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Safety of Winter Navigation

Factors affecting safety

• Ice conditions,
• Tactical methods of navigation,
• Ice properties of vessels,
• Qualification of navigators.
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Ice Conditions on Shipping Lanes
Inner water lanes – Volga River
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storage

63--123--Saratovskoye water 
storage
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storage
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• Icing does not take place at the same 
time year by year;
• Duration of icing and ice parameters 
varies within considerable range;
• Maximum thickness of ice on rivers in 
the northern and moderate areas 
reaches 0,8 - 1,2 m
• Average ice thickness is 0,4 - 0,6 m;
• Freezing and breaking up rivers is 
also accompanied by ice locks;
• Depths of shipping lanes in spring 
and autumn are as a rule enough for the 
vessels navigation.

Typical Properties of Ice Mode 
on Russian Inner Shipping Lanes
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Regulations of the River Register of Shipping
The extreme thickness of ice cover for vessel class - h is limited according to formula:

[ ] 23
00.8 ( ) ( , )sinh p h V hh b a=

0.04160.03710.03290.02790.02300.01800.01220.006250

0.06750.06020.05330.04540.03630.02890.01990.010230

0.08800.07870.06980.05960.04910.03810.02630.013520

0.12700.11390.10140.08660.07190.05590.03880.019910

0.80.70.60.50.40.30.20.1

Ice thickness, m
�
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p(h) – coefficient of the ice contact pressure,
V0 – vessel speed on the open water,
a and b - angles of hull form on the 1st rib,
h(h,b) – function from following Table
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In spring the acceptable thickness of broken and compact ice can be increased 
proportionate the values 1/jjj j 0.5 and 1/jjj j 0.66 respectively, but not more than by 2.5.

Relative ice stability � should be determined according to the Table

0.10.15
Scours, ice is saturated 
with water, falls into 

crystals

Floating  of ice of 2-3 
points compactness, ice 

falls into crystals

0.40.14Ice becomes blue, scours 
are through

Massive floating of ice, 
breaking ice

0.60.63
Destruction of upper 
snow layers, scours 

appear

Ice breaking up, floating 
of ice begins

0.80.82The ice is covered with melt water , raised edges are 
through

0.90.91There are separate spots of melt water, raised edges 
appear

110No ice destructibility

Water 
storageRiverOn water storage, lakeOn river

�Destructibility, 
points

Characteristic of Ice
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Baltic Sea
Main peculiarities of ice conditions of the Baltic S ea are following:

1. Icing varies greatly in its separate regions
- ice is annually formed only in the Gulfs of Botnic, Finland and Riga, reaching
its maximum in March;

- in the Gulf of Finland ice thickness distribution on the shipping lanes features 
considerable unevenness, the eastern parts are of the greatest thickness;   

- significant part of the lane passes in motionless fast ice of sparse hummocking.

2. The typical feature of ice mode in the Gulf of Finland is annual variability of ice 
conditions, that is determined by changeability of severe weather in winter.      

3. Icing of sea and ice thickness in the Gulf of Finland complies with the total sum 
of degrees/days of frost. This circumstance makes it possible to predict long-term
ice conditions.
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Regulations of the Russian Maritime Register of Shi pping

*) typical speed of 5 knots for unassisted navigation is considered,
**) minimum speed of 3 knots for navigation in canal is considered.

Regularly0.650.70�� 3

Regularly0.500.55�� 2

Irregular 0.350.40�� 1

Navigation in the canal following the 
ice-breaker in compact ice **)

Unassisted navigation in 
broken ice *)

Method of 
Operation

Acceptable ice thickness, m
Category 
of Vessels
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Arctic Seas

• Ice floes of average horizontal 
size is prevailing on the lanes 
of the Northern Sea Route 
during Summer navigation. 

• In summer and autumn the 
areas of clean water appear.

• In winter and spring, when 
almost all the surface of the 
Arctic Seas is covered with 
ice, the quantity of young ice 
being crucial for navigation.  
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Note:
1. Seas: B – Barentz Sea; C – Cara Sea; L – Laptev Sea; ESS – East Siberian Sea; Ch – Chukchi Sea.
2. Icebreaker assistance: UAN – unassisted navigation; IBA – ice-breaker assistance.
3. Operation: “+” - operation is acceptable;  

“-” - operation is not acceptable;
“*” - operation is connected with a risk of suffering damage.

4. Navigation: E – extreme navigation (average periodicity is once per 10 years);
D – difficult navigation; 
M - medium navigation; 
L – easy navigation (average periodicity is once per 3 years).
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Tactical methods of ice navigation
Tactics of ice navigation -
Is complex of special measures when 
navigating caravan of vessels in ice with        
ice-breaker assistance, 
or when unassisted navigation of single vessel. 

There are following methods of navigation:
• in open and close ice;
• near the shoreline;
• in case o ice compression;
• in shallow areas;
• methods to force ice obstructions;
• as a part of caravan;
• while towing.
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Methods of breaking round the vessels got stuck in ice
The simple schemes of breaking round a vessel by the ice-breaker

(1- 4 sequence of ice-breaker positions)
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Methods of Icebreaker Assistance to Large Ship
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Ice Passport
Maximum speed  is the speed that can be developed by the vessel in given ice

conditions if the power plant operates at full power. 
Safe possible speed is maximum speed that can be developed by the vessel 

in given ice conditions, without sustaining damage. 

1 - a new vessel; 
2 - erosion rate of plating is 4 %;
3 - erosion rate of plating is 8 %', 
4 – erosion rate of plating is 12 %;
5 - erosion rate of plating is 16 %; 
6 - erosion rate of plating is 20 %.
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Icebreaker Assistance to Caravans of Vessels
.

• The assistance is effected to, as a 
rule, one vessel, rarely two vessels.

• The lane of icebreaker assistance is 
of great length. 

• The assistance to caravan during the 
polar night is effected only with search 
light operation without helicopter 
surveillance.

• The typical process is freezing of hull.

• Frequent jamming of ice-breaker. It 
takes long to make the ice-breaker fully 
operative.
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Towing of Vessels
.

Towing of vessels in ice
takes place in two cases: 
- when ordinary piloting is not effective,
- or impossible and 
- if there is a necessity to increase 
speed of movement of low-powered 
vessels.

Close towing is principal method and 
is applied in all types of ice. 
Using this method the towed vessel and 
the towboat are secured together. 

Towing on the short tow Icebreaker 
looses 50 – 150 m of the towing hawser 
from the winch.
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.

Tactics of unassisted navigation

Episodic, ramming 
operation in the area 
of consolidated ice

4.03.5Very close and 
compact, multiple-

year ice
12�� 9

Regular ramming 
operation3.02.1Close, first and 

second year ice10�� 8

Episodic ramming 
operation1.71.4Close, first-year ice�� 7

1.31.1Open, first-year ice�� 6

1.00.8Open, first-year ice�� 5 Continuous operation

0.80.6Open, first-year ice

6-8

�� 4

Summer-
autumn 

navigation

Winter-
spring 

navigation

Methods to overcome
ice obstacles

Ice thickness, m
Compactness and 

type of ice
Acceptable

speed,
knots

Ice 
category 
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Modern Methods to assess safety of ice navigation
.

1,987------Damage to other 
shipboard equipment

2,9680,81,5--1,45,1Damage to steering gear

1,9422,42,91,40,9-1,3Damage to shafts, 
deadwoods

6,7794,72,99,68,85,66,3Damage to blades of 
screws

11,41264,77,45,425,719,710,1Holes in plating

43,8324531,554,450,731,946,555,7Dents, corrugations 
without cracks

31,8312355,930,932,932,726,821,5Dents with cracks

19881987198619851984198319821981 Average
Year

Kind of Damage

Distribution of Ice accidents with vessels during 1981 – 1988 (%)
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1----1---11Other circumstances
4,1-24-2647106Compression

1016201041284998Unassisted 
navigation

13,9162214414148162015Without ice-breaker 
assistance

9,9168712620154110Contacts
3,83222142787Breaking round
25,14241213825151881924Towing
46,923275644544757655244Leading

85,784788696868692848085Ice-breaker 
assistance

1989198819871986198519841983198219811980

AverageYearCircumstances of 
navigation

Dynamics (%) of accidents in ice 
relative to the circumstances of navigation
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Ice Damage of Vessels and Icebreakers 
on the Northern Sea Route in 1990 

.

4,31Compressions
21,75Unassisted navigation
13,03Contacts
30,47Compact towing
30,47Leading ice-breaker assistanceCircumstances of 

suffering damage
3

21,95Autumn - Winter
52,112Traditional summer
26,06Winter - SpringPeriod of 

navigation
2

17,34Eastern
82,619WesternAreas of 

navigation
1

%Quantity

Damaged vessels
Contents of the groupName of the 

group
No
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Ice Damage of Vessels and Icebreakers 
on the Northern Sea Route in 1990 

.

52,112��
21,75���
4,31�� 3

Categories of ice 
strengthening

6

26617 years and more
13,03From 13 to 16 years
21,75From 8 to12 years
21,75From 4 to 7 years
17,34Less than 3 years (inclusive)

Age of vessels5

4,31Holes
13,03Dents and cracks
69,516Dents, corrugation, tearing
4,31Steering gear
8,72Screws and blades

Kind of damage4

%Quantity 
Damaged vessels

Contents of the groupName of the groupNo
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The concept of Formal Risk Assessment
.

FSA – is the process grounded on risk, aimed at discovering dangers 
before they can cause an accident. 

The degree of risk as a function can be determined using the model of 
possibility. 

At the first  stage the total group of independent events (reasons) that can 
cause emergency situation is determined. 

For this system the total group of independent events can be formulated 
as follows.
• Unfavorable external conditions.
• Design and technological mistakes.
• Technical failure.
• Human error.
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Possible damage of vessels:

• Crucial destruction of the vessel (big holes resulted 
from a heavy strike or from ice compression);

• Dents and corrugation of the ship’s plating and 
deformation of framing;

• Dents and cracks of external ship’s plating;

• Holes of the ship’s plating;

• Destruction of superstructures;

• Loss and damage to blades of the propeller;

• Loss of propellers;

• Damage to propeller shafts and deadwood;

• Twisting the rudder.
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Reasons decreasing effectiveness            
of transportation system:

• Speed reduction in case of getting into area of compressed ice;

• Ramming mode of navigation;

• The vessel got stuck in hummocks;

• Loss of speed in compact ice.

• Reduction of the vessel’s speed due to getting into the area of difficult ice 
conditions, which considerably differ from the average conditions typical for the 
given season and type of navigation.
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Application of the Concept
The risk assessment  for unassisted navigation of the vessel �� -15 «Noril’sk», 
corresponding to the category �� 7, along different  variants of the lane 
Murmansk - Varandey

MS GOF – Maritime safety            
in the Gulf of Finland

Murmansk
Varandey

Saint-Petersburg State       
Marine Technical University

Sea route

Central 

Coastal



This project is funded 
by the European Union

27

Risk assessment in nominal units
of navigation of �� -7 classed vessel along the different variants 

of the lane Murmansk – Varandey

20,158,445,34Coastal

19,557,323,94Central

15,797,814,53Sea

April, 1979
(difficult type)

April, 1983
(medium type)

April, 1992
(easy type)

The variant of lane
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The List of Dangerous Events and Conditions:

x1 - ice compactness on the lane exceeds 7 points;

x2 - ice thickness on the shipping lane exceeds 0,7 m;

x3 - ice hummocking on the shipping lane exceeds 2,5 points;

x4 - ice compressions take place in ice while navigating;

x5 - the vessel loses speed in case of ice compressions;

x6 - the vessel loses speed due to the necessity to operate ramming;

x7 - the vessel is bound in ice;

x8 - the vessel sustains damage to hull that prevents further its operation;

x9 - damage to propeller of the vessel.

Logical-and-Probabilistic Model
Logical-and-Probabilistic methods make it possible to estimate importance of

separate initial conditions and events in case of dangerous situation for 
unassisted navigation of a vessel. 
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Calculation according to
the Logical-and- Probabilistic Model

{ } ( ) ( ) ( ) ( ) ( ){
( ) ( ) ( ) ( )

( ) ( ) }

4 5 4 4 5 3 6 6 7 2 2 7

2 9 2 9 1 2 8 9 3 2 6 6

7 7 9 1 8 9

1 1 1 1 1 1

1 1 1 1

1 1 ,

P y R R R R R R R R R R R R

R R R R RR R R R R R R

R R R RR R

� �= = = + - + - + - - + + - ´� � � �� � � ���

��´ - + + - + - + - ´� � �� � �� �

�� �´ + - + -� �� �� � �

here Ri – possibility of performing an initial event or condition.
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Possible acceptable values

Credibility of initial conditions:

0,2776000,12740,07800,395700R4

1000,89670,83400,876100R3
0,55060,0200,0920,19890,0420,01320,36710,2430,2016R2
0,0219000,02000,021700R1

difficultmediumeasydifficultmediumeasydifficultmediumeasyType of ice 
conditions

CoastalSeaCentral Variant of
navigation

5 6 7 8 90.05; 0.01; 0.005; 0.00001; 0.00001.R R R R R= = = = =
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The Results of Calculation

0,97100,99970,99860,98000,98350,99980,96670,99640,9970Q

difficultmediumeasydifficultmediumeasydifficultmediumeasyType of ice 
conditions

Coastal SeaCentralVariant of navigation
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Safety of unassisted navigation along the lane Murmansk - Varandey
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The Importance of Separate Components

• Logical-and-Probabilistic Model makes it possible to estimate the importance
of separate initial conditions and events in emergency situation in case of 
unassisted navigation of one vessel. 

• For such assessment  the notion of Boolean difference is used. 

• By means of it the following average values for a certain condition or event 
can be obtained.

The values of function of dangerous condition:

0.11720.02340.11720.11720.16410.14840.32830.35160.0234Value

x9x8x7x6x5x4x3x2x1Argument
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Thank you very much
for your attention
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