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1. INTRODUCTION

 Ihc  use  of  risk  asscssment  is essential  in the design and

operation  of  offshore  stmctuTes  used  for oil  development,

nuclear  powcr  stations,  and  other  facilities. In the maritime

industry as  well,  the use  of  risk assessment  has expanded,  and

risk  assessmcnt  has aircady  reached  the lcvel of  practical
application.

 ClassNK  has conducted  research  on  risk  assessment  mcthods

for many  years, howeyer in order  to encourage  the spread  of

knowledge and  expenise  related  to practical risk  assessment,

the Society has recently  implemented several  practical research

projects designed to address  issues faeed by the maritime

industry, ClassNK's ''Study

 on  the Risk Assessm¢ nt  of  LNG

Carriers'' is one  such  project. As  part ofthis  projcct, the Socicty

develeped a  10-year forecast for the operating  envirenment  of

LNG  carriers,  and  based upon  this forecast, developed safety

measures  to addrcss  the expected  changes  in risk  levels for the

world  LNG  fleet oyer  the  next  decade.

 Using  the knowledge  and  understanding  or  risk  assessment

gained  from these prejeets, the Society developed the ncw

"Risk
 Assessment Guidelines'' as  an  introduction to risk

assessment.  This  report  gives an  overview  of  both these "Risk

Assessment Guidelines" and  the ''Study
 en  Risk Assessmcnt of

LNG  Carriers".

Figure 1 Risk Assessment Guidelines

2. 0verviewof"RiskAssessment

     Guidelines"

 Ihe ClassNK  
"Risk

 A$sessment Guidelines" <see Fig. 1) were

deveEoped by summarizing  the findings obtained  from the

implementation of  problem-solving  risk assessment  prejects

and  studies related to risk' assessment  methods.  These new

Guidelines are  designed to provide  a thorough introduction to

risk  assessment  methodology.

 The  Guidelincs  were  developed based  on  the concepts

underlying  the IMO's Formal Safety Assessment (FSA)
Guidclines,  and  effbrts  were  made  to describe inforrnation

re]ated  to risk  and  risk  assessment  as  simply  as  possible. Thc

guidelines are  designed to serve  as a valuable  reference  those

staff  in the shipping  and  shipbui1ding  industry involved in risk

assessment  activities.  The contents  of  the Guidelines are  as

fo11ows:

    Chapterl OvenJi¢ w

    Chapter2 Basicconcepts

    Chapter3 Explanationsonriskassessment

    Chapter4 FormalSafetyAssessment(FSA)

 Chapters l and  2 of  the guidelines describe the basie concepts

of  risk  assessment,  and  summarize  the terms and  definitions

used  in risk  management,  Chapter 3 deseribes risk  assessment

methods  and  the FSA  methodology  developed by the IMO  is

published in Chapter4. An  overview  of  each  chapter  in these

guidelines is giyen below.

2.1 "Chapter
 1 Oyerview"

2.1.1 Safetyandrisk

 The  word  
"risk"

 has varieus  meanings  depending on

viewpoint,  as  well  as  the field, and  scope  of  its application,  As

these guidelines are  intended primari]y for the iiiamagement  ef

safety-related  risks,  in these guidelines risk  is defined as  the

''combination
 of  the possibility of  loss of  life, physical irijury,

accident  or  disaster, and  the extent  of  the loss or  damage"'.

Further, safety  is defined  in accordance  with  the international

standaTd  given in ISOIIEC Guide 51 (1999) as  the "absence

 of

unacceptablerisk''.

"
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2.12  Riskmanagementandriskassessment

 Much  as  with  the term  risk  itselg the meaning  of  risk

managemellt  difi'ers depending en  the field, scope  and  intent of

its usc,  These GuideLines makc  use  ol' the definition of  risk

managcment  uscd  in system  and  machinery  safety  management.

That  is, in these GuideLines risk  management  refers  to the

congnual  process of  cstimating  current  risk  (in an  organization,

system,  or  individual activity),  developing and  implementing

effective  mcasures  to reduce  that risk  to allowable  levels,

confirrning  the effects  of  those measures,  and  if necessary

developing and  implementing new  rislc reduction  measures.

Thls can  be easily  adapted  to fit the PPttA  cycle  (sce Fig. 2).

 If we  consider  risk assessment  from  the perspective of  risk

management,  it can  scen  as  a  tool for estimating  the magnitude

of  the  risk,  and  then  formulating  measures  to reduce  risk  to

acceptable  levels.

Figure 2 Conceptua] sketch  ofPDCA  cycle

2.1.3 Need  for risk  management  and  risk

        assessment

 At present, whcn  an  accident  occurs,  the resulting  damage  and

aftereffects  may  be extremely  large. Seme  common  scenaries

include stock  market  system  crashes,  or  train delays; or  in thc

maritimc  field, oil spills.

 Such  accidents  that have a  wide-ranging  influcnce on  health,

property, or  the environment  can  bc judged to be unacceptabie
by society  at largc. In such  cases,  it is necessary  to adopt

pre-active measures  to prevent such  accidents,  rathcr  than
"re-aetive"

 measures  that arc  adopted  after  an  accident  occurs

in order  to prcvent  a  future recuj:rence.  Risk inanagement  and

risk assessment  are  the necessary  tools for implcnienting such

pro-active measures.  (see Fig. 3)

70
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Figure 3 Re-active and  Pro-actiye Measures

22  
"Chapter

 2 Basic concepts"

2.2.1 Whatisrisk?

 In these Guidelines, as  risk  is defined as  the 
"cembination

 of

the possibility of  loss of  life, physical iajury, accident  er

disaster, and  the extent of  the loss or  damage". In ordcr  to

express  this risk quantitatively, we  adopt  the following

definition cemmon  to the engineering  field: Magnitude ofrisk
=
 Level  of  damage  x  frequency ofoccurrence.

2.2.2 Approachbasedonrisk

 Recently, it has become  widely  accepted  t]iat it is better to

understand  the inherent risk  in a  systcm  and  make  effbrts  to

maintain  that risk  below a certain  level, than  it is to prevcnt

damage  that occurred  because  of  a  partieular tec]mical

condition.  This concept  is called  a  risk-based  approach,  or  more

simply  risk  management.

2.2.3 Deterrninationofrisk

 Tb assess  the risk  in a system,  the risk  level has to be

expressed  using  some  methQd.  That is, the loss has to be

estirnatedquantitatively.

 For  this reason,  wehave  to detect the hazards or  factors in the

current  systcrn  that could  potentially cause  harm, and  fumher,

develop accident  scenarie$  for thc series  of  events  that occur  as

result  of  these hazards, estimate  risk  by calculating  the

frcquency of  occurrence  and  the magnitude  of  less or  damage,

and  assess  thc results.

2.2.4 Istheriskacceptable?

 Onee  the risk is quantitatiyely establishcd,  the next  step  is to

judge whcther  the risk is acceptable,  In order  to reduce  rlsk, it

is necessary  to eitber  stop  using  the system,  or  invest resources

such  as  money,  time, or  labor in the  system.  If the benefits

obtained  from using  the syste]n  and  the magnitude  of  the risk

are  compared,  and  the usc  of  the system  is determined to be

unavQidable  oT necessary,  thcrn the risk may  be judged as
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acceptable.  Based  en  this conccpt,  thc level of  the risk  to be

aimed  for is catled  the safety  targct,

2.3 "Chapter3
 Explanations on  risk

    assessment"

2.3.1 Whatisriskassessment?

 Risk assessment  is a  series  o'f procedures consisting  of  risk

analysis,  assessmcnt  of  risk  magnitude,  and  risk  reduction

measurcs.  In othcr  words,  risk  assessment  involves detecting

the hazards in a system,  dcterrnining the frequency  of

occurrence  and  magnitude  of  Eoss or  damagc, estimating  the

risk,  assessing  the  results  of  the estimation,  and  then proposing

and  implementing  measures  based on  the assessed  resutts.  Risk

assessment  can  be an  important tool for the practice of  rational

risk  management  as  part of  organizatien's  decision making

process,2.3.2

 Riskassessmentprocess

 Risk assessment  ean  be thought of  as  a  five-step process:
''hazard

 identification", 
''risk

 analysis",  
"estimation

 of  risk",
''assessment

 of  risk magnitude'",  
''risk

 rectuction raeasures" and

"cost

 benefit assessment'".  
'TCost

 benefit assessment"  may  or

may  net  be implernented,  based on  economic  necessity.

2.4 "Chapter
 4 Formal  Safety Assessment

    (FSA),,
2.4.1 OyerviewofFSA

 Fomnal Safety Assessment  (FSA) i)
 is a tisk assessment

methodology  used  in the rule-making  process of  the IMO,  a

special  organization  of  the United Nations. The FSA  procedure

(see Fig.4)  consists  of  five steps,  namely:  
"hazard

idcntification", 
''risk

 ana]ysis'',  
"study

 of  Risk Control Options

(RCO)", 
"cost

 bellefit assessment  of  RCO",  and

"recommendations
 for decision-making''. 1[he inclusion of  cost

benefit assessment  and  recommendations  for decision-making

are  characteristics  particular to FSA.

                    Decision  maker

FSA  method

           FigLrre 4 FSA  implementation  steps
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2.4.2 Objectives and  characteristics  ofFSA

 The most  important objective  ofFSA  is te allow  the TMO  to

dcvelop tulcs  in a forward thinking and  systernatic  mar]ner.  In

other  words,  the objective  of  FSA  is not  to develop rules  in

response  to accidents,  but rather  to develop rational  procedures

bascd upen  risk  assessrnent.  In addition  to the inclusion of  cost

benefit analysis,  one  of  the protocols in each  step  ofFSA  is thut

the asscssment  procedure  is clearly  laid out.  Thus by following

the FSA  procedures, it is possible to develop more  rational  and

transparent safety  proccdures than were  prcviously  possible.

2.4.3 Definitionoftheproblem

 in order  to define a  prob]em, all of  the factors rclated  to the

problem must  be considered.  The IMO"s FSA  Guidelines

include the fo11owing ship-related  factors

(1)

(2)

(3)

(4)(5)

2A.4

 ForweilresultingHazardconducted

 based on

HazardsshownexcLuded

 from  the following  steps,

2.4.5

 The  causes  and  cffects

Stepcbnstructed

affecting  the risk ]

also  determined in this step.

Ship  category  (for example/  ship  type,  length capacity

(gross tonnage), newbuilding  or  ship  in service,  cargo
                  .
typc)Ship

 operations  (for instance, maneuvering  in port,

maneuvering  during voyage)

Externa] influences on  the ship  (for instance, sh ip traffic

system,  weather  prediction, warning,  routc  selection)

Accident category  <for instance, collision,  explosion,  fire)

Risk related  to inj uries  er  fatalities among  the passengers

oT  crew  mcmbers,  environmental  etik)cts, damage to the

ship  er  port equipment  and  facilities, and  the impact of

sucheventsbusiness.

    FSA  Step 1 "Hazard
 Identification"

the problem being considered,  the series  of  hazards, as

as  th¢  risk  level for each  hazard, based on  the scenario

    in damage  for each  hazard, are  to be identified.

  identification is a  staridard  method,  and  screening  is

            avai]able  data and  the judgment of  experts.

   are  then ranked  using  the severity  and  frcquency data

  in Tablcs 1 and  2, a-d  hazards  with  low  rankings  are

    FSA  Step 2 
"Risk

 Analysis"

               ofthe  impertant scenarios  identified in

1 are  studied  in detail. More  specificallM  a  Tisk  model  is

      and  explored  in greater detail, and  th¢  factors

          evel  are  made  clear,  The  level of  each  risk  is
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Table 1 Example  of  scverity  index (ST) for ships

1Minorcffect

t ttt tt tttttt
'x . ttttt.tt

Singlecasualtyor
multiplepcrsons

withslihtin'uriesLoca]damageO.Ol

2LargeeffectMultiplecasualtiesorseverely

woundedersonsNon-severe
damage

O.1

3SevereeffectSingletlatalityormanyseverely

woundedersonsSeyeredarnage

l

4CatastrophiceffectMultiplefatalitiesTotalless 10

Table 2 Example offrequency  index (FI) for ships
'(111ill./.1,.1111',/1/-/-,//,i11111/111S''･･I.i,11111[･il.,1111111i,,,,,/･il.1･llll-,1,/･1//.'l.111･'111111-1il.11･1ill･,,//lillilli"iiiiiillll-1111/11'11111111'11illl･111･iillllllii

1./.,/.l-/lil//･1111il,llltl,.il/.//1/,,1･/.l/111,i･/////i.l/1/i.///.1111･/i,11/i･l,..t

tt
ttt....t./,.1....,...1./..1,11./...../...t.../t.1./..1

t/tltltltttttttttttttt/tttttttttttttttttttttttttl/
//1111..l..//...,.....t.1.1../t.t../...../.t......1'.'.//'t.//1/'.

7FrequelltCouldoccuronceamonth'pcrship 10

5SometimesCouldoccuronceayearin
aconvoyof10ships.

Severaltimesinthc
lifetimeofoneship

O.1

3RarelyOnceaycarinaconvoyof
1OOOships,Mayormay

notoccurinthclifetimeof

severalsimilarships

O.OOI

]Extremelyrare

Ifacenvoyof5000ships
existsinthewholewor]d,a

one-timeoccurrcnceinthe

lifetimeofalrtheseshipsO.OOOOI

2.4.6 FSAStep3"RiskCentrolOptions"

 Once the high risk  areas  to be analyzed  are  identified,

measures  to control  risk  are  studied.  Measures to control  single

elements  of  risk  are  called  Risk Control Measures (RCM);
while  sets  efRCM  are  called  Risk Control Options (RCO). The
objcetive  of Stcp 3 is to propose  cru]ctive  and  praetical RCO

forproblems in the identified high risk area.

2.4.7 FSAStep4"CostBenefitAssessment"

 For implementing RCO  defined and  identified in Step 3, cost

benefits are  assessed  and  compared.  Under FSA,  the cost

benefit of  each  RCO  is assessed  using  two  indices: Gross Cost

of  Averting  a  Fatality (GCAF), that is, tota1 cost  required  for

averting  ]oss of  life, ancl the Net Cest of  Averting a  Fatality

CNCAF), that is, the  cest  required  for averting  loss oflife  minus

the benefits gained from implementing the RCO.

These indices may  be expressed  as  below.

 GCAF-ACfAR  (1)

 NCAF-(AC.AB)fAR  (2)
72

Herc,

   AC  is the cost  required  for implementing RCO  per  ship

   AB  is the economic  effect  per ship  obtained  from thc

  result  ofimplcmenting  RCO

   AR  is thc risk  reduction  per ship  obtained  from the result

   ofimplcmentingRCO

 In order  to determine whether  cost  benefit based on  GCAF  is

positive or  negative,  MSC  72f16 established  a  GACF  of  less

than 3 bill{on dollars as a  standard  criterion.

 Other indices bascd on  the damage  and  effects  to property or

environmenta1  issues may  also  be uscd.

2.4.8 FSAStep5"Recommendationsfor

       Decision  Making"

 The  objcctive  of  Step 5 is to provide decision makers  with

recornmendatiens  via  a  transparent a"d  auditable  proeess.

Reconirnendations to bc based on  RCOs,  and  are  only  to bc

made  after  alt hazards  and  their underlying  causes,  as  well  as

the accompar]ying  cost  bcncfit and  risk  control  options,  have

bcen eornpared  and  ranked,  and  the RCO  has becn judged to
reduce  risk to rational  and  practical levels.

3. 0yerviewof"StudyonRiskAssessment

     ofLNGCarriers"

 As can  bee seen  in Fig, 5, LNG  carriers  (LNGC) have bettcr
safety  records  than  other  kinds  ofships.  

4)

Figure  5 Accident  frequency over  time4)

 Howeyer, the operational  environment  of  the LNGC  fleet is

rapidly  changing.  Sorne of  the factors contributing  to this

change  include:

.

...

Expansion  ofthe  LNG  market  and  an  increase in the

number  of  LNG  carriers.  There  are  curr ¢ ntly  about  200

LNG  carriers  in operation  and  roughly  140 more  ships  on

order.Entry

 ofnew  ship  operators  inte the LNG  field.

Increased ship  size.

Increase use  of  spot  chartering.
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 Thesc  changcs  raisc  not  enty  economic  and  environmental

issues, but manning  issues as  well.  For example,  there is a

shortage  in the number  of  ship  personnel who  can  handle  the

turbines cornmonly  used  in LNG  carriers.  It is therefore

imperative that the risk  levels of  LNG  carriers  be estimated  to

reflcct  thesc changes,  so  that proactive safety  measures  cani  bc

forrnulatcd, studied  and  evaluated.

 ClassNK  is currently  actively  pursing this task in an  extcnsive

ongoing  research  project on  the risk asscssment  of  LNG

caTmcrs.

3.1 Objectives

 The main  objectives  of  the risk  assessmcnt  oC  the hull

stmcturcs  of  LNG  canicrs  is to estimate  the anticipated

changes  to the safety  level of  LNG  carricrs  after  1O years (see

Fig. 6), and  to investigatc proactivc measures  te maintain  the

highest safety  level for LNG  carriers,  with  a  specific  fbcus on

LNGC  hull structures  (see Fig. 7). The risk  assessment  is being

conducted  in accordance  with  thc FSA  mcthodology  developed

by the IMO  and  shown  in Fig.8. This  methodology  is

composed  of  live c[carly defincd steps:

  Step 1, Hazard Identification (HAZID)

  Step 2. R{sk Analysis

  Step 3. Risk Contro] Options

  Step 4. Cost Benefit Assessment

  Step S. Recommendations for Deeision Making

'

 
'

 

                / 1 
ritE;L.r'g'l･ [i-g,1;r/:n rLyic ---gi I ' ---- 11
                IN

jftangz c:,ntn/:rrers 1/ 

L
 

1ts[/[tyr/slt

                   Total LNGC  risk in

                    ten years later

 Figure6 Conceptual

                  risk ten years ]ater
risk  model  fbr evaluation  of  LNGC
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Safety Level
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Figure 8FSA  risk asscssmcnt  flow chart  D

32  Step 1 "Hazard
 ldentification"

 The LNG  operational  envirenment  ten  years from now  is

being forccast based on  anticipated  market  changcs,  as  well  as

historical casualty  data, etc.  A  hazard identification exercise

was  conductcd  by means  of  a  HAZID  meeting  attended  by a

rnultidiscip]inary  group  ef  experts.  In this  step,  the scope  was

extended  to cover  not  only  LNGC  hulE structures,  but  also  other

factors such  us  machinery.  Accordingty,  identified hazurds wcrc

prioritized in terms  of  risk  through  the use  ofa  Risk Indcx (RT),

and  were  associated  with  hazards and  possible  accident

scenanos,
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 Seven  major  hazards likcly to  increasc the risk  levels of  LNG

carriers  in the future werc  identified as shown  in IleLble 3. It

should  be noted  that the }IAZID  meeting  was  conducted  with a

view  towards  identifying future hazards, bascd on  the

anticipated  changes  te the operational  environment  of  the

LNGC  fieet.

3.3 Step 2 
"RiskAilaLysis"

 A  quantitative risk  analysis  was  carricd  out  in accordance  with

prioritized accident  sccnatios  in ordcr  to estimate  the changes

to LNG  carrier  risk  lcvels over  the next  ten years. Accordingly,

a statistical  estimation  of  the changes  in risk  level is bcing

investigated in coajunction  with  the identification of  probable

new  risks  that arise  due to thc changes.  The evaluation  ol' risk

assessment  L'or LNG  carriers  was  estimatcd  by comparing  the

''Curnulative
 Occurrence  Frcqueney'' and  the 

''NLunber

 ol'

fatalities"'(F-N),

 Figs.9 and  10 show  the F-N  curves  which  are  based  on  the

outcomes  of  Step 2. The former shows  the F-N  curvcs  of each

accident  scenario  and  the  latter shows  F-N  curves  for the

estimated risk  levcl 10years  latcr, as  well  as  thc prcsent risk

level given  in Referencc  (4). In these figures, the upper  and

tower  limits of  the ALARP  (As Low  as  Reasonably

Practicable) Rcgion  are  indicated with  reference  to those in

Reference(4).

3.4 Step 3 
"Risk

 Control Options"

 This  stcp  includes the Risk  Control Option$ (RCO), which

correspond  to  the particular high risks  that could  affbet  the hull

strueture,  in erder  to dcterminate the countermeasures  that

should  be taken into censideration  to avoid  this from happening.

Also, by using  the  Risk Control Mcasures (RCM), it is possible
to control  the risk as  a  simple  factor. Effbctivc mcasurcs  are

implcmcnted in order  to control  risks,  or  to prevent increases in

risk  level or  the development ofnew  risks  in the future.

fable 3 Major identified hazurds Ln the future

Hazard DetailcdDescriptionlAccidcntSccnario

a,NavigationinicecovcTedseas LJeopardizedbyieecoatingintermsof$tability
2,Jcopardizedbyicecoatingintermsefdroppcdice
3,Propellerdamageduetofloatingice
4.Collisionduetocontinuousnavigatiomunderthe'Mldnightsun

5.Collisiondu ¢ tonavigationatsunriseafterthemidnightsun

6.Damagetowindowsinwheelhouse
7.Ballastwaterfrcczing

8,Failureofstartingemergencyelectricgcnerator

9,lcet'orcesonhullstructure

b.Agcdships ]･Agedeterioratienoftheboilerandhighgtcamprc,gsurelincs
2.SCCofSUSp]umbing

3,Corrosjono['outershelljnwayofba[Lag,ttanks
4.Corresionofinncrshellinwayofbaltasttanks

c,New-typeengine LLNGtankproblemscausedbydieselenginevibration
2.Gasand/oroilleakageinengineroomsduetemainenginevibration
3.Failurcefallmainengincs

d.Nuvigationinroughseas LSloshinginrougbseas

2.Failureduetoaccumulatedfatiguedumagefrornnavigationinroughseas

c.Sloshing LSloshinginmcrnbrallctanks

2.Sloshingduringre-gasillcation
3.Sloshingduringloadingfunloading

tlNavigationinunfamiliarseas LHumanErrorsduetounfamiliarityinun-experiencedseas

g･Larger-sizeLNG LHumanerrorsrelatedtohighervoitagesystems
2.Shortcircuitduetohighervoltage
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Table 4 Mopor etTectivc  RCOs  in the future

RCO
C,CAF NCAF

CmilhonUS$)
HazardCatcgory

Sunglassesonthebridgc O.O04 Ncgative

ScarcbLightsforIcebergs 02 Ncgativc

ProvidingMentalSupport/Caretocrewagainststrossesdueto

Pelarnight
04 Negative

Freezing-prcventionmeasurcsondeck o,s Negative

Warningsystembymeansofautomaticanalysisofimagcs

obtaincdrromnightvision
O.8 NegatrvcIcecoveredseas,
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3.5 Step 4 
"Cost

 Benefit Assessment"

 In the 4th step,  the cost  benefit assessments  were  condueted

for each  identdied  RCO.  Accordmg  to the  IMO  FSA  Gu{dehnes,

the Gross Cost of  As,erting and  Fatality (GCAF) wcre  used  as  a

cost-effectiveness  index. The major  cost  effbctive  RCOs  are

shewn  in Table 4,
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3.6 Step 5 
"Recommendations

 for Decision

   Making"

 As  described in 3 3, the estimated  risk level 1O years later is in

the ALARI}  region.  In addition,  cost-effective  RCOs  are

identified in Step4, Accordingly, tt can  be concluded  that the

risk  lcvct or  LNG  carriers  10years later couid  be ALARP

provided  that cost  ctTectwe  RCOs,  such  as  those identified in

this study,  are  implemented  properly  in accordance  with  futurc

changes  to the  LNG  carrier  operationa]  cnvironmemt.
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