR MAN.
LOADED AND UNLOADED ANNUAL

CHEMICALS AT MARSEILLES/FOS

BULK CHEMICALS TONNAGE
BENZENE 94,400
TOLUENE DIISOCYANATE 6,325
TETRAETHYLLEAD 5,880
PHENOL 5,665
DICHLORO-1,2 ETHANE 3,725
SODIUM SULFIDE 1,615
TRICHLORETHYLENE 1,580
DICHLOROPHENOL 1,355
NITRIC ACID 1,145
ACRYLAMIDE 0461
ISCPROPANOL 0424
TITANIUM TETRACHLORIDE 0351
MALEIC ANHYDRIDE D242
PHOSPHORUS TRICHLORIDE g183
TOLUIDINE 0047
PARACRESOL 0034
CYCLOHEXANE 0011




Table 11 :

11 d - PACKED CHEMICALS INVOLVING THE HIGHEST RISK

FOR MAN. )
=
LOADED AND UNLOADED ANNUAL
CHEMICALS AT MARSEILLES/FOS
PACKED CHEMICALS TONNAGE
ARSENIOUS ANHYDRIDE 4,875
SODIUM HYDROSULFITE 2,024
HYDRAZINE 1,255
PHOSPHORUS g6940
ARSENIC 0561
THIOGLYCOLIC ACID 0547
PARAPHENITIDINE 0368
TRINITROTOLUENE 0300
CARBON DIOXIDE az40
THIONYLCHLORIDE 0143
XYLIDINE 0127
METHYL CARBONATE 0088
DICHLOROPHENYLISOCYANATE gosz
METHYL CHLOROFORMATE 6080
PHOSPHORUS PEROXIDE ) coso
METHYL DICHLOROSTLANE 0051
DIMETHYL DICHLOROSILANE ans1
ZINC PHOSPHIDE 0050
ETHYL CHLOROFORMATE g0sao
CYCLODODECATRIENE 0048
CADMIUM G643
METHYL ISOCYANATE 0015
PARATHION po1s
DIETHYL DICHLOROSILANE co11




RISK OF RELEASE BASED UPON CHEMICAL GROUPS
FOR THE 38 MOST TRANSPORTED BULK CHEMICALS
(307 IN YEARLY MOVEMENTS) AND RESPECTIVE
THREATS FOR MAN AND ENVIRONMENT,

CHEMICAL ANNUAL ONE HAZARD :
CASUALTY | - M FOR MAN
GROUP MOVEMENTS EACH : |- E FOCR
ENVIRONMENT
I 33 112 YEARS M
IT a 8 460 " /
IT b 3712 10 " M
TOTAL I1I 380 1o " M
II1 a 989 5 " E
I1I1 b 118 31" M
I1I ¢ 378 10 " E
TOTAL III 1485 3 " M,E
IV a 622 8 " E
IV ¢ 156 24 " E
TOTAL 1V 778 5 " E




IDENTIFICATION OF THE CHEMICAL GROUPS CITED IN THE TABLE 12

GROUP T 3 EVAPORATORS

Chemicals carvied pressurized or undercooled.
I-A: lighter density relative to air.
rapid dispersion.

I-B: heavier density relative to air.
specific cautions must be applied.

GROUP Il: FLOATERS .
Group IIa.
Floating substances slowly evaporating, but not dissol-—
ving. - . .
Grou—p IIb. R .. ‘- h
Floating substances and evaporating. Depending on the vapour
prassure explosive and/or toxid gasconcentrations may be

produced above the fleating pellutant. -

Group IIC.
Floating substances, slowly dissclving or reacting with

water,

GROUP TI1: DISSOLVERS/MIXERS

. Gruup IITa.
Substances dissolving In water, not reacting with water

and not rapidly evaporating -

Group ILIb.

Substances dissolving in water, rapidly gasifying oxr
evaporating. . . i
In spite of dissolving, inflammable mixtures may form
above the watersurface, . .

Group IXITc.
Gubstances reacting with water and dissolving.

GROUP IV: SINKERS
Group IVa.
Sir_xking substances not soluble and not reacting with wa— °
texr _
Group IVb. .
Substances initially sinking, than refloating
Croup IVe. B
Substances initfally sinking. Afterwards dissolving ex
reacting with water s e
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The probability of a accident associated with each chemical
group has also been determined for the chemicals themselves (table
9). The chemicals of group III (about 1 casualty every 3 years)
and more specifically group III-a (1 casualty every 4 years) have
the highest rate of risk.

7.3. vironment Vulnerabilit e

A method for measuring the coastline's vulnerability to oil
spills, which could be considered an environmental sensitivity
index, has been perfected by CEDRE to predict the effect of an oil
spill on a coastline's fishing and aquacultural rescurces. This
method which was originally designed with oil spills is also able
to be applied to some large scale floating chemical spills. The
index will permit estimations of the gquantity (in +tons) of
shellfish and fish which will be damaged on a given coastline in
the event of a spill. The method takes intec consideration the
depth and the geomorphology of the coast.

This information can be found in an Atlas which also lists
~ using well explained maps - all the necessary information for
pollution control operations in order +o preserve the maritime
patrimony. The data have been published in the CEDRE Report "Atlas
of the Rhone Delta and its Surroundings”.

8. CONCLUSIONS ON THE RISK ASSESSMENT OF MARINE CASUALTIES
INVOLVING HAZARDOUS SUBSTANCES CARRIED BY SHIPS IN THE
MEDITERRANEAN

The major point deals with the large amount of traffic of
hazardous substances occuring in the Mediterranean and especially
for carriers crossing via the Suez Canal or the Bosporus and
Gibraltar, and those loading or unloading at the Spanish, French
or Italian petrochemical complexes. An increasing accident risk is
the result of the increased chemical transport especially near the
straits (Gibraltar, Bosporus, Messina), the trade routes along
certain coastal areas (Cabo-da-Gata in Spain, along the Italian
peninsula, in the Greek archipelago), or in zones of traffic
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intersection or convergence. Although the casualties qualified as
"serious" have only rarely involved carriers of liquefied gases or
chemicals, the 1likelihood of a chemical spill related to such
accidents will increase with an increase in our needs for natural
resources and energy. An obvious example is an increase in
maritime transportation of gasoline boosters which are based on
ether or methanol, and which will progressively replace lead
derivatives in anti-knock gasoline.

Generally;, very few products are transported in bulk and in
large gquantity (more +than 100,000 tons/year) but there are
numerous chemicals which are shipped in small quantities and the
products which have +the greatest tonnage (sodium hydroxide,
sulfur, phosphoric acid) are not the most dangerous.

For the packed chemicals (43 % of ships' movements, 2.4 % of
total tonnage), the cargos 4o not exceed 10,000 tons per year, and
the most often transported cargos are less than 100 tons (per
chemical and per movement) and are generally hazardous for man or
’the environment. Containers of dangerous substances are able to be
swept overboard, especially when carried on the deck. If +the
containers are not recovered they can deteriorate and cause
damage.

The hydrological particularities of the Mediterranean, the
diversity of biological species, make this area vulnerable. The
large amount of hazardous substances' maritime traffic (a great
many products with a small tonnage) leads to a need to preserve
the Mediterranean, especially along the coastlines where the majoxr
part of the traffic takes place, from any chemical spillage.



Table 14 : REQUIRED SORBENT RATIO FOR SORPTION OF CHEMICALS

CHEMICAL DRY "BULTHANE" OPTIMUM
CHEMICAL NAMES WEIGHT WEIGHT RAFIOS
(g} {g) {in weight)

Butanol 24,1 1,2 r = 20
Butyl Acetate 23,8 0,9 r = 26
Cuméne 24,1 1,8 r = 13
Cyclohexane 26,7 1.1 r = 22
Cyclohexanone 24,0 0.8 r = 30
Méthyl-éthyl-kétone 24,3 1.3 r = 18
Méthyl-isobutyl-kétone 24,0 1.3 r = 18
Tocluéne 24,7 1,9 r = 16
Xyléne 24,0 1.4 r = 17

in "Absorption et ‘Agglomération de produits chimiques”

CEDRE Report n" R.86.193.R.,

19856, by H.

DIDIER




Table 15 :)Ainimum Amount of Gelling Agents Required to Form an Immobile Gen (g/10 mi)

MINIMUM AMOUNT OQF GELLING AGENTS REQUIRED
TO FORM AN IMMOBILE GEL (g/10ml)
A 1422 Hyecar
Chemical Gelgard Imbiber Beads (2% Cabosil) Carbopol Blend A*
(10 ml) (grams) (grams) (grams) (grams) (grams)
Acetone mee— ——— 0.58 1.38 1.15
Acetone Cyanohydrin 11.6 -—— 1.23 2.64 2.10
Acrylonitrile 5.47 4,21 0.58 1.43 1.25
Ammonium Hydroxide 0.22 ——— . wm—— ———— 0.32
Aniline ———— ——— 0.72 -——- 1.47
Benzaldehyde ———— 2.95 0.54 -—=- 1.57
Benzene ———- 0.58 0.54 ——— 0.59
8utanol -—- ———— ———— 0.74 1.74
Carbon Disulfide 7.58 0.79 2.50 -—— 1.25
|1 Carbon Tetrachloride ———— 0.42 ——— 1.41 1.20
Chlorine Water 0.14 ———— —_—— - 0.47
Chioroform ———— 0.47 0.33 cu—— 0.76
Cyclohexane ———— 0.95 ———- ———— 0.88
Cvclohexanone ———— 2.52 0.54 ———— 1.35
Ethanol ——— —— ———— 0.52 0.98
Ethyl Acetate ———— 0.89 0.72 ———— 1.05
Ethylene Dichloride ———- 1.10 0.43 ———— 1.08
Ethylene Glycol 4,32 ———— —— 0.67 0.78
Formaldehyde 0.58 —— ———— 0.74 0.52
Gasoline - 0.74 3.62 _———— 1.27
Isoprene “——— 0.42 1.52 ——— 0.83
Isepropyl Alcohol ———— —— -———— 1.11 1.94
Kerosene w——— 2.37 6.11 ———— 1.94
Methanol ———— -——— ——— 0.57 1.03
Methylethyl Ketone - 0.84 0.54 -———— 1.13
Octane ———— 4.05 ———— 1.61 1.89
o-Dichlorobenzene ———— 0.74 0.51 ———— 1.08
Petroleum Ether 3.74 0.58 2.17 ———- 1.03
Phenol -—— -— 0.54 1.80 1.20
Pyridine ———— 1.58 0.51 ———— 1.03
Sulfurie Acid 1.22 -——— 1.45 ———— 0.98
Tetrahydrofuran —_— 0,68 0.47 0.94 0.76
Trichloroethylene -—-- 0.63 0.47 T 0.31
Water 0.07 - * ——— ———— 0.12
Xylene ———— 0.74 1.09 ——— 1.18

* 20% of each of following ingredients: Gelgard, Imbiber Beads, Hycar (2%
Cabosil), Carbopol and Cabesil.

OPTIMIZATION OF UNIVERSAL GELLING AGENT AND
DEVELOPMENT OF MEANS OF APPLYING TO SPILLED
HAZARDOUS MATERIALS

1.G. MICHALOVIC, C.K. AKERS, R.E. BAIER and R.J. PILIE
Calspan Corp.
Buflalo, New Yark
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Application of Annex II of the 73/78 MARPOL convention and
the eventual installation of a Mediterranean VTS will cdnsiderably
lower the risks. However, in the meantime, and probably during the
next 10 years, as we observe an augmentation in chemical
transportation (increased "finished chemicals" pfbduction in the
Middle East, increased consumption in southern Europe) risks of
serious casualties involving H.M. will increase. In the event of
a spill, it will be necessary to intervene with a maximum of speed
and efficiency in order to minimize the hazards for man, as well
as for the environment and even for the ships themselves.

9 - PTION H ROBLEMS ASSOCIATED WIT OMBATIN N
TION A ous S - VERVIEW -

Numerous information which deal with a control of marine
pollution by hazardous substances -~ and some specific problems -~
have been presented in 1986 during +the course : “HAZARDOUS
MATERIAL SPILL IN THE MARITIME SECTOR" organized at the Rotterdam
International Safety Centre (R.I.5.C.), on behalf of the
Commission of the European Communities. Studies presented by D.
Cormack, W. Koops, B. Loostrom, H.J.G. Walenkamp and J.A.C. Van
Rooy describedcase studies of accidents, what needs to be done for
hazardous chemical spills and what is the best response to
specific hazardous chemical(s) behaviour.(cf. annex IX)

In the event of an accidental marine peollution involving
hazardous c¢argoes, it is most important to know the exact nature
and tonnage of involved chemicals, and also the oceanographic
feature and topography of the bottom (in the case of sinkers) at
the accident's location.

Computer models, 1like HACS, or response manuals (like the
Tanker Safety Guide, the CHRIS manual, the UK Department Trade's
SEACHEM, the CANUTEC manuals) are useful to predict the chemicals’
behaviour, to assess the risk and to give informations for an
appropriate intervention.
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Also, specific countermeasures have to be undertaken in view
of combating spillages, especially for floaters, dissolvers/
dispersers or sinkers. The case of volatile chemicals is a special
one because of the potentially toxic cloud formation and dangers
of flamability. =

9.1- Available data

The United States has already worked in this field for many
years ; in 1972, there was a program developing "first generation"
technology for hazardous materials spill control. The Coast Guard
and Environmental Protection Agency (E.P.A.) are involved in the
control of accidental spills respectively on sea and on land,

For this reason, the Coast Guard designed the CHRIS (Chemical
Hazard Response Information System) on the basis of bibliographic
data. This manual file gives the physical characteristics, the
toxicity for aquatic life, the hazards for water intakes and the
countermeasures when available, for 1,000 substances. Furthermore,
a hazard assessment computer system will determine for a lake or a
river the arrival time, concentration and duration of a pollution,
Fhe countermeasure, and the amount of products needed.

In +the EPA laboratory, experiments are carried out to
determine the agquatic toxicity of some 'substances and to improve
the c¢ountermeasures available. They use the NIH/EPA Chemical

Information System in which data banks such as the following are
stored

-  OHM-TADS (0il and Hazardous Materials - Technical
Assistance Data System) : data concerning 1000 substances
transported in large quantities,

- RTECS (Registry of Toxic Effects of Chemical Substances)
made by the National Institute of Occupational Safety and
Health ; it contains 40 000 toxicity measures, some
concerning aquatic life.
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The Manufacturing Chemists Association, designed CHEMTREC
(Chemical Transportation Emergency Center), is a round-the-clock
emergency service, which can give information on hazards of many
chemical products and rapidly alert the chemical company official
when an accident occurs.

When the Coast Guard are asked information on a product which
is not listed in their file, they refer you to CHEMTREC.

- U.K. is now finishing a file on 100 to 200 products carried in
bulk, giving their toxicity and the countermeasures to use when a
spill occurs at sea. The London fire brigade has the use of a
HAZCHEM micro-card system for 6000 products.

- Germany has a data bank (DABAWAS) for 3500 products containing
their physical and +oxicological data (mainly aquatic), their
ability to damage the environment and the countermeasures ¢ use
when an accident occurs.

- The EEC has launched a project ECDIN which would stock data on
25 000 products. This project is now in its first stage and freely
available, but does not have much data. Even if the main priority
is based on the collection of physical, chemical and toxicological
data for a small amount of products, the operational stage will
not be available before 4 to 5 years.

- IRPTC (International Register on Potentially Toxic Chemicals),
of UNEP and IPCS (International Program on Chemical Safety), of
WHO, both in Geneva, have relevant information for the most toxic
substances indispensible for H.M. behaviour knowledge in case of
an intervention.

- In France, some data are stored in different banks(INSERM,
IRCHA) and in chemical companies. On the other hand, the French
fire brigade has set up a list of all dangerous products carried
in France (whatever their means of transportation) which allows an
immediate identification of the substance involved in an
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accident. For each of these 8000 products the card will contain
physical, chemical and toxicological characteristics, the hazards
and the countermeasures.

- Other countries such as Sweden, the Netherlands and Belgium have
developped structures to deal with accidental spills.

9.2. Check- count easu

The first thing to do in case of an H.M. spillage is to look
at the lightening possibility in view of minimizing the release at
sea of hazardous substances. It is in this framework that CEDRE,
in 1986, looked at the possibilities ¢of use of on-board equipment
or additional equipment for off loading the hazardous cargo of a
dissabled ship (R.86.210.C). Indeed, each tank is generally
equipped with a hydraulic submerse pump. Tankers are also, in
many cases, equipped with a hydraulic central powerpack.

From the point of view of discharging in water, three
characteristics are of prime interest. The first is the specific
gravity of the substance, i.e. whether it will sink or float ; the
,second is the miscibility of the substance, i.e. whether it will
mix, dissolve or remain a cohesive whole which can be tracked and
attacked;the third one is the vapeur pressure.

Products which float and do not mix in water are the easiest
to deal with, since methods have been developed to combat o0il
spills for many years.

The others are considerably more difficult o handle ;
nevertheless, some experiments and researches concern

- booms

- dredging for sinking products

- stixring to improve dispersion

- sorbents, dispersants, neutralizing products...
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It is useful to consider counter pollution methods for each
category

a) for gas clouds (extracted from "Response Measures for
Chemical Spillage, BAWG-QOTSOPA 10/12/1-E by D. Cormack)

Evaporation of volatile components from crude oil spills removes
all those with boiling points < 250°C in a few hours. Such
evaporation does not appear to give rise to hazardous atmospheres
outside the confines of the slick but within the slick itself,
when fresh, there is the possibility of fire where the veolatile
components of the surface slick burn leaving a heavy residue. Much
effort has been devoted in the past to the intentional combustion
of oil slicks as a means of removal but without success. It is
found +that the thinness of +the surface 1layer, the water
temperature beneath, and the presence of non-volatile components
will prevent complete combustion. With pure chemicals of suitable
volatility, however, this might be a feasible sclution in certain
cases.

High volatility on the other hand gives rise to concern
regarding the possibility of toxic or explosive vapour clouds even
at a distance from the spill. There is much talk of the possible
need to evacuate local populations. Decisions on this will
obviously be dependent on the ability to predict concentrations of
a product in the atmosphere at a distance from the spill.
Assessment must obviously be done on a predictive basis as
evacuation, if required, must clearly be carried out prior to the
arrival of the cloud. Analytical detection methods will be of more

use in subsequently declaring the evacuated area safe again.

Similar considerations apply to traffic at sea in the
vicinity of the slick and it may be necessary to close areas down
wind of the casualty. Again at sea and from the point of view of
beach use, where socluble products are involved, there will be
concern to know on a predictive basis, the concentration of a
product in the sea.

At least, we have to inform that CEDRE, in cooperation with
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CEPPOL, defined and tested a chemical protected cloth for inter-
vention in polluted areas.

b) for floaters
o
The intervention, by <chemical or mecanical means, is
dependent on the ability of the chemicals to dissoclve/evaporate,
i.e. to persist at the surface of the water.

- treating of floating spills of chemicals by sorbents

(extracted from "treating of floating spills of chemicals on the
water surface by systems using sorbent materials or other agents",
Swedish Board of Customs, Cocasts Guard H.Q., by B. Loostrdm)

Spills into the water of liquid chemicals, with density less
than water and which are inscluble or very slightly soluble in
water, behave in a similar way to oil spills. Such chemical spills
can, in principle, be recovered in the same way as oil spills.
Mineral oils are generally rather viscous and form more or less
thick layers on the water surface which are very often available
for recovery actions. This distinguishes ocils from many chemicals.

Most of the liquid chemicals, which are carried at sea, are
less viscous than mineral oils. When spilled into the water, such
chemicals rapidly form thin layers on the water surface which are
most difficult to recover than most oils. Nevertheless it has been
shown that recovery of certain floating chemicals can be performed
and will be enhanced by using sorbents and other treating agents.

During experiments in a large (20 x 200 metres) U.S.
Environmental Protection Agency +test tank (OHMSETT), spilled
octanol and dioctylphtalate have been successfully recovered by a
system using small polyurethane sorbent cubes as well as a system
with an oleophilic xope. At the exhibition of the 1986 Hazardous
Material Spills Conference, St Louis, Missouri, information was
given about recovery of a xylene spill by means of 3M sorbent
(polypropylene) and an oleophilic rope (o0il Mop). Other sorbents
are based on a t-butyl styrene polymer (DOW Chemical).
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Laboratory experiments done at CEDRE (1986), showed that

- adapted sorbents can be used to soak up most floating and
insoluble hazardous chemicals

- a subsequent packing is not strong enough to enable its
collection by trawling at high speed.

Table 15 shows the required chemical/sorbent ratio.

- use of gelling agents (extracted from Loostrdm, same reference
as above and from the EPA Project summary “Three new technigues
for floating pollutant spill control and recovery", by Bannister
et al.)

Several experiments and +trials have been performed with
agents that thicken spilled chemicals to gels and thus make them
easier to handle. The purpose is to increase the thickness of the
layers of spilled chemicals on the water suxrface and thus
facilitate recovery by means of skimmers or similar equipment.

An E.P.A. paper deals with recovery of floating hazardous
materials spills in water bodies by amine carbamate gelling agents
and with two methods for 1locating near surface peollutants
fluorescent agents for nighttime operations and "environmental
sonic sensing".

Amine carbamate gelling agents can be used to gel o0il and
floating HM spills quickly and completely to a solid consistency.
This gel is much more visible than the liquid pcllutant, does not
readily flow or spread, 1is very easily, gquickly, and completely
recovered by nets or sieves, is much less volatile {and thus less
hazardous with regard to fire and toxicity), does not permeate
sand or other porous materials, and can be easily regenerated into
the original pollutant and gelling components.

Efforts to optimise the use of gelling agents have been done
by Michalovic et_al who prepared table n°® 15. They concluded that

the experiments produced good results ; however a parameter which
nust alsc considered is the elevated price of the gelling agents.
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However, gelling agents - as well as sorbents - are limited
to spillages of small extent.

- dispersing HM spills (Extracted from “Response to 0il and
ChemiZal Marine ©Pollution, by Cormack, 1983, and from a
DORNIER/FSSH paper intitled "Transport von Chemikalien auf See",
1983).

The viscosities of bulk chemical cargoes suggest that they
will, in the majority of cases, be amenable +to dispersant
treatment. Indeed, by analogy to the case of light diesel oil it
could be considered that natural dispersion will be so rapid that
the application of dispersants is unnecessary. However, in some
cases the hazards to human health may be such that it would be
unacceptable, if at all avoidable, to have a particular chemical
come ashore. This is true for the substances for which counter-
measures are only possible on a short term basis : aniline ;
N~butanol ; Adiponitrile. These substances evaporate relatively
guickly and present particular health, fire and explosion hazards,
and it would be preferable to disperse them. Objections toc such a
course of action are difficult to sustain irregardless of any
,damage to the marine environment. According to Cormack (1983), the
use of aircraft spraying means that the dispersant can be applied
to the chemical from a relatively safe position for the anti-
pollution personnel compared to that of ship-board application.

~ Mechanical recovery of floating spilled chemicals (from

Cormack, 19B3, same reference as above),

If chemicals are solid at ambiant temperatures, nets, screens

Or Ccresepers can be used.

Booms and skimmers may be used for chemical spills in some
cases, However, hazardous materials which could be physically
recoverable may not in fact be safe to handle in this way. With
hazardous material of this type the best approach will be to
disperse.
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A recent CEDRE report (R.86.225.C) deals with containment and
recovery of pollutants discharged from chemical carriers. It
concerns the adaptation of existing equipment, such as FRAMO TK 5,
JK 6, TK 8, MARFLEX pumps and recovery devices such as "SIRENE"
and “POLLUTANK" which can be used for the recovery of wvarious
hazardous chemicals. Laboratory experiments were also performed to
estimate +the aggressive behaviocur of chemicals on equipment
components like pump bodies, tubes, joints,

c) for dissolvers (Extracted from "Hazard assessment and
identification of dissolvers and dispersers", by B. Loostxrom,
R.I.5.C., 1986 and the paper presented at BAWG-OTSOPA/12/12/4-E by
Germany. on hazard potential and combatting possibilities of
H.M,

Some types of treating agents for use in actions against
spills of mixers are

- neutralizing agents (against acids and bases : sodium
bicarbonate and sodium dihydrogen phosphate, respectively).

- activated carbon

- flocculating agents

- oxidizing agents

- reducing agents

- complexing agents

- ion exchangers

These methods, however, have a disadvantage in that
neutralizing additives are +o be used. With the flocculation
method, miscible chemicals are to be sunk, with subsequent
removal by dredging. This method, however, has the great
disadvantage of spreading the flocculated chemical cloud, owing to
the low sinking speed of the flocculents and the drifting
occurring during this process.
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Therefore, the recovery efficiency will not be very high. If
the water/chemical cloud is removed by pumping and fed into an
adsorber facility the chemicals could be generally reprocessed.
Studies have shown, however, that - apart from transport problems
- the recovery and disposal of chemical additives (such as
activated coal) and the detection of the water/chemical cloud
involved major difficulties.

d) for sinking substances (extracted from BAWG-OTSOPA
12/12/4 - E - n® 12 - same reference than above)-

In the case of sinking substances the problem of ecological
pollution has been shifted to the bottom, but the danger has not
been eliminated in principle. The main problem with sinking
substances is the question of rediscovering their position. Owing
to currents and rough sea, the substances, depending on their
density, will drift away in a vane, individual portions will
disaggregate and spread further, so that the ideal case of a
stationary pool must be considered an exception. It is necessary
to develop special measuring procedures in order to determine the
precise location of the chemical. In this connection, it would be
Ppossible to carry out measurements of the_ water body with
analogously working measuring techniques, such as the acquisition
of the pH value or of the conductivity of the substances.
According to this continuously working method, a limited sea area
would have to be scanned in a chequerboard manner +to detect the
location of a liquid pool. A search of the area by sampling and
wet-chemical analysis technique at any rate would be slower and
more time-consuming than the above-mentioned analogous search and
thus would be too complicated for an efficient planning of the
recovery operation. If the substance can be located at the sea
bottom, it could be removed from +the sea bottom by suction
dredging. For this purpose the operation would have to be carried
out without the water jets provided for stirring up the bottom.
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The proportion of removed parts of silt, sand and chemicals is
difficult to predict, but in the case of an assumed layer of the
chemical with a thickness of only 10 cm the contents should mainly
be water, sand and silt. The removed substance/water mixture could
be preseparated in the cargoc hold by gravity separation, with the
excessive water being drained off immediately into the sea via
overflow orifices.

Dredging will presumably be contemplated only if a nonsoluble
material is involved. Even low-solubility materials will
eventually dissolve and be removed by dilution in the sea. The
recovery of soluble pollutants by processing contaminated sea
water will presumably not become a routine spillage response
operation.

Suction dredgers can operate at the sea bottom down to a
water depth of approximately 30 m. In deeper waters other methods,
for example the air lift technique developed for the exploration
of nodular manganese, would have to be applied. In estuaries the
intake capacity may be considerably reduced owing to uneven bottom
conditions.

e) for packaged goods D. Cormack's opinion, extracted from
"present state of development in hazardous material spillage
response" (RISC) is the following

Intact packages, if floating, may of course be a hazard to
navigation and should be treated accordingly. If sunk they may be
trawled up in nets. Again with intact packages this should present
no more hazard than any other operation in the normal handling of
intact ©packages which incidentally are designed for safe
handling. Decisions about Search and Recovery in the short term
can therefore be taken calmly.

Only those packages which after a long pericd of exposure on
the sea bed may leak and damage the environment or those in a
leaking which state pose a threat to fishermen need be candidates
for search and recovery. Other products may also be sought and
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recovered but here it is appropriate to keep in mind othexr factors
such as dilution rates in the environment and a reduced threat
even if fishermen do recover a leaking package. Finally, in very
many cases, there is no need at all to search and recover packages
on the sea bed. P

When packages do come ashore it is important to recognise
that the task is not to instruct the general public in how to
handle them. The only instruction the public needs is +to leave
the packages alone. Existing organisations and available
expertise can handle, recover and dispose of any packages which do

come ashore.

For illustration, we have included, in appendix VIII, a now 7
years old document, written by Bjorn Loostrém, which gives an
overview on hazard evaluation and response for 4 selected
chemicals (ammonia, benzene, acrylonitrile and creosote).

A project carried out by IFREMER, in collaboration with CEDRE
and the Company "AEROSPATIALE", intends to assess the risk of
pollution due to H.M. shipping in a packaged form. Arcund 500
‘chemicals (IMDG classes 1 to 9) have been collected from the
Marseilles Port Authority's data. For each chemical, the following
informations are available : name, formula, identification of the
chemical, date, =zroute, ship's characteristics (type, G.R.T.,
draught, docks, packs localisation), chemical weight, number of
movements, hature of the packing (inside, outside). Data collec-
tion will be concluded on march 1987 and the risk assessment
study by the end of 1987.

9.3. Need to inteqrate chemical spill response into national
existing contingency plans.

Contingency plans have, up to now, concentrated on oil spill
response. (ITOPF, 1883, ROCC 1986, see bibliography)} Due to the
threat of the increasing traffic of chemicals in the
Mediterranean, especially in terms of number of movements and of
the diversity of the products, it is necessary to include some
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specific responses dealing with hazardous substances other <than
oil in existing national contingency plans.

The Mediterranean Sea presents hydrolegical and biological
characteristics which makes it an area more vulnerable than the
open ocean.

Cooperation with the various Mediterranean countries in the
area of preventing H.M. spills or combating an eventual accident
would be most useful in safegarding human lifes and preserving the
marine environment in case of serious casualties.

To give an idea of what sort of recommandations can be
proposed, we have reproduced, as an example, the chapter n® 5 of
the BAWG-CTSOPA-15/14/2-E (Apr. 1986). Report intitled "Present
work on matters concerning chemical spill response within the Bonn
Agreement and in particular within the Netherlands".

1. The on-duty officers, on-scene commanders must be trained
to be "specialists® in contreolling and combating spillages of
hazardous substances other than oil. Special attention should be
paid to situation analysis and decision analysis.

2. Striketeam crews and others involved should be trained in
measuring techniques, safety aspects, and hazards.

3. Hazard identification and response/decision systems
implemented on a fully manned, round the clock, computer should be
set up to assist the on-duty officer, on-scene commanders and
decision~making team in effective and quick response.

4. Off-shore teams specialised in countermeasures should be
made available in case of marine casualty (e.q. fire-brigades,
chemical industry etc.).

5. In all cases where decision analysis and executing the
plan can be postponed for a few days "outdoor specialists" must be
consulted.
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6. Emergency procedures and response routines should be set
up where a distinction can be made in immediate response and

normal response.

7. Decision and action procedutres should be clearly laid down
to facilitate rapid response to an emergency.
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10 ~ PROPOSAL OF A PROGRAM TO BE CARRIED OUT BY THE ROCC

One of the points of the oé%rview to be carried out by CEDRE in
the IMO request concerns recommendations for specific actions +to
be conducted, though the ROCC, in collaboration with Mediterranean
countries.

In light of preceeding presentation, some proposals can be made

making contact with regional officers of the C0OST-301 program

-~ writing a new chapter - dealing with chemicals - in the ROCC
guide for combating pollution in the Mediterranean

- proposing +training courses which are both general and
specialized

- organizing a workshop on maritime +traffic of hazardous
substances 1in the Mediterranean and the need to integrate
chemical spill response into existing national contingency
plans,

- placing a chemist, specialized in aspects of combating hazardous
chemicals, on the ROCC staff.

a) Contacts with the regional officers of the COST-301 program

The "Istituto per 1l'Automazione de la Navigazione", in Genca,
which collects all the traffic data for the whole Mediterranean,
will be able to furnish data dealing with maritime traffic or
casualties in a "few weeks" delay.

It will be therefore useful to first look into the possibility of
access %o the data (listings, soft-ware +transfer) within the
framework of an eventual cooperation between ROCC and COST-301
related organisms.
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b) Writing _a new chapter, congcerning hazardous chemicals, in
the ROCC guide for combating pollution in the Mediterranean.

The ROCC's guide intitled “guide for oil pollution combating in
the Mediterranean" could be adapted to chemical spill control by
adding a new chapter, with special attention to the most
threatened geographic areas and the most critical chemicals.

¢) Organization of generxal or specialized training courses

- ‘"general" training courses : That concerns the necessity to

introduce, in the existing training courses, aspects dealing
with the chemicals' behaviour and their contrel in case of
spillage. Among the points which could be considered

- a knowledge of the potential hazards when shipping
dangerous goods.

- the prevention of pollution by a respect for
reglementation, especially concerning the bulk and packed

chemicals.

It is from this point of view that the next MEDIPOL {April &-16,
1987) has provided in its programme a presentation of some aspects
dealing with hazardous chemicals control.

- "gpecialized" training courses in hazardous chemicals control in
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This training course should be oriented towards an coptimization of
the various Mediterranean countries' intervention capacities ; the

related points could be

~ Knowledge of procedure for the anti-pollution personnel in case
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of emexrgency (specialized clothing, aircraft, etc.).

Understanding which cases of chemical spills can and should be
controled, and how.

Information circulation between Mediterranean countries in case
of serious casualties,.

Optimization of an installation of intervention means.

This type of specialized training course, concerning more specific

aspects, demands an important organization with an implementation

of equipment and means of intervention.

d)

Organization of a workshop, on a Mediterranean level, which
would have for objective to exchange and to gain information
on

maritime traffic of dangerous goods in the Mediterranean
contingency plans content in order to include elements
related to intervention and combating chemicals in case of
spillage.

Topics of such a workshop could concern

a compilation of all information contained in +the existing
guides on combkating pollution as well as in computerized systems
(i.e. HACS), allowing the prediction of actions immediatly after
the accident for the information of +the anti-pollution

personnel.

a study of "model accidents", followed by adapted proposals for
an intervention. These studies would be based on real or
"potential" cases and would allow adapted responses in function
of

physico-chemical and toxicological behaviour of the
specific chemical,
meteo-oceanographic conditions.
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e) Addition of a chemist in the ROCC staff

To facilitate the implementation of such a programme, it is
necessary to take advantage of transfers or changes in the ROCC &
staff in order to include a good level Chemical Expert.
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DATA SOURCES ¥

Data £from IMO, Lloyd's, BAWG, UNEP, COST 301, MARIN, DMI,
FSSH, SCG, USCG, Rijkswaterstaat, RISC, French Navy (CECMED/PREMAR
III), CROSSMED, IFP, IFREMER, DPNM, MAVRAC, Marseilles Harbour
Authority, GAZOCEAN, ©SHOM, CEPPOL CEDRE, and Canadian, Greek,
Italian and U.K reports have been used for this study

* See last page "Glossary of abbreviations".
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Existing methods for studying

Reliability or security

(in : Bureau Veritas, 1985 : Study of the possibility
of doing a risk assessment analysis for pollution of
the gprench Coastline).
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PROBABILITY SKETCH

Drawing an adapted probability sketch, integrating all the
parameters listed above, relies on the following:pethod

- Analysis of the pollution processes : -

It concerns the establishment of all the scenarios which
could lead to pollution. This study covers all the known

hazardous substances, the types of carriers and the various
types of packaging.

~ Laws of probability

An establishment of the laws of a probability of pollu-
tion relies on the preceding analysis and demands a
quantification of the influence of certain parameters.

Once the laws of probability have been determined,
the probability of pollution for a given vessel, product,
packaging or environment can be defined.

Utilization

Such a level of precision in assessing a risk gives rise to
an understanding of the probabilities of pollution

by coastline

by product

by the type of carrier

by the gquantity transported

or any combination of these diverse variables.

The probability of pollution occurence being known, an
estimation of the seriousness o¢f the pollution enables a
calculation for the "parameter of criticality".

Ci=Pix ]i
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When
Ci = criticality .
Y probability of occurence
P; = a parameter for the seriousness “of the consequences

Once the parameter of criticalness has been obtained, the
hierarchy for =risk levels associated with each product can be
determined.

The results of a probability analysis have a direct inplica-
tion on a definition of the means of intervention

Optimizing a geographic installation of intervention
material.

- Optimizing the capacities of intervention in relation to
the transported tonnages

- Optimizing the means of intervention in relation to the
products (material, protection, training programs...).

- Preparation of a manual of intervention procedures adapted

to the most critical products.

Methods

The methods available for dealing with studies of reliability

or of security are two sorts

inductive methods
failure trees
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1 - INDUCTIVE METHODS

1.1 - FMEA (Failure Mode and Effect‘inalysis).
This type of method is generally used for

- analysing the consequences of failure which could affect
material or a system.

- identifying the breakdowns having serious consequences
according to different criteria such as :

The success of missioqg related to the systems, the
availability, the costs of maintenance, security...

If the FMEA method is only interested in the criterion of
security, the research objectives are

- to identify the modes of breakdown and errors which could
be detrimental to good working order and to determine the
cause,

- to establish, from among the breakdowns and errors, the
list of those having the most serious consequences on the

A4 B

security,

- to determine, for each breakdown or error, the detection
procedures and the repairs to be put into action,

- to insure that the probability of each breakdown and error
has been sufficiently reduced,

- to insure that the influence of each breakdown or error on
the security has been sufficiently reduced,



AnnI~4

At this level it is possible to introduce the quantitative
parameter of ‘“"criticality" in order to evaluate +the pair
probability - seriousness. (The parameter of criticality Cj is the
product of an hourly probability represented by Ai multiplied by a
factor Pj; which quantifies the seriousmess of the consequences).

- to provide the persons who are responsable for technical
choices with qualitative and quantitative elements which
are relative to the security.

1.2 - PRELIMINARY RISK ANALYSIS
The method is intended
- to identify

dangerous elements
dangerous situations
potential accidents

- to determine the seriocusness of the consequences and to
define the procedures enabling a mastery of dangerous
situations, and to eliminate potential accidents.

Preliminary risk analyses are presented in the form of tables
of columns which are read from left to right according to the
principal which consists Eo imagine how, for a given under-system
in a given phase of functioning, a dangerous situation could be
transformed into an accident and what are the consequences of the
accident,

The columns correspond to the following ideas

1. Sub-system or function : an identification of the total
system

2. Phase : identification of the modes of utilization during
which certain aspects of the whole could give rise to a
risk,
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-dangerous elements : identification of +those elements .
which «can be associated with an intrinsic danger,

event causing a dangerous situation : identification of
the conditions, indesirable events, breakdowns or errors
- which could transferm a dangerous element into.a dangerous
situation,

Dangerous situation : identification of dangerous
situations which are the result of an interaction between
a dangerous element and the entire system following an
event described in 4,

Event causing a potential accident : identification of the
conditions indesirable events, breakdowns or errors which
can transform a dangerous situation into an accident,

Potential accident : identification of accident possibi-~
lities which are the result of dJdangercus situations
following an event described in 6,

Consequences : identification of the conseguences of
potential accidents,

Classification by seriousness : a gualitative measure of
the seriousness of the consequences. For example,
according to the MIL. STD 882 norm : Minor, significant,
critical, catastrophic,

Preventive measures : a compilation of proposed measures

for eliminating or controling the identified risks,

Application of the preventive measures : a collection of
information dealing with

The effectiveness of the preventive measures
Their introduction into the utilization procedures
or into the system itself.
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2 - FAILURE TREE

2.1:; Description of the method

The method kﬁo&ﬁ ofutﬁéa"féilure tree" is a deductive method
which moves from a well defined indesirable event in order to
graphically reconstitute combinations of events which could lead
to the indesirable out come.

A failure tree is made up of successive levels so that each
event is generated by events in the next lowest level on the basis
of logical out comes. The deductive process is followed back until
we arrive at the base or root events which are characterized by
the following criteria : -

- They are independent from each other,
- Their probabilities can be estimated,

- Specialists do not require their being broken down into

simpler events.

These elementary events can be of any nature such as :
Break downs, human errors, atmospheric conditions,

2

earthquakes... x

An analysis by the failure tree method can be made in six

steps

1) Definition of the indesirable event
2) Examination of the system

3) Construction of the failure tree

4) Collection of quantitative data

5) Probability evaluation

&) Analysis of the results.
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- Definmition of the Indesirable Event “
In principle this step is very simple.

In fact, it is necessary to analyse the system sufficiently
before making a chdice. An indesirable event which is toc general
will give a failure tree which is so complicated that it will be
impossible to deal with it.

- Examimation of the System

It is indispensible to have an excellent Xxnowledge of the
entire system and the utilization procedures. These imperatives
require a pluri-desciplinary team where each member has a thorough
knowledge of his subject.

Construction of a failure tree.

The failure tree is made up of successive levels which are
related to each other by logical premises (mainly the ideas are
connected by "AND", "OR" and "IF" which give a good understanding
and precise formalization).

Cuantitative Data Collection.

It is necessary to make up a catalogue where the random
variables which are characteristic for the probability of each
elementary event are defined.

Whether or not the tree is related to time, the quantitative
data will permit an estimation for the frequency of probability or
a understanding of the time-dependent functions for certain random.

variables.
Evaluation of the Probability
This step requires a global determination for the probability

of an indesirable event but also defines +the most critical
bpassages and calculates the probability for all of then.
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When a -tree is not time-dependent, the final "probability is
calculated using the Algebraic rules of Boole. When a tree is
time-dependent, methods of simulation enable a calculaticn of the
probabilities for the most critical passages.

In each case, 'wHen the number of ‘drawings nédcessary Toér "
determining the critical passages becomes prohibitive, we can fall
back on +the methods used for reducing wvariance which can
considerably reduce computer time while maintaining a method with
an acceptable precision.

- Analysis of Results.
An analysis of the failure tree enables
- a calculation for the probability of an indesirable event,

- a determination of the critical passages,

- an elimination of incorrect redundancies which give the
illusion of security.

The underlining of a given event's influence which can occur
in several c¢critical developments.

oAb



ANNEX II

Graphs summarizing the accident scenarios
and the preliminary risk assessment,
obtained from data of accidents
along the Erench coastline
{CEDRE Report, 1982)
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ANNEX III

=
S

LIST OF BASE EVENTS

(This list has been made in order to assess the risks
of an oil spillage, but can be extended
to floating H.M. spillages).
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ELEMENTS NATURELS (1 & 53)

T Y e e = S o -

1 Visibilité réduite (brouillard,.....) s
2.2 Mauvaise visibilité au coucher ou au lever du jour
3 Vent (re5p6nsable d'une forte mer)
4 Vent vers la cote (entrainant un navire)
5 Vent vers la cdte (entrainant une nappe d'hydrocarbure, au point 1)
6 Vent dirigé vers la mer (entrainant une nappe d'hydrocarbure a partir
d'un point différent de 1)
7 Vent insuffisant pour permettre une évaporation totale
8 Vent suffisant pour permettre un début d'é&vaporation
9 Soleil insuffisant pour permetffe une évaporation totale
10 Soleil suffisant pour permettre un début d'évaporaticn
11 MEtéo empéchant d'effectuer un allégement (&tat de la mer pour le
navire, Météo... pour 1'hé&licoptére)
12 La météo a empéché d'alléger dés le début (mais a évolué favorablement
) aprés)
13 La météo s'est dégradée au point de nécessiter 1'interruption de
1'allégement '
14 Météo empéchant une intervention de remorqueur
15 La météo a empéché de déclencher 1'opération de remorquage da&s le
début (mais a &volué favorablement)
16 La météo s'est dégradée faisant &chouer le remorquage
17 La météo empéche.]'opération de colmatage ou de pompage
18 Courants (responsables d'une forte mer)
19 Courants vers la céte (entrainant un navire)
20 "Courants vers 15 cote (entrainant une nappe d'hxdrocarbure du point 1)
21 Courants dirigés vers la mer (entrainant une nappe d'hydrocarbure a
partir d'un point différent de 1) :
22 Les courants au fond sont trop importants pour effectuer un pcmpage
sur 1'épave
23 Les courants sont trop importants pour effectuer un colmatage (ceiui-

ci ayant lieu au fond ou 3 la surface)



24
25

26
27
28
29
30
31
32

33
34

35
36
37
38

39
40
41

42
43
44
45

46

Courants dont la composante perpendiculaire au barrage est supérieure
d 1 noeud .

Courants de surface insuffisants pour permettre 1'étalement de la’
nappe

La cargaison est projetée sur le navire: (du fait de 1'état de la mer)

Mer agitée : creux supérieure 3 1.5 m {(empéchant 1a pose de barrage
ou la récupération d'hydrocarbures) ;

Mer agitée empéchant'tout traitement (force 5 et plus)

Brassage du produit effectué rapidement (pré&sence de houle)

Houle( favorisant la d&rive du navire vers la cdte)

Absence de marge 3 1'endroit de 1'&chouement

Présence de marée & 1'endroit de 1'&chouement

Mer haute' lors de 1'échouement

Zone ot 1a marée est importante (le navire, méme bien posé, se déchi-
rera du seul fait de la pression due & sa cargaison non compensée par
celle de 1’'eau)

Cotes de rochers

Plage de sable

Plage de galets

Les remorgueurs ne peuvent pas accéder au lieu d'intervention (topo-
graphie...)

Présence d'obstacies résistants autour du ljeu d'échouement (ils vont
entraver les manoeuvres de dégagements)

Présence d'obstacles autour du navire (le bloguent et 1'empéchent de
se dégager)

Présence d'obstacles tels que le navire échoug est bloqué et déchiré
(le remorquage est impossible)

Obstacle en mer (banc de sable, récif,....)
Obstacle souple (vase,....)

Fonds marins meubles

Configurations de fonds défavorables (le navire se retrouve en porte-
i-faux) '

Site de déversement inaccessible pour un allégeur (pas assez de place

-
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47 L'épave est inaccessible péur un pompage -(profondeur)

48 Topographie (responsable d'une forte mer : profondeur des fonds, forme
49 Tranche d'eau importante (sur le lieu de 1'é&chouement)

50 Zone ne pouvant-pas étre protagée par des barrages (trop étendue,....)
51 Zone sensible (emploi d'agent coulant proscrit)'

52 Zone sensible (emploi de dispersant proscrit)

53 Pas d'agent coulant naturel en quantité suffisante (plancton,....)

MATERIEL (54 & 84)

-y g m -

54 Rupture du matériel de chargement ou déchargement (tuyaux, vannes....
entre le navire et 1'installation de réception.) '

55 Rupture d’un collecteur de circuit d'hydrocarbure prés d'une source
de chaleur

56 Le navire embarque de 1'eau par un collecteur défaillant (rupture d'un
collecteur de prise d'eau)

57 Le navire embarque de 1'eau par un panneau de cale (cas des Yraquiers)

58 Gite ou assiette trop importante dans la tempé&te (due 3 une perte de

‘ chargement....) -

59 Perte de chargement due & une rupture d'un des matériels d'arrimage
(cable...)

60 Echauffement excessif d'un moteur (pompe par exemple) lors des opérations
de chargement ou déchargement

61 Echauffement excessif d'un moteur en mer {(moteurs dif{érents de ceux
utilisés lors des opératicns de chargement)

62 Frottement ancrmal produisant un &chauffement (au niveau d'arbre de
transmission, paliers....)

63 Feu dans les circuits é&lectriques

64 Chute d'une piéce métallique contre les parois de la citerne (outil,

boulon) au port

65 Chute d'une piéce mdtallique contre les parois de la citerne (outil,
boulon) en mer

65 Avarie de barre

67 Avarie de propulsion



68

69
70
.71
72
73
74
75
76
77
78
79
80
81
82
83 .
84
CARGAISON

- am - e -

86
87

88
89

-

Perte de manceuvrabilité d proximité d'un navire (avarie propulsion
barre) :

Vétusté du navire (d'ol coque fragile)
Corrosion externe anormale (d'od coque fragile)
Présence de rouille sur les parois dé¢ la citerne'“
Radar en panne
Moyen de contrdle du chargement (sonde....) d&faillant
Non fonctionnement du'matérie1 de mouillage
Non fonctionnement du matériel de dé&tection d'hydrocarbure (IR....)
Non fonctionnement du matériel de transmission radio
Le matériel d'allégement s'est avéré inadéquate
Le matériel.de remorquage s'est avéré inadéquate
Panne du matériel embarqué pour 1'allégement (pompe...)
Panne du matériel de remorquage
Avarie du remorqueur
Avarie du navire allégeur
Pas de protection de 1a citerne (absence dé compartiment vide)
Pas de radar
(85 & 105)

Présence de vapeurs de carburants dans la citerne (absence d'oxygéne
du fait d'un systéme d'inertage)

Présence de vapeurs inflammables dans la citerne (carburant + oxygéne)

Présence de vapeurs inflammables au-dessus du navire en mer (due &
différentes opérations . entretien, dégazage....)

Une quantité importante d'hydrocarbure é&tait présente

Quantité trop importante de produit déversé pour permettre une évapo-

ration totale des fractions évaporables
Le pétrole contient du soufre

Produit peu sensible aux agents coulants (produits lourds)

Le produit contient une quantité de produits tensioactifs insuffisante

Le produit contient une quantité importante d'asphalténes et de résines

CAnnIII-4 .



94

95
96
97
98
89
100

101

102
103

T AnnIII-5

Le produit ne se préte pas & un al?egement ou & un pompage (il est
trop visqueux)

Le produit est trop visqueux pour Btre récolté par pompage en mer
Le produit est trop visqueux pour éire dispersé

Le produit n'est pas asséz visqueux pour étre récolté par chaiutﬁge
Le produit n'est pas constitué seulement de fractions légéres

Le produit n'est composé que de fractions 1égéres

Présence de fractions non &vaporables ou non solubles de densité
inférieure 3 1

Toutes les fractions de densitd inférieure & 1 sont &vaporables ou
solubles

Densité initiale du produit inférieure a8 1

La cargaison flotte au moins momentanément (cargaison autre qu'hydro-
carbures)

La cargajson flotte (cargaison autre qu'hydrocarbures)

Auto-inflammation de la cargaison (fermentation de coton, ballast....)

OPERATIONS QU SITUATIONS DE NAVIGATION NORMALES (106 & 117)

0 ek VY M T T S S e S s e A S A S e W W T P S AN A T

109

110

111
112
113

114

Introduction d'oxygéne (lors d'une intervention dans une citerne,....)

Citerne sous gaz inerte

Projection d'eau (lors du lavage des citernes) créant de 1'électricité
statique :

Projection de crude (lors du lavage des citernes) créant de 1'électricité
statique

Projection de pétrole (lors du remplissage des citernes) créant de
1'électricitd statique
Opération de déchargement

Ballastage (rejette les vapeurs inflammables au-dessus du navire)

Travail avec une source de chaleur (chalumeau,...) lors d'opérations
d'entretien de routine

Les navires sont contrebordiers {font 1a méme route en sens inverse)
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115 Les routes des navires se croisent (mais ont des directions différentes)
116 Un des navires rattrape 1'autre

117 L'atterrissage (1'approche de la terre} i

ELEMENTS HUMAINS (118 & 182) ' P L

118 Déversement accidentel au port dt & une erreur humaine lors des

opérations de chargement ou déchargement (erreur d'ouverture d'une vanne

119 Perte de chargement due & un mauvais arrimage {(cas d'un porte conteneurs
")

120 Perte de chargement par largage volontaire (pour ré&équilibrer le
navire...)

121 Mauvaises répartitions de chargement répétées causant une fragilité
de la coque -

122 Erreur humaine entrainant une mauvaise répartition du chargement

123 Erreur de manceuvre & proximit& d'un navire

124 Rien n'est fait pour éviter la collision car i1 y a une mauvaise inter-
prétation de la route ou de la vitesse du navire

125 La manceuvre est trop tardive car il y a eu hésitation de la part d'un
commandant

126 ‘Mauvaise interprétation de la manoeuvre de 1'autre navire d'ol manoeu-
vres contradictoires

127 Manoeuvre de correction inefficace pour contrer la dérive

128 Absence de manoeuvre de correction pour contrer la dérive

129 Manoeuvre d'évitement d'un navire génant (améne A s'approcher dangereu-
sement des cdtes)

130 Une manoeuvre a permis de partiellement ralentir la dérive

131 Chocs répétés d'accostage {erreur de manceuvre) fragilisant la coque

132 Echouage (action volontaire d'échouer un navire)

133 Erreur de navigation fatale (se diriger directement vers la cdte....)

134 Pas de manceuvre correctrice (pour contrer une manoeuvre initiale dan-
gereusa)

135 Non respect de 1a réglementation (s&paration du trafic....)

136 Non respect de la réglementation de circulation prés des cdtes par

méconnaissance (grand nombre de réglements parfoisdifférents d'un pays &
1tautre)

PR
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137 Non respect de la réglementation de circulation prés des cdtes du fait
de la difficulté d'application (réglement pas trés réaliste)

138 Non respect de la réglementation de circulation prés des cdtes par non
respect d&libéré (souvent cause &concmique)

139 Erreur de navigation par n3gligence {re prend pas ses repé?és%....)

140 Erreur de navigation par mauvaise interprétation due & une modification
des moyens de repérage (ces repéres ont &té détruits, déplacés....)

141 Erreur de navigation par mauvaise interprétation due & 1'utilisation
des cartes périmées

142 Erreur de navigation par mauvaise utilisation des données (se tromper
de signification....)

143 Erreur de navigation par mauvaise condition physique {(maladie, alcool....)

144 Hésitation & communiquer 1'information (de la part du ‘commandant
responsable......) -

145 Mauvaise connaissance des procédures d'alertes (d'ol cheminement trop
Tong avant d'informer les autorités compétentes)

146 Le’ remorquage n'est pas demandé par le navire

147 le remorquage n'est pas demandd par le Préfet Maritime

148 Pas de veille sur un des navires

149 Radar non utilisé (pas de surveillance ‘par radar)

150 Apport d'électricité statique venant de 1'extérieur de la citerne
(fi1 de nylon, vétements,....)

151 Apport de chaleur divers : cigaretts, outillage (aussi bien sur le
navire que sur le quai)

152 Erreur humaine d'appréciation ou d'interprétation lors de la détection
d'une nappe

153 Mauvaise évaluation de la dérive des nappes (les mod&@les ne prennent
pas en compte un paramétre important localement...}

154 Mauvaise coordination dans 1'emploi de plusieurs méthodes (par exemple
emploi de dispersant puis tentative de récupérer le produit en mer)

152 Mise en oeuvre trop lente des moyens de lutte contre la pollution en mer

156 Mauvaise coordination des moyens d'allégement

157 Personnel inexpérimenté pour pratiquer un allégement

158 Pas d'équipe d'intervention disponible (pour &tre déposée sur ie navire

lors du remorguage)

159 Déclenchement de T1'alerte trop long



160

161

1562
163
164

167

168
169

170
171
" 172

173
174
175

176

177

178
179

180
181
182

© AnnIII~8

Mauvaise coordination lors du remorquage (entre remorqueur, navire et
terre)

Personnel inexpérimenté pour réaliser un remorquage
Mauvaise coordination lors-dé la pose du barrage CoeE
Méthode d'emploi d'agents coulants inadéquate

Mauvaise utilisation des dispersants (&quipage non expérimenté, mauvais
choix de produit....)

Mauvaise cocordination des moyens mis en oceuvre pour la récupération par
pompage

Mauvaise coordination des moyens mis en oeuvre pour l1a récupération par
chalutage

Mauvaise, coordination des moyens mis en oeuvre pour 1'épandage des
dispersants (guidage par avioa...) '

Fragilité de 1a coque due 3 1a construction {conception, réalisation....)

Mauvaise procédure de lavage des citernes (fragilisation de la coque par
carrosion interne)

L'opération a tardé & &tre déclenchée & cause d'une mauvaise coordination
(recherche de matériel)

L'opération a tardé-3 &tre daclenchée & cause d'un manque d'information
(sur la qualité du produit, sur le lieu de déversement)

Sous &valuation du danger de 1a part du capitaine {lorsque le navire
est en avarie)

Pas de demande d'assistance (le capitaine ne la juge pas utile)
.l
Refus de la proposition d'assistance, son co(t é&tant jugé trop &levé

L'opération de pompage est jugée trop colteuse (par rapport & une autre
méthode, y compris celle de ramasser le pétrole sur la clte)

L*allégement est jugé trop couteux (par rapport 3 une autre méthode, y
compris celle de ramasser le péirole sur la cdte)

L'opération de colmatage est jug@e trop couteuse (par rapport 3 une autre
méthode, y compris celle de ramassar le pétrole sur la cote)

Plus personne & bord pour effectuer e mouillage (le navire est abandonné)

pétardage des citernes intactes (décisidn prise pour traiter toute la
pollution en une seule fois)

Sabordage du navire
Acte de piraterie, sabotage, guerre...

Recherche d'eau calme lors d'une tempéte



EVENEMENTS NON DECOMPOSES (183 & 253)

183
184

185
186

187

188

" 191

192

193

-y - P o T - o - - -

Demande d'assistance non captée

Pas de moyen ayant fonct1onne pour repérer le navire en. perdition
(un ‘autre navire sur zonc, moyen de surveiilance du raii....) :

Pas de surveillance sur zone pour détecter la nappe {navire, avion...)

Pas de remorgueur disponible & proximité (ceux qui existent sont trop
Bloignés)

Pas de remorqueur disponible car ceux qui existent effecteuent d autres,
interventions

Le remorqueur met trop de temps & arriver sur les lieux (avarie en cours
de trajet...)

Pas d'allégeur disponible (i1 n'y a pas de navire disponible apte a étre
transformé en allégeur)

L'allégeur n'est pas disponible assez rapidement (d&lais pour trouver
Te navire ou pour 1'Equiper)

Pas de moyen pour déposer le matériel sur le navire accidentg (hé&licoptére
venant déposer le groupe de pompage...)

Les moyens pour d&poser le matériel sur le nav1re accidenté n'ont pas été
disponibles assez rap1dement

L'opération de pompage nécessite une technologie longue & mettre en
oeuvre

L'opération de colmatage nécessite une technologie Tongue & mettre en
oeuvre

Equipe pour le pompage sur 1'Epave non disponible
Equipe pour le colmatage non disponible

Matériel de pompage sur Epave non disponible
Matériel de colmatage non disponible

Pas de barrage disponible

Moyen de mise en place des barrages non disponibles
Agent coulant non dispcniﬁ]e

Moyen d'épandage des agents coulants ou absorbants flottants non dis-
ponible

Pas de produit absorbant flottant disponible

AnnIII-—
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204 Mavires pour la récupération ﬁar pompage non disponibles

205 Navires pour la récupération par chalutage non disponibles

206 Matériel de. récupération par pompage non disponible

207 Matériel de stockage pour la méthode de pompage non disponible

208 Matériel de chalutage non disponible ' 7

209 Matériel de stockage pour la méthode de chalutage non disponible

210 Dispersant non disponible

211 Matériel d'épandage de dispersant non disponible

212 Navires pour 1'épandage de dispersant non disponibles

213 Rupture d'une installation cdtiére non portuaire

214 Rupture d'une installation dans les terres prés d'un cours d'eau
(¢t fiche 39)

215 Rpptgre d'une installation portuaire par collision d'un navire (sea line

216 Rupture d'un stockage dans un port

217 Rupture d'un pipe dans un port'(autre cause qu'une collision de navire)

218 . Déchirure de la coque sur le fond ou sur un obstacle immergé (présence
d'un obstacle surélevé, hauteur d'eau (marée) non prise en compte)

219 Déchirure de la coque due @ une collision avec une installation

220 Déchirure de la coque due & une coliision avec un autre navire

221 Le déversement 3 partir d'une installation cdtiére, n'a pas pu étre
stoppé rapidement

222 Déversement provenant d'une plate-forme

223 Le déversement & partir d'une plate-forme pétroliére n'a pas pu €tre
stoppé rapidement

224 Le déversement a &té trés rapide

225 Le pétrole arrive trop rap1dement d la cdte pour permettre une &vaporation
totale (courant, 1oca115 tion du déversement....)

225 Ecoulement du produit du fait d'une défaillance & bord du navire &choué

227 Relargage de la cargaison solide d@ partir d'une épave au fond

223 Collision avec un navire non contrdlé (type KAVO KAMBANOS cf fiche n®7)

229 Collision avec une mine
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230 Collision avec une plate-forme

231 Collision avec un bateau feu, bouée ou autre objet immobile....

232 Le navire a Bté repris et emmené en mer (par la mer ou par les hommes) :

233 Le ngviré n'a pas-coulé avant .

234 Le navire ne s’est pas &choué définitivement avanf

235 Navire ayant rompu ses amarres (cas du JUAN A LAVELLAJA cf fiche n°8)

236 L'échouement se fait avec une vitesse d'arrivée réduite

237 La partie A n'a pas supporté le choc Tors de 1'échouement

238 Déchirure provoquée par un &chouement en mer

239 Choc violent au fond lors du naufrage

240 Choc violent au fond aprés le naufrage (collision d'un autre navire sur
1'&pave)

241 Citerne de soutes touchée

242 Présence d'un compartiment vide {citerne de ballast, peak avant, chambre
des pompes....) entre la coque et la citerne de cargaison qu'il protége

243 Parois citerne compartiment touchée

244 | Citerne concernée pleine (soit protégée p;r un ccmpartiment vide, soit
directement contre la coque)

245 Pas de réparation de 1'avarie (avarie trop grave, &quipage non compétent
pour cette tache, &quipe d'intervention non disponible....)

246 Intervention de remorgueurs

247 Taille et état de chargement important (c'est un seuil variable au

deld duquel, compte tenu de la vitesse de dérive, le matériel de mouillage
ne peut pas résister & la force d’inertie)

248 Importance du chargement (suivant 1'é&tat du chargement, le navire ne
réagira pas de la méme fagon aux influences des autres facteurs)

240 Taille du navire {suivant 1'8tat du chargement, le navire ne réagira
pas de la méme fagon aux influences des autres facteurs)

250 Feu dans les emménagements

251 Perte de flottabilité

282 Bréche trop grande pour permettre un colmatage
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253 Feu dans les installations sur Je quai ou;sur le navire

COMPLEMENTS

P

254 Foudre =
2557 Tempéte

256 Absence de dissolution ou de mise en éﬁu1sion quantitative



ANNEX IV

RELATION BETWEEN THE CONDITIONS OF
THE MARITIME TRANSPORT OF DANGEROUS
GOODS AND THE PROTECTION OF THE

MARINE ENVIRONMENT

- FINAL REPCRT -
September 1985

Contract N° : 84-B-6621-11-003-11-N

FORSCHUNGSSTELLE FOR DIE SEESCHIFFAHRT ZU HAMBURG E.Y.
HAMBURG MARITIME RESEARCH

2000 HAMBURG 50
ELBCHAUSSEE 43



GENERAL DEFINITION OF HARMFUL SUBSTANCES

The term “"harmful substances” is defined in numerous
international conventions. All definitions list the objects to be
protecied from an environment pollution. Subsequently, "harmful
Substance” means any substance which, if led into the sea, is liable

- 1o creat® hazards to human health,

- to harm iiving resources and marine life,

- to damage amenities or

~ to interfere with other legitimate uses of the sea
(MARPCL Art. 11 | Interventions Protocof Art. I , London Con-

vention Art. I, Oslo Convention Art. §)

Helsinki (Art II ) extends the objects to be protected to the
impairment of the quality for use of sea water and emphasizes
that the legitimate use of the sea includes fishing (see also Art.

1 Law of the Sea Convention, 1982).

The Intervention Convention confines the right of intervention 1o
those cases that make it necessary to prevent, mitigate or
eliminate grave and imminent danger to the coastline or related
interests from pollution following upon a mafitime casualty which

may reasgnably be expected to result in major  harmful

consequences (Art. [ ). “Related interests” also mean the
interests of a coastal state directly affected or threatened by a

maritime casually, such as ‘

P

- maritime, coasial, port or estuarian activities, including
fishery activities constituting an essential means of liveli-
hood for the persons concerned;

- tourist attractions of the area concerned;

- the health of the coastal populfation and the welil-being of
the area concerned, including the conservation of living

marine resourcss and wild life.

FORSCHUNGSSTELLE FUR DIE SESSCHIFF AHRT ZU HAMEURG £, F S S H
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CHEMICALS CARRIED IN BULK

According to MARPOL Annex .I'I Reg. | "ﬂoxious- {iquid sub-
-stances” means any substance designated in Appendix 11 (List of
Nozxious Liquid Substances Carried in Bulk). Appendix Il
contains a "List of Other Liquid Substances Carried m Bulk". The
substances listed there -have been evaluated a;dd_" found to lie
outside the scope of MARPOL Annex II, because they are presently
considered as presenting no harm to the marine environment as

prescribed by MARPOL (Reg. 4 of Annex II).

Where it is proposed to carry liguid substances in bulk which are
enumerated in none of the substance lists, the government of a
contracting 5state involved in the proposed operation shall
establish and agree on a provisional assessmeni of the proposed
operation. This proposional assessment shall be based on
guidelines for wuse in the categorization of mnoxious liquid

substances which are given in Appendix I of Annex II {(Reg. 3

of Annex II).

’

-

Annex II divides the noxicus liquid substances into 4 categories
depending on their hazard to marine resources, human healith,
amenities and other legitimate uses of the sea (Reg. 3 of Annex
I1):

Category A  Substances which justify the application of

stringent anti-poliution measures;
Category B  Substances +which justify the application of

special anti-poliution measures;

Categery C . Substances which require special operational
conditions;

Category D Substances which require some atiention o

operational conditions.

AnnIV-2
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The Guidelines {or the Categorization of Noxious Liquid Sub stancés
contain a general aescription of r.f:;e substances’ dapge:r potential
{Appendix I of Annex 1I). .

The categorization of substances has been performed by a working
group of GESAMP

In order to be able to evaluate the dangers to the marine environ-
ment arising when a substance is led into the sea, the GESAMP
warking group developed a Hazard Evaluation Procedure.
According to this procedure the hazard ‘profile of a substance is
investigated by means of 5 valuation criteria. These 5 criteria are
iabelled with the first 5 capital letters of the aiphabet and they
mean, in abridged form

A Bioaccumulation and tainting;
Damage 10 living resources;
Hazard to human health, oral intake;
Hazard to human health, skin contact and inhalation:

M © O W

Reduction of amenities,

The particular hazards are subdivided into up to 7 danger grades.
One danger grade each per criterium is assigned to every sub-

stance . This resulis in a Hazard Profile of the substances.

Tl';e tranfer of the categorization according 1o the Hazard Profiie
Procedure onto MARPOL categeries A, B, C and D is effected by

means of the classification matrix in Tab. XXX1

FORSCHUMGSSTELLE FUR DIE SEESTHIFF AHRT TU HABURG E.X. F S S H
HAMEURG MARITIME RESEARCH
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Bazard Profil=s " MARDPOL 73 Annex I1
Pollution Calegzaory
A B o} E
- 4 - - Catszory A
T 3 - - 3
A 3 -. =
T - - -
z - - - . Catagory B
- 3 - - :
- 2 - =
- 2 - -
- 1 4 = Categary C
- 1 3 =
- 1 - -
- - -«£ -
- - 3 X
- - - i Category D
- - - pro-d
- b/B0D -~ - -

Table XXH1

= If t.h_e substance is non-volatile and insoluble (vapour pressure <] mm Hg
at 200°C and solubility <23/100 mi at 200°C) otherwise it may be rated as

Category C.

The MARPOL categories only render the dangercusness of
substances in respect of a water pollution. The hazard to human
health through skin contact and inhalation (GESAMP-criterium D)

is therefore not being taken into consideration.

Substances which have been evaluated and found to fall within
one of the Categories A, B, C or D are listed in Appendix II of
Annex 11 of MARPOL (Appendix 111 of Annex IV of Helsinki
respectively). The Appendix cpmprises some 180 substiances.
With the proposed amendment of Apnex I] .

the number of substances listed will increase comsider-
ably to some 420 substances, 95 of which being included

provisionally.

FOFSCHUMGSETELLE FUR DIE SESTCHIFF AHFT S HAMELRG EY,
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Other lists of dangerous liquid chemicals are given in the Chemical
Tanker Codes ‘ But, because the Codes
and the Annex II of MARPOL have different objectives, the lists of
substances are not identical. .IMO E:tas already agreed that the
BCH-Code and the IBC-Code should be extended to cover pcllution
aspects and the IMO is currently reviewing them to ensure that
they are aligned with Annex II when the latter enters into force

. This means that the safety requirements

for each product listed in Chapter VI of the BCH-Code and Chapter
17 of the IBC-Code have to be reviewed and il necessary
reassessed taking into account the hazards the product poses to

the marine environment.

FORSCHUNGSSTELLE FUF DIE SEESCHIFF AHRT ZU HAMBUFG E.Y, F S S H
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LIOUIFIED GASES CARRIED IN BULK

The carriage of liquified gases in bulk is treated in the
International Code for the Construction and Equipment of Ships
Carrying Liquified Gases in Bulk .(IGC-Code}. (Res. MSC. 5 ),
the Code for T.h-e Construction and Equipment of .Si"u"ps Carrying
Ligquified Gases in Bulk {Gas Carrier Code) (Res. A. 328 (IX)) and
the Code for Existing Ships Carrying Liquified Gases in Bulk {Res.
A. 329 (IX)). The IGC-Code will become mandatory under
SOLAS Chapter VII Part C from July 1, 1986

The Codes are applicable to liquified gases listed in the
Codes (e.g. Chapter 19 of the 1GC-Code). The list of the IGC-Code
contains 30 substances. Only seven of these products are
inciuded in the revised Hst of noxious liquid substances of
MARPOL Annex lI, Appendix II .- and
one .substance has been found to fall outside the MARPOL
Categories. The remaining IGC-Code-substances have not been
asssessed under MARPOL.

But on the other hand, the Intervention Protocol, 1973 listed 22
liquified gases carried in bulk as being liable 1o create marine

pollution (section 3 of the Annex of the Protecol). These

substances have peen taken from the Gas Carrier Code.

FORSCHUMGTSTELLE FIUR DIE SEETTHIFF AHFT CU R&MEUFG £.4.
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SUBSTANCES CARRIED IN PACKAGED FORM

The transport of substances carried in packaged form is treated

in the International aritime Dangerous Gocods Code

(IMDG-Code), a companion of more than 10.000 pages in five

loose leaf volumes. The General Index enumerating the

dangerous goods f{iils nearly 200 pages.

The legal status of the IMEG-Code is that of a recommendation,
only, but some 37 couniries have adopted the Code fully or

partially as national law and another [ive states are considering
adoption ‘

The Code has been designed to assist compliance with the general
requirements of SOLAS, Chapter VII. Hence, the striking
objective of the IMDG-Code is the safety of ships and persons on
board and not the proteciion of the marix;.e envircnment. Under
MARPOL, Annex III the governmenté' sha!ll issue detailed
requirements on the conditions for the transport of harmful
substances in packaged forms for preventing or minimizing
pollution of the marine environment (Reg. | ). With the
objective to provide a uniform basis for these national
regulaticns the MEPC laid down basis principles for good practice
for pa'ckaged substances which are coﬁsidered to present a

serious hazard 1o the marine environment

AnnIvV-7
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{MEPC/Circ. 78; September 19, 1‘979). These substances shall be
called “marine pollutanis“. Two annexes are altached to the
MEPC/Circ. 78. Annex | deals with principles concerning the
incifusion of pollutz;ms in the IM]?G-Code. In section 1 the
"selection criteria for hazard prof_ﬂe‘s of substances are given.

Annex 2 consists of a list of marine pollutants amounting to some
150 products.

The Sub-Commitiee on the Carriage of Dangerous Goods (CDG) on

its 37th session in May 19835 discussed the matter and proposed

L. to add a new section 1o the General Introduction on the
IMDG-Code dealing with marine pollutants

- 1o inciude in class 9 of the IMDG-Code (miscellaneous
dangerous substances) those harmful substances which
do not fall into any other IMO hazard class;

- to modify the IMDG-Code schedules for those dangerous
substances which are also harmful. This could include
the addition of the words "marine pollutantis” in the
scheduies and for those harmful substances which
present a serious hazard to the environment, deletion of
inappropriate packagings or the insertion of a2
requirement that additional protection such as a closed
freight container is necessary.

RELATION BETWEEN THE CONDITIONS QF
THE MARITIME TRANSPORT OF DANGEROUS

GOODS AND THE PROTECTION OF THE
MARINE ENVIRONMENT

- FINAL REPORT -
September 1985

. Contract No.: 84-B-6621-11-003-11-N

-
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ANNEX V

Histoxy of studies dealing with the maritime traffic
in the Mediterranean

Sources : Tramed 77 and COST 301 programs
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The "TRAMED 77" program, directed by the Commander in Chief
for the Mediterranean (CECMED) of the Maritime Prefecture for the
third Maritime Region (PREMAR III), had for principal purposes the
characterisation of the trade routes in the entire Mediterranean
as well as the density of traffic. The data-were collected between
1977 and 1979 from all +the neighboring countries of the
Mediterranean by the Operational Research Group of Toulon
(G.R.O0.T.). More than 1000 sketches from different countries were
collected. The information was especially concerned with petroleum
products and liquefied gases which were loaded and unloaded in
various Mediterranean ports ; but the collaboration of almost 300
ports located all around the Mediterranean was very fragmentary.
Alsc, 1t was not possible to inventory the ships transiting in the
Mediterranean, i.e. crossing the Mediterranean sea from +the
Atlantic to the Persian Gulf or Black sea, or vice-versa, without
calling any Mediterranean port. The efforts made in order to
centralize the data from the TRAMED 77 study, as well as for
previous studies called TRACOM 69 and TRACOM 74, enabled certain
principal trends for the Mediterranean traffic to be observed ;
these trends were again studied in the framework of the European
COST 301% programme (task force 8.50, relating to the
Mediterranean).

* The initials C.0.S5.7T. are used by the Commission of the European
Communities to designate a study program (“Cocoperation on Science
and Technology") : the number 301 corresponds to a project defined
by the transportation division called "Help for Earth through
Maritime Navigation". Code 8.50 designates the task force
responsible for studies and trials on maritime traffic in the
Mediterranean.
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The aim of +the Mediterranean program is to study the
feasability of a Mediterranean VTS (Vessel Traffic Services).
= An operational center will receive information from existing
organizations such as ports authorities or from organizations
which have to be created (i.e. local VTS : Tarifa for Gibraltar,
Messina, Pertusato for the Strait of Bonifacio, etc...). After the
data acquisition, the instant image of traffic will be available.
The center will be installed in Genoa and will be known under the
initials of MECC (Meditexranean Coordinating Center).

The M.E.C.C. will have +to manage an appropriate number of
files corresponding to an average of about 4 000 significant ships
present at any day within the Mediterranean. This center should be
fully operational when this number increases to more than 9 000
messages/day at the same levels of services provided.

When operational, it will be able to interact within the
traffic on three levels :

1. Information and assistance to navigation and related
marine activities ;

2. Remedial and first aid in case of accidents of various
natures ;

3. Enforcement of rules and organisation of traffic, when
appropriate and in conformity with national or

international rules.

The decision to install a VTS in the Mediterranean is due to
the specific character of this sea.

According to Mr. PRUNIERAS, Director of the French Service of
Lighthouses and Buoys (Service Technique des Phares et Balises),
the "specific character of the Mediterranean is reinforced by the
fat +that many mediterranean countries will not have, within the
forseable future, radar monitoring systems of maritime traffic of
the same quality as those installed on the ccasts of the North
Sea."
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In order to help in localizing <the various Mediterranean
routes, the six European satellites NAVSAT which will be launched
by r1993 will complement the localization radar.

Data processing will enable a ship's identification,
especially for those refusing to do it.

While awaiting the technological advances permiting an even
greater precision in this domaine, the Mediterranean is actually
equiped with 12 local VTS of which 3 are on a regional importance
in the Suez Canal, in Marseilles-Fos and on the Atlantic side of
the Strait of Gibraltar ;

However, before achieving this long term objective (in about
10 years), the short term objectives of the COST 301 program are
as follows

- Evaluating the most dangerous sea areas and of the best
ways of reducing the risks involved in maritime traffic ;

- Establishing methods for monitoring and assisting dangerous
goods carriers with manoeuvering difficulties, in coastal
waters, near ports, and in ports.

N.B. : Informations on C.0.5.T. 301 are due to A.C.A.M. Leclair,
responsible for "CROSSMED" (operational and registral center for

salvage and suxrvey ship)
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Case studies of Accidents in the Mediterranean Sea

Tree of Events

(Source : CEDRE Report, by J. Escande, 1982)
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ANNEX VIT

Definition of terms to describe hazard characteristics

INTERNATIONAL MARITIME

ORGANIZATION 24 January 1985

Original : ENGLISH

MARINE ENVIRONMENT PROTECTION
COMMITTEE - 21 st session
Agenda item 15
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The term "hazard" indicates the probabirlicy and potemtial of a
particular substance to cause damage or injury. The following is a brief
discussion of the types of hazards whdich may be encouncered:

1 Combustibility: The ability of a material to burn under normal: :
‘conditions. For combustion to occur, oxygen, fuel, and an ignition
source must be present;

2 Flammability: The ease with which a material will ignite, either

spontaneously from exposure to high temperaturs, or from exposure to a

spark or open flame. The flammability of a material is generally

described in terms of 2 lower flammability level (LFL) and an upper

flammability level (UFL). The LFL is the lowest concencration of a

fuel=-in—air mixture that can be ignited and support combustion and the

UFL is the highest concentration that can be ignited and support

combustion. Ratics of less than the LFL or of greater than the UFL

cannot be ignited;

3 Explosibility: The ability of a substance, either pure or mixed with
other substances, to react rapidly and to produce local high
temperatures and Co generate large volumes of gases. Generally, when a
flammable material is limited to 2 confined area and ignited, an
explosion will result. As with flammability, explosibilicty is
expressed in terms of lower and upper explosive limits;

4 Corrosivity: The ability of a material to cause electrochemical
degradation of metals or alloys due to their reaction with their
environment or the destruction of body tissues by acids and bases. The
corrosive strength of acids and bases can be relatively indicated by pH
values. The pH value of a neutral solution, neither acidic nor basic,
is 7. pH values of acids are below 7 and the pH values of bases are
above 7;

5 Reactivity: The abilicy of a materizl to change chemically, eitner by
combination, replacement or decomposition. Chemical reactions may be
endothermic, requiring heat to maintain them or exotneraic, evolviayg
heat;

6 Toxicity: The ability of z material to cause damage to living tissue,
impairment of the central nervous system, severe illness, or in extreme
cases desath when inhaled, ingested, injectad or absoroea by tne s«in.
Toxic substances can ganerally be divided into two different categories
based upon the type of physiological reaction wnich takes place after
entry inte the body:

.1 Local: Action of the toxicant takes place at the poinC or area of
entry or contact. Absorption does not necessarily occur;
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.2 Systemic: Site of action of the toxicant is other than point of
contact and presupposes Lhat absorption has taken place. Systemic
toxicants can damage an entire organ system, blood forming system or
the central nervous system; )

Different types of toxic substances which produce a specific effect are:
= . . . ‘ . .

*»3  Asphyxiant: 4 substance which interfeces with respiraticn causing
insufficient oxygen to sustain life. Simple asphyxiants are inert
gases that displace oxygen and dilute the atmospheric oxygzen below a
level needed to maintain respiration (e.g. CO3, methane). :
Chemical asphyxiants prevent the Lransport of oxygen from the lungs
or transfer of oxygen to the cells;

! Irritant: A4 substance that inflames moist or mucous surfaces in the
pulmonary system, skin or eyes;

.5 Carcinogen: A substance which causes cancerous growths in living
tissues;

.

+

«6 Teratogen: A substance that will produce a physical defect in a
developing embryo;

«7 Hutagen: Any agent capable of inducing mutations in DNA which will
produce a permanent, transmissable difference in the characteristics
of an offspring from those of the parent;

Bioaccumulation: Phenoma which cover various processes leading in oune
way or ancther to zn increase in the coocentratioa of a substance in a
living organism; .

Threshold Limit Values: 1In the United States, the American Coanference of
Governmental Industrial Hygienists has developed the concept of Threshold
Limit Values {(TLV's) for use in the working eanviroument. Threshold Limit
Values suggest the concentration of 2 substance to which a normal worker
could be exposed without harmful effects. TLV's are expressed as a Time
Weightad Average (IWA) for the 8 hour work day and 40 hour work week and
‘as a Short Term Exposure Limic (STEL) for 15 minute excursions above the
TWA walue.

Use of the TLV requires the identificaction of the substancs or substances
of concern. The TLV can then provide a segment of the needed informatioun
to assess a hazardous situation. TLV's alone are insufficient for
thorough evaluatiom, and should not be used as z fine line betwaen
determining safe aud dangerous environments.

The booklet Threshold Limit Values for Chemical Substances and Physical
Agents in the Workroom Eavironment is available from the American.
Couference of Governmental Iadustrial Hygienists, P.0. Box 1937,
Cincinnati, Onio 45201 USA. The booklet is updatad annually.

e — g < m
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Studies on how to respond to discharges
into the sea of four selected chemicals

Source : Swedish coast guard headquarters
Bjorn Loostronm
1980-09~12
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Bonn Agreement Working Group (BAWG) is planning to elaborate
guidelines for response actions to discharges of chémicals’
into the sea. To contribute to a basis for the work,
studies are here presented on how to respond to discharges

into the sea of the following four chemicals which havse
been selected by BAWG:

-ammonia (evaporator)
-benzene (floater)
.acrylonitrile {dissclver)
creosote (sinker)

The conditions specified by BAWG are the fcllowing: "
' - A tanker.accident in the North Sea where
the complete content of two wing tanks
1s released.

-~ ° Incident location 15 nautical miles from
the coast at a water depth cf 30 metres.

- Wind direction towards the coast, force 35
Beaufort (=approximately 10 m/s).

- Water current parallell to the coast, sgzed
1 knot.

The content of two wing tanks in a large chemical tanker is
estimated to 2 x 1 000 = 2 000 cubic metres.
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In a tanker accident, 1 360 tons of liquefied amnonla would
most likely be released over a period of time ranging from
minutes to hours. Immediately after touching the water
surface the ammonia will spread into the air and water.

It is difficult in such a case to assess the extension of the
area where the ammonia concentration in the air is dangerous
to health. The calculations in the literature give results
which fall very much apart,K from each other. The area
dangerous to health may extend several nautical miles down-
wind from the source. Therefore appropriate warnings must

be given to seafarers and also to aircraft. The U S Coast
Guards Chemical Hazards Response Information System (CHRIS)
also gives 2 000 metres as the maximum downwind distance over
which a release of 540 tons of ammonia into the air may ignite.
However, this assumes worst case weather conditions (steady,
low wind) and instantaneocus discharge.

The models in literature which describe the dissolution in
water of ammonia are established for flowing rivers and
streams, and not for the open sea conditions. Experiments
have shown that the initial distribution of an ammonia spill
on the water only affects the upper layers of the water.
However, it is quite probable that the ammonia soon after
its distribution in the direction of the water current also
will reach the deeper layers. .

Ammonia is toxic to agquatic organisms and will cause damage
or death at concentrations below 10 ppm (mg/l}). 82C¢ tons
of dissolved armonia in water can in theory give 82 million
tons of 10 ppm solution., If the depth is 30 metres it is
possible (in theory) that a 100 meter wide water area

will be affected along a distance of 15 nautical miles in
the water current direction.

However the ammonia will spread, it is evident that such
a spillwill affect large water areas.

Response
1

During the response activities three risk zones can be
recognized.

Zone 1. The fire hazard of ammonia is low but yet it can
ignite and the risk zone which for 540 tons of evaporated
ammonia can be calculated from CHRIS is 300 x 2 000 metres
along the wind direction. This zone must not be entered by
ships or engine-driven units which can act as ignition
sources. The spill source shall be attacked or inspected
from the windward side. Onlvy when the discharge is ngpped,
the zone can be entered.

Zone II. This is the zone where the concentration of ammonia
is too high to breath for unprotected pefsonnel A rough

and prellmlnary assessment based on data in the literature
will give the extension 4 x 15 nautical miles along the wind
direction right up to the coast. The zone also comprises all
air above these limits. As soon as possible after the acci-
dent, warnings must be given to seafarers and aircraft so
they do not enter the zone. The zone must be supervised

by Coast Guard cutters and aircraft. The zore shall con- .
tinously be monitored with gas detection meters. Special.
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attention must be given to the coast at the far end of the
zone., If the monitoringshows rising.concentrations, the
zone must immediately be extended further inland. The
personnel who enters zone II must wear breathing apparata
and closer to the spill source even full protective suits.,.

Zone III. This zone is the water area which is affected by
.the ammonium hydroxide. The extension is very difficult
toassess dn advancerbut .from what have been calcudated .
above, it may be very large. The zone shall be defined
through monitoring with pH-meters and shall be continously
mapped from these results. This zone shall not be used for
fishing and recreational activities., The zone extends

along the water current at right angle to the wind direction.
The water area where the ammonium hydroxide ccncentration is
highest (close to the spill source) may be treated with

sodium dihvdrogen phosphate which will neutralize the ammonium
hydroxide and reduce the damage of the marine environment.
The spreading of the agent can be done with injector jet

pipes which are fed with water and allowed to suck directly
from the bags with solid scdium dihydrogen phosphate. This
method of spreading will transfer the agent as a slurry to

the water where it will dissolve and neutralize the ammonium
hydroxide. However, the theorstical amount of sodium dihydro-
gen phosphate will be almost 6 000 tons to fully neutralize
the 820 tons of dissolved ammecnia. Although the agent is
considered comnletely harmless (it is used in baking powders)
such an operation must of course be carried out in consultation
with ecological exmertise.
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Ceneral information

Benzene is a colourless liquid with gascline-like odour.

The density is 0.88, solubility gn water 0.1 %, freezing

point +5.5°C, bgiling point 80.1°C and vapour pressure
75 mm Hg (at 207C). .

Benzene has a wide use as a solvent and for manufacture of ©
pharmaceutical drugs, dyes and-other organic compounds.

Benzenevapour irritates mucous membranes and can also pene-~-
trate the skin. Accute exposure to more than 0.3 % benzene
in air may cause poisoning with narcotic effects such as
restlessness, excitement, convulsions, depression and, if.
exposure is continued, death through respiratory failure.

Benzene is harmful to aquatic life even in wvery low concentrations.

Benzene is very flammable and there is an explosion hazard
in the presence of an ignition source in a confined space.

When benzene is discharged at sea, it will float and spread
out on the surface of the water. Small amounts will dissolve
in the water and affect the marine life. Vaporization will
start and will proceed comparatively rapidly,especially in
warm weather. :

Actual discharge

2 000 cubic metres of benzene correspond to a weight of 1 760
tons. In a tanker accident this amount would most likely be
released over a period of time ranging from minutes to hours.
After touching the water, the benzene will spread out on the
water surface and start to vaporize. The vaporization rate
is very much dependant on the water temperature. According
to CHRIS this amount of benzgne will vaporize in 90 minutes
at a water temperature of 207°C. At lower temperatures the
vaporization time will be greater. Below +5.5°C the benzene
will freeze and form solid layers which still float (density
0.90).

As the solubility of benzene in water is very slight (0,1%)

a rather small part of the spill will be dissolved. It will
affect only the water areas close to the pathway of the spill.
But the toxicity of benzene is high enough to cause considerxable
damage to the marine life in this location.

Response

The vaporized benzene gives rise to a zone where the atmosphere
is dangercus to health. It is difficult to assess the extension
of this zone but itmay be reascnable to expect an area of one

or two nautical miles in the wind direction from the polluted
water site. As soon as possible after the discharge it is
necessary to monitor and map this zone continuosly by gas
detection meters. Seafarers and aircraft must be warned and
the surrounding area must be patrolled by Coast Guard cutters
and aircraft. The zone shall be entered only by personnel
equipped with breathing apparata. Close to the spill they shall
also wear full protective suits.
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In the vicinity of the spill the fire risk shall be monitored
with explosimeters., Relevant safety measures shall be taken
to restrict access by ships and engine-driven units which
contain ignition sources. The spill source and the floating
spill itself shall be attacked or inspected from the windward
side. Entry of this area shall be restricted as far as
possible for all personnel due to the high flammability of

- benzene., This precaution does apply especially for conditions

when the vaporization of benzene is too high to get time for
meaningful skimming operations. ’

The water area under the pathway of the benzene slick shall be
monitored by sampling and analyses during the course of the
response operation and afterwards. This area shall be mapped
in order to make an assessment of the environmental damage
possible. However the amount of dissolved benzene is too small
to make any combating action possible within the water phase.

In summertime when the water temperature is greater than +10°¢C

it may be difficult to pick any benzene before it evaporates.

But in lower temperatures and especially when the benzene

is solid {(below +3.5 C) it can probably be taken up by belt
skimmers or rotating disc skimmers. The operations must ke
carried cut under strict safety precautions.. Working personnel
must be eguipped with breathing apparata and £full protective
suits. The work must-be continously montiored with explosimeters.

Disposal

Recovered benzene (mixed with water) shall be sent to a refinery
or disposal plant for purification by means of destillation.
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ACRYLONITRILE

General information

Acrylonitrile is a colourless to light yellow ligquid with a sweet,
mildly irritating 8dour. The density is 0,81, solubility in
water 6.8 é (at 207C), freezing point -83.SOC, beiling

point 77.3°C and vapour pressure 100 mm Hg (at 20°C).

- Acrylonitrile is used for manufacture of e.é{"plasticé;
synthetic fibres and adhesives. .

Acrylonitrile vapour is highly toxic and cause (from low to high
cencentration) weakness, headache, nausea, abdominal pain,
asphyxia and death. : :

Acrylonitrile is harmful to aquatic life even in wvery low concentrationc

Acrylonitrile is flammable and can explede in an enclosed spaca
in the presence of an ignition source. The combustion procducts
of burning acrylonitrile are extremely toxic.

When acrylonitrile is discharged at sea it will initially E£loat
and spread out and then dissolve into the water. Before dissolu-
tion some amount will vaporize. The degree of vaporization is
due to environmental factors such as water temperature and wind
force. P

Actual discharge

2 000 cubic metres of acrylonitrile correspond to a weight of

1l 620 tons. In a tanker accident this amount would most likely
be released over a pericd of time ranging £rom minutes to hours.
After touching the water the acrylonitrile will spread out

on the water surface and start to vaporize into the air and
dissolve into the water. The values of vapor pressure and solubi-
lity are high enough to make the acrylonitrile vanish from

the water surface in a comparatively short time.

Due to the high solubility and high toxicity of acrylontrile

the marine life close to the spill source will be considerably
damaged. The spreading of the dissolved acrylonitrile will

affect large water areas. Acrylonitrile is harmful

to many marine organisms at concentrations of 10 ppm. 1 200
tons of acrylonitrile will give . a theoretical amount of

120 million tons of 10 popm seclution. If the depth is 30 metres

it is possible (in theory)} that a 100 meter wide area will be
affected along a distance of 22 nautical miles in the water curren:
direction. T

Response
Three risk zones can be recognized during the response activities,

N
Zone l. Near the spill source there is a zone where the fire
risk i1s high. It is difficult to predict the extensicn of the
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zone and it cannot be monitord with explosimeters as they are
not calibrated for acrylonitrilie. But it is reasonable to
consider an initial area of half a nautical mile in the wind
direction from the undissolved slick. The zone must not be
entered by ships or encine driven units which can act as
ignition sources. The spill source and the slick shall
be attacked or inspected from the windward side.

Zone II. This is the zone where the vapors .are hazardous to

“ »--unprotected personnel. It is difficult to assess the extension

*~ of the zone because a great part of the acrylonitrile dissolves

into the water. It is possible that the 'zone will extend to a
distance of one or two nautical miles along the wind direction,
The extension of the zone must be continously monitored by gas
detection meters. Seafarers and aircraft must be warned and
the surrounding area must be patrolled by Coast Guard cutters and
aircraft. The zone shall be entered only by personnel equipped
with breathing apparata. Close to the spill they shall also
wear full protective suits.

Zone’ III. This zone is the water area which is affected by the
dissolved acrylonitrile. From what have been calculated above
the extension of the zone may be very large. The zone shall be
continously mapped through -sampling and analvses This zone
shall not be used for fishing and recreational activities. The
zone extends along the water current at right angle to the
-wind direction. )

The spreading, vaporization and dissolution of the acrylonitrile
will make the spill very difficult to recover. The high toxicity
and the fire risk will make the situation still worse. Probab-
ly the best way is only to supervise the zones. It is probably
not reasonable to treat the poclluted waters with any treating
.agent. Possibly it may be sensible to help local concentrations
of acrylonitrile to disperse by agitating the area with water,
sprays or propeller blasts from cutters.
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CREQSOQOTE

General information

The kind of creosote which is most often bulk transported at
sea is the coal tar creosote (creoscte o©il) which is a

destillation “product of coal tar which in turn is derived by

carbonization (destructive destillation) of bituminocus
coal. Creoscte is a complex mixture of aromatic
hydrocarbons and phenels which is used mainly for impregnating

wood. It is a yellowish to dark green-brown, oily liquid.
The odour is tar-like.

The density is usually 1.05 - 1.09 {(compared to sea watexr 1.03).
It is practically inscluble in water. The freezing point is
generally below 0°C but sometimes hlgher (up to +30°C). The
boiling point is generally 190- 240 C. The vapour preassure

is generally below 1 mm Hg (at 20°C).

Creosote is irrxitating to skin and eyes. It is a recognhized
carcinogen of skin and an experimental carcinogen ¢f the lungs -
but this probably pertain to repeated or prolonged contacts.

The effect of low concentrations of creosote on agquatic life
is unknown but prokably will both accute and cronic damage

appear at discharges at sea. Creosote will be fouling on
shorelines.

The fire hazard is moderate when exposed to heat or flame.

The density of creosote is very close to and most often slightly
greater than the density of sea water. At a discharge at sea
creosote will sink slowly to the bottom.

Actual discharge

2 000 cubic metres of creosote correspond to a weight of about

2 140 tons. In a tanker accident this amount would most

likely be released over a period of time ranging from minutes

to hours. fter touching the water the creosote will follow the
water current and slowly sink to the bottom. It is very difficult
to predict where it will reach the bottom e.g. at a water current

of 1 knot and a water depth of 30 metres. The creosote

will probably be spread on the bottom in the direction of
the water current.

The solubility of creosote is very slight. Exact solubility
data are not given in the literature. But the solubility

is probably encough for very small amcounts of toxic components
to be released in soluble state into the water and affect the
marine life, especially on and close to the bottom sediments.

Resvonse

The polluted bottom area must be mapped carefully. This is
best done visually by divers which must be equipped with com-
pletely tight dry diving suits. The bottom-lying cxreosote

can then be dredged with a hydraulic dredge under the super-
vision of divers. A mechanical dredge or a hydraulic dredge
with a mechanical cutterhead should not be used as they

cause turbulence at the bottom that would spread the creosote

w
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still more and cause greater damage to the marine environment.
In order to reccver as much as possible of the creosote, a
great vart of bottom sediment must Ye dredged together with the
creosocte. . )

The dredged material shall be transferred to barges and
‘transported to a harbour which has facilities to receive it.
Personnel which are working close to the dredge material must
be equipp=d with breathing apparata and protective suits.

Disposal

The sediment material should be transported to disposal sites
for long term storage, for future use in e.g. roadbed £illingi
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ROTTERDAM INTERNATIONAL THE COMMISSION OF THE
SAFETY CENTRE B.V. EUROPEAN COMMUNITIES

Ir. P. Bockholts

) TNO Response / Preparation:
Division of Technology for Society Support of Hazard identifi-
Dept. of Industrial Safety - cation and decision making.
K.J. Bolt
Directorate General Shipping Hazard awareness:
and Maritime Affairs Management objectives for a
Dept. P.N.M. response organisation.

Hazard awareness / Prevention:
Regulations, State of the art,
White spots, Limitations.

B.H. Brinkhuis

Depot Milieubeheer B.V, Preparation / Response tools
Demonstration clean-up methods.
Field excursions.
Industrial clean-up capabi-

lities,
Cases,
Th.A. Buys
Depot Milieubeheer B.V. Preparation /'Response teools

Demonstration clean-up methods.
Field excursions.

Industrial clean-up capabi-
lities.

Cases,

- : HAZARDOUS MATERIAL SPILLS IN THE MARITIME SECTOR
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SAFETY CENTRE B.V.

Dr. D. Cormack

Warren Spring Laboratories
Dept. of Industry

Capt. A. van Eden

Rijkswaterstaat
North Sea Directorate

H.Ph. Groenewoud

Depot Milieubeheer B.V.

G.M. Hadfield

Dow Chemical (Nederland)} BV
Manager Europe Safety Security
Loss Prevention

THE COMMISSION OF THE
EUROPEAN COMMUNITIES

Preparation:

Hazard assessment and
identification of packed and
hazardous materials.

Control and reduction of
effects.

Conclusions for objectives.
Discussions.

Introduction:

Official opening of the course.
Communication:

Response organisation
Rijkswaterstaat

Preparation / Response tools
Demonstration clean-up methods.
Field excursions.

Industrizal clean-up capabi-
lities.

Cases.

Preparation / Communication:
Presentation DOW.

HAZARDOUS MATERIAL SPILLS IN THE MARITIME SECTOR
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M.H. de Heer
Chemical Laboratory "Dr. A. Verwey"
Analysts and Consulting Chemists

Samplers and Weighers
Bulkoil-surveyors

Dr. R.P.W.M. Jacobs

Nederlandse Aardolie Mij.
Environmental Dept.

*

Prs. B.M.G. Jansen

Central Environmental Protection
Agency (Rijnmond) Rotterdam

Ing. W. Koops

Rijkswaterstaat
North Sea Directorate

B. Loostrdm

Swedish Coast Guard

THE COMMISSION OF THE
EUROPEAN COMMUNITIES £

Hazard awareness:

Properties of hazardous
materials.

Preparation:

Hazardous materials exposure
risks.

Measurement limitations.
Exposure risks of personnel.
Personnel protection.

Hazard awareness:
Management objectives for a
response erganisation.

Response organization:
Rijnmond area.

Hazard awareness:

Hazard material spills. Cases.
Response [/ Preparation:
General steps in preparation
Preparation:

Conclusions for objectives.
Discussions. .

Preparation:

Hazard assessment and
identification of packed
hazardous materials.
Control and reduction of
effects.

Conclusions for objectives.
Discussions.

HAZARDOUS-MATERIAL SPILLS IN THE MARITIME SECTOR
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Dipl. Ing. P. Nimptsch

BASF

E. Norman

National Foam <T

U

M. Renson

Commission of European Communities
Representative

Ing. E.W. Rocco

Dow Chemical (Nederiand) BV
Director Governmental Relations
Materials

Management Dow Europe

THE COMMISSION OF THE
EURCPEAN COMMUNITIES

Response:

Industrial Response activity.
Philosphy, Organisation.,
Demonstrations of Industrial
Response.

Techniques.

Preparation / Response tools:
The control of Fire and
Hazardous Vapours by water and
foam techniques.

Principles.

Introductibn:

The Community Action Plan of
Harmfull Substances Spilled at
Sea.

Preparation / Communication:
Presentation DOW.

HAZARDOUS MATERIAL SPILLS IN THE MARITIME SECTOR
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J.A.C. van Rooy
Smit Tak International Ocean Towage

& Salvage Co.
Salvage Superintendent

Ir. T. Verhoeff

Rotterdam Inte}national Safety Centre
Course directer

4

Drs, F.W.J. Vos

Rotterdam International Safety Centre
Course director

THE COMMISSION OF THE
EURCPEAN COMMUNITIES

Hazard awareness:
Management objectives for a
response organisation.

Introduction:

Aim and outline of the course.
Aim of student activities.
Domestic affairs.

Preparation:

Evaluation of week one.
Conclusions for objectives.
Discussions.

Introduction:

Aim and outline of the ¢ourse.
Aim of studen activities.
Domestic affairs.

Incident management.
Response:

Response capabilities
evaluation.

Response / Preparation:
Objectives for "tool"
development.

Preparation:

Evaluation of week one,
Conclusions for objectives.
Discussions.

Recapitulation / Evaluation:
Recapitulation of syndicat
activities.

General “objectives',

HAZARDQUS MATERIAL SPILLS IN THE MARITIME SECTOR
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H.J.G. Walenkamp

Smit Tak International Ocean Towage Hazard awareness:
& Salvage Company Hazard materials spills. Cases.
Salvage Superintendent ’ Management objectives for a

response organisation.

A.J.W. Wolters,

- Municipal Port Management Respeonse organizationt

Port of Rotterdam Port of Rotterdam
Deputy Harbourmaster )
Operational Safety

HAZARDOUS MATERIAL S-F.'ILLS IN THE MARITIME SECTOR
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301, 1984 ~ Glossary of terms, abbreviations and syhbols and
their sources. Ref. D5/200/2808-020/ER/MP/22

301, 1984 - Mediterranean Report to COST 301 C.S5.T. on
Mediterranean trials : a draught scheme Rapport
préparé par Soncin G. et Volta E.

301, 1984 - COST 301 Mediterranean Report préparé par P.
Corona
301, 1985 - Trials on the Mediterranean Sea - Introductory

note - Rapport réalisé par OPEFORM le 21.01.85%5

301, 1985 - Analysis of traffic data in the C0ST-301 area.
COST-301/NL/MARIN/2.13 -~ O0OP..7 B/01/85 (Maritime
Research Institute Netherlands)

301, 1985 -~ 1Identification of maritime traffic in Italian
territorial waters - wvol 1 ~ Technical Report -
Study carried out by CETENA for ECC ref VII/417-
85 - )

vel 3 - Final Report ref VII/66/85-EN

301, 1985 - Ship casualties in the greek seas, by Const. A.
Philippon Hellenic Institute of Marine Technology

301, 1986 - Marine traffic casualties in the COST 301 area
1978-1982 Final Report on contract EUR-NM~013-NL,
Ref. COST 301/NL/MARIN/72.23 DP.1 B/11/85, August
1986 (Authoxr : Capt. R. Trufon)
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CEDRE,

CEDRE,

CEDRE,

CEDRE,

CEDRE,

CEDRE,

CEDRE,

CEDRE,
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CEDRE

1981 - Approche des problémes posés par la Marine Nationale
pour répondre & une éventuelle pollution d'origine
chimique survenant en mer par J. Gineste &

1982 - Le transport maritime de produits chiﬁiques -
Bulletin du CEDRE n° 10 par G. Adam

1982 - Evaluation des risques de pollution que courent les
cbtes francaises {(par les méthodes d'analyse de la
sécurité des systémes)

Rapport préparé par J. Escande,.

1983 - Danger potentiel du transport maritime des matiéres
dangereuses - Bulletin du CEDRE n° 13 - par J.C.
DHUEZ.

1983 - Danger potentiel du transport maritime des matiéres
dangereuses.

Bulletin n°® 13 - p 2-5

1983 - Les risques de pollution accidentelle massive par
les produits chimiques dangereux passant au large
des cbétes francaises par J.L. COMMO et R. PASQUET.
Rapport R. 83.775.R.

L 4

1985 - Evaluation du risque de pollution accidentelle que
courent les cdtes francaises - par E, MAUGUEN.
Rapport R. 85.8C.E.

1985 - Le risque de pollution par les épaves dangereuses -
Le c¢cas des produits toxiques autres que les
hydrocarbures - par G. BERGOT Rapport R~ 85.108.R.

1986 - Adaptation des équipements existants a l'allégement
des transporteurs de produits chimigues. Utilisation
des moyens propres auxXx navires - Recensement des
navires stockeurs. par R. BARICU -  Rapport
R.86.210.C.



CEDRE,

CEDRE,

CEDRE,

1986 - Etablissement d'une liste prioritaire de substances
dangereuses - Proposition CEDRE Novembre 85 Rapport
R.86.216.C par R. KANTIN

1986 - Abscorption et agglomération de produits chimiques
Rapport R.RA.193.R par H. DIDIER

1986 ~ Confinement et récupération des polluants flottants
- Adaptation des équipements existants & une lutte
contre pollutions par produits chimiques. par J.Y.
HUET, Rapport R.86.225.C.
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JOURNAL DE LA MARINE MARCHANDE

Transports maritimes : prévisions 1984-1995 p 1036-1040 <«

Pavillons de libre immatriculation - 1'épreuve du nouvél ordre
économique et social - 1er aolit 1985 p 1874-1875

La Méditerranée : zones de crises - § Janvier 1986 : p 69-70

Lloyd's register of shipping - Les pertes de navires en 1985
307 unités pour 1 651 210 tjb ~ 25 Sept. 1986 p. 2306~-2307

BAZARDOUS CARGO BULLETIN

Traffic : n® 2 spot for Marseilles. March 1986 : 25

Bulk chemicals : a brighter horizon ? oct. 86 : 25~28

Bulk chemicals : Boom days are gone - oct., 86 : 16-23
X

Ports : southern crossroads - nov. 86 : 41-44
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BAWG-OTSOPA
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BAWG~QOTSOPA
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BAWG~OTSOPA

BAWG-0TSOPA

BAWG-OTSOPA

BAWG-OTSOPA
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BAWG--OTSOPA

10/12/1-E, 1987 - Response measures for chemical
spillage (U.K.)

10/12/4-E, 1983 - Present worfion preparadness for
grave chemical pollution (Norway)

12/12/1-E, 1984 - Risk Analysis : bulk transport of
chemical by sea (The Netherlands)
(Rykswaterstaat)

12/12/4-E, 1984 - Transport of chemical substances by
sea : data inventory, hazard potential and combating
possibilities (Federal Republic of Germany’)

14 /INFO. 6—E,19851 Report (in preparation) about
counteracting measures for chemical spillages
(The Netherlands)

15/5/1-F, 1986 . Bilan des infractions aux dispositions
prévues par les conventions MARPOL 73/78 et OILPOL 54
concernant les rejets d'hydrocarbures en mer (France)
15/INFO.7.E, 1986 - Research and development
concerning chemical accidents or spills (Sweden)

15/14/1-E, 198% - Sea transport of chemicals. A threat
+o the environment ? (Sweden)

15/14/2-E, 1986. Present work on matters concerning
spill responses within the Bonn agreement and in
particular within the Netherlands (Netherlands)

15/14/4-E, 1986 - R + D program for response to
chemical emergencies

Paxt A : a developing and dimensioning threat
assessment - a pilot study - (Sweden)

15/14/7-E, 1986 - Research and developing concerning
chemical accidents or spills (Sweden)
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ATOCHEM, 1983 - Information Chimie ~ Special usines Chapter
"Mediterranée" ; p 236-271.

5

BUREAU VERITAS, 1985 ~ Etude de faisabilité d'une analyse de

risques de pollution des cdtes frahcaises.
2 volumes. Ref : 5595 TRD 1 LEG/MM AT 1102

CANADIAN COAST GUARD, 19? -~ Etude services du traffic maritime.

Rapport final - Garde cdtiére
canadienne - n® TP 5965 F

CANADIAN COAST GUARD -~ Venil traffic service ~ Final report -
CANUTEC, 1986 Dangerous goods - Guide to initial emergency
response - Canutec (613) 996-6666 Canada

CCAF, 1982 - Le transport maritime, études statistiques (Comité
Central des Armateurs Frangais) p 20-30

HBEMICAL PARCEL TANKERS, a fair play distribution

CNEXO, 1981 La protection de l'environnement marin par les
Nations-Unies. Programme d'activités sur les mers
régionales. par M. Falicon
Publications &u CNEX0O - Rapports économiques et
juridiques n° 9.

CORMACK, 1983 - Response to oil and chemical marine pollution.
EPA - 600/52-83-115 (dec 83) Project summary -

Three new techniques for floating pollutant
Spill control and recovery -

]

1

W.W. Bannister, A.H. Donatelli, W.A. Curby, D.L. Kan,
W.J,., Daltonand D.A. Porta



FSSH, 1985 - Forschungsstelle fiix die Seeschiffahrt zu Hamburg -
Relation between the conditions of the maritime
transport of the dangerous goods and protection of
the marine environment.Rapport n® 617.

General Tullstyrelsen ~ Swedish Board of customs ~ Coastguard
Headquarter-Treating of floating spills of chemicals
on the water surface by systems using sorbent

materials or other agents - by Bjorn Loostrdm, 1986,
10 -24.

1986 HAZARDOUS MATERIAL SPILL CONFERENCE - paper 021.

Risk Analysis : Transport of chemicals in bulk by sea
to and from Rotterdam (Ripkswaterstoat).

IMO, 1973 - "Protocol relating to intervention on the high seas in
cases of marine pollutions by substances other than
oil®.

iIMO, 1979 - Any other business M/V CAVTAT Marine environment
protection committee 11 th session 6 juin 1979.

£

INTERNATIONAL EXPERTS DISCUSSION MEETING ON : LEAD-OCCURENCE,
FATE AND POLLUTION IN THE MARINE ENVIRONMENT.

- The acute toxicity and bio accumulation of some lead
alkyl compounds in marine animals by Maddock B.G. and
Taylor D - Rovinj, Yugoslavia October 18-22, 1977.

INTERNATIONAL EXPERTS DISCUSSION MEETING ON : LEAD-OCCURENCE, FATE
AND POLLUTION IN THE MARINE ENVIRONMENT.

- Dispersion of lead alkyls from pools located on the
sea~bed by J.W. Cleaver. Rovinj, Yugoslavia 18-22
October 1977.
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ITOPF Final Report ~ Resources.to combat US Navy oil spills
in Europe.
Contract N68171 - 83 - C - 9598

MARINE NATIONALE, 1985 - Surveillance du traffic maritime

dans les Bouches de Bonifacio -
Réf EMM!PLIAMO!NP n°® 15 - du 11 février 1985

MARSEILLE FIRE BRIGADE BROCHURE
Bataillon de Marins-Pompiers de Marseille
Centre d'Instruction Sécurité.

MARSEILLE INFORMATIONS n°® 132.133 Mars-avril 82.
OCDE, 1985 - Les transports Maritimes 1984, Paris 1985

OMI/MEPC/21/15 - 01.24.1985 -~ Manuel sur les déversements de
substances dangereuses autre que les h&drocarbures -
Révision du projet de la premiére partie
évaluation en intervention - 01.24;853_

PETROLE B5, 1986 - Activité de 1'industrie du pétrole -

Comité professionnel du pétrole.

PLAN BLEU - Perspectives sur le bassin méditerranéen

(Développement et Environnement).
Plan d'action pour la Méditerranée.
PORT AUTONOME DE MARSEIXILLE - Activités 1983.
ROCC Guide de lutte contre les pollutions par

hydrocarbures en Méditerranée.
IMO - Mediterranean Action plan.



ROMANOVSKY - Recueil bibliographiques des données de mesures de

courant en surface concernant les sites du littoral

francais répertoriés au plan POLMAR - lot n°® 4 -
Contrat n° 83.036.
™

SAFETY and RELIABILITY DIRECTORATE March 13984

Fire/Explosion probabilities on liguid gas ships

United Kingdom Atomic Energy Authority.

SAFETY and RELIABILITY DIRECTCRATE November 1985.

Incident probabilities on liquid gas ships.
United Kingdom Atomic Energy Authotority.

SHOM, 1985 ~ Instructions nautiques - France - Cbtes de Corse.

b.2.3. - France - Cotes Sud- 2.1

TANKER CASUALTY BULLETIN, 1984 - Serious and non serious

casualties reported, statistical tables, 1984

TCHERNIA P., 1980 - Descriptive regional oceanography - Pergamon
Press.
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CEDRE
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CHRIS

COsT

CROSSMED

DMI

DPNM

EPA

FSSH

HACS

GLOSSARY OF ABBREVIATIONS (not United Nations)

.

Bonn Agreement Working Group
Commandement en chef pour la Méditerranée (France)

Centre de Documentation, de Recherche et
d'Expérimentations sur les Pollutions Accidentelles
des Eaux. (France)

Commission d‘Etudes Pratiques de Lutte Anti-Pollution
(France)

“Italian ship Research Centre".

Chemical Hazards Response Information System.

Cooperation on Science and Technology (See Annex V)

Centre Régional Opérationnel de Surveillance et de
Sauvetage pour la Méditerranée. (France)

Danish Maritime Institute

Direction des Ports et de la Navigation Maritime
(France)

Environmental Protection Agency.

Forschungsstelle fiir du Seeschiffahrt zu Hamburg E.V -
Hamburg Maritime Research (FRG).

Hazards Assessment Computer System.



IFP

IFREMER

=

INSERM

IRCHA

MARIN

LTS

PREMAR III:

RISC

SCG

SHOM

USCG

Institut Frangais du Pétrole -

Institut Frangais de Recherxche pour l'Exploitation de
la Mer. (France)

Institut National de la Santé et de la Rechexrche
Médicale (France).

Institut National de Recherches Chimiques Appliguées

(France).

Maritime Research Institute Netherlands
Préfecture Maritime III® région (France)
Rotterdam International Safety Centre
Swedish Coast Guard

Service hydrographique et océanographique de la Marine
(France)

United States Coast Guard.



