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ABSTRACT

The oil tanker designs have suffered significant changes during the last few
years. These forced modifications were a result of the introduction of recent
international (IMO, 1995) and domestic (OPA ’90) regulatory actions.
Intensification in the research work was also noted during this last decade,
giving special attention to the prediction of tanker environmental performance

in collisions and groundings.

Agreeing that the probabilistic concept is the only rational tool that enables a
true comparison of different tanker designs, the mathematical basis for the
probabilistic concept is described with references to the most important authors

and their contribution to the development of probabilistic based regulations.

A review on the development of international regulations for control of oil
pollution from tankers is presented, with statistics of the most important

accidents, in terms of oil spills.

A mathematical model was developed, integrating the latest IMO regulations,
using a direct probabilistic methodology. This methodology incorporates
distributions of damage location and damage penetration as derived by several
Classification Societies and compiled by IMO. The method was enhanced with
the characteristic of not assuming total width extent of damage in case of
groundings, enabling this way the assessment of the influence of longitudinal

subdivision in the cargo space and in the double-bottom.

Expected oil outflow calculations were performed for 107 different tankers,
including Pre-MARPOL, MARPOL, Double-Hull and Mid-Deck designs.
Initial oil losses following impact and oil retention in the double-hull space

were taken into consideration, as well as tidal drop and dynamic effects.



ABSTRACT

The work carried out include: parametric studies, varying double sides width,
double-bottom heights, number and location of longitudinal bulkheads, number
and location of transversal bulkheads and location of horizontal bulkheads;
double-hulls comparison; different design types comparison and environmental

performance ranking.

A discussion of the resulting probabilistic oil outflows is presented with
comparisons of the environmental characteristics of the sample tankers. These
sample tankers include both variations of internal subdivision within the same

ship type and also among different design types.

From the analysis it was found that, in general, the mid-deck tanker designs
have lower oil outflow rates, when compared with the other designs, including
double-hulls. It was also concluded that the subdivision of the cargo block

region has a determinant influence on the calculated expected oil outflows.

A short description of new design concepts is made, presenting the different

characteristics of each and the advantages claimed by each author.
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CHAPTER I - INTRODUCTION

CHAPTER 1 - INTRODUCTION

For many years all interested parties in the maritime activity have addressed
the importance of ship safety. However, to achieve this goal in the shipping
business it is necessary to satisfy the client’s specification, the cost

effectiveness and an acceptable level of safety at the same time.

This acceptable level of safety is not easily quantifiable, because it does not
involve only engineering aspects, but also operational and management

aspects.

Because shipping is a worldwide activity with many risks, it is understandable
that in a time when safety and the environment are primary aspects of human
concern, the different countries involved have tried, during the last decades, to
reduce the threat from the transportation of goods by sea. This work has been
undertaken through the IMO, an International Organisation that regulates and

insures the safety of sea transportation in terms of human life and pollution.

It is certain that it is necessary to find a balance between modern existence and
maintaining the environment. It is also accepted that tankers operate only
because of the demand for oil. Thus, to have tankers operating in the seas, it is
necessary to cope with the responsibility associated with this type of

transportation. The oil must be transported as safely and efficiently as possible.

However, the essential question still remains: "Is it possible to design an oil

tanker that meets complex demands for economical operation, crew safety and

is still environmentally friendly?" (NRC, 1991).

The answer to this question is neither direct nor easy, but there are three main
methods to reduce accidental oil outflow: specification of a double hull,
reduced tank size and use of outflow prevention measures inside a tank. The

three methods will be discussed in detail later.



CHAPTER 1 - INTRODUCTION

Until the XIX century the concern about the risks involving trade by sea were
almost not existent when compared to the present day, the number of ships was

small as well as the amount of goods transported.

However, with the industrial revolution this picture was completely changed.
All sectors suffered major developments and the shipping activity increased
exponentially with the explosion in number of products to carry by sea. In
addition to this increase in the amount of products carried, the characteristics of
this merchandise became more dangerous, with a lot of chemical products
travelling from one country to another; IMO considers that more than 50% of

the cargo transported by sea is dangerous.

The constant effort by man to make the shipping activity as safe as possible,
led to the development of a wide group of legislation covering different areas

of the maritime activity.

However, one of the main drawbacks of the existing regulations towards safety
aspects is the fact that a great majority of them were compulsively taken as a
result of major accidents. Their implementation was so fast that some of the

important aspects were forgotten and not taken into account.

Although the present work only investigates a specific type of ship: tankers,
these represent a major threat to the environment that justifies all the research
and studies that have been carried out, trying to solve the questions and

problems involving this specific kind of vessel.

The explosion in the demand for oil transportation by sea occurred at the end of
the 60's decade. As a consequence larger ships became a reality and the VLCC
(Very Large Crude Carriers) concept appeared. With them came the biggest
pollution accidents in history, the Torrey Canyon accident in 1967 being the
largest one (the largest oil spill of ship accidents history is still the Atlantic
Empress collision in 1979 — 274,854 t).
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Ships that transport dangerous cargo are covered in first place, by regulations
intended to protect the marine environment and, as other ship types, by
regulations regarding damage stability. Unfortunately, these regulations are
based on deterministic concepts. The flaws of the deterministic approach have
been widely demonstrated by several authors. Thus, the use of regulations for
the prevention of pollution based on the probabilistic approach is the solution

for a better evaluation of the environmental safety of different ship designs.

The introduction of the probabilistic concept in the safety legislation has a
history of approximately three decades. However, Resolution A.265 -
probabilistic IMO equivalent passenger ship regulations (IMO, 1973), only
came into force fifteen years after Wendel's first publication in 1960 (Wendel,
1960). In comparison with the deterministic regulations of the time - the

subdivision factor - this was a major progress towards safety improvement.

In 1982, Tagg (Tagg, 1982) published a paper were he assessed the
survivability indices of a number of cargo ships including a tanker. Once again
it took over eight years until the adoption of SOLAS'90 amendments, which
introduced the probabilistic concept for the evaluation of damage survivability

of cargo ships over 100m in length. They entered into force in 1992.

The second important safety aspect of hull division apart from survivability is
pollution prevention. Abicht (Abicht, 1975, 1977) first proposed the
minimisation of oil outflow from damaged tankers in 1975. However, the real
research using this methodology on tankers only began after the Exxon Valdez
disaster with the unilateral legislation introduced by the U.S - Oil Pollution Act
1990 (OPA 90). Pressured by this move, IMO has developed guidelines for
approving alternatives to new tanker construction to be compared with

reference to double-hull tankers.

The research activities led to new solutions, which changed the design concepts

and induced various new designs and engineering solutions. However, they had
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to be compared in their environmental impact. The regulatory bodies were then

asked to evaluate and check these new concepts.

A reduction in the risk of oil pollution from tankers can be accomplished by a
number of operational and design measures. Different tanker design
configurations may therefore have different protection capabilities. The oil
outflow from a specific damage scenario may be relatively straightforward to
evaluate, but an overall objective measure of merit to evaluate dissimilar

configurations is not as easy to develop.

The main aim and objective of this work is the evaluation of the environmental
performance of different tanker designs, through the use of the latest
probabilistic regulations proposed by IMO. The resulting probabilistic oil
outflow parameters should give a basis for a wide discussion over the
environmental characteristics of the sample tankers and the methodology used
for the assessment of such measures. It is also a purpose to provide comments
on the IMO Guidelines for approval of alternative designs referred to in

Regulation 13F and 13G.

Another objective of this work is the investigation of the effect of subdivision,
principal ship dimensions and ratios between these characteristics, on the
measures of merit, both numerically and analytically. This would make
possible the identification of appropriate designs, both for double-hull and mid-
deck tankers.

The probabilistic investigations, which are necessary to establish the outflow
parameters of a tanker, are so extensive that they can only be done by computer
simulation. Thus a computational model is developed and implemented

incorporating the last IMO regulations on prevention of pollution from tankers.

This analysis is what is called a conceptual analysis, because it does not

include a survivability check of the critical damage cases.
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CHAPTER 2 - SHIP SUBDIVISION

2.1 Introduction

An important purpose of the subdivision of ships is to preserve their floatability
and stability, whenever a casualty occurs involving water ingress. The
contingency effect is achieved by the limitation of the maximum amount of

flooding associated with any hull penetration.

Collisions are common accidents among ships. They are random events and
their consequences in terms of structural damage are also uncertain. The
structural consequences of collisions can be described in terms of the
dimensions and locations of the hull penetrations that cause flooding,

parameters that can also be modelled by random variables.

In view of the uncertainties about the occurrence of collisions and their
consequences, any decision about the location of watertight bulkheads should

be based on a probabilistic formulation.

Wendel and his associates introduced the probabilistic approach for the
assessment of ship subdivision, (Wendel, 1968), making possible the
calculation of a numeric value that could be related to the achieved level of
safety and to the residual risk of ship loss associated with a specific

subdivision. Their principal concern was the increase of ship safety.

IMO only adopted the probabilistic concept in 1973 in Resolution A.265
(VIID), (IMO, 1974) — IMO Passenger Ship Regulations. No international
requirements for the damage stability of cargo ships existed until February
1992, when an international, probabilistic damage standard for dry cargo ships

was adopted by the International Maritime Organisation (IMO).
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The Dry Cargo Ship Regulations (IMO, 1992) then developed more than
fifteen years later than the issue of the Passenger Ship Equivalent Regulations.
Originally they were applied to cargo ships of 100m in length, or above.

Recently, this lower limit was lowered to 80m.

For the evaluation of tankers subdivision, it was only in 1995 that the
International Maritime Organisation introduced guidelines, based on the
probabilistic concept, for approving alternatives to the new tanker construction

requirements (IMO, 1995b).

The probability of an oil spill event (P,) can be expressed as the product of the
probability of the casualty occurring (P.) and the probability of a spill (P;) in

the event of a casualty:
P, =P xP, (1)

The double-hull requirements of OPA ‘90 and MARPOL address the second
factor in the equation, the probability of a spill in the event of a casualty. The
structural and operational modifications to single-hull vessels are also directed
toward the second factor, although some elements, such as bridge management
training, and manoeuvring regulations focus on the first factor, i.e., reducing

the probability of a casualty.

The methodology contained in the MARPOL guidelines is rigorous and allows
the computation of the oil outflow in accidental groundings and collisions. It
also provides the calculation of a “Pollution Prevention Index”, which enables
the comparison between the new tanker and a series of “reference” double
hulls. This index is composed of three measures of merit of the oil outflow

performance of any tanker:
e probability of zero outflow;

e mean outflow;
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e and extreme outflow.

This methodology only addresses the calculations of the second factor of

equation (1), Ps, the probability of a spill in the event of a casualty.

2.2 Damage Stability Regulations for Different Ship
Types

2.2.1 Background

The first international efforts to upgrade vessel safety focused mainly on
passenger ships, due to the heavy loss of life attributable to the sinking or

capsizing of such ships.

Due to the tragic loss of several Ro-Ro ferries in recent years, the damage
stability of ships has received again a great deal of attention. As a consequence
of these disasters IMO decided that there was a need to both derive rational
procedures for assessing the damage stability characteristics of ships and to set

up reasonable minimum requirements.

The British Marine Shipping Act in 1854 established the first regulations on
ship subdivision and damage survivability. These regulations required

transverse bulkheads at the peaks and engine room.

During the following years, the International Conferences on the Safety of Life
at Sea (SOLAS) have been one of the primary initiators of international safety

regulations, including subdivision standards.

Due to the tragic accident and loss of Titanic, in 1914, the SOLAS Conference
(SOLAS ’14) established subdivision and lifesaving standards for passenger
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ships. However, because of World War I the participating countries never

officially adopted the conference.

The important Factorial Method and Criterion of Service was introduced in the
1929 SOLAS Conference (SOLAS ’29). For the first time a procedure for
determining statutory minimum levels of subdivision was laid down. In effect
it was the establishment of a minimum bulkhead spacing based on the ship
length and the number of passengers, which are to be achieved by all sea-going
passenger vessels. It also established a one-compartment standard of

subdivision for passenger ships engaged in international service.

Once again, following the Mohawk and Morro Castle losses in the early
1930’s, the United States adopted SOLAS 29 in 1936. Only one year later a
U.S. Senate Report established more stringent criteria based on the SOLAS
“Factor of Subdivision” format and established the one-compartment standard
for U.S. cargo ships. In the 1948 SOLAS (SOLAS ’48) convention, regulations
on flooded criteria were added to SOLAS 29.

During the early 1950’s it was becoming increasly recognised that combined
fuel and ballast double-bottom tanks were becoming an operational problem,
because they were often required to be ballasted following emptying of fuel to
meet damage stability requirements. When these tanks were used according to
the designer’s instructions, they were causing oil pollution of harbours. They
also caused fuel contamination and tank cleaning problems. If these tanks were
not used as designed, as was generally the case, the ships could often not meet

damage stability criteria.

In 1954 a 32-nation conference convened on the Prevention of Pollution of the
Sea by Oil (OILPOL ‘54). This convention banned oil discharge within 50
miles of land and called for the installation of oily-ballast receiving facilities at

all ports.

10
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Following the Andrea Doria loss in 1956, the Inter-Governmental Maritime
Consultative Organisation (IMCO) was established, and shortly thereafter the
SOLAS 60 Conference was convened (SOLAS ’60). In recognition of the
many inherent deficiencies in the SOLAS 48 regulations, a number of
delegations proposed new approaches and substantial changes to the passenger
ships rules. However, agreement could not be reached and the basic approach
of SOLAS 48 was left unchanged. This SOLAS 60 Conference also made
General Recommendations No. 6 and No. 8 for further study on the standards
for watertight subdivision of passenger and cargo ships. In 1961,
acknowledging the recommendations of SOLAS 60, IMCO established the
Subcommittee on Subdivision and Stability. Among other issues the work of
the committee was to consider the deficiencies in SOLAS 60, new trends in

ship design, and the possible range of damage lengths.

In 1966, the International Conference on Load Lines (ICLL ‘66) proposed a
one-compartment standard for tankers and also for other reduced freeboard (B-
60 percent) cargo ships (IMO, 1966). Dry-cargo ships with minimum freeboard
(B-100 percent) were required to meet a two-compartment standard, exclusive
of the engine room. All damage requirements applied to the summer load line
(SLL) draft only. Cargo ships with conventional freeboards were required only
to have forepeak, aft peak, and engine room watertight bulkheads in addition to

those normally required by the classification society.

During the mid 1960’s several technical changes in tanker design and operation
were affecting their safety. Prior to the mid-60’s tankers had a high degree of
safety in the loaded condition due to the high watertight integrity of their main
decks, adequate compartimentation, and the low permeability of the loaded
cargo spaces. Following the closing of the Suez Canal in 1967, the trend
towards larger tankers gained momentum rapidly. Along with this increase in
overall size, the increase in tank sizes, the imcorporation of segregated wing

ballast tanks, and an increase in multiple-port operations with partial loadings,

11
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all tended to reduce tanker safety. In 1971, in the wake of the Torrey Canyon
disaster and with these factors in mind, the U.S. Coast Guard imposed a two-

compartment standard for tankers.

2.2.2 IMCO Equivalent P assenger Ship Rules

IMO members were favourably impressed by the argument put forward in a
paper read in 1968 at SNAME — ‘Subdivision of Ships’ — presented by Prof.
Kurt Wendel (Wendel, 1968). In this paper, Wendel outlined a procedure that
intended to provide efficient subdivision for ships through the application of

probabilistic principles.

This procedure made possible the quantification of the level of subdivision
achieved in a particular ship design, having a fixed arrangement of main
watertight bulkheads. Such quantification is achieved using a Subdivision
Index, which is an estimate of the proportion of all possible damages that a

ship is likely to survive, i. e. it will not sink or capsize.

In 1971, only one decade later and culminating many years of research, the
IMCO Subcommittee on Subdivision and Stability submitted new passenger
ship rules based on probability of damage principles. These rules were adopted
in 1973 as an alternative to the provisions of SOLAS 60. This approach was
incorporated in passenger ship regulations as “The Equivalent International
Regulations on Subdivision and Stability of Passéhger Ships”. Three basic

factors were considered in subdivision and damage stability criteria:
1. Probability that a ship may be damaged,;

2. If the ship is damaged, the probability of the location and extent of
flooding;

3. Probability that the ship may survive such flooding.

12
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The probability of ship survival can be calculated as the sum of probability of
its survival after flooding each single compartment, each group of two, three or
more adjacent compartments multiplied, respectively. In other words, the ship
survival probability is calculated multiplying the probability of flooding each
single compartment, and the probability of flooding each group of two adjacent
compartments, and the probability of flooding each group of three and so on

until all combinations are calculated.

The regulation requires that the ship’s attained subdivision index “A” must be

equal or greater than its required subdivision index “R”. “A” is equal to the

summation over the ship length of the expression Z aps , where

e a accounts for the probability of damage as related to the position of

damage along the ship’s length;

e p evaluates the effect of the variation in longitudinal extent of damage on
the probability that only the compartment or group of compartments under

consideration may be flooded;

e 5 evaluates the effect of freeboard, stability and heel in the final flooded
condition for the compartment or group of compartments under

consideration.

Besides the general acceptance of these regulations by the leading authorities
of the maritime nations they have not been used largely because they are

considered more stringent than deterministic rules.

One of the main drawbacks of these regulations was that they were only
applicable to passenger ships. Among the aspects of this regulation regarded as
unsuitable for cargo ship application, and in addition to the obvious need to

reassess the survival criteria, were:

13
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e they do not consider the effect of the damage on vertical extent and
location, i.e., vertical damage is assumed from the baseline upward without

limit;

e and that most probability functions are linear functions, which may not be

appropriate for cargo ships.

In order to extend the probabilistic principles of these regulations to other types
of vessel, it is indispensable to determine more realistic distribution functions,

work that has been carried out by several authors during the last few years.

2.2.3 IMO Dry Cargo Ship Damage Stability Regulations

The development of a probabilistic approach for cargo ships, similar to the one
adopted previously for passenger ships, was the only solution to the one-
compartment standard for damage survival of cargo ships. In 1983, the U.S.
Cost Guard tried to introduce this standard, but the flaws inherent in this
approach immediately raised wide opposition. The fact that it does not consider
the effects of subdivision, does not reflect the true level of safety and penalises
economically some ship designs was more than sufficient to stop this move

from the U.S. authority.

Following the losses of two RO/RO passenger ferries in the 80’s — the
European Gateway and the Herald of Free Enterprise — IMO intensified its
efforts to complete the development and adoption of a damage standard for dry

cargo ships.

As a consequence of this effort, in 1987, IMO issued a draft regulation on
Subdivision and Damage Stability of Dry Cargo Ships including Roll-On/Roll-
Off (RO/RO) Ships in IMO SLF 32/21 Annex 2 (IMO, 1991c). The new
regulations were modelled after the IMCO equivalent passenger ship

regulations, but with different survival criteria:

14



CHAPTER 2 - INTRODUCTION

e the relaxation of the allowable heel angle to 25-30 deg;

e a modified treatment of cargo space permeability, standardised at 70

percent;

¢ and the incorporation of a vertical extent of damage probability distribution

function.

In addition to these differences, the number of drafts considered was also
reduced to two. In the absence of a significant number of passengers, the
required subdivision index “R” also was modified to consider the ship length

only. The attained subdivision index “A” is calculated as follows:
A=054, +0.54, )

where:

e A, is that part of the attained subdivision index for the ship obtained at the

deepest subdivision load line;

e and Ap is that part of the attained subdivision index obtained at the partial

load line.

In calculating Ap and Ap level trim shall be used, except when inconsistent

with the ship’s operation.

For both Ar and Ap the following summation shall be used:

Ajord, = Zpis,.v,. (3)

where:

i represents each compartment or group of compartments under

consideration;

15
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Di accounts for the probability that only the compartment or group

of compartments under consideration may be flooded;

Si accounts for the probability of survival after flooding the

compartment or group of compartments under consideration;

Vi accounts for the probability that only the compartment(s) under

consideration are flooded within the assumed vertical extent of damage.

2.2.4 Tankers Pollution Prevention Regulations

The base for the current international regulations governing the damage
stability and oil outflow for tankers is still the International Conference for the
Prevention of Pollution from Ships, 1973 (MARPOL ’73) and the Protocol of
1978 Relating to MARPOL ’73 (Protocol ’78).

In 1973 the International Conference on Marine Pollution (MARPOL 73)
established:

e atwo-compartment standard for most tankers;
e regulations regarding tank size and volume limitations;

e requirements for “hypothetical outflow of 0il”, and for segregated ballast.

The IMCO Protocol of 1978 relating to SOLAS 74 provides additional
requirements for crude oil washing and the protective location of segregated
ballast spaces for tankers. No substantial changes were made to the MARPOL
73 damage stability standards.

Current international regulations for oil tankers intended to minimise pollution
from accidental side and bottom damage are one example of a prescriptive

standard. While such standards are relatively straightforward in their

16
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application, new oil outflow calculation techniques have demonstrated (IMO,

1995a) that these regulations need to be revised.

The major impulsive change in the regulations governing tankers came
unfortunately following the tragic incident, on the 24™ March 1989 with the
Exxon Valdez, a 215000 tonnes deadweight tanker, that ran aground in Prince
William Sound, Alaska, spilling 36000 tonnes of crude oil (Moore, 1994). This

vessel was only four years old and was built in accordance with the MARPOL

'73/78 Convention.

There was now a wide understanding that the present deterministic regulations
were prescriptive in nature (rather than goal setting) and that the environmental
performance of existing tankers differed considerably. Therefore existing

regulations did not produce consistent results.

In the beginning of this decade activities at IMO regarding tank ship regulation
were primarily involved with the completion of the double hull regulations.
Inspired by the grounding of Exxon Valdez, and as a reaction to the subsequent
unilateral legislation (US Oil Pollution Act, OPA '90), these regulations were
intended to speed implementation of an international standard applicable for
new tanker construction. OPA '90 and the IMO regulations prescribe double-
hull "equivalent environmental protection" for all new constructions and intend

to phase out the carriage of oil in single-hull tankers.

Computing oil outflow from a tanker that has been involved in a grounding or
collision is based upon applying an assumed extent of damage and calculating
the oil outflow based on physical hydrostatic and “quasi-hydrodynamic”

principles.

During the first half of this decade a committee of IMO has been occupied in
the development of guidelines for approving new tanker designs. This new
methodology uses the concept of a merit index (Pollution Prevention Index),

that enables the comparison between the new design and a series of Double-

17
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Hull reference designs, through the calculation of three characteristics of the oil
outflow performance of a tanker, when involved in accidental groundings or

collisions.

During the development of these guidelines the importance of these parameters
was realised; however, their relative importance was determined in an arbitrary
manner. This was, in part, due to the fact that the variation in the
environmental effects of a “unit spill” as a function of spill size was not

included in the formulation for the “pollution prevention index.”

Furthermore, the assumed extents of damage that are used in the guidelines are
based upon actual data compiled from various collisions and grounding
incidents (IMO, 1992), (DnV, 1993), all of which were single hull tankers.
This data was compiled by the classification societies at IMO’s request, from
sources including LR, ABS, DnV, ClassNK, and RI. This data was derived
from casualties to oil tankers, chemical tankers, OBOs, OROs of 30,000 tonnes
deadweight and above, for the period 1980 to 1990.

2.3 The Environmental Threat

During the last 30 years the pollution of the world's oceans has become a
matter of increasing international concern. Most of it comes from land-based
sources and includes the by-products of industry, run-off from agricultural

pesticides and herbicides and effluents discharged from urban areas.

Nevertheless, a significant amount of pollution is caused by shipping and
maritime activities generally. In tonnage terms, the most important pollutant

resulting from shipping operations is oil.

The best known cause of oil pollution, is that arising from tanker accidents.

Although this may contribute a comparatively small percentage of the total oil

18
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Other chemical substances are carried in packaged form, such as in drums or
portable tanks. Again, the environmental threat which some of these substances
represent bears no relation to the size of the unit in which they are carried. As
an example, polychlorinated biphenyls (PCBs) are potentially so harmful that
IMO have recommended that their carriage in bulk form by ship should be

banned.

Many of these substances are not only a pollution threat - they can also be
extremely hazardous both to ships and equipment and, more importantly, to

people.

The number of different chemicals and other goods of this type is growing all
the time as the world becomes more industrialised and industry itself becomes

more complex.

Garbage and sewage from ships have traditionally been dumped into the sea as
a natural and usual procedure, and in relation to the amount of similar wastes
poured into the sea each year from the land, the quantities were not considered

excessive in the past.

Today, however, the situation is very different. One reason is the growing
everyday use of substances such as plastics, which are non-biodegradable: once

thrown into the sea they can stay there for many years.

In a number of countries, quantities of industrial and municipal waste (mainly
sewage sludge) generated on shore are disposed of By dumping at sea. Most of
these materials are such that the marine environment without harmful effects
can assimilate them (although the sheer scale of dumping operations has
caused concern in some areas). But other materials - such as radioactive wastes

- are much more controversial.

Account must also be taken of the many harmful substances transported in

packaged forms, which can have a polluting effect if released into the marine
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environment. The labelling and stowage of such packages should be such as to

minimise hazards arising from shipment.

No matter what substance is involved, marine pollution is an international
problem. The risk of a major tanker accident is greater in some areas than in
others but pollution can happen almost anywhere and can affect coastlines,

which are often many miles away from the incident, which caused it.

2.3.1 Analysis of Oil Spills Statistics

2.3.1.1 Introduction

At the present moment about 100 million tonnes of crude and oil products are
under transportation by ship over the oceans. Some of the International
Organisations (ITOPF) claim that that most of it is being transported in safe
ships, with skilled crew under competent management. However, there are still
a few where the doubtful condition of these ships leads to the idea of not
compliance with today’s standards of safety and thus imposing important

threats to the lives of their crew and to the environment.

Although some of these situations are not solved yet, it is clear that a
significant improvement has been reached over the past few decades. This was
achieved mainly through international co-operation. The oil spill statistics over

the past few decades indicate these positive trends.

2.3.1.2 Numbers of Oil Spills and Total Amount Spilt

The incidence of large spills is relatively low and detailed statistical analysis is

rarely possible, and so emphasis is placed on identifying trends.

23
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Figure 2.11. - Non-Segregated Ballast Tanker.

In this Convention a series of zones, where discharge of oily wastes was
prohibited, has been established. There also introduced the requirement that
ports should have facilities for the reception of waste oils from non-tankers.
However, for tankers, which produce far greater quantities of oil, no provisions

were established.

By the 1960s there was evidence that oil pollution from ships was becoming
more of a threat: the amount of oil being moved by sea was increasing, as were
the number and size of tankers. The appearance of VLCCs in the 60's gave rise
to a growth in the concern about the risk of disastrous oil spills as a result of
maritime accidents. This was even more accentuated when in 1967 the Torrey

Canyon grounded spilling over 119000 tonnes of oil into the sea.

There was also growing evidence that the 1954 OILPOL Convention was not
as effective as some had hoped. Studies by IMO showed that facilities for
receiving waste oils in ports were inadequate and the very fact that reception
facilities would have to be provided had deterred some countries from ratifying
the Convention at all. It was also proving virtually impossible to prosecute

those who discharged oil in zones where it was forbidden.

In 1962 IMO called a conference to amend the Convention. The amendments

entered into force in May 1967, but by then international attitudes to oil
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pollution had changed forever by one dramatic event: the sinking of the tanker

Torrey Canyon in March of the same year.

The grounding of the Torrey Canyon was the largest marine pollution disaster
in history at the time and it was to have profound consequences. It was agreed,
that something would have to be done - and it would have to be done at an

international level. That meant it would have to be done through IMO.

In 1973 the Oil Pollution Convention was superseded by the International
Convention for the Prevention of Pollution from Ships, (MARPOL '73). At this
time, it was generally accepted that although vessel accidents receive
sensational publicity and cause severe local pollution, the quantity of oil
discharged annually from tankers was far greater than the amount of oil lost as
a result of vessel casualties. As far as the prevention of oil pollution was
concerned the main provision of MARPOL '73 required that every new tanker
of 70000 tonnes deadweight and above be provided with segregated ballast
tanks (SBT). This measure was primarily a means of reducing operational oil
pollution and discharge at sea of oil/water mixtures resulting from ballasting
cargo tanks. The capacity of the segregated ballast tanks is determined so that
the ship can operate safely on ballast voyages without having to recourse to the
normal use of oil tanks for water ballast. The vessel must meet certain

minimum drafts forward and aft, which enable normal, safe navigation.

In addition to the measures intended to minimise operational discharges,
MARPOL '73 contained limited provisions for the minimisation of accidental
discharges. These regulations essentially incorporated the amendments to
OILPOL '54 in establishing requirements relating to cargo tank arrangements
and limitation to tank size in oil tankers, and were based on specified damage
assumptions and methods of calculation of the hypothetical oil outflow.
Basically, cargo tanks of oil tankers must be of such size and arrangement that

the calculated hypothetical oil outflow anywhere in the length of the ship does

31



CHAPTER 2 - INTRODUCTION

not exceed 30,000 m’ or 4003/Deadweight , whichever is greater, subject to a

maximum of 40,000 m>.

To protect further the marine environment in the event of damage to oil
tankers, provisions were adopted in the Convention specifying bottom and side
damage assumptions which tankers in the fully or partially loaded condition

must be capable of surviving.

Following a series of tanker accidents in U.S. waters during the winter of
1976/77 growing public concern in the United States over the risk associated
with the marine transportation of oil resulted in the announcement of a diverse
but inter-related group of measures intended to reduce such risks. The United
States Administration were requested to pursue their objectives internationally
at the International Maritime Organisation, which led to the IMO Conference

on Tanker Safety and Pollution Prevention in 1978 (TSPP '78).

Initially, the TSPP Conference considered a proposal made by the United
States to require double-bottoms of a height at least B/15 or two metres,
whichever is less, in all new tankers of 20,000 tonnes deadweight and over.
This was seen as a mean to reduce oil outflow and the resulting pollution in the
event of a grounding. It also considered a US proposal to require all new and
existing tankers of 20,000 tonnes deadweight and over to have segregated
ballast tanks as a means to reduce oil outflow and the resulting pollution in the

event of collision.

As in the MARPOL '73 a majority of nations were strongly opposed to
mandatory double-bottoms and a compromise solution was agreed that for new
tankers the protective location (PL) of segregated ballast tanks was a viable

alternative to the fitting of double-bottom tanks.
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Figure 2.12. - Protective Located Segregated Ballast Tanker.

Protective location is the requirement that SBT should be arranged in such
locations so as to provide protection of cargo tanks against rupture in the event

of a grounding or collision.

The new requirements for the protective location of segregated ballast tanks
formed part of the 1978 Protocol modifying Annex I of MARPOL '73, which
has subsequently become known as MARPOL '73/78.

The great majority of international and domestic regulations related to ship
design are prescriptive in nature, performance standards would allow greater

design flexibility.

Current international regulations for oil tankers, intended to minimize pollution
from accidental side and bottom damage, are one example of a prescriptive
standard. Although such standards are relatively straightforward in their
application, new oil outflow calculation techniques have demonstrated (IMO,

1995a) that these regulations need to be assessed and revised.

The computation of oil outflow from a tanker, that has suffered an accident, is
based essentially upon applying an assumed extent of damage and calculating
the oil outflow based on physical hydrostatic and “quasi-hydrodynamic”

principles.
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The International Maritime Organisation has developed guidelines for
approving alternatives to the new tanker construction requirements (IMO,
1995b). These guidelines contain a rigorous methodology to compute the oil
outflow in accidental groundings and collisions and provide for the
development of a “Pollution Prevention Index” for comparison with a series of
“reference” double hulls. This index includes three characteristics of the oil

outflow performance of any tanker:
e probability of zero outflow;

e mean outflow;

e and extreme outflow,

which will be discussed later in detail. The relative importance of these
parameters was determined in an arbitrary manner, although their importance

was realised.

Despite the importance of this move, there is a problem with the statistical data

used as basis for the probability density functions:

"The data compiled by the Classification Societies (LR, ABS, DnV, ClassNK,
and Rl) at IMO's request, is based upon data compiled from collision and

grounding incidents including only single-hull tankers, of 30,000 DWT and
over, through the period between 1980 to 1990". (NRC, 1991)

2.4.1 Preventing Operational Qil Pollution

One of the problems involving operational oil pollution from tankers was the
ballasting process, once oil was discharged from inside the tanks some of them
had to be filled with water, to keep the ship's propeller properly immersed and

to maintain sea-keeping and directional stability characteristics.
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CHAPTER 2 - INTRODUCTION

gas from the ship's boiler exhausts. An inert gas system is required on all-new

tankers and most existing tankers of 20 000 DWT and above.

IMO has introduced several measures over the years, which are designed to

ensure that, in the event of mechanical failure, the ship can still be controlled:

e it is necessary that essential parts of the steering gear of tankers to be

duplicated;
e the navigational equipment of tankers must also be duplicated;

¢ the possible duplication of propulsion to provide power in the event of

emergencies should be considered.

With the expectations of being able to eliminate sub-standard ships, since 1995
all tankers and bulk carriers aged five years and over have been subjected to a
specially enhanced inspection program. The main aim of this measure is to
insure the detection of any deficiencies at an early stage (corrosion, wear and

tear).

The International Regulations for the Prevention of Collisions at Sea, 1972 is
another convention, which is particularly relevant to tanker safety. These
regulations contain special provisions for tankers, which have a reduced ability
to manoeuvre, by virtue of their draught, It also contains the International
Convention on Standards of Training, Certification and Watchkeeping for
Seafarers, 1978, several of whose requirements are designed specifically for

those working on tankers.

This Convention was completely re-written in 1995 and the amendments
became effective in 1996. For the first time it gave IMO the right to check on
the administrative, training and certification procedures of Governments to

ensure that the seafarers they produce meet IMO standards.
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An International Safety Management Code was adopted in 1994 and became
mandatory for tankers in 1998. The delay was needed because the Code
imposes very strict standards on shipping companies, which takes time to
implement. Although there have been many huge oil spills resulting from
tanker accidents, in the open ocean, oil generally disperses naturally, with
relatively minor consequences for wildlife. The major disasters have happened
when the spill has been near to land and IMO has developed procedures, which
are designed to help Governments respond to emergencies as quickly and

effectively as possible.

The Intervention Convention of 1969 was designed to enable Governments to
take action when the threat occurs near their coastline but outside their
territorial waters. Until the adoption of this Convention there were considerable
legal difficulties involved in taking such action, since countries have always
been prevented from acting against ships of other countries operating on the
high seas. It was widely recognised by Governments, however, that it was
essential to operate as soon as possible in the event of a major accident

threatening pollution and the Convention was designed to enable them to do so.

Salvage operations at sea are normally arranged between the shipowner and a
salvage company. Traditionally in the event of an accident the arrangement is
based on a Lloyd's Open Form, meaning that the salvor will only receive
payment based on the value of the ship and cargo if the operation is successful
(a formula known as "no cure, no pay"). In practice this system did not prove
suitable for salvage operations involving possible oil pollution since it does not
take pollution into account. A salvor could avert a major pollution incident and,

because the ship was not completely salvaged, receive no recompense.

In 1989 IMO adopted the International Convention on Salvage, which has
entered into force on 14 July 1996. The Convention makes provision for
"special compensation” to be paid to salvors when there is a threat to the

environment.
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To help ensure that salvage operations are successful, since 1 January 1996 all
new tankers of 20,000 dwt and above must be fitted with an emergency towing
arrangement at either end of the ship. Similar arrangements must be fitted to
existing ships at the first dry-docking scheduled after that date but not later
than 1 January 1999.

2.4.3 Reducing the Conse quences of Accidents

MARPOL 73/78 stipulates that new tankers must meet certain requirements
regarding subdivision and stability, which are intended to ensure that, in any

loading conditions, the ship can survive after being involved in a collision or

stranding.

The 1978 MARPOL Protocol introduced a further element. This is the concept
known as protective location of segregated ballast tanks. This way the
amount of cargo spilled after such an accident will be greatly reduced. The
1983 MARPOL amendments ban the carriage of oil in the forepeak tank - the

ship's most vulnerable point in the event of a collision.

In 1992 MARPOL was amended to make it mandatory for tankers of 5,000 dwt
and more ordered after 6 July 1993 to be fitted with double hulls, or an

alternative design approved by IMO.

Despite the measures introduced by IMO, tanker accidents continue to happen,
as the Braer and Sea Empress incidents have shown. IMO is especially
concerned about tanker safety because the world fleet of tankers is growing
steadily older - and statistics show that there is a correlation between age and
the accident rate. The bulk of the world's tankers were built in the 1970s at a
time when it was anticipated that demand for oil would continue to rise. But

instead dramatic increases in oil prices stopped this from happening. The
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CHAPTER 2 - INTRODUCTION

Convention on Oil Pollution Preparedness, Response and Co-operation

(OPRC), which was adopted in November 1990.

The Convention is designed to facilitate international co-operation and mutual
assistance in preparing for and responding to a major oil pollution incident and
to encourage States to develop and maintain an adequate capability to deal with

oil pollution emergencies.

2.4.4 Providing Compensation for Pollution

The prevention of marine pollution is IMO's primary concern. However, this
Organisation has also taken steps to ensure that adequate compensation is paid

to those who suffer when pollution does occur.

The purpose of the 1969 Civil Liability Convention (CLC) is to put the onus of
paying compensation on the shipowner. The 1971 Fund Convention extends
additional liability to oil importers, who pay into a central fund an amount,

which depends upon the amount of oil they import.
The two-tier system works in the following way:

e under the Civil Liability Convention, those affected by oil pollution are
able to claim damages from the shipowner whose ship is judged to be
responsible for the pollution. But the shipowner is able to limit the amount
of compensation payable to about $US 14.6 million or $US 140 per ton of
the tanker. This is so that he can obtain insurance cover, if there was no
limit on the amount of compensation payable, the shipowner would not be
able to insure himself, and a major claim could prove financially disastrous.
In the event of the shipowner being forced into bankruptcy there would also

be the possibility of claimants not receiving any compensation at all.
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But it was recognised that the $US 14.6 million limit could very well prove to
be inadequate if the pollution incident were a major one. It was also felt that
the oil importers should shoulder their share of the burden. Thanks to the
creation of the International Oil Pollution Compensation Fund, victims of oil
pollution can claim additional compensation, beyond the $US 14.6 million
payable under the Civil Liability Convention, providing total compensation of

about $US 90 million. Oil importers pay contributions to the Fund.

1970 1980 1990 2000

Deck plate thickness (mm) ¢

Double huli design

20
\ T From about 1980:

- Increased yard competition

- Advanced computerised calculations
Classification MARPOL-78 => optimised design
Societies reduce segregated - Poor standard shipyard specifications
longitudinal strength [ Dallast tanks - Lower HT steel prices
requirements => expanded range of application

Shipyards in Asia use
HT steel in bottom
and deck

Figure 2.17. - VLCC Historical Background (source: American Petroleum Institute
Web Page — Lars Carlisson).

Since the two Conventions were adopted, inflation and other factors have made
even these sums inadequate to pay compensation in the event of a major
disaster. In 1992 the liability limits in the two Conventions were increased by
means of two Protocols. The maximum shipowners' liability limit was
increased to $89 million for ships of 140,000 grt and above. When the damage
exceeds the limit of the shipowner, the Fund Protocol will provide an

additional source of compensation.
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The basic coverage (including the liability under the CLC Protocol) will rise to
a maximum of $201 million and the procedure for increasing limitation

amounts in future has been simplified.

These Protocols entered into force on 30 May 1996.

2.5 Changes in Marine Pollution Regulations Following

OPA '90

U.S. legislators in the wake of Exxon Valdez disaster brought in the Oil
Pollution Act 1990. It is one of the most important environmental legislation of
recent years and affected owners and builders worldwide. It also has important

implications for the salvage industry.

In November 1990, the United States submitted a proposal to the thirtieth
session of the IMO Marine Environment Protection Committee to establish an
international requirement for double-hull tankers. This proposal eventually
resulted in the adoption of MARPOL 73/78 Regulations I/13F and I/13G
(MARPOL 13F and 13G). These regulations, which became effective in July
1993, apply to the vessels of all nations and are similar to the provisions of

Section 4115 of OPA '90.
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IMO design guidelines employ a probabilistic outflow methodology for
calculating oil outflow and a pollution prevention index to assess the

equivalency of alternative designs.

Table 2.4 - Requirements of IMO regulation 13F and OPA '90 for New Vessels
(source: National Academy Press).

OPA 90
Section 4115

MO
Regulation 13F

Size
< 5,000 GT

> 5,000 GT

<600 DWT
600 — 5,000
DWT

>5,000 DWT

Hull Requirements

Double-hull or double-
containment systems

Double-hull

Not applicable
Double bottom or double
sides

Double hull, mid-deck
with double sides, or
equivalent

Eunforcement Date
Building contract placed
after June 30, 1990
Delivered after January 1,
1994
Building contract placed
after June 30, 1990
Delivered after January 1,
1994

Building contract placed
after July 6, 1993
New constructions or
major renovation begun
on or after January 6,
1994
Delivered after July 6,
1994
Building contract placed
after July 6, 1993
New constructions or

major renovation begun
on or after January 6,
1994
Delivered after July 6,
1994

Section 4115 of OPA '90 and MARPOL 13F take different paths in addressing
the change to double-hull construction. Section 4115 restricts oil trade to the
United States by vessels without double-hulls according to a schedule based on
vessel age. MARPOL 13F takes a proactive approach requiring all vessels
constructed after a certain date to have double-hulls or an approved alternative.
MARPOL 13G allows existing vessels to trade for a longer period than that
allowed under section 4115 if they are of acceptable design. Table 2.4 shows
that Section 4115 is more restrictive in controlling vessels in the international

fleet able to serve the United States.
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2.5.2 Existing Vessel Requirements

MARPOL 13G, which pertains to single hull vessels, applies to crude oil
tankers of 20,000 DWT or more, and to oil product carriers of 30,000 DWT or
more. The regulation specifies a schedule for retrofitting (with double hulls or
equivalent hull designs or operational measures) or retiring single-hull tank
vessels 25 or 30 years after delivery. The differences between MARPOL 13G
and OPA '90 are shown in Table 2.5.

Tankers not fitted with Segregated Ballast Tanks (SBTs), or fitted with SBTs
not protectively located, must have designated protectively located double side
or double-bottom tanks or spaces when they reach 25 years of age. In

appropriate locations, SBT would be acceptable as protectively located spaces.

MARPOL 13G also allows Hydrostatically Balanced Loading (HBL) and other
alternatives (operational or structural) to protectively located spaces. Tankers
built in compliance with Regulation I (6) of MARPOL 73/78 have protectively
located ballast spaces and require no modification until reaching 30 years of
age. On reaching 30 years of age, all tankers in the oil trade must be converted
to double hulls or an acceptable equivalent according to MARPOL 73/78,
Regulation I/13F(5).

Table 2.5 - Requirements of MARPOL 13G and OPA '90 for Existing Vessels (source:
National Academy Press).

. Size Hull Requirements Enforcement Date

OPA 90 < 5,000 GT Double-hull or double- After January 1, 2015
Section 4115 containment systems
> 5,000 GT Double-hull Per schedule starting in
1995
Operational measures November 27, 1996
Mo Crude carriers Double-hull or equivalent 30 years after date of
Regulation 13F  >20,000 DWT delivery
and product
carriers
> 30,000 DWT
PL/DS or PL/DB or 25 years after date of
PL/SBT or HBL or delivery
equivalent
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CHAPTER 2 - INTRODUCTION

Tankers up to 30 years of age that are in compliance with 13G will be allowed
to trade in international waters. These same vessels will be allowed to trade to
the United States under OPA '90 exemption, regardless of the U.S. position on
13G.

2.6 New Design Concepts

The Exxon Valdez disaster and the subsequent unilateral legislation by the U.S.
(OPA ’90), led to a real surge of scientific investigation, engineering work and
rule finding activities more or less worldwide. It is of common understanding

that they will continue, for some years to come.

The creative unrest among shipbuilders, induced by the above events, yielded
various new design and engineering concepts, which had to be proven and
compared from an environmental point of view. Regulatory bodies

consequently were asked to evaluate and check these concepts.

In February 1991 the Committee on Tank Vessel design on the United States
judged, “The Committee did not identify any design superior to the double-hull
for all accident scenarios”. Furthermore, “The nation deserves designs
employing physical barriers, such as double-hulls, over those that continue to
employ a single-hull, such as the design with intermediate oil-tight-deck with

double sides”, 1.e. the mid-deck tanker.

Following this judgement, which gave priority to the double-hull, every
alternative design that came up had to be compared against this concept, but
primarily the double-hull itself had to be optimised from an environmental
point of view. In this situation the probabilistic method finally was recognised
as the only rational and available tool to perform this considerable task. In

Europe, e.g. by Det Norske Veritas (Kohler, 1991), and in the United States
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(HEC, 1992) design studies were published, in which the oil outflow for

various subdivision modes was compared.

The first group of studies published in 1991 served to demonstrate to the public
and to shipbuilders the capability of probabilistic calculations in comparing the
oil outflow of various modes of subdivision including double-hulls. Hook
(1991) stressed in his investigations, that no correlation exists at all between
the ranking of subdivisions which follow the deterministic formula for the
protective location of segregated ballast tanks as per MARPOL 73/78, Annex I,
regulation 13E and the probabilistic ranking respectively. This refers as well to
the probability as to the quantity of the expected outflow itself and means, that
a subdivision which according to regulation 13E is optimal, in fact is not
necessarily the best, or viceversa. Hence regulation 13E may be due for

revision or even cancellation.

In the discussion to papers dealing with the probabilistic concept of damage
incidents (see discussions to Abicht, 1977 and Hook, 1991), there are some
voices objecting to this approach. It is argued that people partly tend to have a
psychological preference for determinism, whether this is adequate and rational
or not. There seems to be a barrier against unconventional thinking. It may be
that this is a cause of the reluctant acceptance of probability in ship safety and
pollution prevention. Another reason could be the extensive computer
calculation work, necessary in the early design stage, when the subdivision of a

tanker is to be optimised by the probabilistic method.

A second stage of detailed probabilistic investigations on subdivision of
tankers began after the rejection of the mid-deck tanker concept by the U.S.
Committee on Tank Vessel Design in 1991. The reasons for this rejection were
based on the statement that this design and its implementation were unproven.
At the same time the Marine Environment Protection Committee (MEPC) of

IMO did a contradictory acceptance of the same concept by MARPOL

50



CHAPTER 2 - INTRODUCTION

regulation 13F in 1992 (IMO, 1992). This second set of investigations

considered various sizes of tankers.

Fortunately the same engineering company performed these investigations,
carried out by orders of U.S. Coast Guard and IMO respectively. Therefore, the
tools applied for the calculations were identical. U.S. Coast Guard ordered
comparative studies for double-hull tankers of 50 000, 150 000, and 270 00

tdw together with four design alternatives for each; these were as follows:
e Mid-deck tanker;

¢ MARPOL SBT-tanker;

e COULOMBI EGG-tanker (patent);

e POLMIS tanker (proprietary).

The investigation covered various influences on the outflow from grounded
tankers, 1. e. approach speed, falling tide, current and waves. Furthermore, as
applicable, variation of underpressure on top of the oil cargo and influence of
rescue tanks were taken into account. The comprehensive results of this careful
study, which are based on final flooding and damage stability calculations for

all considered damage cases are given in the report of HEC (HEC, 1992).

It has been recognised by all parties for some time that double hulls were not
the only answer to reducing pollution from crude carriers. However, the
American legislature decided, in the wake of the Exxon Valdez accident, that it

was the best solution to their particular problems.

IMO has already recognised that other designs can provide protection

equivalent to that of double hulls.

It is now clear that there are two methods of minimising pollution in the event

of an accident involving a crude carrier. The first is to prevent the cargo tanks

51



CHAPTER 2 - INTRODUCTION

being breached - as double skins are designed to - the second is to minimise the
oil escaping from the tanks once the breach has occurred; this later almost

invariably involves utilising hydrostatic balance, with or without refinements.

There are strong arguments both for and against double hulls. On the positive

side:

e most collisions and groundings involving tankers are low energy accidents

which are unlikely to penetrate the inner hull;

e the technology for building double hulls has been around for some time,

albeit applied to rather small ships;
e it has, as a design, a proven track record.
The downside lies:
e increased maintenance;

e increased hazards from cargo and explosive gases leaking into the ballast

spaces due to the increased boundary between ballast and cargo tanks;

e under certain circumstances, a pollution incident could actually be

exacerbated by the double hull rather than reduced.

It is concemn with these last points that has led builders and maritime
authorities to look for other ways of tackling the problem. The fear before the
publication of OPA - that if a particular hull design was prescribed it would
strangle innovation - has proved to be unfounded. The door for innovation has
been left open by IMO's comparative study on oil tanker design and the
possibility that the OPA could be modified at a later date.

Given that double-hulls do not provide all the answers and that other designs
may provide equivalent protection, the question arises about how this

equivalence is to be judged. The IMO took equivalence to lie in a tanker’s
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“environmental performance (oil outflow in the event of collision or
grounding)” but has, however, recognised that there are problems in the
application of this criterion to other, potential equivalent, designs. It has setup a
sub-committee under the auspices of the Marine Environment Pollution

Committee that led to IMO Interim Guidelines (IMO, 1995), applied here in
this study.

A number of alternative designs have already been proposed or presented to the
maritime community and legislative bodies. The new design concepts found as
proposals or already approved as equivalent to double-hulls, during this

investigation, are listed below. In this list are also included retro-fitting to

existing hulls.

Mitsubishi Mid-Decker;

e Mid-Deck with rescue tanks (Intertanko);

e POLMIS.

¢ ECO-bulkhead;

e COULOMBI EGG;

e POLIS;

SCOL;

The mid-deck tanker from Mitsubishi has been accepted by IMO as an
equivalent to double-hulls. This design is characteristic of many of the
proposals. It consists of wider side ballast spaces to increase protection against
collision. The tank arrangement ensures also a preponderance of upward
pressure at the bottom of the hull 1.e. that, in the event of a grounding, which

ruptures the bottom plating, water will flow in rather than oil flowing out.
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cargo levels in the wing tanks below that which would create hydrostatic
balance, pollution would be minimised. The tanks are also designed to

minimise the loss in cargo capacity.

The COULOMBI EGG Mid-Deck Tanker (Figure 2.23) is a proposal of
Anders Bjorkman (Bjoérkman, 1992). It also uses the principle of hydrostatic
balance, but avoids the need for double sides. It has a mid-deck with upper

wing tanks being used as ballast spaces.

Ed ]
MiN

——
Ho

dmin J
d

Figure 2.22. - Tank cross-section of POLMIS Concept showing the void spaces at the
top of the wings - the potential oil-leak volume is reduced to a minimum between lines
Ho and Edm,',,.

In the event of collision or grounding, the oil in the damaged tanks would be
transferred under hydrostatic pressure via trunk risers to the empty ballast
tanks. Provided that the ship is sailing with the horizontal bulkhead below sea
level, there should be minimal oil spillage. It is also claimed that the trim of the

ship would not change substantially in the event of an accident.

56



%

%,

8

I'H

'18)%$

8 -

ABCA



CHAPTER 2 - INTRODUCTION

The new designs are not only for completely new ship concepts, but also for
the retrofitting to existing hulls. George Paskevopoulos, designer of the
POLMIS configuration, has also developed a retrofit system called POLIS

(Pollution Limitation System).

However the decision to retro-fit or not retro-fit led to a lot of discussion at
IMO. They considered the age and configuration of the existing fleet; a large
percentage, is more than 15 years old, which means that not only they are
starting to reach the end of their originally estimated design life but also that
they were built before MARPOL ’78. IMO therefore legislated for segregated
ballast tanks for new buildings, but did not require their retro-fitting if the

cheaper option of a crude oil washing system was fitted.

Various solutions to the pollution problem have been suggested. One of the
suggestions that received more attention was one that involved the partial
loading of existing tankers to a level where hydrostatic balance is achieved,
between the cargo and the sea, coupled to the retro-fitting of a practical level of
segregated ballast tanks. This would solve the problem of the remaining life of
the vessels, reduce the pressure on the new building yards and avoid a demand-

driven price rise.

However this was not the only suggestion. The Energy Transportation Group,
of New York promoted THE SCOL system (System for Control of Oil
Leakage) (Ship Repair and Conversion Technology, 4" Quarter 1991). It
consists of simple mechanism of providing a VLCC with a network of sluice
valves and pipe runs, which allow the transfer of oil from a damaged cargo
tank to adjacent segregated ballast tanks to limit cargo discharge to the open
sea. They claim that this tanker compares favourably with both double-hulls
and mid-deck type, but only costs approximately 3% more than a conventional

single-hull.
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CHAPTER 3 — THE PROBABILISTIC APPROACH TO SHIP SUBDIVISION

CHAPTER 3 - THE PROBABILISTIC APPROACH TO SHIP

SUBDIVISION

3.1 Introduction

The major outcome of the discussion held at meetings of the First Bulkhead
Committee was the introduction of the Factorial Method, which lays down a
procedure for determining statutory minimum levels of subdivision, which are
to be achieved by all sea-going passenger vessels — which meant, in essence,

Trans-Atlantic liners.

For the last thirty to forty years IMO members have become increasingly aware
of the inherent flaws in the ‘Factorial’ method as a suitable means of assessing
the ‘survivability’ of a passenger ship. The use of floodable or permissible
length curves nowadays is quite rare, since designers appreciate that damage
stability requirements invariably over-ride those arising from the subdivision
part of SOLAS. Maintaining an adequate level of residual stability is much

more important than establishing that there is residual buoyancy available.

The concept of a statutory maximum damage extent is linked with the
regulatory minimum residual stability standard to be met. In effect, this implies
a minimum length for any compartment before it can be considered as a ‘true’
compartment in a regulatory sense. Therefore, most present-day designs of
passenger ships tend to have compartment lengths only marginally greater than
this statutory distance — 0.03L + 3.0m — particularly in the midships region.
This preponderance of relatively-closely-spaced bulkheads clearly increases
the possibility of a side damage opening up two, or even three, adjacent
compartments. When this undesirable situation is linked, in addition, to a

freeboard to the bulkhead deck which only achieves marginal compliance with
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the specified stability criteria, (as it often does), the overall result is a relatively

poor standard subdivision.

A ship's subdivision serves primarily to limit flooding due to casualties causing
water ingress and its purpose is to conserve floatability and stability. Collisions
between ships are perhaps the most common marine accident. They are random
events and can be described using the dimensions and locations of the
penetrations causing flooding. Those dimensions and locations are random
quantities. Whether such accidents can be survived depends on various states,
quantities and characteristics whose specific values also occur randomly in the
accidents. This whole situation results in the probabilistic concept being the

most suitable manner to approach these phenomena.

At the beginning of 1960, Wendel and his associates (Wendel, 1960)
introduced the probabilistic approach to evaluate a ship's subdivision, thus
making it possible to calculate a numerical value of the attained safety, and
also, which is even more important, that of the residual risk. Casualties do
occur and they will continue to do so, regardless of the efforts made.
Nevertheless, every ship should be able to avoid at least the most serious
situations, like too rapid capsizing and foundering that do not allow time to

save human lives.

This probabilistic concept has only gradually begun to enter into shipbuilding
practice during recent years but at present it is valid only for collision damages
of some types of ships. A lot of work remains to be done, to cover all the
aspects of flooding, and all other types of floating vessels. The changes,
spurred on by the tragic accidents suffered by some Ro-Ro passenger ships, in
Resolution MSC 26(60) (IMO, 1992), were made by slight modifications of the
well-known Resolution A. 265 (VIII) from 1973 (IMO, 1973).

Very frequent tragic incidents involving even the most modern ships show that

they are, unfortunately, much too vulnerable. Contemporary methods of
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calculations show this convincingly enough to make it necessary to undertake

measures to diminish the hazard.

The use of probabilistic concepts is a major change from the outdated
deterministic methods of assessment of ship subdivision and damage stability
specified by IMO regulations. This method was adopted at IMCO in 1973 in
Resolution A. 265 (VIII) as an alternative to the existing subdivision and
damage stability requirements for passenger ships based on the one, two or
three compartment damage survivability standard. The Dry Cargo Ship
Regulations were developed more than fifteen years later than the issue of the
Passenger Ship Regulations. The application to dry cargo ships began on 1
February 1992 (IMO, 1992a), and in IMO Resolution (IMO, 1992b) it is
expected that the provisions of the Circular (IMO, 1991), to existing Ro-Ro

passenger ships will be applied soon.

3.1.1 Mathematical Bases

To begin with, if there is transversal subdivision only, there are two random
quantities, which would be sufficient to describe collision casualties resulting

in flooding, the longitudinal location and the extent of damage.

They have a random nature and the same holds true for almost all other quantities
and conditions on which survival depends. “Random quantities” or “random
variables” represent such quantities. Usually some of their ranges of values are

more frequent than others.

X may have limiting values. For example, the damage length cannot stretch
outside the ship and its value can vary only from zero to not more than the full
length of the ship. This is expressed by assigning a unit value to the total
probability of damage over the ship length. Outside the length of the ship the
probability is zero (see Figure 3.26).
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Adopting the symbol p for probability, then the probability of all the values
from a range is determined by the area under the curve f{x) in that range. The

values f{x) are such that the entire probability, P, , equals unity:

Bk < x < x)= [f()di=1 4)

X

f(x) A

Xy X3 dx X4 X3 X
Figure 3.20. - Probability Function.
Although the smallest value, x,, and the largest, x,, can also appear, the

symbols for equality have been left out of the parentheses (x,<x<x,)

because of the discontinuity of these values.

In general, the probability of a range of values between x; and x4 is smaller

than unity:

Py <x< 5)= £ () di <1 5)

X3

Here only one variable, x, was considered and this relates to the marginal or

one-dimensional probability distribution.
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CHAPTER 3 — THE PROBABILISTIC APPROACH TO SHIP SUBDIVISION

The probability of x and y occurring in a partial range, from x; to x,, and

between y; and yy, (see Figure 3.26) is:

X4 Ya

p, <x<x;y, <y<y)=[[fOey dxdy <1 (7)

X3 V3

Ships are usually subdivided in all three directions, transversely, longitudinally
and horizontally, so that water ingress into one or several adjacent compartments,
for example side or wing tanks, involves the following five random variables.
These variables are the longitudinal and vertical location of damage as well as
its longitudinal, vertical and transversal extent. To calculate the probability that
such five events will occur, it is necessary to know the interrelations between

the random variables and their joint probability density functions.

If, finally, an occurrence is described by any number of random variables
which can have the values x, y, z,..., and if the joint probability distribution f{x,
¥, Z,...) is known as well as the interrelations among all quantities then, to
calculate the probability of that event occurring it is necessary to know the
interval D, of all variables that describe the event. The corresponding

probability can then be described by the expression:

p=jjj...f(x,y,z,...)dxdydz.... (®)

Here also the probability of all the possible events has a unit value. Impossible
events, whose probability have a zero value, would include any value outside

its possible range.

Up to now only one simple event have been considered: the appearance of the
casualty itself with collision and water ingress. But the interest was only
whether such casualties could be survived. This leads to a joint event, the
appearance of the collision with water ingress and its surviving or non-

surviving. Here it is necessary to know the interrelations between specific
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events and then to treat them using the already well-developed rules of

statistical theory.

It is possible to conclude immediately that these two occurrences always
happen at the same time, because flooding is dependent on an collision,
similarly it is possible to conclude that non-survivability is dependent on

flooding having occurred.

To find the probability of simultaneous events that do not exclude each other
and are independent it is necessary to multiply their corresponding
probabilities. Denoting the probability of flooding one single or several
adjacent compartments by p;, and the probability of surviving this casualty s,

then the probability p of this joint event is:
pP=D;-S; 9

It is necessary to include all the i possible events to determine the “entire
probability”. It is easy to conclude that some of them cannot appear
simultaneously. For these i interdependent events, that exclude each other, their

probability are simply added:
P=2p.s, (10)

After serious casualties causing water ingress into many adjacent
compartments, the ship is usually lost by foundering or capsizing. Then, comes

the non-survival term, so:

s, =0 (11)

This leads to the conclusion that there is no point in including in (7) non-
surviving combinations of flooding, and therefore the entire probability of

survival P never reaches the maximum value, i.e.:
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pP<l1 (12)

Where this entire probability P, is “the probability of the ship surviving water

ingress due to collision”, which is the subject here.

The approach has the meaning of so-called “conditional probability” because it
pre-supposes the possibility of the casualty occurring, and then goes on to
elaborate its characteristics as its first step. It can be described by the expression

“... 1f such a casualty occurs”.

The probability of survival of the joint event, P, is : “the sum of the products
for each compartmenf or group of compartments of the probability of the
simple event, p;, that a corresponding space is flooded, multiplied by the
probability of simple event, s;, that the ship will not capsize or sink with the
considered space flooded”. It is expressed by the value of the “attained

subdivision index”, 4.

It has to be compared with the “required subdivision index”, R, which depends
on the subdivision length of the ship, L and the following condition should be

met:
A>2R (13)

R 1s based on results from a statistical analysis of data from three hundred ships

(Dry Cargo and Passenger Ships). The value of R does not depend on the ship's
type.

If a collision occurs the survival of the struck ship has a random nature
therefore that probabilistic approach concerns this ship. The survivability of the
striking ship is to a greater extent deterministic, since in the majority of cases
the collision bulkhead is not penetrated. The regulations also include
requirements concerning the surviving of the striking ships in this way that for
all compartments forward of the collision bulkhead, the s-value is to be equal

to 1, and the striking ship should be completely safe if it strikes with its bow.
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3.1.2 Improvements and Developments in The Probabilistic

Concept Formulations

During the last two decades several authors have proposed several different
approaches for improvements of ship subdivision probabilistic evaluation.
Among them, the more active were Pawlowski (1980, 1993, 1996), whose
approach for transversal subdivision is applied in IMO regulations for cargo
ships, Abicht (1989, 1990) and Jakic (1989, 1991, 1992, 1993, 1994).

The work carried out by these authors was determinant for the correction of
several imprecisions contained in the IMO regulations or even just to point

them out.

A very good summary of the work carried out by these authors was done by
Jakic (Jakic, 1996), comparing and describing the author’s three approaches,
IMCO’s (IMCO, 1973), IMO’s (IMO, 1991, 1992), Pawlowski’s (Pawlowski,
1993) and Abicht’s (Abicht, 1990) approaches.

However, these formulations were only developed for cargo ships then, using
different statistical accidents databases from the ones used in this work, not

being possible, this way, to use this formulations applied to tankers.

3.2 Mathematical Mod el

3.2.1 General

The numerical model developed and implemented for the work realised in this
thesis, uses the probabilistic concept to assess the oil outflow from a tanker

design. The application is capable of computing the probability and quantity oil
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outflow for all the possible unique damage groupings of adjacent

compartments, given a specific internal tank arrangement.

The mathematical model developed is based upon the IMO "Interim Guidelines
for the Approval of Alternative Methods of Design and Construction of Oil
Tankers Under Regulation 13F(5) of Annex I of MARPOL 73/78” (IMO,
1995b). These guidelines for evaluating alternatives to double-hull tankers
were used to assess the relative oil outflow of different designs. Although
intended for evaluating the outflow performance of alternative arrangements to
the double-hull concept, these guidelines are also well suited for comparing the
outflow performance of different tanker design types. The guidelines take a
probabilistic approach based on historical data from collisions and groundings
not including any other sources of oil spillage, such as explosions and

operational discharges.

This provides a probabilistic-based procedure for assessing the oil outflow
performance of an alternative tanker design. The alternative design is
compared to a reference double hull design on the basis of a pollution
prevention index. A fully probabilistic evaluation of a specific vessel on a
specific route would require development of the following conditional

probabilities:

e The probability that the ship will encounter damage;
e The probability of the damage location and extent;

e The expected consequences (i.e. quantity of outflow).

The IMO Guidelines do not specifically deal with the probability of whether
the ship will encounter damage. Rather, it is acknowledged that the risk exists,
and that in fact, the vessel is assumed to have been involved in a grounding or
collision event significant enough to breach the outer hull. The following

sections provide an overview of the calculation methodology.
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Each of the designs has been evaluated using the conceptual analysis approach
(without consideration of survivability) as defined in Interim Guidelines for
Approval of Alternative Methods of Design and Construction of Oil Tankers
under regulation 13F(5) of Annex I of MARPOL 73/78 (IMO, 1995). An

overview of the methodology is described below.

The IMO guidelines account for such factors as varying wing tank widths and
double-bottom heights, internal tank subdivision, and the effects of tide.

Casualty statistics collected by classification societies were used to develop the
expected distribution of side and bottom damage. The damage distribution
functions were derived from about 60 tanker casualties involving primarily
single-hull vessels. These distribution functions provide information on the
expected penetration and the extent and location of damage from collisions and

groundings.

In the case of a single-hull tanker, if the outer hull is penetrated adjacent to a
cargo tank, the cargo tank will be breached and oil will flow out. For a double-
hull tanker, outflow will occur only if the extent of penetration is sufficient to
extend beyond the protective double-bottom or wing tanks, there by piercing
the inner hull and penetrating the cargo tank. In the case of mid-deck tankers,
the outflow will only occur if the inner hull of the side tank is breached in case
of side damage. In the case of bottom damage the oil outflow will occur until
hydrostatic equilibrium is reached. The size of the spill is directly related to the

number of cargo tanks breached and their size.

The dimension of the double-bottom and wing tanks therefore largely
influences the likelihood that a double-hull tanker involved in a collision or
grounding will spill oil, as well as the height of the horizontal subdivision in
the case of mid-deck tankers. The amount of oil spillage is also impacted by
the internal subdivision of the cargo tanks, which dictates tank sizes and the

spacing of bulkheads forming tank boundaries. Naturally, larger cargo tanks
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