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Factors affecting safety

Ice conditions,

Tactical methods of navigation,
Ice properties of vessels,
Qualification of navigators.




=
i

MS GOF — Maritime safety

in the Gulf of Finlanu y
I

This project is funded ,

by the European Unio Saint-Petersburg State

Marine Technical University

3
lce Conditions on Shipping Lanes
Inner water lanes — Volga River

Complete freezing, days

Ice thickness, cm

Area

Max

Min

Average

Max

Min

Average

binskoye water
storage

181

116

151

88

38

57

gig;(?ll(é)é/skoye water

166

125

142

72

34

50

Yaroslavl’

155

104

129

68

31

48

Kostroma

160

116

142

65

28

43

N. Novgorod

85

128

Slﬂl(,l))(gaghev water

160

120

142

44

64

Saratovskoye water
Storage

123

63

g/tcc))ltgd%%radskoye water

85

112

50

Astrahan’

3

70

41

Nizhnaya Volga

28

/8

38
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Typical Properties of Ice Mode

on Russian Inner Shipping Lanes

* 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 0,8-1,2m

 Average ice thicknessis 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.
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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:

h=0.83[ p(h)\, /7 (hb)sina)’

p(h) — coefficient of the ice contact pressure,
V, — vessel speed on the open water,

a and b - angles of hull form on the 18t rib,
h(h,b) — function from following Table

Ice thickness, m

0.2

0.3

0.4

0.5

0.0388

0.0559

0.0719

0.0866

0.0263

0.0381

0.0491

0.0596

0.0199

0.0289

0.0363

0.0454

0.0122

0.0180

0.0230

0.0279
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In spring the acceptable thickness of broken and compact ice can be increased
proportionate the values 1// %% and 1/ 96 respectively, but not more than by 2.5.

Relative ice stability should be determined according to the Table

Characteristic of Ice

On river

On water storage, lake

Destructibility,
points

River

Water
storage

No ice destructibility

0

1

1

There are separate spots of melt water, raisedse
appear

dge 1

0.9

0.9

The ice is covered with melt water , raised edges a 2
through

0.8

0.8

Ice breaking up, floating Destruction of upper

of ice begins

snow layers, scours
appear

0.6

0.6

Massive floating of ice,
breaking ice

Ice becomes blue, scou
are through

0.1

0.4

Floating of ice of 2-3
points compactness, ic
falls into crystals

Scours, ice Is saturates
e with water, falls into

crystals

0.1

0.1
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Baltic Sea

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

. 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.

. 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

Acceptable ice thickness, m

Category U <ted qation inl Naviaation in th | following th Method of
of Vessels nassisted navigation in| Navigation in the canal following the Operation

broken ice *) ice-breaker in compact ice **)

1 0.40 0.35 Irregular
2 0.55 0.50 Regularly
3 0.70 0.65 Regularly

*) typical speed of 5 knots for unassisted navigatgoconsidered,
**) minimum speed of 3 knots for navigation in carsaconsidered.
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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 appeatr.

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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Regulations of the Russian Maritime Register of Shi  pping

ice | Method Winter — Spring Navigation Summer — Autumn Navigation

Catel oflce | B C L [ESS| ch | B C L | ESS| ch

Naviga-|'epmi | epm | EpML | EDML | EDML | EDML | EDML | EDML | EDML | EDML

UAN -t — — — ceee |+ | -4+ S S ——

IBA bt |t I T T NS e L RS

UAN —++ | -+ Tt T TS o i S o O e

IBA —-*1 k| 4 | KAt | Y+

UAN ++++ |+t | -+

IBA - = ++++ |+ |

UAN ++++ |+ |

IBA ++++ | ++++ | HHH
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Regulations of the Russian Maritime Register of Shi  pping

ice | Method Winter — Spring Navigation Summer — Autumn Navigation

Cate- Ngfv',;g C | L [ESS[Ch | B | C | L | ESS]| ch
tion EDML | EDML | EDML | EDML | EDML | EDML | EDML | EDML | EDML

UAN F+++ | Kttt | Kt | Yt | bt | At | bR | A | R

IBA ++++ |+t | FEH | | b | A | b | A |

UAN ++++ |+t | FE | | b | AR | bR | |

IBA ++++ | ++++ | FH+ | A | A | | | |

Note:

1. Seas: B — Barentz Sea; C — Cara Sea; L — LapteVBESh:- East Siberian Sea; Ch — Chukchi Seg
2. Icebreaker assistance: UAN — unassisted navigat8A — ice-breaker assistance.
3. Operation: “+” - operation is acceptable;
“.” - operation is not acceptable; _
" -operation is connected with a risk of sufferigmage.

4. Navigation: E — extreme navigation (average pkcity is once per 10 years);

D — difficult navigation;

M - medium navigation; R

L — easy navigation (average periodicity is onceJdgears).
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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 0 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 iIce-breaker
(1- 4 sequence of ice-breaker positions)

- Icebreaker - Vessel
Forward running
Stern movement
Icebreaker turnaround
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Icebreaker Icebreaker /\

Ice channel l\ Large Ship

)
Large Ship Large Ship {
Broken/ D Icebreaker
ice ‘
/ D Ice channel

T, =T, +T,
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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 %.

Concentration, number




MS GOF — Maritime safety

in the Gulf of Finlan(j#, . -
;hifhgrgjfrcg iz;ﬂngﬁ% ~—— SaihT—Petefjsbu State
y P Marine Technical University

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

e 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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Regulations of the Russian Maritime Register of Shi  pping

Tactics of unassisted navigation

Ice
category

Acceptable
speed,
knots

Compactness and

Ice thickness, m

type of ice

Winter-
sprin
navigafion

Summer-
autumn
navigation

Methods to overcom
ice obstacles

Open, first-year ice

0.6

0.8

Open, first-year ice

0.8

1.0

Open, first-year ice

1.1

1.3

Continuous operatign

Close, first-year ice

1.4

1.7

Episodic ramming
operation

Close, first and
second year ice

2.1

3.0

Regular ramming
operation

Very close and
compact, multiple-

year ice

3.5

4.0

Episodic, ramming
operation in the are
of consolidated ice
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Modern Methods to assess safety of ice navigation

Distribution of Ice accidents with vessels during 1981 — 1988 (%)

Year
1984 | 1985

Kind of Damage Average

1981| 1982| 1983 1986| 1987

Dents with cracks

21,5

26,8

32,7

32,9

30,9

55,9

23

31,8

Dents, corrugations
without cracks

55,7

46,5

31,9

50,7

54,4

31,5

45

43,8

Holes in plating

10,1

19,7

25,7

5,4

7,4

4,7

11,4

Damage to blades of
screws

6,3

5,6

8,8

9,6

2,9

4,7

6,7

Damage to shafts,
deadwoods

1,3

0,9

1,4

2,9

2.4

1,9

Damage to steering gez

1,4

1,5

0,8

2,9

Damage to other .

shipboard equipmen

1,9
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Dynamics (%) of accidents in ice
relative to the circumstances of navigation

Circumstances of Year Average
navigation
1984 1985

Ice-breaker
assistance 86 | 86 85,7
Leading 47 | 54 46,9

Towing 15 | 25 25,1
Breaking round 4 1 3,8

Contacts 20| 6 9,9

Without ice-breaker
assistance 14| 14 13,9

Unassisted
nawsgation 10

Compression 4,1
Other circumstances 1
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Ice Damage of Vessels and Icebreakers
on the Northern Sea Route in 1990

Damaged vessels
Name of the Contents of the group :
group Quantity %

Areas of Western 82,6
navigation Eastern 17,3
Period of Winter - Spring 26,0
navigation Traditional summer 52,1
Autumn - Winter 21,9
Circumstances of Leading ice-breaker assistanc 30,4
suffering damagg Compact towing 30,4
Contacts 13,0
Unassisted navigation 21,7
Compressions 4,3
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Ice Damage of Vessels and Icebreakers
on the Northern Sea Route in 1990

Damaged vessels
Quantity %
Screws and blades 2 8,7
Steering gear 1 4,3
Dents, corrugation, tearing 69,5
Dents and cracks 13,0
Holes 4,3
Less than 3 years (inclusive) 17,3
From 4 to 7 years 21,7
From 8 tol2 years 21,7
From 13 to 16 years 13,0
17 years and more 26

3 4,3
21,7
52,1

Name of the group Contents of the group

Kind of damage

=
o

Age of vessels

Ol OW OO &~ W

Categories of ice
strengthening

=
N
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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:
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Sea route

Central

Murmansk Coastal

Varandey
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Risk assessment in nominal units
of navigation of -7 classed vessel along the different variants
of the lane Murmansk — Varandey
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Logical-and-Probabilistic Model

The List of Dangerous Events and Conditions:
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Calculation according to
the Logical-and- Probabilistic Model

P=(y=} =RR+(1- B+ k= R{ R 1 R £1 R N1 )R
"(ER)R RR RREE R+ (1 RR+HRL R
" R+(t R) B REL B ],
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Possible acceptable values

R, =0.05 R =0.01; R= 0.005 R= 0.00001 R= 0.000
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The Results of Calculation
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The Importance of Separate Components
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Thank you very much
for your attention

Natalia Klementieva, PhD of Eng.,
Kirill Sazonov, Doctor of Eng.,
Vadim Goncharov, Professor, Doctor of Eng.



