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Consideration is given to the sea pollution from tankers of two types: operational
pollution in the process of transportation and cargo handling, washing and stripping and
accidental pollution resulting from accidents involving loss of the ship’s hull integrity.

In the process of this work, the general analysis of ice damages to the hull of tankers
navigating in the Arctic along the NSR has been completed.

Accidental oil spills during grounding and collisions of tankers sailing in open water
along the NSR are estimated according to the method evolved. The original procedure for
probable accidental oil spills during ice damages has been developed and the evaluation of
oil outflow from tankers sailing along the NSR has been made.

Requirements for the structural safety of tankers sailing along the NSR from the point
of view of preventing pollution are formulated.
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INTRODUCTION

This report is a conclusive report on Section I1.6.2 “Requirements for Ecological
and Structural Ship Safety”. The results of works carried out during 1993-1995 are given in
this report. Though annual reports were issued in 1993 and 1994 years the material
concerned is presented here too.

The aim of the whole work is the development of requirements for ecological and
structural safety of tankers for the substantiation of which a model of probable emergency
and operational oil outflows was developed and the proper evaluation of sea pollution from
tankers sailing along NSR was carried out.

Sea pollution from tankers may be of two categories: operational pollution in the
course of the transportation and during cargo handling, washing and stripping operations
and related to loss of the ship’s hull integrity.

The experience of operation of the tanker fleet and investigation of the marine
environment show that though accidents with tankers account for a comparatively small
portion of the total sea pollution ( 10 % ), the consequences of such accidents happen to be
very serious because of the volley-like character of outflows of the transported oil cargo
and oil products and are the main cause of the frequently occurring pollution of coastal
areas and of the shore proper.

Pollution of arctic waters and shores as a result of accidental oil and oil products
outflows from damaged tankers has essential peculiarities:

- greater environmental harm than in the case of pollution of non-arctic regions due
to the fact that more time is needed for the natural disappearance of spilled oil, it is more
difficult to liquidate the pollution and because of the greater vulnerability of the northemn
nature;

- addition of one more type of accident which may cause outflow of cargo - ice
holes.

The first part of work on theme I1.6.2 “Requirements to the environmental and
structural safety of ships” performed in 1994 contains the analysis of hull structure ice
damages of the tankers sailing in the Arctic and the assessment of the probability of
accidental outflows from domestic tankers navigating along the NSR as a result of
strandings, collisions and ice damages.



The second part of the work includes the evaluation of operational outflows from
tankers sailing at present along the NSR and the development of methods for the
calculation of the probabilistic accidental oil outflow during navigation in the Arctic basin.

Methods were put forward and the assessment made of the operational pollution
during the outflow of polluted ballast, washing water and the unloading upon the
unequipped shore. Under current legislation the outflow of polluted ballast and washing
water on the NSR is prohibited.

While carrying out unloading at berth there is practically no sea pollution with oil.
However during unloading onto unequipped shore with the use of hoses pollution is
possible due to leakage in case of hose damages or leakage in places of connection of
separate sections. Volumes of cargo outflows depend on the quantity of pumped cargo,
hose length, ice conditions, sea state, weather, etc. and as practice and the assessment made
show these outflows are not large.

On the other hand, strandings while navigating in ice are as a rule not accompanied
by high sea and this reduces the extent of hull destruction and consequently the oil outflow.

In the development of the method of calculation of the probabilistic accidental
outflow of oil from tankers when they sail along the NSR two approaches to the
development of requirements to the subdivision of arctic tankers into compartments on the
basis of probability procedures are possible:

- regulation of probability characteristics of accidental outflows totally for three
types of holes: as a result of the collision of tankers with other ships, stranding and ice
damages;

- regulation of probability characteristics of accidental outflows only for ice

damages.

The second approach seems preferable because restrictions of probable outflows at
collisions and strandings of tankers are already regulated by the MARPOL convention
which though not taking into account peculiarities of the operation of ships in the Arctic
covers also tankers navigating in ice conditions. However the methods put forward for the
assessment of the expected accidental spill have been developed as applied to the first
approach because the practical use of common methods without special effort permits the
procurement of necessary data for the use of the second approach.

The above methods are the first ones in the world practice of the combined
probabilistic estimation of the expected values of accidental spill of oil as a result of three



types of accidents. They were developed on the basis of the first similar methods of 1978
[1] taking into consideration two types of accidents: collisions and strandings.

Thanks to the unique experience of the operation of Russian ships in the Arctic
Ocean there is a real possibility to get fairly representative statistical data needed for
bringing the methods to a numerical algorithm.

The practical procedure for determining mathematical expectation of the emergency
oil outflow was developed in 1995 along with the estimation of probable sea pollution
from ice damaged existing ships sailing along the NSR.

On the basis of investigations carried out the influence of constructive solutions on
probable oil spills from ice tankers was determined and the requirements for structural
safety of tankers sailing along the NSR were formulated In conclusion, the works to be
carried out during 1996-1997 within INSROP concerning this problem are specified.

The review of the work of 1993 is positive. Certain remarks on figures 1.4, 1.5, 1.9
mainly concern their interpretation and use. Additional explanations and comments to
these remarks are attached to the report (Annex 1).

The review of the work of 1995 is positive. Additional explanations and comments
to these remarks are attached to the report (Annex 2).

The authors express their gratitude to the reviewer for his attentive, objective and
qualified consideration of the work as well as for valuable comments on the content of the
report.



I. ANALYSIS OF ICE DAMAGES TO HULL STRUCTURES
OF TANKERS OF ARCTIC NAVIGATION

1.1 General analysis of ice hull damages of tankers navigating along the
NSR

The major part of the Russian tanker fleet providing for the transportation of liquid
supply cargoes along the Northern Sea Route during the last 20 years has consisted of old
tankers of "Baskunchak" type (L.1), as well as of UL class tankers of "Samotlor" and
"Ventspils" types built in Finland in the seventies and eighties accordingly. For the delivery
of oil cargoes to the shallow-water ports of the eastern sector of the Northern Sea Route the
old L1 class tankers of “Baskunchak” type (DW =1660t;LxBxT=834x12x4.6;N=
2000 h.p.) were used too.

Character of ice damages , their features and frequency are shown in Fig. 1.1 - 1.9.

On "Baskunchak" type tankers of old construction (sixties), which had no double
bottom and inner sides in way of cargo tanks, the largest portion of hull damages falls upon
the middle of the bow section and the bilge strakes over the whole length of the hull.
Damages of the side framing are observed almost over the whole length of the hull,
including bilge strakes. On ships of "Baskunchak" type the distribution of damages over
the hull length is similar both for corrugation (bulge) and dents for all connecting members.

It should be noted that aggravation of the operating conditions on all the Arctic
routes resulted not only in a higher rate of damages to the aged, deteriorated hulls but also
in a considerably increased number of heavy ice damages to modern hulls built according
to the current Register's Rules at shipyards of the leading European Builders to the highest
ice categories UL, ULA.

Thus, numerous damages to the shell plating and framing were recorded on the
"Samotlor" type tankers, built to the ice category UL since 1975 to 1978, chiefly to the
framing and shell plating in the fore end and also in the bilge area and abutting bottom
strakes right to the midship section.

On these ships up to 70% of hull ice damages after arctic navigation fall on these
areas (Fig. 1.1 - 1.6 ) and the amount of replaced shell plating reaches 100 m and more per

vessel.

On ships of "Samotlor" type, corrugation of side plating occurs mainly in the
forebody and in the "bow intermediate region". The highest frequency of occurrence of
corrugation falls upon the area within 0.05-0.1 L distant from the fore perpendicular. The
framing damages are mainly observed in bottom grillages and bilge strake over a



considerable length of ship (zones A,B) the highest amount of damages occurs in side
framing and in the bow intermediate section the place of the highest frequency of framing
damages being 0.1 L distant from the fore perpendicular (Fig.1.1,1.4,1.5,1.6).

In the forebody of the first series of "Samotlor" type tankers (Fr. 157-200) the
absence of intermediate frames above the ice belt as well as the sharp decrease of
thicknesses from 28 to 16,18 mm (for bottom - up to 20 mm) of the bilge strakes abutting
upon the ice belt has resulted in a noticeable decrease of the strength of plates of these shell
plating areas.

Due to the mass character of hull ice damages of the first series of the "Samotlor"
type tankers it was necessary to attach additional ice strengthenings on tankers in process
of operation. ’

Another type of structure mass damages in the area of fore peak and bilge on these
ships (common for plate constructions of all arctic ships) are permanent sets ("bulges") of
the walls of stringers, diaphragms, platforms, bulkheads abutting upon the shell plating.
The extent of such deformations is 300-400 mm from the shell, Fig. 1.2,1.7. It should be
noted that after the ice trials of tanker "Igrim" (of the same type) in the Gulf of Bothnia at
ice thicknesses up to 70 cm permanent sets of hull structures were not found.

On new UL class tankers of "Ventspils" type the escorting of which during winter
supply voyages through ice isthmuses was often carried out in "short" tow, the largest
number of damages is concentrated below the ice belt: along the whole length of the ship in
bilge strakes and mainly in the forebody in bottom strakes. Attention should be paid to the
considerable number of ice damages of the stern bilge portion in way of the bossing as a
result of manoeuvring in thick ice while moving astern.

As a whole the distribution of ice damages by the ice classes of the vessels, reflects
the composition of the fleet, used in Arctic navigation. The most frequent damages were
recorded within the most numerous group of vessels, involved in Arctic traffic - namely
vessels of ice lasses UL and L1 including arctic tankers the ice strengthenings of which
were inadequate for intensive operation in the Arctic, in particular, in its Eastern sector).

However old deteriorated vessels (older than 15 years) suffered heavy ice damages
on almost every voyage in arctic ice (mainly the vessels of ice class L1) provided with no
double bottom and inner sides. In this connection it should be noted that for such ships the
common cause of the breakage of hull plating tightness and consequently of the pollution
of water area, apart from ice damages are “corrosion holes” (honeycombs) and cracking in
structures induced by stress concentrators.
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These factors stipulate different types of oil leakage and outflow of oil products
overboard, namely:

- leakage of oil cargo through the ship side plating in way of side cargo tank due to
propagation of cracks arising at the low end of the web frame (bracket) at the point of its
connection to the bottom frame (floor)

- overflow (flow) of liquid cargo between adjacent cargo and ballast tanks through
the longitudinal bulkheads, which are damaged as a result of plate wear: the liquid cargo
flows into the ballast tanks and the mixture of water and oil is pumped out overboard.

- the liquid cargo through cracks in the inner bottom plating mixes with a ballast in
the double bottom arranged just under the cargo tanks, and pumped out overboard.

Cracks also occur as a result of material fatigue after some years of tanker service
and in consequence of corrosion wear of the structure. The structural fatigue is caused by
reversed loads. The fatigue cracks appear first of all in the areas characterized by higher
stresses which were not sufficiently compensated at the development of structures. The
formation of corrosion craters contributes to cracking especially at low temperatures under
dynamic loads. In this respect the imperfect technology of stripping tanks represents a great
danger. So in ships without inner bottom the intensive corrosion of bottom plates occurs as
a result of frequent stripping of tanks with washing by water jets. By the action of mud,
which is washed off during the tank cleaning, the corrosion intensity grows.

1.2. Generalization and analysis of materials on the ice damages to the
structures of side and bottom grillages

As mentioned above, the ice damages of arctic ships as a rule occur in the bow third
and in the middle part of the hull being located near the forepeak and bilge strakes. The
extension of areas of navigation and the prolongation of periods of operation of ships in the
Arctic led to an increase both in number and sizes as well as to a change in longitudinal
distribution of ice damages to arctic cargo ships, including tankers.

Some typical ice damages of tanker hulls are shown in Fig.1.6 - 1.8. However some
differences exist between ice damages to the particular ships. On tankers of the first series
of "Samotlor" type considerable dents often occurred due to the excessive distances
between side stringers and the insufficient strength of frames in the bow area of Fr.157-200
(r 280*11) up to 2m instead of 1.5 m required by Regulation 81, Ch. 26. The most common
side grillage ice damages of this region of the forebody end in the area of waterlines were
dents often accompanied by the "tumbling in" of frames. Largest deflections of dents
reached 135-200 mm, those of bulges 70 - 90 mm, Fig.1.3 - 1.5. The dents 300 mm in
depth observed in the forebody of tanker “Kamenets Uralsky” are evidently connected
with operation in swallow water and cannot be attributed to ice damages.
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On these ships the main type of ice damages were multiple damages mostly in the

form of bulges and corrugation of plates with average deflections of 15-20 mm for bottom
and 30-40 mm for bilge.

Maximum plate deflections in the forebody are 90 mm and in the midship portion -
60 mm. Such deflections are commonly accompanied by cracks and leakage.

There were practically no framing and plating damages within the ice belt of
"Ventspils" type tankers during the first year of operation.

Average values of the permanent deflection of bottom (bilge) plates
(bulges,corrugation) after the first year of operation on these tankers were: in the middle
and fore portions f= 15-20 mm, in the aft 8§-12 mm; at maximum permanent deflection of
the bottom plating: f= 30-40 mm in the fore part and £ = 18-25 mm in the aft. Function of
probability of permanent deflections of the hull plating and framing of arctic tankers are
given in fig. 1.10.

Main Causes of Damages to the Underwater Hull Portion of Arctic Tankers.

The main causes of ice damages to tanker hulls in the Arctic are the severe
navigation conditions including ice conditions characterized in the domestic Arctic by a
considerable changeability and swallow waters in most sectors of the NSR. The high level
of the damageability of ships sailing along the Northern Sea Route may be also attributed
to structural pecularities and specific navigation tactics of transport ships under ice
conditions.

So a great deal of side damages to “Samotlor” type tankers within 0.1-0.2 L from
forward perpendicular is due to their large sizes (relative to channel). When the icebreaker
1s turning the tankers hit into the turning radius protruding out of the channel ice edge and
break it finally by this side area. Due to rapid increase of ice loads on these regions the last
ones become the most damaged hull areas of this type of ships.

Errors and deviations from Rule requirements admitted when designing the forward
hull structures of such tankers caused mass ice damages in this area. Only the presence of
double bottom and inner side on the mentioned tankers prevented significant pollutions of
water areas induced by severe ice hull damages in way of cargo tanks.

As a result of the analysis of the dock inspections, permanent sets of the underwater
hull portion of tankers of the "Ventspils" type may be divided into four categories:

- dents in way of bow and bilge;

- deformation in the bilge of the afterbody;
- sloping larger size dents in the bottom,;

- sharp edge damages.
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Damages of the first type are apparently caused by normal ship movement in ice.
While being towed in the channel at the end of a long tow a ship may transversely shift in
relation to the channel axis (yaw) and owing to this movement strike the ice edge in the
channel. So deformations in the after part of tankers are probably caused by the above
towing or by the movement astern when large ice blocks get between the ship and the berth
or the channel edge and cause shell plating damages. Dents of the third type are probably
brought about by the overcoming of an ice isthmus or a hummock or when the ship touches
the anchor ice (due to the flux and reflux alterations) sometimes accumulated in arctic
regions on the sea bottom. Deformations of this type occur only in the bottom and scratches
may be seen along the whole length of the ship. The reason for these damages is the ground
touching in shallow areas, because under such conditions this type tankers operate during
supply operations.

In the area of variable waterlines there are only insignificant local deformations. Of
apparent deviation is the dent in the fore part of tanker "Kashira", port, Fr.142-146,
probably caused by getting foul of the icebreaker stern.

There were practically no frame and shell plating damages in the ice belt of tankers
of "Ventspils" type within the first ice navigations.

As a whole the analysis of the character of ice damages and qualitative composition
of the arctic tankers most susceptible to damages shows that the principal causes of ice hull
damages are as follows:

- utilization of ships with an ice class not sufficient for certain areas and
seasons;
- considerable age wear out of structural hull members in the zone being
under the effect of ice loadings;
- insufficient building structural strength in more severe conditions of the
operation of ships in ice;
- errors of navigators while manoeuvring.

Distribution of ice damages to hulls by the ice classes (ice categories) of the vessels
usually reflects composition of the fleets used in Arctic navigation. Frequent damages were
recorded within the most numerous group of vessels involved in the Arctic, namely traffic-
vessels of ice category UL and L1, ice strengthenings of which were inadequate for
intensive operation in the Arctic, in particular, in its Eastern sector. Heavily deteriorated
vessels (older than 15 years) suffered ice damages on practically every voyage in ice
(mainly the vessels of ice category L1). Notwithstanding the measures taken to reduce the
accident rate, technical losses entailed by ice damages still remain to be high both in
magnitude and in relative figures per vessel.
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Apart from ice hull damages the oil pollution of the water basin may be caused by
plating and framing cracking induced by cyclic loads and stress concentrators. However the
relative number of these cases is small. According to generalized data of the Committee on
the prevention of sea pollution (Japan) 30% of cases of oil outflow overboard were brought
about by human error and only 2,4% were caused by bad quality of ship hull structure.
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b)

Fig. 1.6. Character of ice damages of arctic tanker
bow a), b) - regions of forepeak and side
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b)

Fig.1.7. Typical location of ice dents on arctic tanker hulls

a),b) - bottom, bilge strakes
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Fig.1.8. Corrugation types

of bilge plates
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Fig. 1.9. Probability of relative permanent deflections of the bottom

~ plating and bilge strake of icebreaking tankers
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2. PROBABILISTIC EVALUATION ASSESSMENT OF THE
EMERGENCY OUTFLOW FROM DOMESTIC ICE TANKERS
OPERATING IN THE NORTHERN SEA ROUTE

2.1. Assessment of the probabilistic emergency outflow when navigating in
ice-free water

Sizes of a hole which the ship gets as a result of damage and the coordinates
describing its position by length, width and hull height are random values just as is the
volume of cargo spilled out of the damaged ship. Therefore the mathematical expectation
of volume Qg of the cargo spilled as a result of ship being holed was taken as a criterion
characterizing probable emergency loss of cargo.

In the determination of Q, only side damages and holes got at stranding and
ramming of the tanker in question by other ship were taken into consideration. Cargo
leakages due to fires, explosions and ship breakage are not taken into account because in
these cases the loss of cargo practically does not depend on the scheme of subdivision of
cargo space into compartments. In the case of ramming by the ship in question of other
ships the leakage of cargo usually either does not occur or is insignificant.

Therefore the disregard of holes in such emergency situations should have no effect
on the comparability of the assessment of Qg for tankers of different types.

In the development of methods the materials of the IMO Rules for the division into
compartments of passenger ships and Rules of the Russian Register of Shipping were used.
As these Rules take into account the distribution laws of the parameters of holes got only
by rammed ships the design relationships for the calculation of the compartment damage
probabilities at strandings were added.

Power consumption of hull structures was not taken into account in the same way as
was the case in the USSR Register Regulations.

In this case the mathematical expectation of cargo outflow is:

Qa = Pc Q¢ + Ps Qs *+ pPic Qic (2.1)

where: Q. - mathematical expectation of the outflow of cargo as a result of getting a
hole due to the ramming of tanker by other ship;

Qg - the same at stranding; Q;¢ - the same as a result of ice damage; P, Pic, Pg -
probability of emergency outflow of oil products at rammings, ice damages and strandings.
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Values Q, Qg and Qj. are determined by formula:

Q. =2 W¢ q¢
Qs =2 W5 g5 (2.2)
Qi =2 Wi dic

where: W - damage probability of the compartment in question or of a group of
adjacent compartments as a result of getting a hole due to the ramming of tanker by other

ship;

Wy - the same at stranding;

Wic - the same in the case of hole caused by ice;

qc - leakage from the compartment in question or group of adjacent compartments
at ramming;

qg - the same at stranding;
Qig - the same in the case of hole caused by ice.

The summation in formulas (2.2) is made by numbers of all compartments or
groups of adjacent compartments and that is why 2We=2Wg=>Wi.=1

Probabilities Wi, Wg, Wi and leakages q¢, qg, qjc are determined under the
assumption that the ship gets one continuous hole. In the course of processing of statistic
data in the rare cases when simultaneously there were several damages, one conventional
hole covering all damages was introduced.

Apparently in collisions the leakage q; for compartments or groups of adjacent
compartments at the damage of which a fully loaded ship sinks or capsizes should be taken
as equal to the total volume of the transported cargo. For oil tankers the volume of cargo
includes 75% of the full storage of liquid fuel. For other compartments and groups of
adjacent compartments at the damage of which the watertight integrity of a fully loaded
ship is provided, leakage q. (if the cargo density is less than 1) is to be determined by

formula:

s = 02 V* + 08 V (23)

where: V* - part of the volume of a damaged cargo tank or tanks located above the
horizontal plane passing at half of the free board of fully loaded ship with 75% of stock;
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V - full volume of the same tanks.

Formula (2.3) was obtained under the assumption that if holes are over the
waterline, only the cargo which is above the lower point of hole is spilled. The distribution
law of z-axis of this point was taken as being uniform. If holes are situated below the
waterline and got as a result of ramming it was assumed that the outside water replaces all
the cargo. According to statistical data gathered by IMCO the frequency of the occurrence
of holes above the waterline is 0.2 and this value has been taken into account in formula
2.3).

Aty>1 (y - cargo density) and provided watertight integrity the value q. apparently
will be equal to volume of a damaged cargo tank over the horizontal plane being Z4 distant
from the principal one. This distance is equal to the mathematical expectation of z-axis of
the lower point of the hole.

Q¢ = V(T -31 Kv Kd ) (2.4)
where: T - draft of fully loaded ship with 75% of stock.

Coefficients Ky, and K taking account of the influence of the specification speed
(in knots) and full displacement of ship D (in tons) upon the sizes of damages may be
determined by formulas;

ky, = 04 (1 + vg/14 ) at 0.67 <ky <1 (2.5)
kg = V(2 + 0001D)/(1+0.001D)

Formulas (2.5) were obtained with the use of IMO statistical data about sizes of
holes at ship's collision.

At stranding the leakage g5 is to be determined by formula:

qs = 118V + (15T - B)V/(y(1SH - B) (26)
at 025 V<qg=<YV

This relationship was obtained under assumption that at y > 1 the whole cargo is
spilled and at y = 0.67 about 1/3 of the tank content flows out. The last value (1/3) in the
same way as the limitation of minimum outflow by 25% of the volume of damaged tanks is
taken with due account of provisions of Rule 23 of the Annex 1 to the 1973 MARPOL
Convention.
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In the present work for taking into account the influence of the seas it was assumed
that because of the damping effect of the double bottom in the course of the flow of oil and
water over it the leakage in the presence of double bottom is determined by formula (2.6)
and without double bottom (at y< 1) q¢=0.25V, that is irrespective of other factors at
stranding of a tanker without double bottom half of the whole content of oil of cargo tanks
is spilled out.

Probability W, of ramming may be determined by the product of three factors
We = ag pe I'e (27)

ac value takes into account the distribution law of a relative abcissa xg/L of the
middle of hole of the rammed ship and for the compartment in question or group of
adjacent compartments is equal to the value of distribution density f,(xq/L).

pc value takes into account relative extent of flooded compartment /L and the
distribution law of a relative extent of hole taking into consideration the influence of a
specification speed. Value pg is practically equal to the probability of damage of the
compartment restricted only to transversal bulkheads at ac = 1.

Value 1. for side compartments is equal to the probability of non-damage of the
longitudinal bulkhead of a rammed ship and at combined damage of side and adjacent
compartments to the probability that the bulkhead dividing these compartments is damaged
and next longitudinal bulkhead is not damaged. Design relationships for the determination
of these values obtained by the approximation of statistical distributions are given below.

ac = 04 (1 + & +E +EL) (2.8)
where & =x /L , & =x, /L i x=<05L
g, =& =05 if x > 05

§1’2= (x, + x)/L if x +x, <L

Ea= 10 if x + x, <L

where:
x, - distance from the aft perpendicular to the after bulkhead of the compartment in

question,;
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X, - distance from the aft perpendicular to the fore bulkhead of the compartment in
question; -
L - length of ship between perpendiculars.

Values pg at L <200 m

pe = ky (446 A2 - 62 A3) (2.9)
if A <024

pec = 1072 A - 0.086 - (1 - ky) (A - 024 ) /13
if A>024

where A = 1/ky L

atL >200m
pe = k, (446 A12 - 62 A13) 2.10)
| if A< 024
pe = 1.072 Al- 0.086 - (1 - ky) ( Al- 0.24 ) /13
if A >024

where Al = 1/200kv L

where: ] - length of the tank in question .

For pairs of adjacent compartments p; value used in the calculation is to be
determined by formula:

P = P, - P - D (2.11)

P = p2,3 - pz - p3
ete.,

where: p,, p, etc. - values of pe determined by formulas (2.9) and (2.10) for single
compartments with length 1;; I, etc.

p1,2 - value of p(c) determined in the same way as applied to a pair of compartments
with a total length 11,2= L +1;

1; 1, etc. - lengths of single compartments.

While calculating values ag and pg the following conditions should be met:

(1/n) Y a =1 2.12)
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2 pi =1
where: n - number of compartments considered
Value
re = 058 C/(A+0.02) if C <02 2.13)

re = 00016 /(A + 0.02)+ C + 036 if C> 02
at C = b/ ky B

and at A < 0.2 B value r; may be determined by linear interpolation between unity
(at A =0) and value 1, determined by formula (2.13),

where: B - breadth of ship;

1 - distance between transversal bulkheads corresponding to lengths of
compartments by calculation of a; and pg;

b - distance of longitudinal bulkhead from shell plating measured in the plane of
load waterline for the area where values a; and p, are determined.

At stranding, as the analysis of IMO statistical data about sizes of ship holes has
shown:

- sizes of damage: length 14 height hd and depth bd of the hole are practically not
inter-correlated;

- value 1d can be taken as directly proportional to the length of ship as for a hole of
rammed ships;

- value bq can be assumed as being directly proportional to the breadth of ship as
for a hole of rammed ships;

- value hq 1s not correlated with ship's dimensions.

These results of analysis were used to obtain design relationships for the
determination of probability Wy of the compartment damages at stranding:

W = p, r r (2.14)

Value pg is equal to the probability of damage of the compartment in question or of
a group of adjacent compartments at getting a hole caused by stranding if compartments are
restricted only to transversal bulkheads.

Value 1}, is equal for inner-bottom compartments to the probability of non-damage
of the second bottom and at combined flooding of inner-bottom compartments and those
over the double bottom to the probability of damage of the second bottom.
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Value 1y is actually similar to value r¢, but due to the difference of the distribution
laws of the random value rg at ramming and stranding, formulas for the calculation of rg
should be different.

While deriving formulas for the calculation of pg, 1, and rg values it was assumed
that high speed vessels at stranding get larger holes, but height and depth of hole do not
depend on speed. The influence of the speed of movement upon 13/L value at stranding was
taken the same as at ramming.

To simplify the calculation of Q4 density fg of the distribution of the system of
random values 13/L and x4/L at stranding was represented as:

£, (1g/L,xg/L)= 0.8 fc (g ;L ,xg) + 0.4 f, (1g/1L) @2.15)

where:

fg - distribution density of values 13/L and xg4/L ,determined as for rammed ships;

f}, - distribution density of values 14/L and xg/L. for holes extended from the bow
proper towards the stern got as a result of stranding.

The portion of each type of holes was selected so that the obtained distribution
density would be in agreement with the bar graph of relative hole lengths at stranding
produced in the analysis of IMO statistics on ship damages.

ps = 0.6 a_p + p, (2.16)

As value pp, takes account only of holes extending from the bow proper towards the
stern, for all single compartments except forepeak and for all adjacent compartments
including forepeak py, value is zero.

The probability of combined damage of several adjacent compartments including
forepeak at getting a hole extending from the bow proper to the stern is equal to the
probability that the hole extent will be less than the total length of these compartments I

but more than the total length of compartments 1* excluding the last stern one.
Probability of such event:

P(I*<lg<lyy = Fp(ly ) - Fp (1*)

where: F}, - integral function of the distribution of length of holes extending from
the bow proper to the stern.
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On the basis of that and taking into account the assumptions adopted the following
formula was derived:

Pp=0.4{(4 - 3 ky)(x, - X /LA3(1-ky)[L - x,)2 - L. -x)* ]/ L} (2.17)
where values X1 and Xz* are distance of after bulkheads.

Number of adjacent compartments in the determination of p, is not restricted to
three-fold compartments.

Besides, as a result of approximation of the integral function of distribution Fg(h,)
by linear relationship the following formulas for the calculation of r, were obtained:

r, = 0.5 ¥ hg at hg < 3m 2.18)

r, = 0.02 hq + 0.8 r, <1 at hg>3m

- for combined damage of inner-bottom compartments and of those arranged above
the.second  bottom:

r,=1-05vhg athg<3m (2.19)

r, =02-002hg +08 r, <0 at hqg>3m

Also by approximation of the integral function of distribution Fy(C) by linear
relationship, formulas for the determination of value 5 (j = 1) were obtained
- as applied to single outer (side) compartment:

=
il

s = 1.085V (b, /B) + 0.633 (b, /B)LS at b /B<02 (2.20)

r,s = 0.519b /B + 0.05(b,/B)> + 0437 at b /B>02

- as applied to single not outer (any middle) compartment (j1):
rjs = 0.633(b,/B)S at b /B<02 (2.21)

rj,s = 0.405b, /B + 0.05(b,/B)? + 0.026 at b,/B>02
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- for couples of compartments adjacent in width (b1 2= by + b2) one of which is
outer side compartment (j=1)

s = Taagys = Tis - Tos (2.22)

where:

1,5 - hole width factor at stranding for a single outer (side) compartment [with width
b1l

1,5 - the same for the second compartment out of two adjacent in width (not side)
ones [with width b, ];

L the same for a single (side) compartment with width b , equal to the total
width of two adjacent compartments by and by (G = 1).

- as applied to couples of adjacent in width not outer compartments:
Fijsrss = Fgagen,s ™ Ty,s ™ T j400,s 2.23)

where: 1jg - hole width factor at stranding for a single not outer compartment (first
from the starboard out of adjacent ones) with width b;;

Ij+,s - the same for the second not outer compartment (with width bj4+,) out of
adjacent ones in width;
. IG+(G+)s - the same for a single not outer compartment with a width equal to total
width of two adjacent compartments b and by, G#1);

also as applied to three-fold adjacent in width compartments [b, , ,=b,+b +b,), the
first of which is the outer side one (j=1)

T 1238 TFqams " Yaags ~ Pams T Ios (2.24)
- for three—fold adjacent in width not outer compartments (j#1)
rj+1:j+-2s=r(j+(j+1)+(j+2))s-r(j+(j+1))S-r((j+1)+(j+2))s+r(j+1)s (2.25)

accordingly for four-fold adjacent in width [b,,,, = b+b,+b,+b, compartments,
first of which is outer (from the starboard) side one (j=1):

T 12348 = Yo S~ Fraans = Tuaegs T Tougs

(2.26)
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The above methods are suitable for the investigation of the efficiency of different
systems of structural protection of tankers with a number of longitudinal bulkheads not
exceeding three.

For the determination of a supposed volume of emergency outflow from tankers the
mathematical expectation value of probable spillage Q, should be multiplied by the
probability of ship's getting into emergency.

Methods for the determination of mathematical expectation of the outflow Q;. at
getting an ice hole are now being developed.

By means of methods being developed of the probabilistic assessment now being
developed the eventual outflows at collision and stranding for 3 tankers were calculated:

"Samotlor" - deadweight 16800t, Q.=0, Qg = 400m3,
"Ventspils" - deadweight 6300t, Q.=130m3> Qg= 90m3,
"Partizansk" - deadweight 2900 t, Q;= 60 m3 Qg= 50m3.

2.2. Procedure for determining the expected value ﬁn of oil outflow
from a damaged tanker when navigating in ice of the Arctic Ocean

-1. The expected value Qn of oil outflow from a damaged tanker when
navigating in ice should be determined by the formula: '

Qn = GCis ais +Ce Qe+ Cst Qst + Cen Qcn 2.27)
where
Ciss Ce» Csts Con - are respectively the relative frequencies of damages

sustained due to contact with ice, collision with another ship, stranding, getting of the
ship foul of another as applied to accidents during navigation in the Arctic Ocean.

615, QC, _st acn - are respectively the expected values of oil outflow caused
by a damage sustained due to contact with ice, collision with another ship, stranding,
the ship getting foul of another.

It is self-evident that

Cig + Cc + Gt + Cep = 1 | (2.28)
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Inasmuch as the experience gained in ice navigation shows, in cases when the ship
fouls another ships failures are usually caused to peaks containing no oil, basically:

6cn=0

Therefore, it would be advisable to transform the formula (1) into:

Qp = Cjs Qi+ Cc Qe+ Cgt Qst (2.29)

Because of comparability of the Qn evaluations the following expression can be

assumed as applied to the formula (2.29):

-2. The quantities _QC (collision with another ship) and Qst (stranding) can be
determined either by an algorithm proposed by V.N.Volkov and S.F.Glazov [1] or by an
algorithm being currently developed by Committee MEPC of IMO.

-3. The expected value Qis of oil outflow resulting from an ice damage will be

determined from a formula similar to the complete probability formula:

n n-1
Qis= 2 Wig; i ai +Z Wig; j, i+1 i, i+1 (2.31)
i=1 i=1

where

Wis, i -.is the probability that in case when the ship hull sustained an ice
damage the latter is situated between the transverse bulkheads of the i-th compartment;

Wis, i,
impairs the bulkhead separating the i-th and i+ 1-th adjacent compartments;

i+; - is the probability that under the same conditions the damage

qi - isthe outflow from the i-th compartment;

Qii+1 - is the total outflow fromthe i-th and i+ 1-th adjacent compartments
(if the compartment concerned is intended for oil cargo or fuel then the quantity q is
equal to the compartment volume otherwise q=0);
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n - the number of watertight compartments.

The formula (2.31) holds true for the cases where there are no longitudinal
bulkheads and horizontal platforms. Then the components of the formula (2.31) will be
modified to fit subdivision of the ship by transverse and longitudinal bulkheads and
horizontal platform.

-4. The quantity Wig i i+, is determined by the formula:

Wis, i, i+ = Wis, i+@+1) - Wis, i - Wis, i+ (2.32)

where

Wis, i+ (I+1) - is the probability that the ice damage occurs between the two end
bulkheads bounding the i-th and i+ 1-th adjacent compartments (as applied to the
case where one hypothetical compartment of (lj + lj+) longis damaged).

-5. The probability =~ Wjg i  will be determined according to the work of
K.Wendel [2] by the formula: '

Wis, i =/] fis (1g/L, xg/L) d (1g/L) d (xg/L) (2.33)
Gi

- where

fis (lg/L, xg/L ) is the probability distribution density of the relative extent 13/L
(longitudinal), and relative abscissa of the middle xg4/L of the ice damage.

G; - the domain of integration in conformity with Fig.1.
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THE DOMAIN OF INTEGRATION
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Fig. 2.1.

-6. Based on the works of V.N.Volkov [3] and M.St.Denis [4] it will most
likely be possible to transport the formula (2.33) ito the following form:

Wis = ajs Pijs (2.34)

where

ajs = Fis (xg/L=xp/L) - Fjs (xg/L=x¢/L) / (xy/L - x@/L) (2.35)
1i/L

Pis =] Fjs (g/L) d (g/L) 236)
0

where

/L - the relative length of the i-th compartment;

Fig (xg/L) - is the distribution function of the abscissa of the middle of the ice
damage;

Fis Jg/L) - is the distribution function of the relative extent (longitudinal) of the
ice damage.



35

In the present case the length L should be considered to be equal to shii:)'s length on |

summer waterline.

b
-7. If there is a longitudinal subdivision the probability Wijg 3 that- the ice
damage occurs between the transverse bulkheads of the i-th compartment and does not
impair the second inboard side will be determined by the formula:

b

Wis, i = Wis, i b (2.37)
rp = Fis (ba=b) (2:38)
where

Fijg(bg) - 1is the distribution function of the transverse extent by of the
ice damage;

b - 1is the breadth of the double side.

b,b+1
Accordingly, the probability Wig, 1 that under the same condition the second
inboard side will be damaged, is:

b,b+1

Wis, i = Wis, i [1- Fig(ba=h)] (2.39)

u
-8. If there is a horizontal platform the probability Wjg j that the ice damage
occurs between the bulkhead of the i-th compartment and above the platform, is: ‘

u u

Wis, i = Wis,i Th (2.40)
u . d d : :
rp=1- Fjs(@za/Ts =zp/Ty) ey

L

where:
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d d
Fis (zgq/Ts) - 1isthe distribution function of the relative vertical position of

the ice damage bottom;

below

Ts - 1s the summer draft;A

Zp - is the height of the platform above the base line.

d
The probability Wjg j that under the same conditions the damage occurs

the platform, is:
d d
Wiss i = Wis, i Th (2.42)
d u u
rh = Fig zq/Ts =zn/Ty) (2.43)
where:

u

zq - is the vertical position of the ice damage top.

d+u :

The probability Wijg i that under the same conditions the platform is damaged, is:

d+u d+u

Wis, i = Wis, i Th (2.44)
d+u d d u u

rh = Figs @/ Ts=zu/Ts)-Fis@g/Ts=znu/Ts) (2.45)

-9. If there are transverse and longitudinal bulkheads and a horizontal platform the

probabilities W" ;5 will be accordingly determined by formulae like:

W’ is = Wis Ih Ip (2.46)

10. To solve numerically the problem formulated it will be necessary to have

initial statistic data on:

- the relation between the quantities Ci5, C and Cgt (Sea item 1);
- the extent (longitudinal) of the ice damages (Seaitem 6);
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- the longitudinal position of the ice damages (Sea item 6);

- the transverse extent of the ice damages (Sea item 7);

- the height of the lower edges of the ice damages above the base line (Sea
item 8);

- the height of the upper edges of the ice damages above the base line (Sea

item 8).

2.3. Practical procedure for determining the expected value Q;s of oil

outflow from a damaged tanker when navigating in ice of the Arctic Ocean

-1.The expected value Qs of oil outflow from a damaged tanker when navigating in
ice should be determined by the formula of complete probability.

Qis =215 Wissiqi + Z ris Wissii+ 1 Qiji+1 (2.47)

Where Qs - is the probability that in case if the ships hull ice damages the hole is
situated between transverse bulkheads of the i-th compartment;

Wis, 1, 1+1 - 1s the probability than under the same conditions the ice hole impairs the
bulkheads separating i-th and i+1th adjacent compartments;

ris - is the reduction factor making allowance for longitudinal bulkheads and/or
horizontal platforms;

qi - is the outflow from the i-th compartment being equal to the compartment

volume;

Qi 0+1- is the total outflow from the i-th and i + 1-th adjacent compartments (if the
compartment is not intended for oil cargo or fuel, then q = 0);

n - the number of watertight compartments.

-2. The probability W;s for the compartment restricted only by two transverse
bulkheads is determined by formulae:

Wis=0.57 [ F(Xa/ L) - F (X1/ Lis) ] +0.43 a;s P (2-48)
F( X/Lis)=0.196( X / Lis+ 0.5), if O/L;s < 0.092;

F( X/ Lis)=6.35( X/Lis)* - 0.97 X / Lis + 0.1515,if 0.092 <X / L;< 0.3;  (2-49)
F (X/Li)=2.84 X /L - 0.42,if O /L;s> 0.3
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As=[F(X3/ L) -F(X1/Lis) | Lis / X2 - X3 (2-50)
Pis=5 (1/Lis) >+ 0.255 1/ L, if 1/ Lis < 0.08

(2-51)
Pis =1.03 (1/ L) - 0.03, if 1/ Lis > 0.08

where L - is the ship length on waterline corresponding to the maximum draught djs
admitted when navigating in the Arctic Ocean;

X1 - is a distance from the middle of the length Lis to the stern bulkhead of the
compartment;

Xp - 18 a distance from the middle of the length Lis to the forward bulkhead of the
compartment;

I - is a compartment length equal to x; - X;.

If the compartment is bounded by the stepped bulkheads then the values x; and x»
correspond to the transverse planes passing through the nearest parts of bulkheads
considered.

Formulae (2.48), (2.50) and (2.51) are obtained by K.Wendel's method with
allowance for statistical laws of distribution of relative extent of the ice water leakage
holes and relative abscissa of the middle of them (along the ship length).

-3. In case when there are longitudinal bulkheads the probability wis for the
compartments adjacent to the shell plating is determined according to formulae in par.2,
and the probability of damage to the longitudinal bulkhead is assumed to be equal to zero,
because the maximum depth of the ice holes does not exceed 0,6 m.

-4. In case when there is a Watéﬂight horizontal platform in the compartment the
probabilities ris of damage (hole) relative to the platform are determined by the formulae:

Above the platform:

ri1=1-Fq(Z/d) (2.52)
Under the platform: .
risz=Fy(Z/4d) (2.53)

In way of platform:
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ri3=Fa(Z/de)-Fu(Z/de) (2.54)
Fo(Z/de)= 2Z/dg,if Z/d:<0.3

Fa(Z/ds)=0.6Z/d:+0.42, if0.3<Z/ds < 0.97 (2.55)
Fa(Z/dg)=1, if Z/ds>0.97

Fu(Z/de)=4(Z/d¢)%ifZ/d:<03

Fy (Z/ds)=1.74Z/ d; - 0.69(Z/ds) >- 0.1, if 0.3 < Z / ds < 1.25 (2.56)

Fa(Z/de)=1,ifZ/de>1.25

where Z - is the height of the platform above the base plane.

Formulae (2.55) and (2.56) are obtained from processing of statistic data on the
relative applications of upper and lower edges of the ice holes.

-5. Value W i i, i+1 1s determined by the formula

Wis i, i+1= Wi, iei+1) - Wis,i- Wis,i+1 (2.57)

where W i, i+ i+ 1) 1S a probability calculated by formulae (2.52) - (2.55) as applied
to one conventional compartment in length 1 1+ 1141, equal to the total extent of i-th and i +
1th compartments.

By means of methods being developed of the probabilistic assessment of the
eventual outflow Qjc of cargo from tanker after getting an ice hole the mathematical
expectation of Q j¢ value for 3 tankers of UL class was determined:

"Samotlor" - deadweight 168001, Q;c=0,
"Ventspils” - deadweight 6300 t, Qjc =200 m3 (100 Qjo/ DW = 3.1%),
"Partizansk" - deadweight 2900t Q;c=40m3 (100 Q;c/ DW = 1.3%).

The zero outflow Qj ¢ of tanker "Samotlor" may be attributed to the fact that the
ship has double sides not used for the transportation of cargo and that ice holes are of small
depth.
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The advantage of tanker "Partizansk" from the point of view of reducing Q(n), in
comparison with tanker "Ventspils", is that on the first ship there are side ballast tanks over
a considerable length of hull in the forebody.
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3. ESTIMATION OF VOLUMES OF THE OPERATIONAL OIL
OUTFLOW FROM TANKERS NAVIGATING CURRENTLY ALONG THE
NSR

At present the Northern Sea Route is navigated by tankers owned by the Russian
Shipping Companies and tankers leased by Latvia and Finland, whose principal particulars
are shown in Table 3.1.

Time delivery of oil products to the Arctic has lately been considerably reduced. For
the purpose of this work annual delivery of oils, taking into account volumes of annual oil
delivery before 1990 and delivery forecast available for years after 2000, may be taken to
be about 1m t. About 20% of the oils delivered are unloaded onto the unequipped shore.

Sea pollution from tankers may be of two types: operational pollution incidents in
the process of transportation and cargo handling, tank washing and stripping operations;
accidental incidents resulting from accidents involving loss of the hull integrity.

Over the past 30 years no accidental pollution incidents were recorded either in the
western or eastern sector of the Arctic. Among the operational pollution incidents, sewage
pollutions (outlined in other works under I1.6.2.) are not considered below, only those
pollutions associated with cargo handling and ballast operations are dealt with.

These operational pollutions from tankers may be subdivided into three

components:

- spills resulting from cargo handling operations;
- pollutions resulting from pumping out overboard of dirty ballast;
- pollutions resulting from pumping out overboard of washing water.

The oil content in dirty ballast discharged from ships whilst outside the special
areas, as specified in Regulation 9, MARPOL 73/78, shall not exceed 1/30000 of the total

quantity of the cargo carried, that is:
Pdisch = Pc.c,/ 30000, t

where

P.. 1is cargo capacity of the ship, t.
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Table 3.1.
MAIN CHARACTERISTICS OF ICE TANKERS
Partizansk Oleg Ventspils Lunni Samotlor
CHARACTERISTIC Koshevoi
Year of construction 1988 1980 1983 1976 1975
Country of construction Finland USSR Finland FRG Finland
Ice class UL L3 UL 1A Super UL
Length of ship, m: maximum Lmax 97.35 124.97 113.00 164.40 160.00
between perpendiculars Lbp 90.10 120.56 105,33 150.00 148.00
Breadth of ship B, m 14.20 16.63 18.30 21.50 23.00
Depth H, m 6.50 6.90 8.50 12.00 12.90
Draft T ,m 4.90 4,15 7.20 9.50 9.20
Deadweight DW, t 2853 4987 6287 15955 16670
Light displacement DI, t 2002 2518 3103 - 7900
Capacity of cargo tanks We, cu.m 3100 5903 5943 16885 17580
Capacity of ballast tanks Wb.t., cu.m 1338 2784 3553 - 5850
Wb.t./DW 0.469 0.558 0.564 - 0.351
Type of propulsion plant Med.-sp.eng. Med.- Slow-sp.eng. | Slow-sp.eng. |Slow-sp.eng.
sp.eng.
Propulsion plant power Npp, kW 1*2870 2*1104 1*4350 - 8538
Operational power No, kW - - - - 7794
Type of propulsion device 1 CPP 2 FPP 1 FPP CPP FPP
Loaded speed, kn 13.5 12.3 16.2 - 16.2
Ballast draft speed, kn 14.0 - 16.0 15.0 15.7
Cargo pumps: type of drive electrical electrical el.-hydraulic el.-hydraulic electrical
number and capacity, un.*m3/hr 4*130 2*850 8*145 8*320 6350
3*190 - -
pressure head, m.w.c 80 55 82 135 100
Features of arch. and struct. type double bottom] double shell | double bottom | double shell | double shell
Thruster, KW - bow - bow thruster,736 -
thruster-
- -130 - air-bubbl.system -
Steaming range, mil.:as to specification 2500 4000 5000 - 10000
max.(on account of cargo-carr. capacity) - - - - 15000.0
Crew number, pers. 23 23 28 - 25.0
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In this case, when tankers not provided with segregated ballast tanks carry the
whole quantity of oils the total discharge in the Arctic shall not exceed

2P aisen =2.Q /30000, t,
where
>'Q is the annual quantity of oil delivery to the Arctic.

Thus, when delivering oils, the total possible discharge shall not exceed 33 t per
year. However, nowadays the Arctic oil traffic is supported solely by tankers provided with
double hull structures and segregated ballast tanks. When the segregated ballast is
discharged no oil pollution occurs.

Capacity of the segregated ballast tanks on the tankers in operation is sufficient for
navigation in the Arctic. Ballast is not loaded into the cargo tanks and hence no dirty
ballast is discharged. The more so as under the present domestic law any discharge of dirty
ballast in the Arctic is prohibited.

When performing tank washing operations the contamination level of the washing
water may be estimated as a percentage of the cargo capacity of the tanker. When the
tanker is provided with double bottom and double side the contamination level of the
washing water will be about 0.1% of the cargo capacity of the tanker. This corresponds to
the total possible oil discharge:

Pdisch,\v.\y. = OoOOIZQ 5100 t.

Any discharge of contaminated water from ships sailing along the NSR is
prohibited, the washing water shall be retained on board and discharged to shore reception
facilities. Therefore any pollution involving discharge of the washing water does not

practically occur.

Operational pollution resulting from cargo handling operations may be considered

as accidental pollution.

‘When a ship is unloaded on the berth any oil pollution does not practically occur.
But when a ship is unloaded onto unequipped shore using hoses, pollution may be possible
owing to leakage from damaged hoses or leakage from individual section joints.
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Length of the floating hoses when ships are unloaded onto the unequipped shore in
the Arctic amounts to 2.5 km. Use is made of hose sections of 38 m in length and 100 mm
dia.

The hose is usually brought ashore with the help of a launch. During unloading the
regular check on the hose condition is run. In case of detection of leakage, unloading is
stopped and the hose repaired usually replacing sections. Accidental oil outflow can
amount in such case to several tens of liters and depends on the quantity of cargo
transferred, and on conditions of ice, sea, weather etc.

If we assume that the accidental oil outflow during one unloading amounts to an
average of 50 1, then with an average consignment of oils discharged onto the unequipped
shore of abt. 250 t and total traffic volume of abt. 0.2* Im.t=0.2 m.t the possible accidental
oil outflow during unloading onto the unequipped shore will amount in this case to abt. 33 t
per year.
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4. INFLUENCE OF CONSTRUCTIVE SOLUTIONS ON PROBABLE
OUTFLOW FROM ICE TANKERS

As shown in Part 1, the largest portion of ice hull damages is concentrated in
forepeak, bilge strakes and hull bottom. As the forepeak is separated from cargo tanks by a
cofferdam, the presence of double structures (bottom and side) plays a special role in
providing for ecological cleanness of tanks.

Since ice damages do not exceed 300 mm in depth the availability of double
structures in bottom and side practically decreases the danger of oil outflow overboard
from cargo tanks, but does not exclude certain pollution of water area while pumping out
the ballast, if there were cracks in inner structures through which the leakage of cargoes
into ballast tanks occurred.

Though the presence of only double bottom overlapping the bilge, as it was in
«Venspils» type tankers, decreases sharply a probability of oil outflow at the ice impacﬁ> it
does not exclude such a possibility when the ship side is heavily damaged above the bilge
in way of cargo tanks. When there is no second side, only strict fulfilment by captain of the
interdiction on the carriage of dangerous liquid cargoes in side tanks will be a guarantee of
ecological purity of the ship.

The complete absence of bottom and side double structures in way of cargo tanks as
in the case of old «Baskunchacy type tankers makes the ship ecologically dangerous when
carrying oil products and other dangerous cargoes.

The probability of oil outflow as a result of the ice hull damage of tankers provided
with different tank structures may be estimated by the method developed in Sections 2
using the distribution functions of damage sizes obtained in Section 1.



46

5. DEVELOPMENT REQUIREMENTS FOR STRUCTURAL SAFETY OF
TANKERS OPERATING IN THE NORTHERN SEA ROUTE FROM THE
POINT OF VIEW OF PREVENTING OIL POLLUTION OF WATER BASIN

The requirements for structural safety of tankers operating along the NSR based on
the analysis of operational experience may be divided into the following main groups:

- classification requirements for the ice class of ship with regard for navigation
region according to the Rules for Navigation along the NSR;

- requirements for hull structures, securing ecological ship safety;

- requirements for cargo systems (cargo-handling gears) and equipment.

5.1. Classification Requirements

According to the current Register Rules, L1 class ships may be used for
independent sailing in the Arctic only during the summer navigation period under easy ice
conditions. In other navigation periods and under heavy ice conditions they may operate
only under icebreaker support.

In domestic practice the transport ships of this class sail along the Northern Sea
Route only during the summer-autumn period of navigation. The main volume of marine
sector of the Arctic basin in the seventies and eighties fell within «Samotlory (UL) and
«Ventspilsy (UL) type tankers. L1 class tankers were used on supply voyages in the Arctic
during the summer-autumn period. The vessels operating in the Arctic include different
type timber carriers, support ships of «Pioneery» type as well as «Baskunchaky type tankers
(L1, LxBxT=2834x12 x 4.65 m; Dw = 1660 t; N = 1470 kWt), having no double
bottom and side in way of cargo tanks. “Baskunchak” type tankers operate mainly in the
eastern sector of the NSR.

Operational experience in the Arctic has shown that the requirements of the current
Registers Rules for the ice strengthening of L1 type ships are insufficient for safe ice
navigation along the NSR, because when sailing early in the summer navigation period and
in the period of extended navigation the ships of this type suffered heavy ice damages and
some ships sank. It was clear that for steady operation under ice conditions of the NSR the
higher class ships must be used.

So, according to the “Requirements for structure, equipment and outfitting of ships
sailing along the Northern Sea Route” accepted by the Administration of NSR, L1
category ice strengthened ships of the Register Rules may be permitted to operate under the
icebreaker escort in the western sector of the NSR (to 125 E) during summer the period in
favorable navigation conditions. ‘

During all-the-year-round navigation under icebreaker escort along the NSR ULA
class tankers may be used in all the regions, and UL class ice strengthened tankers may
operate in the western region.
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5.2. Requirements for tanker hull structures directed to guarantee their
ecological safety

The peculiarity of emergency oil outflows in the NSR is the lack of cases of oil
outflow in a great quantity during the ships' collisions under ice conditions. It is due to
relatively low ship speeds in ice, tactics of ships’ movement in convoy (when falling foul
the ships have damages in forward and aft ends and in the secondary deck structures) and
also the sufficiently high strength of Arctic ships (their high class). ,

At the same time the analysis of data on ice hull damages of ships sailing along the
NSR has shown that the probability of failure of the shell plating and framing in way of
cargo tanks at ice impact or compressions is rather great (with dents 100 mm in depth the
probability is 30-40%, with 200 mm dents - 10 - 15%, fig. 1.10).

Therefore for safe ecological protection of the water area along the NSR it is
necessary to use double bottom and side structures in oil tankers, carrying oil and other
dangerous cargoes.

Thus, all oil tankers of gross tonnage 300 tons and more should have double bottom
over the whole ship breadth, between forepeak and afterpeak bulkheads and double sides
in way of cargo tanks. Double bottom height and double side width should be in
accordance with the requirements of the convention MARPOL 73/78 as amended.

Tanks in double bottom and double sides should not be used for carriage of oil
products and other harmful substances. These containers may be used as segregated ballast
tanks or should be empty.

The use of tanks in the double bottom within the engine room location of fuel store
and lubricating materials is permitted in existing oil tankers. _

The fuel tanks and other containers of capacity of 50 m®> and more intended for
carriage of harmful substances should not abut with the shell plating of the ship hull. The
tank or container wall turned to the ship side should be placed at a distance no more than
0.76 m from the shell plating.

To continue sailing along the NSR of tankers of Arctic Fleet being already in
service and having no double bottom it is necessary to exclude the application of side tanks
for transportation of oil products and other harmful liquids.

A number of requirements contained in the “Requirements for structure, equipment
and outfitting of ships sailing along the NSR” should be fulfilled.

5.3. Requirements for cargo systems and equipment

It should be noted that rather often oil pollution of harbour waters occurs during
cargo handling operations due to the break of hose sealing and the appearance of
honeycomb and punctures in the hoses. It is therefore necessary to develop special
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requirements for the transfer of oil products between roaders and floating cargo hoses,
including the improvement of the connecting lock.

Thus to guarantee structural ecological safety of tankers sailing along NSR the
following requirements may be formulated:

- class of tankers intended for navigation along the NSR should be not lower than
UL of MRS. L1 class ice strengthened tankers under icebreaker escort may operate in the
western region of the NSR in easy ice conditions during summer navigation;

- only tankers provided with double bottom and side structures in way of cargo
tanks should be employed for works on the Northern Sea Route;

- application of side tanks intended for carriage of oil cargoes and harmful
substances is not permitted on tankers in service which have no double sides;

- double bottom and side tanks are not to be used for placing of oil products and
other harmful substances. Ships in service are permitted to use double bottom tanks only in
way of the engine room for the placement of fuel stores and lubricating materials;

- in ships provided with icebreaking stem and short forepeak the double bottom may
not extend up to the forepeak bulkhead in way of the raked stem provided that the
watertight compartments situated between the forepeak bulkheads and the bulkhead
arranged in place of a stem abutting with a keel line are used only for storage and
transportation of non-contaminating liquids.

Cargo tanks in tankers of gross tonnage of 300 tons and more intended for
transportation of oil products as well as fuel and cargo tanks in all the chemical tankers and
liquid gas vessels shall always be situated at a distance not less than 0.76 m from the hull
shell plating. The containers in tanker double sides may be used as segregated ballast tanks
or should be empty. .

To guarantee the safe navigation of ships sailing along the NSR with regard for
their strength it is recommended to have on board the “ship’s ice passport” or, in the
absence of such, “Temporary recommendations on safe ship speeds . These documents
allow shipowners to determine the safe ship speed in ice depending on operation region
and season, ice conditions on the particular route and technical state of the ship hull.

When solving a problem on the possibility of navigation along the NSR of domestic
ships built according to the USSR Registers Rules which were in force till 1981, the
technical state, structure and strength of ship hulls should be a subject of special
consideration by the NSR Administration.

To assure the ship towing, the additional ice-strengthening of plating and framing
in the forebody in way of hawse pipes and stem as well as the possibility of attachment of
towing rope in the ship bow are to be provided for.

The equipment for removing and placement of ship bower anchors, if necessary,
should be fitted.



49

6. POSSIBLE DIRECTION OF WORKS TO BE CONTINUED
(within INSROP)

The investigations have shown that the most perspective type of tankers which in
the nearest future will be used for the tranportation of oil products in the Arctic will be
supertankers of 50-100 thousand deadweight tons and more.

Mass and sizes (in particular breadth) of these tankers will be considerably larger
than that of existing icebreakers.

These peculiarities lead to a change in ship inertia characteristics and also make
more strict the conditions of their operation in ice.

Besides in some cases the deep draughts will require additional transshipment
operations the use being made of light and medium draught tankers. This circumstance will
require the development and improvement of systems and facilities for the transfer of oil
afloat.

For the protection of ecological purity along the NSR given the current trend of
growth of the oil tanker Arctic Fleet it will be necessary to develop special requirements
for hull structures and systems of cargo transfer from one tanker to another at sea (or lying
out). We can do this work during 1997-98.

So during 1997-98 it is intended:

to develop requirements for structures, cargo systems and equipment of
supertankers of perspective construction (including tankers - icebreakers) in order to
prevent pollution of water areas along the NSR from tankers.

These recommendations will be developed bearing in mind the practical use of the
domestic Arctic Fleet and on the basis of the analysis of changes in operation tactics under
ice conditions and the character of structure loading in connection with unusual ship

dimensions.
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ANNEX1

1. Fig. 1.4, 1.5 represents a qualitative pattern of the damage frequency
distribution in a form of dents over the hull length of tankers having until now carried out
the bulk of the transportation of liquid cargo along the NSR.

The same figure shows maximum values of the bending permanent set deflections
of dents detected on these tankers in different hull areas for the whole period of operation.

This is one of the most important characteristics of the environmental safety of the
operation of tankers in the Arctic.

Therefore we cannot agree with the opinion that there is no information in figures
1.4, 1.5.

Comparative evaluation of the probability of the occurrence of dents in hulls of
icebreakers and icebreaking cargo ships will be given in the second part of the report.

2. Fig. 1.9, asit was noted in text, shows graphs of functions F=1-p, where
p - probability of the occurrence of relative deflections < f/ag ( ag - practical spacing).
The curves presented are constructed for ships with UL and ULA ice strengthening
categories. Curves for different hull areas are spaced rather close to each other within the

section-lined zone between curves.

Cracks in the shell plating are usually brought about at relative deflection values £/
ag exceeding 0,08-0,1 being realized for shell plates of arctic navigation ships with very
low probability.

Connection between chapters 1 and 2 is defined by the probability of cargo or
fuel spillage through cracks or holes in hull caused by ice damages of the hull structure
plating. Results of the analysis of ships ice damages obtained in the first chapter are partly
taken into account in the assessment of emergency spillages and are used while developing
methods to determine emergency spillages from tankers during their operation in the
Arctic.

More detailed information on damages is essential, but as it follows from the title
of the work only ships of arctic navigation (that is of UL, ULA and higher categories) were
analysed because ships of lower ice classes are not admitted for sailing along the NSR.
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ANNEX 2

Review of the INSROP 11.6.2 Discussion Paper
«Environmental and Structural Safety of Ships»
by L.Tsoy, V.Volkov, S.Karavanov, F.Moreynis and A.Zubkova.

The stated objective of the study is to develop requirements for the ecological and
structural safety of tankers travelling along the Northern Sea Route. In part 1, statistics on
observed damages on different locations and distributions for the sizes and defections of
these damages. Damages include dents and corrugation. The largest defections observed
were 300 mm; it was suggested these were from strandings. The largest observed
defections from ice interaction was 200 mm. Problems resulting from corrosion and
fatigue cracks are discussed, including possible migration of cargo fuel into outer ballast
tanks.

In part 2, equations are developed for estimating the expected amount of oil outflow
given a ship collision event Qc, a stranding (or grounding) event Qs, or an ice interaction
event Qi. Examples of outputs are provided for three vessel types as follows:

Vessel type Vessel dwt (t) Qc (m”) Qs (m”) Qi (m”)
Samotlor 16800 0 400 0
Ventspils 6300 130 90 ’ 200
Partizansk 2900 60 50 40

The reason given for 0 outflow for the Samotlor vessel is that it has double sides,
and in the case of collisions, the vessels are moving relatively slowly.

In part 3 of the report, estimates of volumes of operational outflows are given. This
includes outflow due to discharging ballasts, discharging washing water, and off loading
oil through hoses where there are no berthing facilities. Discharging of ballast water and
washing water is prohibited along the Northern Sea Route.

In part 4, the use of double hulls is suggested as a solution for reducing the risk of
accidental pollution, as the maximum deflections observed were less than 300 mm.
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In part 5, existing requirements are reviewed and possible revisions suggested. It is
suggested that the absence of large spills results because of low speeds combined with ice
strengthening. It is recommended that double hulls be used in accordance with the
MARPOL 73/78 convention, with outer tanks not used for camying oil. It is also
recommended that methods for transferring crude to shore be improved.

In part 6, possible directions for future work are outlined. This includes specific
consideration of larger tankers (50-100 thousand dwt) which are likely to be used in the
future.

The report indicates that if double hulled tankers are used and if these are ice
strengthened, properly maintained and operated only in conditions for which they were
designed, then the risk of pollution due to ice damage or ship collision is very small. In the
case of ice damage, this appears largely reasonable and the management of traffic to ensure
only adequate and maintained vessels are used is crucial. It would be helpful for the reader
if the types of conditions vessels traveling on the route will be subjected to are more clearly
identified. In low ice concentrations, the vessels may move at nearly full speed, so impacts
with multiyear or glacial ice could potentially cause heavy damage. How much multiyear
ice and glacial ice is found along the route? What conditions were the vessels analyzed
subjected to? A probabilistic analysis of ship-ice interaction would be useful. The authors
have noted the small size of the vessels analyzed and the need to consider loads on larger
vessels in more detail. Analytic modelling of vessel-ice interaction and the resulting global
and local ice pressures would be useful both in understanding results and in predicting
loads for newer large vessels.

The assumption of minimal pollution risk in the case of collisions is questionable in
the case of open water or near open water conditions. Can information on the observed
number of collisions and groundings worldwide be applied to the Northern Sea Route?
Though damages would be reduced because of ice strengthening, risks could not be
entirely removed. It would seem that studies of the stability of damaged vessels and
methods to optimize configuration of storage compartments to reduce the chance of
capsizing are important.

The section on dents and corrugation is very informative. In figure 1.5, do the lines
for side, bilge, and bottom represent average values? Is it possible to identify for how many
of these cases there was discharge of cargo fuel? It would be helpful further when the
extent of damage is related to construction and steel type, and when it is related to loading
conditions. On page 45 it is mentioned that some L1 type vessels sank. Is there data on
why they sank or on the amount of oil spilled and the consequences? Have any UL or ULA
vessels sunk? It is stated that losses due to breaking up of ships is not studied because this
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does not depend on subdivision of cargo space. This could be regulated to some extent
through inspection of vessels and requirements for adequate hull girder strength.
References to all of the regulations and reports mentioned would be helpful. Also, the term
v on page 24 is not identified.

Review by: Mark Fuglem,
Ocean Engineering Research Centre,
Faculty of Engineering and Applied Science
Memorial University of Newfoundland,
St.John’s, Newfoundland AIB 3XS5,
Canada



55

Response to comments in Mr. Mark Fualem's review

Authors express their gratitude to the reviewer for the attentive, objective and qualified
consideration of work as well as for valuable comments on the content of the report.

As to separate observations the following could be stated:

1. The reviewer notes the advisability of setting conditions along the routes of
operation and also of giving information on the presence and amount of multi-year |
and glacial ice in the track.

It was intended to provide data mentioned and consider ships of larger sizes as
well as analytical modelling of ship/ice interaction later on during the continuation
of work.

2. The reviewer notes the advisability to examine the ship’s damaged stability.
It should be noted that this work considers the sea pollution with o0il and not the
structural safety not directly related to the pollution.

3. Authors apologize for the lack of the identification symbol y on page 24 and are
introducing corresponding corrections into the text of report.
y- density of the transported cargo, t/m”.

4. Fig.5 represents not average values of permanent deflections, as it is noted in the
review, but the range of their changes in different hull areas.

S. In the next comment the reviewer apparently means not the discharge, but the
spillage of oil products in the event of damage. In this connection we would like to
note that in our domestic practice the fuel spillage in the event of ice hull damage
of ships in the Arctic was not observed except cases of the losses of ships.

6.  Later on, while continuing works on the project it is intended to analyse the
relation between the extent of ice damages and type of the structure (including
characteristics of the material) of hull.

7. Cases of losses in the Arctic of L1 class ships concern dry cargo ships. No ships of
UL and ULA classes were lost in ice. ‘

Wishes of the reviewer for deeper study of causes of the losses of cargo ships in the
Arctic will be taken into account in our subsequent work.
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