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ABSTRACT

It is anticipated that Russia will be one of thejona
suppliers of LNG to meet energy demand in Europkiarthe
United States in the future. As a result, largentjtias of gas
will be transported from Russia through seaboradetby LNG
ships. Due to the geographical location of largse fields in
Russia, these LNG ships will need to be designespéaifically
operate in severe weather conditions.

Meeting the transportation challenge demands alytasz
and a more comprehensive and systematic approadheto
management of the risks. More detailed analyssisbezn made
possible through developments in computing and mugle
technology. That technology plays an essential raote
addressing the key safety issues associated wighgimy LNG
transportation needs in the Arctic trade.

In addition, the application of risk assessmenthoeblogy
in the evaluation of novel
understanding of the risks associated with LNG ship in
arctic waters and its integration into design técdinstandards,
survey requirements and operational practices.

The paper will discuss various aspects of the diaigign
and operational requirements from a Classificafierspective.
Particular consideration will be given to issueshsas the
strength of the hull structure to endure ice loadsdeck, ice
breaking capabilities and the design of the containt system
to withstand the dynamic loads envisaged undemhaeather
conditions, in particular sloshing loads. In auditthe paper
will cover requirements for safety equipment anstesyns under
freezing condition and the propulsion systems fopsin this
trade.

The paper will summarize the
technology initiatives to support the developmehstandards

concepts permits a bette

latest Classification
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for the design, construction and maintenance dfN@ carrier
operating in a harsh cold weather environment.

INTRODUCTION

The North-East Passage or Northern Sea Route heas be
seen as a short cut for shipping between Europetland-ar
East for hundreds of years. English and Dutch saiteade the
first attempts at finding a navigable path throdigé Arctic ice
in the 16" Century. Wilhelm Barents, Henry Hudson, Vitus
Bering are names linked to the first exploratiofshe North-
East Passage, many of them ending in tragedy dutheto
extreme environmental conditions in the Arctic c®ered
waters.

Since the end of the T9Century, Russia has put
considerable effort into developing the infrastuuet of its
Arctic Regions not least by developing marine tpams A
significant experience in organizing Arctic navigat has been
accumulated. However, the difficult ice conditicarsd the geo-
political problems during the Cold War era havevpreed the
use of the Northern Sea Route by internationalghgp(ref. 2).
Still Russian commercial shipping has been naviga#rctic
waters for decades. Nickel has been shipped frorthwest
Russia year-round since the 1970’s with the hel@ dieet of
powerful ice-breakers.

In the last few years, new attention has been drtawthe
Arctic Regions. Huge oil and gas reserves, botthares and
offshore, are being made available to the inteonafi market.
New gas fields are being developed in Norway (Siipland
Russia (Shtokman). The LNG liquefaction plants unde
construction will supply the gas markets in Eurgpel North
America within the next five years. However, thisvdlopment
may be the tip of the iceberg. Potential gas resein the
Barents and Kara Seas may dwarf the current proaserves.

Copyright © 2006 by ASME



It is estimated that up to 25 per cent of the wenlthdiscovered
gas reserves may be located in the Arctic Regi@isJ).

Other LNG liquefaction plants are being consideced
under construction in areas with harsh winter coows. A
plant for Sakhalin 1l project in Eastern Siberia ymhe
delivering LNG to the Far East markets by 2008,|levhnother
plant at Primorsk in the North Baltic Sea may bmpteted by
2009 to supply the North American market

It is envisaged that the Arctic gas fields will eveloped
by using a combination of pipeline network and LK@rine
transport system. Currently there is an existinmelie network
supplying Europe from Northern Russia (ref. 4). l[dwer, the
capacity of the pipelines is limited, while the ust LNG
carriers can give the export trade a greater flktyibA possible
alternative, such as in the case of the Primorahktpis to use
gas pipelines from the Arctic Region to a more berocation
and to convert gas into LNG for shipping to remotrkets.

Despite the use of gas pipelines, it is anticipatest a
considerable number of LNG carriers will be neededthe
Arctic gas trade. These ships will be required ferate in
severe weather conditions with very low air tempees and in
some routes, to navigate in ice-covered watergedhring the
winter months or all year-round. Additionally, tAectic natural
environment is highly sensitive to any kind of paibn and,
due to the remoteness of the region, any possilganap
operations would be very difficult and costly.

LNG carriers operating in the Arctic Regions ar@ased
to unique risks and Classification Societies ataldishing new
guidelines to meet the challenge of maintaining ribeessary
level of safety and environmental protection far tperation of
these ships.

ARCTIC ENVIRONMENTAL CONDITIONS

The extreme environmental conditions
Regions impose considerable demands to both shdpceaw.
High winds, freezing precipitation, frozen and pkpy work
surfaces, reduced visibility due to shortened (omn-existent)
daylight hours pose significant challenges to riradt
operations in these areas.

Temperature

Average ambient temperatures in the coasts of Morth
Russia during winter months vary between -20°C &@fC.
Most of the ports in the area have temperaturesnbéreezing
for 250 to 300 days per year. Additionally, highfidity, usual
fog days and strong winds create difficult operadicconditions
for any ship in the area. The combination of thebmatic
factors also leads to large gradients of body-teatpee loss for

in the Arctic

the crew members when performing their tasks inoszg
locations.

Ice conditions

First-year ice is dominant in the Russian ArcticgiRas
with a mean ice thickness of 150 cm or less. Théain
formation of young ice usually begins about the dtedof
August and by the end of October, the Arctic seascavered
with ice. The southern Barents Sea, however, can le-free
waters. In the middle of February, the thicknesscef cover
reaches more than 120 cm maintaining the ice grawntil
May.

Winds and currents can form areas with open watekgell
as ice ridges which reach up to 10 meters in herglite open
sea and 18-20 meters in coastal regions and adbe of the
land-fast ice.

The summer ice melting in some areas of the NantBera
Route such as the North Kara Sea is very slow a&ng often
the ice cover remains for a second year or lonfee. heavy,
thick multiyear ice can make navigation along theseas
hazardous and sometimes impossible (ref. 5)

Visibility

Summer fog, mainly at coastal regions and aroulachds
in the western part of the Barents Sea, and wsnewstorms
are the major factors of reduced visibility in tRassian Arctic
Regions. Visibility less than 2.5 km frequently ocs along
coastal regions (ref. 5)

Wind

During summer, the mean monthly wind velocity dd no
increase above 5-6 m/s, but as average, one osttwms with
wind velocities above 15 m/s may occur during frsiod. In
winter, gales with wind speeds greater than 20 mayg occur
and usually they last for one day, although in sameas, gale
winds may last up to four days (ref. 5)

Waves

In the Barents Sea, waves higher than 5 metersaagein
summer, but in winter the intensity of waves inse=areaching
7-9 meters.

In the Kara Sea, in summer, waves higher than 8mnetre
occasional. In the southwest part of the Kara 3eaes can
reach 8 meters in winter, while in the central K&ea, wave
development is mostly insignificant. Waves withdhgs of 1.5-
2.5 meters have a maximum frequency of occurrencéhe
Kara Sea (ref. 5)
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WINTERIZATION OF LNG CARRIERS

For the purpose of this paper, winterization isirdef as
the preparation of a ship for safe operation irreewe cold
weather conditions by adapting the design and dipera
procedures to the requirements imposed by thedettservice.

Mean daily temperatures below 0°C are expected €0 b

encountered by the ship during the voyage or i por

Although many of the design and operational aspeeitsg
considered for winterized LNG carriers can be aaplio any
type of ship operating under the same conditiohsret are
features specific to LNG carriers which need tospecially
considered.

On the basis of the possible routes in the ArcégiBns,
the winterized LNG carriers are divided into twaeggories:

- those navigating normally in open waters free efac
with very weak broken ice which will not requireeic
class to be assigned, and

- those navigating in ice-covered waters which waitvé
Ice Class assigned, including Polar Class for djmerén
the Arctic waters (Arctic LNG carriers)

From the Classification point of view, there aneumnber of
design and operational concerns that need to beesskt. This
section will be dedicated to the issues that aresidered
important for the first category of winterized LNGarriers,
navigating in open waters.

Materials

Any area of the ship exposed to low air temperatunest
be constructed with ductile materials suitable dperation in
this environment. For design purposes, the shipt nigs
assigned a design service temperature, definedheadotvest
mean daily average of air temperature in the afeperation.

Structural steel grades for weather exposed platiyfor
inboard framing members attached to this plating meed to
be upgraded due to low ambient temperature.

In addition, Classification Societies have currentl
requirements for establishing the structural stgales in the
zones surrounding the cargo tanks, based on tramlatdd
temperature of the material due to the effect of thw
temperature cargo. In the case of ABS requiremmtéNG
carriers operating worldwide, the structural steehperature is
calculated assuming an ambient still air and sih water
temperature of 5°C and 0°C respectively (ref. 1 artPS
Chapter 8).

However, for operation in Arctic areas, the ambient

conditions used in the temperature calculations tmos

redefined. The United States Coast Guard has adédlti
requirements for non-US flag vessels operating laskan
waters and among them, the assumed ambient camlitio
calculate the design temperature of the structwstdel
contiguous to the LNG cargo tanks are five knotsahi-29°C
and still water at -2°C (ref. 1 — Part 5 Chapter 8)

Materials used for essential equipment exposedh& t
weather must be of steel or other suitable mateiithl ductility
properties at the design service temperature ath@eminimum
specified by the Classification Society. When tly@ipment is
evenly heated by an appropriate heating system ad#équate
redundancy, maintaining its construction materias a
temperature above 0°C at all times, dedicated Ewmperature
materials may not be required. Obviously, materiatended
for cryogenic service which are exposed to the hezatwill
remain suitable for the service.

Ice loads on deck

One of the obvious consequences in any ship insitran
through cold weather waters is the concentratioicebn deck.
While the amount of ice accumulated on deck will marmally
exceed the design loads used in the analysis ofi¢l& local
strength, LNG carriers have deck features that denive in
higher ice loads on deck.

T
&

*:

Figure 1: Ice accretion on deck

LNG carriers with both spherical tanks and membrane
containment systems have
pronounced angle of inclination. Ice accumulatingsuch
surfaces may constitute a hazard to the deck ataudft the ice
layer becomes so heavy that it detaches and fallthe flat
deck. Either the impact or the ice accumulation @eseed the
deck design loads. Although the deck may be sthemgd to
withstand these additional ice loads, a more ecdaram
solution may be fitting external obstacles in thelined
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surfaces, such as horizontal flat bars, to pretieatice layer
from detaching.

Consideration may be given to provide accessibiitythe
crew to these inclined surfaces in order to rentheeice layer
before becoming a hazard.

An additional effect of the ice accretion on deskthe
increased weight in the upper part of the ship eshhg
affecting stability. Intact and damage stabilityccdations must
take into account the weight of ice accumulationekposed
areas. The allowance for ice accretion is defimedhe IMO
Code on Intact Stability (ref. 6) for certain typ#fsships, but it
needs to be revisited for LNG carriers, due to #pecial
configuration of their deck and piping systemshia targo area.

Structural fatigue life

LNG carriers in the route between the Arctic Region
(Russia, Norway) and North America will have tohsgiiand the
severity of the northern North Atlantic environmedhiring
extensive periods of navigation, including winteynditions.
Fatigue strength assessment of the ship structurst foe
performed taking into consideration the long-term
environmental data of the North Atlantic Ocean.

Methods and criteria for fatigue strength assestmane
been developed by Classification Societies to yetifie
minimum required fatigue life of the ships (ref. and 8).
Although the standard fatigue life is 20 years, doethe
extended operational life of the LNG carriers, sawaers are
requiring designs with a fatigue life beyond 20rgeand up to
40 years. Therefore, extensive fatigue analysepenfermed to
ensure that the LNG carriers will be able to opesatfely in the
northern North Atlantic environment.

Protection of deck machinery and systems

Generally deck machinery and systems are not pedifar
freezing temperatures. Essential equipment anérmsgsimust be
available at all times and in any conditions. Thethnds to
adapt this equipment to the Arctic environment rhayvarious
and will depend on the type of equipment and systand their
criticality for the safety of the ship and its creand the
protection of the environment.

Ideally essential equipment and systems shouldbatdd
in spaces protected from the extreme cold weath@rever, it
is recognized that in most cases, exposure to thbiest
weather is unavoidable.

In addition to the standard deck equipment ancesyston
board any type of ships, LNG carriers may have mgaint on
deck specific to its operation. This equipment mumt
considered essential and therefore, adequatelyeqieat for

operation under any weather conditions. Particattiention
must be made to safety systems and componentsasuchrgo
tank pressure relief valves or deck fire fightiygtems.

Steam or thermal oil tracing and heating may bel dee
essential deck machinery and piping and safetyesystand
components, provided that the adequate redundanieyili up
in the heating system to prevent its unavailabdifier a single
failure. The maximum temperature of the steam erhbating
media within the cargo area must take into conaittam the
temperature class (i.e. auto-ignition temperatafe}he cargo
being carried.

Exposed navigational equipment and  exposed
accommodation and ventilation air intakes and taitleay also
need to be fitted with heat tracing if accumulatmiice can
affect their normal operation.

The use of thermal insulation materials may be iciened
in certain cases when the equipment or system éefitinuous
operation and a sufficient amount of heat is preduor
transferred to it due to its functioning.

All moving parts of deck machinery should be endatse
prevent icing or other freezing spray build up.general, it is
preferable to use electric and electro-hydraulié-cgmtained
machinery designed for the anticipated service &ratpres, in
order to avoid the inherent problems of piping dimanning in
exposed open decks.

Low temperature lubricating oil should be useddtating
machines. If the anticipated air temperature catober than
the minimum operating temperature of the lubriaatiail,
means should be considered to reach rapidly thquade oil
temperature before the machine starts operation.

Hydraulic deck machinery such as windlass and mgori
winches should also use low temperature hydradlicapable
of operating at the design service temperaturehefship or
otherwise, heat tracing or other alternative meanmaintain
the hydraulic oil temperature within its operatibtimits may
be considered.

Spaces on deck such as the motors room and the
compressors room should be maintained at a tenyperabove
the minimum operating temperature of the equipmend
systems contained inside those spaces. Contineoysetature
monitoring with remote reading in the cargo controbm
should be included.

Ballast tanks
Means must be provided to prevent freezing of thiéabt

water in the fore peak, after peak and wing tamkswever,
precaution should be taken when using tank heatystems in
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LNG carriers for ballast tanks adjacent to cargiksaor with a
short heat path to the cargo tanks. If the temperadf the
cargo tank boundaries is increased by the heatysters,
additional boil-off of the cargo may happen. Ineaghere this
situation may occur, a thermal analysis may be ssug to
assess the effects of the heating system. An &féect
temperature control of the ballast tank heatingesgswill be
necessary in order to maintain the cargo tank baies within
the design temperature limits.

Personnel safety

A number of design and operational issues related t
personnel safety can be of concern when the shupésating in
an Arctic environment. Some will be addressed latethis
paper. However, with reference to the personnetgafystems
and equipment exposed to the weather, specialtiatteshould
be paid to the permanent availability of life-sayiappliances
and survival equipment. Guidance in this regardmafound in
Chapter 11 of the IMO Guidelines for Ships OperatmArctic
Ice-Covered Waters (ref. 9) in particular to thgular removal
of ice accretion from the lifeboats, liferafts atelnching
equipment.

Environmental protection

In addition to the current Regulations in the IMO
MARPOL Convention (ref. 14), it is foreseen tha¢ ihcrease
of maritime traffic in the Arctic Regions could bg in the
future the declaration of part of or the whole ArdRegions as
Special Area under MARPOL Annex | and SOx Emission
Control Area (SECA) under MARPOL Annex VI. LNG cians
intended to trade in the Arctic Regions should bsighed to
take into account all the current and foreseealdgutory
Regulations for environmental protection in additito the
coastal state requirements related to the same.issu

The IMO Guidelines (ref. 9) make a strong statenient
this regard by referring in a considerable numbétsosections
to the need for preventing pollution from shipsigating the
Arctic Regions.

ARCTIC LNG CARRIERS

For the purpose of this paper, Arctic LNG carriars those
navigating in Arctic ice-covered waters as defimedhe IMO
Guidelines (ref. 9). These ships will be assignada Class
compatible with the intended trade. For all yearmboperation
in Arctic waters, Polar Class requirements are dsing
developed by the International Association of Gfasgtion
Societies (IACS) (ref. 10, 11 and 12), applicalblety type of
ships constructed of steel, as mandated in the Bl@lelines.
These general requirements will be applicable #p sip, but
this paper will concentrate in the design and dpmral
concerns characteristic to an LNG carrier.

The issues covered for the winterization of LNGrieas
will be also applied to Arctic LNG carriers withetdifference
that the low temperatures encountered by theses shilb be
even more extreme. Therefore, different solutionay nbe
required to safely operate in these conditions.

From the Classification point of view, the followin
concerns should be addressed.

Ice-strengthened hull structure

Hull structure for LNG carriers can be strengthefadce
navigation following the same current Classificatidrule
requirements that for other Ice Class ships (ref- Part 6
Chapter 1) or the IACS requirements under developriar
Polar Class ships (ref. 11). However, consideratiosy be
given by the designers to new hull shapes that redyice ice
impact loads and induced vibrations in LNG carrighich may
be particularly sensitive to this type of loads.idamce may be
taken from the ABS Guidance Notes on Ice Class {&f

Effect of ice impact loads in the cargo containment
system

The LNG containment system resistance to ice impact
loads must be assessed. The loads on the suppsttingure
due to the ice/ship interaction must be determiaed the
strength of the structure assessed. The accelesato be
considered in the design of these systems will dipend on
the severity of the ice conditions and therefoheytwill vary
for each Ice Class assigned.

la

Figure 2: Ice class double-acting LNG carrier cqtce
(Courtesy Aker Arctic Technology Inc.)

In addition, the impact of ice induced vibrations the
fatigue life of the containment system componentenias
should be assessed. Careful consideration musaidentether
modifications are needed to the containment systebjected
to ice impact loads and ice induced vibrations. Khewledge
acquired with current ice class ships in operatiothe Arctic
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Regions will be vital to provide accurate ice laagiconditions
to be applied in the LNG carrier design.

A greater hazard may be encountered if an LNG earri
needs to use the ramming mode to overcome obstsutdsas
ice ridges. The question raised is whether the adoment
system and the supporting structure are able tosteihd safely
such high acceleration level or if modification® areeded. A
study to verify the suitability of LNG carriers tamming
operations may be needed.

Sloshing in cargo tanks

Ice impact loads may also induce sloshing in thgaa
tanks. It is expected that sloshing due to ice thpeuld be
minimum in comparison with wave induced sloshingwéver,
certain scenarios such as collision against iogesdnay cause
a significant deceleration and consequently, |amfjital
sloshing.

Recently extensive studies have been performed lagsC
Societies in order to verify the suitability of LNrriers with
membrane type containment systems to carry paotals (ref.
15). Powerful sloshing simulation programs such ABS
SLOSH3D and ABS SLOSH2D have been used to anahge t
effect of the partially-loaded membrane tanks, gighre North
Atlantic operating environmental conditions as dlesign basis.
The sloshing hydrodynamic loads are also used fa t
structural analysis of the pump tower, togethehwhip motion
accelerations and thermal stresses, by means ¢ Eement

Azimuthing propulsors, normally known as pods, ased in
some Ice Class oil tankers in service and may haltde
candidates for LNG carriers. Non-conventional pision
systems must be specially considered on the bdsitheir
particular operational profile and loading cases.

In diesel engine installations, restrictions forergtion at
extremely low air temperature might be considefidds might
require preheating of the combustion air to linhie tcylinder
pressure. Additional overpressure protection mayéeded at
very low air temperature to avoid excessive cylinpieessures
owing to the higher specific density of the cold &iube oil
sump tanks should be provided with heating. In diuel
installations, the exposed boil-off gas line to #wmgines or
boilers should be insulated to maintain the natgesd within
the optimum temperature range for its utilizatisrfizel.

When provided, reliquefaction plants and gas coititus
units (GCU) should be engineered for operation exty iow
temperatures or otherwise, located in heated cadmpats with
adequate safety measures for spaces where gasenpagdent.

Sea water supplies

During navigation and at port in ice-covered waters
attention must be paid to sea water supplies tentiss
operational systems and safety systems. Curretdls@ication
Rules for Ice Class ships have requirements foiirdeachests
intended to prevent the clogging of sea water sribgtingestion
or accumulation of ice. Similarly the IACS requiremts for

Method. The same tools may be used to determine thePolar Class ships will cover these aspects. In ldd@iers, sea

suitability of the containment system to sloshinduced by ice
impact loads.

Ice-strengthened propulsion systems

Currently all the LNG carriers in service have gtea
turbine propulsion. However, a significant numbérsbips in
order have other alternative propulsion systenas, dual-fuel
diesel-electric propulsion or directly driven sl@peed diesel
engines. For navigation in ice-covered waters, pigipn
machinery, reduction gears, shaft lines, propeldard steering
systems must be adequate to withstand the ice inpaas and
their materials exposed to sea water temperaturgt el of
steel or other ductile materials suitable for losmperature.
Detailed requirements for the strengthening ofpttepeller and
propulsion line as well as for propulsion machinegduction
gears, related auxiliary systems and steering mgstare
available in the current Classification Rules foe IClass ships
(ref. 1 — Part 6 Chapter 1- and ref. 13). IACS mesyuents in
this regard for Polar Class ships (ref. 12) arecumivelopment
and will be soon available to the industry.

However, other alternative propulsion systems may b
proposed for LNG carriers navigating in ice-coveredters.

water supplies are needed for the ballast systeencooling
water system serving propulsion machinery, ined gaoling,
main and emergency fire pumps supplying the fird amsh
deck system and the water spray system.

Towing arrangements

During navigation in ice-covered waters, towingveksels
is relatively frequent and arrangements need tprbeided for
the special characteristics of ice towing operatlarparticular,
towing “in the notch” with the towed vessel drawtol the stern
of the towing vessel is relatively common in Bakied Russian
Arctic waters. When the towed vessel is an LNGiearthe
towing methods intended to be used should be pioper
assessed taking into consideration the speciabhcteistics of
this type of vessels.

Life-saving appliances and navigational equipment

The IMO Guidelines (ref. 9) give recommendationshwi
regard to life-saving appliances and navigatiomgligment for
ships operating in Arctic ice-covered waters. Imtipalar, the
life-saving equipment should be rated to perform design
functions at a minimum air temperature of -30°C,ablower
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temperature
consideration should be taken for the means tosacttee ice
surface from the ship when the ship should be eataduwhile

sailing in solid ice and the lifeboats cannot b&dred into ice-
free water. The use of free-fall lifeboats, the alibi@n of

lifeboats launching devices, the liferaft inflatiane also topics
to be specially considered for vessels intendeahd&vigation in

ice-covered waters.

THE HUMAN FACTOR

The safe operation of LNG carriers in Arctic icereted
waters depends in a great manner on the skillskandledge
of their officers and crew members. As indicatedhia IMO
Guidelines (ref. 9), all ships operating in thesatess should
carry at least one Ice Navigator, qualified for igtieg the ship
in Arctic ice-covered water, including recognitioof ice
formation and characteristics, ice indications, nit@neuvering,
use of ice forecasts, atlases and codes, hulkstassed by ice,
ice escort operations, ice-breaking operations effett of ice
accretion on vessel stability. For LNG carriersge tlice
Navigator should be also trained in the particalzaracteristics
of these ships and the consequences of their rtaonga ice-
covered waters.

Officers and crew on board LNG carriers are gehevairy
specialized and knowledgeable in the operatiorhisf tiype of
ships, but in this trade, they should also be &aiin ship
operations in ice-covered waters and be familiath vaold
weather survival. Drills should be performed regdylain
emergency procedures and the use of survival eauipm
Details are included in the IMO Guidelines.

In these remote areas, external support may béigient
and crew members must be able to perform effegtidamage
control, minor hull repairs and pollution contrdiools and
equipment should be available on board to faddlithese tasks
and training should be given to the crew to covessible
scenarios.

The operation of an LNG carrier in severe Arctic

conditions requires the maximum attention and cotmagon of
the crew. However, the harsh weather conditionspnbtbnged
darkness in the winter months can take a toll am dhily
performance of crew members. The quality of
accommodation where the ship’s crews sleep, eatelad can
influence mariner job performance and overall saissomfort
and well-being. Indoor ambient conditions suchessperature,
humidity or lighting levels can minimize the phyaicand
psychological effect in the crew members due to ekiernal
environmental conditions. Guidance may be takemnfribe
ABS Guide for Crew Habitability on Ships (ref. 16).

The ship should be designed to allow the crew topdete
their tasks mostly indoors, in spaces protectedhftbe cold

the

if expected to be encountered. The sameweather. When possible, remote control of exposedkd

equipment and systems from the wheelhouse or pttwected

locations is recommended. The bridge wings shoud b

enclosed and the windows in the wheelhouse and cagtrol

room heated to maintain visibility. However, sonséaties and

emergency situations may require the crew to operat

weather deck and therefore, means to maintain ¢hesa safe
and ice-free should be fitted. In particular, exgbgmergency
escape routes, hatches and doors, passage wayly onsed,

work areas in way of mooring equipment, manifoléaaand
access to motor and compressor rooms should beasad#

times. Cold-weather clothing and equipment shoelddgarded
as essential, mainly when safety and emergencyatipes need
to be performed in exposed locations.

Figure 3: Ice navigation

Heating systems should be also considered essdatial

safety and survival. Therefore, in addition to trexjuired
emergency loads, the emergency generator shoukizbd to
maintain crew habitability.

RISK ASSESSMENT TOOLS

The development of LNG carriers intended for Arctic

routes will bring a number of novel ideas not cexeby the
current Industry Standards, Statutory Regulations

Classification Rules. From the Classification pafitview, the
assessment of these novel concepts can be perfobyea
design evaluation and the use of risk assessmelmitpies in
order to determine if the concept provides accdptivel of
safety and environmental protection in line witke thurrent
industry practice. Guidance to perform the assessmad
obtain Approval in Principle for novel concepts danfound in
the ABS Guidance Notes on Review and Approval of/éllo
Concepts (ref. 17).

Hazard Identification method (HAZID) and Failure ts

and Effects Analysis (FMEA) are the most commordgdirisk
assessment techniques for this purpose. The HAZEthod is
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used to identify the hazards involved, assess faten
consequences and evaluate existing safeguardseohdkiel
concept. The FMEA is a method of evaluating andudanting
the causes and effects of known types of compofzélntes.
Both techniques would be used to determine an saisleplevel
of Classification Rule requirements necessary tofroot the
safety and operational concerns raised for wirgeriand Arctic
LNG carriers.

CONCLUSIONS

The thriving LNG market is riding the wave of the
increasing energy demand. The development of nesfigkls
in the most inhospitable regions of the Earth ®ing
extraordinary challenges to the industry and theti@iRegions
are the new frontier for the gas industry.

Classification Societies are teaming with the induso
ensure that the excellent record of safety in tN&Lmaritime
transportation for more than 40 years is maintaegh in the
harshest conditions. Classification Societies habeen
participating actively in Joint Industry Projectsida Joint
Development Projects with designers, ship ownepgrators,
energy majors, shipyards and regulatory bodies ruvige
practical solutions to the challenges of ice natiga
Classification Societies are working with the inmusto
establish the requirements for the constructiofcefClass and
Polar Class LNG carriers that can operate in Aretaters
safely and respecting the pristine natural enviremm

Classification Societies are prepared to take tiadlenge.
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