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Drivers in Exploitation of Oil and Gas

* Political, social and economic changes

* Increased global energy demand drlven by
China and India '

* Political instability in the

* Environmental protection



Challenges for Energy Transportation

Industry Response

 Suez Crisis: VLCC and
ULCC

* Exxon Valdez accident: R —
Mandatory double hull e 7( e
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* Safety, Security and
Environmental Protection: ¢ - o/ C 7

* Market for Natural Gas: - S
Large LNG carriers

* Oil from Russia: Larger ice
strengthened tankers




Arctic Challenge

Safety
* Loads on the hull and * Lack of experience with larger
appendices vessels
* First year and multiyear ice  Remoteness and lack of
* Design of equipment for low infrastructure
temperatures * Impact on the crew
— Freezing conditions — Cold temperatures
— lIcing and ice blockage — Lack of light and visibility
« Safety equipment fit for the
conditions

* Lack of operational experience




Arctic Challenge

Environmental Conditions

* Temperature

* |ce Conditions
* Visibility

*  Wind

* Waves




Winterization of an Arctic Tanker

Guidance for ship owners
and shipyards on special
considerations for harsh
environments

Hull construction and equipment
— Material selection
— Tank arrangement and heating
— De-icing
Systems and machinery
— Reliability and redundancy
— Deck machinery
— Piping
Safety systems
— Life saving appliances
— Navigational systems
Ergonomic considerations
— Enclosed work spaces
— Protective gear
— Insulation of accommodation spaces
Training and manning

Environmental protection



Winterization of an Arctic Tanker

Prevention of Ballast Tanks from Freezing

* Arrangement for preventing freezing in ballast tanks
at higher service temperatures

* Heating calculations required for lower design
service temperatures



Winterization of An Arctic Tanker
Procedure for Estimating Required Heating Capacity in Tanks

* (General procedures based on overall heat transfer
coefficients
— Overly conservative
— Lacks the information on surface temperatures

* New developed procedure based on the variable heat
transfer coefficient representing variable convective
coefficient related to temperature and wind conditions

— Applied to the determination of heating capacity in a ballast tank for
the arctic shuttle tanker.



Winterization of An Arctic Tanker
Procedure for Estimating Required Heating Capacity in Tanks
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Winterization of An Arctic Tanker
Procedure for Estimating Required Heating Capacity in Tanks




Winterization of An Arctic Tanker
Procedure for Estimating Required Heating Capacity in Tanks
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Application of Ice Class Requirements

RS Ice Rules - Content

Classification

lce Strengthening
Main Engine Output
Propulsion System




Application of Ice Class Requirements
RS Ice Rules — Design Principles

* |ce Strength Characteristics

* |ce thickness variable in Arctic — distribution law
determination

* Design ice loads when operating under Base Dangerous
Conditions

* Qualitative description — Permissible Service Conditions
* Quantitative description — Ice Classes



Application of Ice Class Requirements

Service Conditions — General Description

(i) When a ship is under permissible ice
conditions, the hull—ice interaction should not
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Permissible Service Conditions

Application of Ice Class Requirements

¥ —operation waththe lozherrsk of ull damsge
[E — enrheatie navigation (anth 1ean womonrence e tme per 10 vears)
H, M Ea —heawy, nednnm, exsyrnavigabon ferith e an moomurence one tinve perS vears)

Ice Cperation Mole
Category Whrter-sprine navization insess Suanererfall nadzation inseas
Bavenic Kara Lagrienr Eari- Sherian Chadarhi Barenis Kara Lapier Eari-Stherian Chadrh
EHMEa EHMEa EHMEa EHMEa EHMEa EHMEa EHMEa EHMEa EHMEa EHMEa
Lt4 10 — - R - R +++ + -+t — — -+t
P s —— —- E— —_— +++ + L . Skt B S
LUB 10 -+ + - — ———- E— +++ + -+t + -+ + —t+ -+ +
Ip i+ o+ -t — —_— -y ++++ L LEAE R i+
L& 10 *r4 o+ — — — — +++ + ++++ -+ ++ -+++ -t ++
13 ++ ++ LS Sy Sy -H +++ + ++++ ++++ ++ ++ +++ +
L IO ++++ -+ — — -+ +++ + ++++ ++++ +4+ ++ +4++ +
1 ++ ++ +++ + 4+ o+ + 4+ +++ + ++++ ++++ ++ ++ +++ +
L% 10 ++ ++ +++ + -ttt e ot +++ + ++++ ++++ ++ ++ +++ +
Ir ++++ ++++ ++++ ++++ ++ ++ ++++ ++++ ++++ +4+ ++ +4+ 4+ +
LI® IO ++++ ++++ ++++ ++++ ++ ++ ++++ ++++ ++++ +4+ ++ +4+ 4+ +
P ++++ ++++ ++++ ++++ ++ ++ ++++ ++++ ++++ +4+ ++ +4+ 4+ +
[[7 15 1rdependent cpetation
P15 wehieakerpilotaze
H —cperation allosred
I — opetation prolobited




Application of Ice Class Requirements

Permissible Service Conditions - Example

LUG
Winter-Spring Navigation
Independent Operation

Barents Sea
— Extreme navigation — high risk of hull damage
— Heavy, Medium, Easy Navigation — operation allowed

Kara Sea
— Extreme, Heavy, Medium Navigation — operation prohibited
— Easy Navigation — operation allowed



Application of Ice Class Requirements

Permissible Service Conditions - Example

- LUG
Winter-Spring Navigation
Icebreaker Pilotage

Barents Sea
— Extreme, Heavy, Medium, Easy Navigation — operation allowed

Kara Sea
— Extreme, Heavy Navigation — high risk of hull damage
— Medium, Easy Navigation — operation allowed



Application of Ice Class Requirements
Structural Strength Criteria

* |ce hull damage is to be considered as result of single
action of ice load

* Design ice load corresponds to the ultimate hull structural
strength at restricted plastic deformation

* A single ice damage with probability 7% is to be considered
as normal operating practice

* The ice load is to be assigned based on an equal damage
probability for different ice strengthening zones.

* Ultimate strength criterion - Design ice load not exceeding
ultimate load on structure



Application of Ice Class Requirements

Hull form and ice belt area

Region A for JIV1, JIV2, JIV3 category ship:
Region C ; Region B Region A Region A Region C Region B _ Region _{1 Region 4 N
fesb 0.58b il T
: 0oL 0L 015L 0,51
—— = ,_’ -
L _ F | | |
\l D[(J-fa;(;(i;ﬂ::u; 7 gt F_;, b 0,15L | I II___,_._-—""‘—‘-‘ L
. e I : | = sz P 4
h o= 28, |z JE v lee lpadline : ]
e i o \ | . | l HII
bt L [ K H\ Ballast water line | |
- _ . ] , T T i
| 1 Il i
\ i | |
fee foadfine _JL;[_ b

CL
I w | m 0.IL 0,20L

Position of the point A
in the case of bulbows hull shape m

l Boundaries of regions,
e as measured along the
H cross-sectional perimeter ; //
= Vs i
- R -
iv A A
([T Region 1
I — ice strake in the region of alternating draughts m Region Hl
IT — from the lower boundary of region 1 to the upper boundary of Region III
III — bilge strake _ Region v

IV — flat bottom



Application of Ice Class Requirements

Ultimate Limit State
Side Structure Grillage
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Application of Ice Class Requirements
Engine Output

Level ice capability for modern ice going vessels according to New RS Rules and
Model and Full scale tests

Norilsk-1II, Double acting Ship. Large capacity tanker “Varandey”
Ice category — LU7 Ice category LU6
Displacement —20000¢ Displacement ~90000t
Engine Power 1*13000 kW Engine Power 2%85000 kW
DAT mode Astern mode
Mode Traditional mode Traditional mode
improved icebreaking
bow
Model and full ~1.5m at Vg=2 ~1.5m at Vg=3 ~1.6m at Vg=2 ~1.6m at Vg=2
scaletest

RS Ice Rules 1.54m at Vg=2 1.55m at Vg=3 1.55m at Vg=2 1.5m at Vg=2




Application of Ice Class Requirements

Propulsion System

Propeller Blade
Design ice loads
Design stress
Permissible stress
Scantlings




Maneuverability of Large Tankers in Ice

* Hull shape for ice breaking in ahead and astern modes
* Podded propulsion

* Stopping ability

* Path stability

* Initial turning and yaw checking abilities

* Turning ability

* Importance of model test for checking maneuverability



Thank you for your attention




