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General characteristics of the dissertation

Topicality of the problem. Among the sources of pollution at sea, oil
outflow from tankers during the accident, poses the biggest threat to the marine
environment. Estimated probabilities of oil outflow event caused by tanker
accident in different regions of the sea area, as well as calculated expected oil
outflow, may provide a solid basis for optimal design of pollution combating
means, it’s expeditious deployment in case of tanker accident. However
methods which are currently used for such evaluations are not sufficiently
effective, in some cases they does not adequately account all crucial factors
relevant for certain sea areas, in particular for those where intensity of tanker
traffic is not high and statistical accident rate is low.

Therefore it is necessary to establish optimal and reliable method for
estimation of probability of oil outflow event, as well as for prognosis of
expected oil outflow in case of tanker accident. Next to this, the combination of
results, obtained by applying these two methodologies, may be used for
estimation of actual risk level, posed by tanker traffic in certain sea area.

Aim and tasks of the work. The dissertation provides with investigation
of possibilities of prognosis of accidental oil outflow parameters. Theoretical
assumptions for reduction of probability of oil outflow event from tanker as
well as for minimization of consequences of tanker accident are proposed in the
dissertation. In order to achieve the aim of dissertation, the following main
tasks were formulated:

1. To assess all of the contributory factors, both objective and subjective,
which have influence on accidental oil outflow and to propose assumptions
for its’ effective management.

2. By modeling the process of oil outflow event from tanker, to prepare the
model of probabilistic assessment of oil outflow event, caused by tanker
accident.

3. On the basis of results, obtained by conducting theoretical and experimental
research, to prepare methodology for expeditious assessment of expected oil
outflow from tanker in particular sea area.

4. On the basis of the results, obtained by researching tanker accidents in the
Baltic sea as well as accidents with seagoing ships registered in Lithuania,
to establish a list potential reasons, which may trigger tanker accident in
Lithuanian responsibility sea area, and to propose theoretical assumptions
for improvement of existing accident prevention level.



5. To assess actual oil spill risk level, caused by tankers operating in
Lithuania’s responsibility sea area, and to prepare recommendations for
minimization of such risk.

Scientific novelty

Model of probabilistic assessment of oil outflow event caused by tanker
accident is proposed in the dissertation. The model ensures, that all relevant
available information (world and regional marine accident statistics, factors
inherent to navigation area in question, etc.) is dully taken into account, and is
recommended for prediction of oil outflow event probability distribution in
different sectors of navigation area.

Methodology of research
The following methods of investigation have been applied: the
comparative, statistical and complex analysis, and prognosis.

Practical value. The dissertation provides with modified version of
probabilistic methodology, designed for estimation of expected cargo oil
outflow from tanker involved in casualty. This methodology is recommended
for expeditious estimation of oil outflow from tankers, which were involved in
casualties (collisions or groundings) in the oil terminals, situated in the Baltic
ports and its premises.

Defended propositions

1. Model of probabilistic assessment of oil outflow event caused by tanker
accident.

2. Modified version of probabilistic methodology, designed for estimation of
expected cargo oil outflow from tanker involved in casualty.

3. The results of research of technological factors, influencing tanker‘s hull
actual condition.

4. The results of research of factors, which may have a considerable impact on
tanker accident rate in Lithuania’s responsibility sea area.

The scope of the scientific work. The scientific work consists of the
general characteristic of the dissertation, four body chapters, conclusions, list of
literature. The total scope of the dissertation — 125 pages, 45 figures and 35
tables. Literature references include 101 source.



1. Analysis of research works on accidental oil outflow from tankers and
influencing factors

Analysis of research works on accidental oil outflow from tankers and
influencing factors reveals a number of works that were carried out on tanker
safety and pollution prevention matters both by Lithuania’s and foreign
scientists. The analysis lead to the following conclusions:

- the issues related to estimation methods of expected oil outflow and
tanker accident probability have been thoroughly discussed by foreign
researches. However, deployment of these methods in particular sea area can be
improved, if additional data, related to that particular sea area will be used.

- majority of methods, used for estimation of oil outflow parameters as
well as for estimation of accident probability are based on ships’ accident
statistics, additional factors are usually taken into account. However these
methods, when applied for particular sea region, often disregard many relevant
factors, or are to complex for practical use.

Hence the scientific issue shows up — on how to forecast oil outflow event
probability and relevant oil outflow parameters for particular sea area, such as
Lithuania’s responsibility sea area.

2. Research of factors, which have influence on accidental oil outflow
probability and scale

Accidents with tankers, like accidents with other ship types can be
modeled as a separate process, containing different stages — initial prerequisites
for the accident, reasons of the accident, initial incident which triggers the
accident, tanker accident, oil outflow, and lastly — the consequences of the
pollution to the environment. All the factors which have influence on accidental
oil outflow probability and scale can be classified into the three major groups:
1) factors which have influence on the tanker accident probability, 2) factors
which have influence on the oil outflow, immediately after the accident, and
3) factors influencing consequences to the marine environment. Oil outflow
parameters in navigational area depends on the constructive and quantative
characteristics of the tankers operated in that area (constructive type, technical
condition, crew qualification, ect.) as well as on the external factors relevant to
that particular region. Therefore this part of the dissertation provides with an in
depth analysis of these factors, with particular emphasis on the technological
ones, closely related to the tanker hull design, construction and proper
maintenance.



3. Methodologies for assessment of accidental oil outflow probability and
scale

3.1. Model of probabilistic assessment of oil outflow event caused by
tanker accident

In order to calculate probability of pollution, caused by tanker accident,
two parameters are necessary — tanker accident rate in the navigation area and
probability of pollution event, when tanker accident takes place. Prognosis of
probability of tanker collision and stranding/grounding mainly is based on ships
accident statistics. The probability of oil outflow event, triggered by collision or
stranding/grounding, mostly depends on the construction of the hull of the
tanker. In terms of reliability for the prognosis of such probability most suitable
is probabilistic methodology, approved by the International Maritime
Organization (IMO). There are no specific methodologies for evaluation of oil
outflow event probability in case of fire or structural failure. Therefore the best
way of evaluation of such events is to rely on the statistics. However methods
described above are designed either for evaluation of pollution risk of particular
tanker (in that case peculiarities of the region where tankers are operating
remains disregarded), or on the contrary, concentrates on peculiarities of
particular region (in that case tanker factors remains disregarded). Therefore
these methods, when applied separately, can not ensure thorough and reliable
prognosis of distribution of probability of oil outflow event in different sectors
of the navigation area.

Approach, proposed in the dissertation ensures, that final result is obtained
by complex evaluation of ship accident statistics, particulars of tankers
operating in navigational area, as well as other dominating factors which may
increase the reliability of the research.

The probability of oil outflow event from tanker in different sectors of
navigational area due to different impact of environmental, navigational and
other kind of factors, as well as due to existing traffic separation schemes in the
area, may differ quite big number of times. In order to estimate distribution of
such probability in different places of navigational area, the latter shall be
divided in Z number of zones. In order to ensure high level of reliability of final
result, the division of the area shall be performed in the manner that variation of
the factors, dominating in each zone, and influencing tanker accident
probability, would be as low as possible.

Estimations of oil outflow event probability distribution in each of the
zones of navigational area is based on principle, that oil outflow event,
triggered by tanker accident occurs as necessary event. Therefore the task is to



distribute the numeric value of this full probability to each of the modelled
zones, by tanker accident category.

For any oil outflow event 7, which may occur in zone z of the navigational
area, we can model finite number M of scenarios S,,. Let‘s assume, that any
event T is triggered by one of the possible tanker accident categories —
stranding/grounding (K,;), collision (K,,), fire/explosion (K.;), or structural
failure of the hull (K,,). Then sum of probabilities of modelled tanker accident
scenarios in particular zone z can be grouped by the accident categories:

M 4
Pz :ZIP(Szm):;P(sz)$ (1)

where P, — probability of oil outflow event in zone z; P(S,,) — probability of
appearance of m scenario in zone z; P(K;) — probability of k£ category accident
with tanker.

We can model M, N, ..., R numbers of scenarios for each of the zones of
the navigational area. Sum of probabilities of scenarios, modelled for the whole
navigational area will be equal to the sum of the probabilities of all oil outflow
events, grouped by zone and by tanker accident category. Full probability of oil
outflow event, triggered by tanker accident in whole navigational area will be
equal:

SRS, YRS, A D RS,) =D D AK,)- @

Then, probability of k category tanker accident in zone z, followed by oil
outflow — P(K,|T), can be calculated according to English mathematician
Bayesian theorem:

P(K,)-P(TK.,) | A3)

ZP(sz)'P(T|sz)

k=1

P(K,|T)=

where P(T|K;) — probability of oil outflow, in zone z which may occur due to &
category tanker accident.

This model can be applied for calculation of oil outflow event caused by
tanker accident probability distribution by zones and accident categories.



For preliminary estimation, absolute value of probability of at least single
oil outflow event in navigational area per calendar year can be estimated
according to Poisson’s distribution:

ts—t;
—nP, Tk

Py=l-e 35 ()

where P, — average probability of accident of single operated tanker per year
(loading and unloading time as well as repair time is not included); #=— average
operational time of tanker in navigational area (days); #; — average tanker
transhipment time in the terminal (days); & — probability, reflecting which part
of tanker accidents triggers oil outflow, n — average number of tankers, entering
the navigational area, per year.

3.2. Estimation of expected cargo oil outflow from tanker involved in
casualty

Prognosis of amount of oil, passed to the sea during the tanker accident,
mostly is needed in two cases:

1) when prediction of possible extent of oil pollution in particular port is
exercised, having available input data on quantities of transported cargo oil,
particulars of tankers used for such transportation and peculiarities of ports and
it’s oil terminals;

2) when preliminary expeditious estimation of occurred oil pollution is
exercised, having only limited input technical data available (type of accident,
port, type of tanker, quantity of cargo oil loaded, general particulars of tanker
design).

The methodology approved by International Maritime Organization (IMO)
for the estimation of oil outflow from tanker is used in dissertation as a basis.
When applying this methodology, the volumes of each cargo tank and
probabilities of possible damage of each of them is necessary to know, as an
input data. Values of such probabilities can be calculated having main
particulars of the hull and parameters, qualifying the exact position and shape of
each cargo tank. However, this data in most cases is unavailable for expeditious
use, as it usually is stored by shipbuilder or classification society, and can not
be retrieved promptly. Aiming to ensure expeditious and, as precise as possible,
estimations of cargo oil outflow having only limited primary information about
the incident, the modified version of IMO approved simplified probabilistic
methodology, designated for expeditious estimation of oil outflow from tanker,
which was involved in accident in Lithuania’s oil terminals (Klaipéda, Biiting¢)
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and it’s operational zones and suffered hull damage, is suggested in the
dissertation. In order to minimize amount of input data, necessary for oil
outflow calculations, two assumptions are applied: the number of constructive
designs of tankers is limited in certain sea region; it‘s hull and cargo tank
geometrical characteristics are similar.

Data containing main particulars of the ship, total amount of volumes of
cargo tanks Vs, cargo tank arrangement scheme, may be accessed via Internet in
databases such as ,,Equasis“ or ,,LR Fairplay”. However parameters defining
length of cargo tanks as well as cargo tank positions along the waterline (X
and X,;)), see Fig 1, as well as other particulars defining the shape of cargo
tanks are not stored in these databases.

Fig 1. Dimensions of i cargo tank of the tanker: a — profile — looking inboard,
b —section looking forward. Where: x, — longitudinal distance from the aft to the aft
most point on the cargo tank being considered x¢ — the longitudinal distance from the aft
to the foremost point on the cargo tank being considered; Bs — moulded breadth;
Dg — moulded depth; Lt — cumulative length of cargo tanks, arranged in one longitudinal
line along the waterline; Ly — horizontal distance from front cargo compartment to front
perpendicular; L, — horizontal distance from aft cargo compartment to aft perpendicular;
Z, — the vertical distance from the moulded baseline to the lowest point on the cargo tank
being considered; y — the minimum horizontal distance between the compartment under
consideration and the starboard; y; — the transverse distance from the starboard-most
point on the cargo tank to vertical plate of the starboard; y,—the transverse distance

from the port — most point on the cargo tank to vertical plate of the starboard

Analysis of tankers having different sizes and design types revealed, that
the length of all arranged cargo tanks for majority of tankers is the same, i.e.
difference x5 — Xag for the same tanker is constant value:
L, &)

long

Xrey ~ Xay =
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L= L1 - (L+L,), (6)

where ny,,,— number of cargo tanks, arranged in one longitudinal line.
Initial volume of i cargo tank V7, m’, can be calculated as product of its
length, width, height and corresponding volumetric coefficient:

V,=C, (xf(i) _xa(i))(yp(i) _y.s'(i))(zu(i) - Zl(i))’ (7

where C; — volumetric coefficient of i cargo tank.

In order to estimate volumetric coefficients for front and aft cargo tanks,
the special research with 15 different design and deadweight tankers was
conducted. The results of this research has shown, that notwithstanding to quite
wide range of tanker design types, the tankers with similar tonnage and cargo
tank arrangement scheme can be grouped and corresponding intervals of
volumetric coefficients for front and aft cargo tanks can be imposed to those
groups. After calculations of initial volumes Vj;, revised volumes V; of each i
cargo tank can be estimated:

Vs

V=—* . ®)

1

=

v,

i=

where Vs — total volume of all cargo tanks, known as one of the main
particulars of the tanker; n — number of cargo tanks, arranged in the tanker.

Calculations using this method were performed with 15 tankers. Errors of
estimated volumes of each cargo tank comprised 2 — 7,5 %, comparing to the
exact data, provided by tanker designers. Such errors may impose errors of
calculated oil outflow up to 2,5 %. Assumptions and simplifications, proposed
in the modified methodology, provides with the possibility, on the basis of very
limited set of accident related data, to form the initial input dataset, necessary
for application of the IMO approved probabilistic methodology. This dataset
can be revised at any stage of estimation, when additional information on tanker
design and/or accident circumstances becomes available. Table 1 provides with
the references to the methods, to be used for calculations of complete set of
parameters, necessary for application of IMO approved simplified probabilistic
methodology.
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Table 1. Parameters to be used for composition of initial dataset and relevant calculation
methods (also refer to Fig 1)

Parameters, which in addition to main Main par-
. Lo Method of .
particulars are necessary for application of calculation ticulars of the
IMO approved simplified methodology tanker
Cargo tank length, position Refer to formulas
along waterline > Xa(), L, Lp (5) and (6) * DWT, ni5, L1
Cargo tank breadth, position " -
across waterline Y Vel K**, ys, By
Cargo tank height, position | Main particulars are _ D
athwart waterline sufficient v @
Refer to formulas "
Cargo tank volume V; (7). (8) and (9)* K* Vs
*Coefficients, necessary for calculations, are provided in the appropriate tables of the
dissertation; ** Cargo tanks’ dislocation scheme.

In order to wvalidate proposed modified methodology, comparative
estimations were executed — estimation results obtained by using proposed
modified methodology were compared with results obtained on the basis of
strict application of IMO approved methodologies. Numeric values of mean oil
outflow parameter (part of oil, spilled during the accident), estimated by
modified methodology, were compared with values, obtained using IMO
approved simplified probabilistic methodology and using exact tanker design
parameters. Results of such evaluation shows, that numeric values of mean oil
outflow parameter differ from 3 to 18 %. It is worth to note, that comparing
output results estimated using probabilistic and simplified probabilistic
methodologies (both approved by the IMO) and using the same input data
provided by the tanker designer, mean oil outflow parameter differs up to 22 %.

Especially for application of proposed modified methodology, computer
based calculation algorithm in MS ,Excel® was designed, which assures
expeditious use of modified methodology. The application scheme of proposed
modified methodology and peculiarities of application are presented in Fig 2.
The modified methodology provides with the possibility, on the basis of very
limited set of accident related data, to form initial input dataset, necessary for
application of simplified probabilistic methodology. This dataset can be revised
on any stage of estimation, when additional information on tanker design and/or
accident circumstances becomes available. Such revision of data assures better
accuracy of final result.

13



e - Revision of initial information
Initial information ~ f.---i-ioimimimm oo ,

about the incident* . 4 i
Composition of h 4

Main particulars  of] initial input dataset Entrance of initial
tanker, available onf~ (time span 7-10 :> dataset to the PC and

websites** minutes) calculation of oil
'y outflow (time span 7-10
fitormaiion, T | minutes)

7y

;expeditiously prov1ded: -7 !
] !

by ship owner or; '_ _._._._. _._._._._._._.

ishipbuilder*** P! Revision of initial information

|
"Information stored by :
jclassification societies, : -
iperforming surveys of;
iparticular tanker***

* Information about the type of casualty (collision or grounding), quantity of cargo oil
loaded in the tanker, other additional information related to peculiarities of the
incident.

** Main particulars of tanker design (length between perpendiculars, deadweight,
moulded breadth, draught, moulded depth, number of cargo tanks and cargo tank
arrangement scheme, distances between double hull and double bottom).

**% Additional data defining tanker design (distances, defining exact position and
shape of each cargo tank, see Fig 1). This data is necessary for direct application of
probabilistic and simplified probabilistic methodology and not necessary for use of
modified methodology. However, when applying latter, this data may be entered to PC
when the initial dataset, necessary for evaluation of oil outflow, is already composed.

Fig 2. Application scheme of modified methodology and peculiarities

4. Investigation and results of impact of tankers’ constructive
characteristics and operational conditions on accidental oil outflow
probability and scale

For the application of methodologies, proposed in the dissertation, a
number of parameters relevant for the LRSA, as well as for the Baltic Sea area
were estimated. Investigation of relevant ships accident statistics is one of the
crucial inputs for the assessment of parameters to be used for application of oil
outflow probability evaluation model. It is worth to note, that factors which
may influence tanker accident probability rate can be estimated not only by
analysing accidents with tankers, but accidents with other types of ships as well.

Therefore research of accidents with seagoing ships, registered in
Lithuanian authorities was conducted in this work. Main causes of such
accidents — underestimation of meteorological conditions and water stream
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impact during ship’s mooring operations, inadequate selection of tugs for ship’s
transit in the port, improper watch of ship’s position during mooring. Fig 3
provides with classification of accidents by the category.

9%

15% O Mechanical failures

P
|

E [ Strandings

8%| O Contact/collisions

HFires

M Floodings and
capesizes

O Infringements of
navigation rules

H Other

48%

Fig 3. Classification of accidents with seagoing ships of by the category (data for the
year 1999-2003, as registered by Lithuanian authorities)

A separate analysis of tanker accidents which took place in the Baltic Sea
was conducted as well. The results of these investigations shows, that 90
percent of all accidents occurs due to the human error (including human error
by designing and maintaining ship). The biggest number of errors takes place
during the ship’s exploitation period, i.e. due to errors of the crew. The
technological facors, which, during exploitation of tanker, may potentially have
negative impact on hull condition, and consequently on oil outflow probability
and scale were investigated as well. The research shows, that biggest impact in
this respect has proper application of anticorrosive coatings (in particular as
regards for ballast and cargo tanks), proper maintenance of hull elements during
exploitation period of the tanker, timely and proper repair of fatigue cracks in
hull structures. It was estimated, that application of special anticorrosive
systems, repair of the cracks, caused by cyclical loads, as regards to hull and it’s
elements, can give satisfactory results only when appropriate technologies are
strictly complied.

Model of probabilistic assessment of oil outflow event caused by tanker
accident was applied for Lithuania’s responsibility sea area (LRSA). For this
purpose LSRA was devided into six separate zones: 1 — zone includes Klaipéda
port and it’s approaches (in this zone transhipment of cargo is executed, tanker
possibly may stand on the road), 2 — Biitingé oil terminal transhipment area, 3 —
ships traffic lane to Klaipéda port, 4 — tanker traffic lane to and from Butinge
oil terminal, 5 — zone corresponds area, where exists probability of tanker
stranding or grounding in case of deviation from course (area nearby the
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coastline). The 6 zone contains remaining LRSA, with no tanker traffic. It is
worth to note, that width of 3 and 4 zones is equal to 4 n.m., depths dominating
in 5 zone may compromise safe navigation in terms of stranding/grounding.
Therefore, division of LRSA was performed according to the principle of even
distribution of factors, influencing accident probability in particular zone.
Numeric values of oil outflow probability in case of tanker accident P(7T|K_)
were selected after consideration of juncture of tanker hull construction (in
2003-2006 overwhelming majority of tankers, which entered Biitingé oil
terminal had double hull construction, and tankers, which entered Klaipéda
port, were divided equally in terms of single and double hull construction).
Parameters P, and P(K,;) were set by shipping experts. Estimated oil outflow
event full probability distribution by LRSA zones and by tanker accident
category, calculated in accordance with (3) equation, shows, that highest rate of
grounding/stranding probability is in the Klaipéda port area, which two times
exceeds collision probability. However, more than two times credible, that oil
outflow event in Klaipéda port area could occur due to collision, rather than due
to grounding/stranding. For preliminary estimation of absolute value of
probability of at least single oil outflow event in navigational area, it was
assumed, that per calendar year n = 600 tankers enters LRSA, each of them
operating there ts = 1,7 days in average. Average tanker transhipment time in
the terminal (Klaipéda port and Biitingé oil terminal) #= 0,8 days. According to
the accident statistics, for tanker, operated in the world market, average
accident probability rate per year (repair and transshipment times excluded) is
equal to P, = 0,065. According to pollution by tankers statistics, probability
reflecting which part of tanker accidents triggers oil outflow is equal k£ = 0,12.
Therefore, according to (4) equation Psr= 0,01147 (approximately once per 87
years). For comparison, according to results presented in relevant study
conducted by Klaipéda University in 1997, oil outflow event frequency in
LRSA — 1 accident per 16-17 years. Such big differences resulted from
different data used for estimations. The biggest impact was influenced by the
fact that statistical frequency of tanker accidents declined sharply in the last
decade. According to the data provided by Intertanko, in the time span between
1992 and 2004, tanker accident rate declined 5 times. Moreover, requirements
related to maritime safety and pollution prevention from tankers, introduced by
IMO in the last decade, in particular gradual elimination of single hull tankers
from the world market, had positive impact to the reduction of oil outflow event
probability rate.

Estimation of the quantity of expected oil outflow for LRSA was
performed by using modified methodology. 19 different design tankers,
comprising 33 % of the number of all tankers which enters Klaipéda Port or
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Bitingé Oil Terminal per year, were estimated in terms of expected oil outflow
in case of collision or grounding. For illustration of practical use of
methodology, the estimation of possible oil outflow from tanker ,,Princess Pia“
was performed. The said tanker ran aground in the entrance channel of Klaipéda
port in November of 2002, however no oil passed to the water at that time.
Application of modified methodology provided with the result, that in case of
oil outflow, the amount of oil spilled to the sea had amounted to 580 m’.

Performed estimations with tankers operated in LRSA revealed, that for
double hull tankers mean oil outflow parameter does not exceed 0,015 — the
maximum permissible numeric value of mean outflow parameter, required by
MARPOL Convention. For double side and single hull tankers mean oil outflow
parameter fluctuates from 0,026 to 0,094 (Fig 4).
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0,0939 . .
¢ = Double side (Klaipéda port)

é 008 |, o 0760 4 Double hull (Klaipéda port)
@ o Single hull (Batingé terminal)
©
;:- a Double hull (Batingé terminal)
2 * 0,0481,
s * ¢ 0,0449
S 0,04 1 0,0462 « 0,0409 * 0,0415 © 0,0406
;: 0,0441 0,8305
Z = 0,0263 = 0,027
0,014

$ > 4 001445 40,01520.0132
= A 0,00919 4 0,0112 0,0123

0 T T T T T T T

0 20000 40000 60000 80000 100000 120000 140000
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Fig 4. Estimated oil outflow parameters for some tankers, which entered Lithuanian
ports

Following the classical risk definition, risk posed by tankers to the marine
environment is defined as a product of probability of oil outflow event, caused
by tanker accident and consequences to the marine environment, which is
expressed by the quantity of oil spilled. This concept was used to estimate risk
posed by tankers in LRSA. The results of the research shows, that risk level has
a slight trend to decline over the past 10 years, and this trend will keep the
similar pace at least until 2015-2020.
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. General conclusions

. Investigation of statistics of marine accidents with tankers in the Baltic Sea,
as well as with other seagoing ships, registered in Lithuania, was performed.
Investigation revealed, that 58 out of 120 marine accidents registered in
Lithuania during the year 1999-2003, took place in Klaipéda port, and 48 %
of all registered accidents are classified as collisions or strandings or
groundings.

. For navigational areas with one or several oil terminals, where tanker traffic
is not intensive, model of probabilistic assessment of oil outflow event,
caused by tanker accident is proposed in the dissertation.

. Estimations for Lithuania’s responsibility sea area, using proposed model
revealed that highest rate of grounding/stranding probability is in the
Klaipéda port area, which two times exceeds collision probability. However,
more than 2 times credible, that oil outflow event in Klaipéda port area will
occur due to collision, rather than due to grounding/stranding. It was
assessed that under current conditions tanker accident, followed by oil
outflow, can occur once per 87 year.

. Application of International Maritime Organization approved methodologies
for estimations of oil outflow from tankers provides with reliable results, but
only when quite big amount of input data is available. The modification of
International Maritime Organization approved simplified probabilistic
methodology, suitable for expeditious use in particular sea region, is
proposed, in which, the amount of input data is reduced several times,
knowing in advance the types of tankers, operating in this region, and its
main design characteristics.

. Comparative calculations revealed, that estimations of mean oil outflow,
performed using modified methodology differs from those performed with
exact methodologies not more than 18 %, and this difference does not
exceeds differences of results, calculated by exact application of two
different International Maritime Organization approved methodologies. The
modified methodology is recommended for expeditious estimation of oil
outflow from tankers, which were involved in casualties (collisions or
groundings) in the oil terminals, situated in the Baltic ports and its premises.

. Risk, posed by tankers to the marine environment was assessed for
Lithuania’s responsibility sea area, using classical risk definition. Practical
application of such approach is based on actual level of accidental oil
outflow probability and quantity of oil spilled during tanker accident. This
approach is also suggested for decision making for Lithuanian authorities,
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when tankers of higher risk enter Lithuania’s responsibility sea area and
enhancement of preparedness level is considered.

List of published works on the topic of the dissertation
In the reviewed scientific periodical publications

1. SMAILYS, V.; CESNAUSKIS, M. Estimation of Expected Cargo Oil
Outflow from Tanker Involved in Casualty. Transport, 2006, Vol. XXI,
No. 4, p. 293 — 300. ISSN 1648-4142.

2. CESNAUSKIS, M. Model of Probabilistic Assessment of Oil Outflow
Event Caused by Tanker Accident. Transport, 2007, Vol. XXII, No. 3,
p. 187 — 194. ISSN 1648-4142 (ISI Master List)

3. CESNAUSKIS, M.; TARASEVICIUS, R. Analysis of Statistics and
Investigations of Marine Casualties, Registered in Lithuanian Competent
Authorities During the Period of 1999-2003. Jitra ir aplinka, 2004, Vol. 2,
p- 33 — 40 (in Lithuanian).

In the other editions

4. CESNAUSKIS, M. Analysis of marine accidents, registered by Lithuanian
Maritime Administration during 1999-2003. Technologijos mokslo darbai
vakary Lietuvoje, 2004, Vol. IV, p. 168 — 174 (in Lithuanian).

About the author

Mindaugas Cesnauskis was born in Klaipéda, on 16 of November, 1973.
First degree in Marine Transport Engineering, Faculty of Marine Transport
Technologies, Klaipéda University, 1995. Diploma engineer (engineer on
board) professional qualification, Faculty of Marine Transport Technologies,
Klaipéda University, 1996. In 1997-1998 was on the position as mechanical
engineer at Klaipéda State Seaport Authority. 2000-2002 — at Klaipéda State
Seaport Authority as Head of IMO information centre. Master of Science in
Transport and Maritime Management, Institute of Transport and Maritime
Management, Antwerp University, 2000. 2002—-2006 — PhD student at Klaipéda
University. Currently working in Lithuanian Maritime Safety Administration,
as Head of International Relations Department and assistant in Maritime
Institute, Klaipéda University.

19



TANKLAIVIU KONSTRUKCIJOS YPATYBIU IR
EKSPLOATACIJOS SALYGU ITAKA AVARINIU NAFTOS
ISSILIEJIMU TIKIMYBEI IR MASTAMS

Mobkslo problemos aktualumas

Didziausia tiesioginé Zala jurinei aplinkai bei netiesioginé Zala pakrantés
valstybiy ekonomikai padaroma tanklaiviy avarijy metu, kada i aplinka iSsilieja
dideli kiekiai gabenamo krovinio. Reagavimo 1{ tar§a jlroje sistemy
projektavimas, operatyvus ju panaudojimas likviduojant tanklaiviy avarijy
padarinius, siejamas su patikimomis bei operatyviomis tanklaiviy avarijy ir ju
sukeliamos tarSos parametry prognozémis. Egzistuoja problema, kad §iuo metu
naudojami prognozavimo metodai yra nepakankamai efektyviis, jais daznai
nevisiskai jvertinami avariniy naftos issiliejimy incidenty tikimybe¢ bei mastus
itakojantys veiksniai, ypa¢ kada Sie metodai taikomi konkretiems laivybos
rajonams, kuriuose tanklaiviy eismas néra intensyvus ir tanklaiviy avarijos yra
itin retos.

Todél butina istirti, kaip ivertinti labiausiai tikétinas avariniy naftos
i$siliejimy incidenty vietas konkreciame laivybos rajone, bei kaip operatyviai
prognozuoti tanklaivio avarijos metu i aplinka patekusio naftos ar kitokio
tanklaiviu transportuojamo krovinio kieki. Be to §iy parametry ivertinimas
sudaro galimybe jvertinti tanklaiviy keliama rizika jiiros aplinkai.

Darbo tikslas ir uZdaviniai

IStirti avarin] naftos iSsilicjima i§ tanklaivio apibiidinanéiy parametry
prognozavimo galimybes. Suformuluoti teorines prielaidas avarinio naftos
i$siliejimo incidento tikimybei sumazinti, bei tanklaivio avariju padariniy
mastams suSvelninti. Darbo tikslui pasiekti buvo suformuluoti Sie uzdaviniai:

1. [vertinti avarinius naftos iSsiliejimus i$ tanklaiviy jtakojanciy objektyviy ir
subjektyviy veiksniy visuma, bei nustatyti prielaidas Siems veiksniams
valdyti.

2. Modeliuojant avarinés tar$os i$ tanklaiviy procesa, parengti avarinio naftos
i8siliejimo i§ tanklaivio tikimybinio jvertinimo modelj.

3. Remiantis atlikty eksperimentiniy bei teoriniy tyrimy rezultatais parengti
metodika, leidZianCig operatyviai prognozuoti galimus avariniy naftos
i$siliejimy mastus konkre¢iame laivybos rajone.

4. Atliekant Baltijos jiroje {vykusiy tanklaiviy avariju bei Lietuvoje
iregistruoty laivy avarijy statistikos eksperimentini tyrima, nustatyti
potencialias priezastis, galin¢ias sukelti tanklaivio avarija Lietuvos
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atsakomybés rajone, bei suformuluoti teorines prielaidas tokiy avarijy
prevencijai.

5. lvertinti Lietuvos atsakomybés rajone operuojanciy tanklaiviy keliama
naftos iSsiliejimy incidenty rizika, bei parengti §ios rizikos maZzinimo
rekomendacijas.

Mokslinis naujumas

Pasitilytas avarinio naftos iSsiliejimo i$ tanklaivio tikimybinio jvertinimo
modelis, kuri, panaudojant kiek imanoma daugiau tyrimui aktualios
informacijos (pasauliné ir regioniné laivy avarijy statistika, tiriamame laivybos
rajone dominuojantys veiksniai), rekomenduojama taikyti prognozuojant
tanklaivio avarijos sukeltos tarSos tikimybés pasiskirstyma atskirose tiriamo
laivybos rajono zonose.

Tyrimy metodika
Disertacijos rengimo metu buvo naudoti Sie metodai: statistinés analizés ir
prognozavimo, kompleksinés analizés.

Praktiné verté

Darbe patikslinta naftos issiliejimo i§ avarija patyrusio tanklaivio
tikimybiné skai¢iavimo metodika ja pritaikant apibendrintiems galimy avariniy
naftos iSsiliejimy i§ tam tikry konstrukcijos parametry tanklaiviy
skai¢iavimams, bei operatyviam preliminariam jvykusio naftos i$siliejimo
masto jvertinimui pagal pacius primityviausius techninius duomenis apie
avarija (avarijos tipas, uostas, tanklaivio tipas, jame esantis pakrautas naftos ar
jos produkty kiekis, pagrindiniai tanklaivio konstrukcijos parametrai).

Ginamieji teiginiai

Avarinio naftos i$siliejimo i$ tanklaivio tikimybinio jvertinimo metodika.

Patikslinta avariniy naftos i$siliejimy masty tikimybiné skai¢iavimo

metodika.

3. Technologiniy veiksniy, jtakojanciy eksploatuojamo tanklaivio korpuso
konstrukeijy techning bikle, tyrimo rezultatai.

4. Veiksniy, galin¢iy nulemti tanklaiviy avaringuma Lietuvos atsakomybés
rajone, tyrimy rezultatai.

[N

Darbo apimtis. Darba sudaro ivadas, 4 skyriai, iSvados ir literatiiros
saraSas. Bendra disertacijos apimtis — 125 puslapiai, 45 iliustracijos ir 35
lentelés. Pirmame disertacijos skyriuje atlikta avariniy naftos issiliejimo
incidenty i§ tanklaiviy moksliniy darby analizé. Skyriaus pabaigoje
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suformuluota moksliné problema — kaip nustatyti buidingus avariné tarSa i$
tanklaiviy jtakojancius veiksnius ir prognozuoti avarinius naftos iSsiliejimus
konkreciame rajone. Antrame skyriuje nagrinéjami veiksniai, jtakojantys naftos
i$siliejimy tikimybe ir mastus. ISnagrinéti tanklaiviy konstrukciju pazeidimy
atvejai  (susidiirimas/atsitrenkimas ir uZplaukimas ant seklumos/grunto
lietimas), tanklaivio korpuso struktiiros pazeidimai bei technologiniai veiksniai,
lemiantys korpuso konstrukcijy techning biklg. Treiame skyriuje pateikti
avariniy naftos issiliejimy tikimybés ir masty jvertinimo metodai. Ketvirtame
skyriuje pritaikomos avariniy naftos iSsiliejimy metodikos vertinant ir
prognozuojant naftos iSsiliejimus Baltijos juros Lictuvos atsakomybés rajone.
Gauti vertinimo rezultatai palyginti su kitomis metodikomis gautais rezultatais.

Bendrosios isvados

1. Atlikus Baltijos jiroje ivykusiy tanklaiviy avarijy bei Lietuvoje jregistruoty
laivy avarijy statistikos eksperimentinj tyrima, apibendrintos priezastys, dél
kuriy gali kilti tanklaiviy avarijos Lietuvos atsakomybés rajone, bei
suformuluotos teorinés prielaidos tokiy avarijy prevencijai. Atliktas tyrimas
parodé, kad 58 i§ 120 Lietuvoje 1999-2003 mety laikotarpiu jregistruoty
jary laivy avarijy ivyko Klaipédos uoste, o 48 % visy iregistruoty avarijy
klasifikuojamos kaip susidiirimai ar atsitrenkimai.

2. Disertacijoje pasiiilytas avarinio naftos iSsiliejimo i§ tanklaivio tikimybinio
ivertinimo modelis, skirtas tanklaivio avarijos sukelto naftos iSsiliejimo
tikimybés  pasiskirstymui  laivybos rajone  prognozuoti. Modelis
rekomenduojamas laivybos rajonams su vienu ar keliais naftos terminalais,
kuriuose vyrauja nedidelio intensyvumo tanklaiviy eismas.

3. Taikant disertacijoje pasitlyta avarinio naftos iSsiliejimo i§ tanklaivio
tikimybinio {vertinimo modeli Lietuvos atsakomybés jiiros rajonui nustatyta,
kad tanklaivio uzplaukimo ant seklumos tikimybé yra didziausia Klaipédos
uosto zonoje ir du kartus virSija susidiirimo ar atsitrenkimo tikimybg. Taciau
daugiau ne 2 kartus labiau tikétina, kad avarinis naftos iSsiliejimas
Klaipédos uosto zonoje ivyks dél tanklaivio susidiirimo ar atsitrenkimo, nei
dél uzplaukimo ant seklumos ar grunto lietimo. Ivertinta, kad tanklaivio
avarija su naftos iSsiliejimu Lietuvos atsakomybés rajone vidutiniSkai gali
ivykti karta per 87 metus.

4. Prognozuojant jau jvykusio tanklaivio incidento metu tikétina iSsiliejusios
naftos kieki naudojamos Tarptautinés jiiry organizacijos aprobuotos
universalios metodikos duoda patikimus rezultatus tik turint palyginti didelj
masyva duomeny, daugelis i$ kuriy operatyviai nepasiekiami. Operatyviam
naudojimui, konkreciame jiiros regione disertacijoje pasitilytas modifikuotas
Tarptautinés jury organizacijos patvirtintos metodikos variantas, kuriame
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pradiniy duomeny kiekis yra kelis kartus sumazintas remiantis biidingais
Siam rajonui tanklaiviy tipais ir ju pagrindinémis konstrukcijos
charakteristikomis.

5. Atlikti lyginamieji skaiiavimai parodé, kad vertinant tikéting naftos
i$siliejimo dydj, modifikuota metodika gaunami rezultatai skiriasi nuo gauty
panaudojant pripazintas metodikas ne daugiau kaip 18 % ir Sis skirtumas yra
ne didesnis negu naudojant skirtingas Tarptautinés jlry organizacijos
patvirtintas detalias metodikas. Modifikuota metodika rekomenduojama
operatyvaus, tikétinai iSsiliejusios naftos kiekio jvertinimui Baltijos jiroje
esanciy naftos terminaly operatyvinése zonose ir jy jlirinése prieigose.

6. Disertacijoje atliktas tanklaiviy keliamos rizikos jliros aplinkai jvertinimas,
kuris remiasi avarinio naftos issiliejimo tikimybés ir tikétino avarijos metu
iSsiliejusio naftos kiekio faktiniy dydziy nustatymu. Tokj vertinima, pagal
disertacijoje pasiiilyta procediira, rekomenduojama taikyti ir institucijoms,
priimant sprendima dél sustiprinto reagavimo i galima tarSa parengties
lygio, blogesnés techninés biiklés tanklaiviams planuojant iplaukti i
Lietuvos atsakomybés rajona.
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