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16,Abstract(Continued)

A tentativecharacterizationoflargenon-Gaussianwavesis
provided.Recentdevelopmentsinnonlinearwavemechanicsare
reviewedtohelpexplaintheoriginandpropagationofthese
waves.Currentstudiesofthesynopticdevelopmentofwinter
stormsarealsoexaminedtoidentifywindfieldcharacteristics
whichappeartoberelatedtothedevelopmentof*“rogue”waves.

A programofresearchisrecommendedtodeveloptheen-
vironmentaldatabaseandanalyticalmethodsassociatedwith
achievinga betterunderstandingofthecharacteristicsof
extremewaves,theassociatedsynopticweatherconditions,and
theeffectsofextremewavesonships.
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1.0INTRODUCTION

Shipstructureisdesignedtowithstandlocalandoverallhullgirderloadings
whicharebasedtoa considerabledegreeonrequirementsofclassificationsocieties,
designmanuals,etc.Theserequirementstypicallyaredevelopedfrompasrexperience
withsimilarshipsanddonotoriginatefroma “firstprinciples”derivationofsea-
wayloadings.Asa result,assurancesofshipstructuralintegrityinseawaysof
extremeproportionstendtobeimplicitratherthanexplicit.Occasionallyship
heavy-weatherdamagestestifytothefactthata rationalunderstandingofthe
natureofthemoreextremewavesencounteredinstormsandoftheirpotentialeffect
onshipstructurewouldbedesirable.Itistothisultimateendthatthepresent
studyisdirected.

Thespecifiedobjectivesandtasksofthestudyareasfollows:*

“A.Objective

Theobjectiveofthisprojectistodeterminethepossibilityofa shipen-
counteringsomekindsofextremewavesandtounderstandthesignificanceofthis
inshipstructuraldesign.”

“B.Background

Numerousshipshavebeenseverelydamagedorlostthroughstructuralfailure
causedbyencounterwithanepisodicwaveofextremeheightandforce.Thereis
needofbetterunderstandingofthebehaviorofship’shullstructuresundersuch
conditions.Researchisunderwayontheultimatestrengthofshipsstructural
elementsundercollapseloads.However,thereisnownounderstandingofhowthese
extremewavesloadtheship’sstructure.Itisimportanttoknowwhetherthe
criticalproblemisoneofhullgirderfailure,extremebowslamming,“greeqwater11
ondeck,superstructuredamage,orsomeotherphenomenon.”

“c.WorkScope

Thefollowingtasks-areLObeconsideredinmeetingtheobjective:

(a)Surveypublisheddataworldwideabouttheseoccurrences.

(b)Consultclassificationsocieties,marineinsurersandsalvers,owners,
governmentagenciesandanyothersourcesofunpublisheddataontheselosses,such
asLloyd’sofLondonShippingInformationService.Determineneedforandschedule
personalvisitswithofficialsintheUnitedStatesandoverseas.

{c)Conductvis’itsandpreparetripreports.

(d)Classifythedatagatheredbygeographicallocation,incidentenviron–
mentalcondition,typevessel,typedamage,lossoflife,financial10SSYand
environmentaldamage.

*Fromcontractworkstatement.



(e)Identifythemostcommonandthemostsevereformsofstructuralfailure
whichhaveoccurredinthepastfromextremewaveloading.

(f)Analyzeanddiscussthedatatodeterminethemostsignificantcircum-
stancessurroundingthesecases.

(g)Reco~endaprogramoffutureresearch.”

Asinthecaseofotherresearchinvestigationsthataresomewhatexploratory
innature,knowledgegainedduringthecourseofthestudyhassuggestedthat
certainaspectsbegivenmoreemphasis,andothersless,astheinvestigationpro-
gressed.Inthisinstancethestudyofpublishedworldwide@atawasconfinedmainly
toa surveyofU.S.CoastGuardReportsofVesselCasualtyorAccident(FormCG-2692)
becausetheyconstituteda usefulandrepresentativedatabaseandbecauseitsoon
becameapparentthatthestudyofselecteddamageincidentsforwhichrelatively
detailedinformationwasavailablewasmorelikelytopermitattainmentofthebasic
studyobjective.

Interviewsofship’sofficerswithconsiderableat-seaexperience,whichwasa
specubtiveundertakingattheoutset,ultimatelyhadamajoreffectontheresults
ofthestudy.Thiswasalsotrueofthedecisiontocorrelatedamageincidentswith
synopticweatherinformation.Asaresultofthisparticulardecision,theanalysis
ofdata“gatheredbygeographicallocation”wasreemphasizedsincesynopticweather
studieswerefoundtoprovideabetterunderstandingoftheinfluenceofgeographic
locationthandamagetrendsperse.

Thefindingsofthestudyareofa circumstantialnaturetoa considerable
degree,therebeingverylittlemeasuredseaway,wind,andshipresponseinformation
forthesynopticstormconditionssuggestedheretobeofcriticalimportance.The
researchprojectsthatarerecommendedareneverthelessbelievedtobeofa sub–
stantialnatureandjustifiedbythefindingsofthestudy,eventhoughthese
findingsarelargelycircumstantialatthistime.

2.0BACKGROUNDANDAPPROACH

Theapproachtakentotheconductofthisstudyhasbeen
developmentofthehalf–cyclematrix(HACYM)methodofrandom
applicationtowavedataobtainedduringHurricaneCamille.1*

stronglyinfluencedby
dataanalysisandits
Becauseoftheir

relevance,thesedevelopmentsandsome;ftheassociatedfindingsregarding
HurricaneCamillewavedataarefirstreviewed.

2.1Half–CycleAnalysisofWaveData

Asa resultofdevelopmentsrelatedoriginallytotheanalysisofbroadband
fatigueloaddata,thehalf-cyclemethodofanalyzingrandomtime-seriesdatahas
evolved.2Theprocedureandsomeofitsbasiccharacteristicsareasfollows:

Figure1illustratesthebasicprocedureforhalf–cyclecountingoftime-series
dataandforenteringindividualcountsintotheassociateddatamatrix,orHAYCM.

*Referencesarelistedbeginningonpage62.
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Thesignalisfirsnbandedintouniformdataintervalsoneithersideofthe
referencedatalevel.Eachdataintervalhasbeengivenadataintervaldesignator
(-tJthrough-J)foridentification.Wheneveradatapeak(maximumorminimum)
occurs,itisidentifiedwithaparticulardataintervaldesignator.InFigure1,
thehalf-cycle@ hasa firstpeakof-Banda secondpeakof+E;asa result,it
isenteredintotheHACYMdatabincorrespondingtoa firstpeak–Bandsecondpeak
+-E, (Note:inFigure1thehalf–cycleidentifiers@ through@ havebeenentered
toillustratetheprocedure.Normallythedatabinwouldcontainanumberwhich
correspondstothenumberoftimesthedatasampleinquestionhadhalf-cycleexcur-
sionscorrespondingtothatparticulardatabin.)Thisprocedureisrepeatedfor
otherhalf-cycleexcursionssuchas @ through@ untilallofthedatahavebeen
processed.

Thesignalemployedhereillustratescertainbasicfeaturesofthedispersion
patternofhalf-cyclecountswithintheHACYM.First,matchinghalf-cycleswill
fallintodatabinssymmetricallydisposedoneithersideofthefulldiagonal,
i.e.,aboutthediagonalformedbythedarkenedsquares.Thus,iftheHAC%Mwere
foldedalongthenulldiagonal,thedatabinscontainingmatching.half-cycleswould

~~l~~~;&a&&h~r.Second,
Thehalf–cycles@ and@ wouldthenfallononeanother

ahalf-cyclecountlocatedonthereferencelevel
diagonal,designatedherebythestraightlinerunningfromtheupperlefttothe
lowerrightcorneroftheHACYM, ocorrespondstoahalf-cycleexcursionsuchas 5 ,
whichissymmetricalaboutthereferencedatalevel.Qm,’ndo Third,theup-goinghalf-
cycles 5 allapearontherighthandsideofthenulldiagonal,
whilethedown-goinghalf-cycles&@* and@ allappeartotheleftofthe
nulldiagonal.

Figure2hasbeenpreparedtoillustratethesignificanceofthelocationofa
half-cyclecountwithintheHACYM.Inthisfigure,thehalf-cycleexcursionpre-
viouslydesignated@ hasbeencharacterizedintermsofitsmeanvalueandits
amplitudewhich,inthiscase,are11/2and3dataintervals,.respectively.It
willbeseenintheHACYMofFigure2 thatthelocationofahalf-cyclecountwith
respecttothenulldiagonalisadirectmeasureoftheamplitudeofthehalf-cycle
excursion,whilethelocationwithrespecttothereferenceleveldiagonalisa
directmeasureofitsmeanvalue.Half-cyclecountshavingpositivemeansfallto
therightofthereferenceleveldiagonalandviceversa.

If,followingtheprocessingofa largeamountofrandomdata,a three-
dimensionalfigureweretobeconstructedsuchthattheordinateateachdatabin
correspondedtothenumberofhalf–cyclecountsinthedatabin,andifthefigure
werenormalizedtocontainunitvolume,theindividualordinateswouldthen
correspondtothejointprobabilityofaparticularmeanvalueoccurringincombina-
tionwithaparticularamplitude.Allwavedataprocessedtodatehaveshowna
tendencytowardsymmetryaboutthenulldiagonaloftheHACYM.

UsingananalyticalapproachdevelopedbyYang,3Andrews4recentlyanalyzedan
idealizednarrow–bandGaussianprocessinHACYMformat.Oneoftheband-limited
whitenoisespectraemployedintheanalysisisshowninFigure3 togetherwiththe
resultingdistributionsof half-cyclecountsforaparticularnumberofhalf–cycle
events,Figure4.
(a)symmetryabouz
peakcountsp(x)=

Theprincipalcharacteristicsofthe‘dispersionpatternare:
thediagonalsoftheHACYMand(b)a Rayleighdistributionof
X/C2exp(-X2/2C2)whereC2= 1/2XX2ifortheassociated

3
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histogramsofpeakcountsandamplitudeoccurrences.*Thecharacteristicofsymmetry
derivesfromtheGaussiannatureoftheprocesssincedataeventshavingthesame
absolutevaluesofmeanandamplitudecanbeexpectedtohaveanequalprobability
ofoccurrence.TheRayleighdistributionofpeakcountsfollowsfromYang’smath–
ematicalformulationoftheproblemandsinceitisanarrow-bandprocess,the
histogramsofpeakcountsandamplitudeoccurrencesbothhaveaRayleighdistribu-
tion.Fora stochasticprocesswhichisnot“narrow-band,”thepatternofhalf–cycle
countswillspreadinthedirectionofthenulldiagon$andbecomemorenearly
circular.AsfoundbyCartwrightandLonguet-Higgins,thehistogramsofpeak
countswillapproachanormaldistributionasthewidthoftheenergyspectrumfora
Gaussianprocessbecomesincreasinglylarge,i.e.,astheprocessbecomesmore
broadband.Thus,ingeneral,onemayexpectthatifwaveheightasa stochastic
variableisGaussianinnaturethedistributionofhalf-cyclecountsinHACYM
formatwillbesymmetricalaboutthediagonalsofthedatamatrixwhetherthe
processissubstantiallynarrow-bandornot.Totheextentthattheprocessis
notnarrow-bandtheHACYMdispersionpatternwillnecessarilyincreaseinwidth.

Thesegeneralizationsapplytorandomseawaysbothinnatureandtorecreations
ofthemintowingtanks.Figure5presentstheresultsofahalf-cycleanalysisof
114waveheighteventsassociatedwithmechanicallygeneratedtankwaveswhose
variancespectrumisrepresentedbythatofFigure6. Itwillbeseenthatcompared
toFigure4,whichcontains108waveevents,theprocessofFigure5 ismorebroad–
band(ascanalsobeseenbycomparingthespectraofFigures3and6).Thedis-
persionpatternofhalf–cyclecountsissomewhatasymmetricbecausethelargerwaves
inthetankareelevatedslightly,i.e.,theyhavetrough-to-crestandcrest-to–
troughexcursionswhichhavesmallpositivemeans.Theamplitudeandpeakcount
histogramshavedistributionshapeswhichareroughlyRayleighincharacter.Bearing
inmindtherelativelysmallsamplesize,thetankwaveheightsareconsideredhere
tobeaworkingapproximationofa Gaussianprocesswhichisonlyapproximately
narrow-band.

2.2Non-Gaussianevents**inHurricaneCamilleWaveData

HACYManalsesoftime-serieswaveheightdatafromHurricaneCamillehave
beenperformed.r Additionally,forthesamehalf–hourdataintervals,thevariance
spectrahavebeendetermined.Beforediscussingtheseastheyrelatetothedistinc-
tivetypesofwavesidentifiedbyHACYManalysis,itisimportantthatthestormbe
characterizedasitdevelopedatthedeepwaterplatform(in340ftofwater)where
datawereobtainedduringtheapproachingstorm.Sincemechanicalfailureofthe
secondoftwoBaylortypewavestaffsoccurredat1617hours(whichwaspriortothe
arrivaloftheeyeofthe“hurricane)wavedatawereobtainedonlyduringtheapproach
ofthestorm.(Thefirstwavestaffwasrenderedinoperablefollowingpassageofan
episodicwaveat1155hours.)Thewindduringthedatagatheringperiodwasalmost
constantlyfromaneast,northeastdirectionwhichreflectsthefactthatthecenter
ofthestormpassedonlyslightlytothewes~oftheplatformasitmovedina south
tonorthdirection.G

*AsexplainedinAppendixA ofReference2,thesummationsofhalf-cyclecounts
inrowsanddiagonalsoftheHACYMprovidethewaveheightstatisticsanalyzedby
CartwrightandLonguet-Higgins5ascrestheightsandcrest-to-troughheights~
respectively.

A*Eventswhichwouldnot~ve occurredifthewaveheighttime-serieswereGaussian.
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Themodalperiod*ofthevariancespectraassociatedwiththewaveswasnearly
constantatabout13to14secondsfrom1000to1600hours.2Thispermitsthe
followingbroadcharacterizationoftheseaway.Earlyinthestormthelocalwind
velocitywaslessthanwouldaccountfortheobservedmodalperiod,evenifthe
seawerefullydeveloped;seeFigures7(a)and7(b).Thisisduetothefactthat
thelocalwavescontainedswellemanatingfromtheapproachingstorm.Laterthe
situationisreversedandthemodalperiodwaslessthanwouldbeestimatedfora
fullydevelopedseacorrespondingtotheobservedaveragewindspeed.Thusthe
waveswereinitiallyinfluencedbyswellfromtheapproachingstorm,whilelater
theywereinfluencedsubstantiallybylocallystrongandgustywinds.

Ahalf-cycleanalysisofCamillewavedatabeginningat1000hoursfindswave
eventswhichappeartobeGaussianinnature.** Near1200hours,twoepisodic***
wavesappearedintheseaway,thefirstofwhich(at1155hrs)hadaratioofwave
heighttosignificantwaveheightofabout2.4to1;seeFigure8(a).Theevent,
showninFigure9(a),wascomposedofa groupofthreelargewaves,thecenterone
ofwhichwasclearlythehighest.Thewaveat1222hourswasepisodicprimarily
becauseitwaselevatedwithrespecttomeanwaterlevel,thetrough–to-crestheight
itselfbeingbynomeansepisodic;seeFigures8(b)and9(b).AsnotedinFigure7(b),
thesewavesoccurredata timewhentheaveragewindvelocitycorrespondedtothat
fora fullydevelopedseaoftheobservedmodalperiod.****Thustheepisodicwaves
occurredata timewhen’theseawaywas,intermsofitsmodalperiod,“fully
developed.”

Beginningat1430hours,the’half-cycleanalysesofFigure10findthatEhe
seawayassumedadistinctlynon-Gaussiancharacterduetothecontinuingoccurrence
oflarge,elevatedwaves.Figure7(b)showsthattheaveragewindvelocityhad
increasedrapidlytoapproximately50knotsbythistime.Thefigurealsoshowsan
evidentcorrelationbetweensignificantwaveheightandaveragewindspeedwhere
eachistheaverageforaone-halfhourinterval.(Thiscorrelationwouldhavebeen
obscurediftheintervalofincreasedwindspeed,particularlybetween1300and1330
hours,hadnotcorrespondedcloselytothechosendataanalysisinterval.)The
time-seriesforthreeofthelargerelevatedwavesareshowninFigure11fromwhich
itcanbeseenthatthesewavestendtostandaloneinthetime-seriesandtohave
wavesofverysmallproportionsrunningbeforethem.Inadditiontheperiodofthe
approachingele”vatedwaveissubstantiallylessthanmodalperiod.Thewaveof
Figure11(c)forexamplehadanobservedperiodofapproximately(9/14)x 100= 65%
ofmodalperiod.Ifonemayassumethatwavelengthisproportionaltowaveperiod
squared,thenthewavelengthofthishighestwaveinthehalf-hourdataanalysis
intervalislessthanone-halfofthatofwavescorrespondingtomodalperiod(which

*Periodcorrespondingtothepeakofthespectrum.

**ThewaveeventsappearGaussianinthesenseofhaving
distributioninHACYMformat.

***Thatis,dataeventswhichstandapartfromallothers
dataanalysisinterval.

****InFigureT(b)noallowancehasbeenmadefOrpossible
waves,norhasa correctionbeenmadeforrelatingthe
a standardheight.
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areclearlythewavesofdominant,time-averageenergy).Theelevatedwavesof
Figuresn(a)and(b)similarlyhaveperiodswhicharesubstantiallylessthan
modalperiod.

Wavesteepnessisnotgivendirectlybythetime-seriesdataofFigure11,but
anapproximationcanbeobtainedbyassumingthatthelengthsofthewavesin
Figuren(b)and(c)areapproximatelyequalto5.12T2(ft).Theaveragetime
intervalbetweenthecrestsoftheprecedingandlargestwavesisapproximately
9.5secwhiletheaverageheightoftheselargewavesis66ft,whichresultsinan
estimatedheight–to–lengthratioofH/LZ 66/(5.12x 9.52)= 1/7.Fromthis
estimate,itisconcludedthatthewavesofFigure11arebothsteepandelevated,
andthatthecrestofthelargestwaveiscloseto,ifnotactually,breaking.
BecauseoftheasymmetryoftheselargewavesasseeninHACYMformattheyare
believedtoalsobeproperlycharacterizedas“non-Gaussian”forreasonsdiscussed
above.

WhetherornottheepisodicwavesofFigure8 canbeconsiderednon-Gaussian
cannotbeeasilydetermined.Iftheassociatedwave-heighttime-serieswereindeed
Gaussian,particularlywithrespecttoitsextremevalues,thentheoccurrenceof
anoutlyingwaveeventispossiblealthoughimprobable.Regardingtheimprobability,
Longuet-Higgins8observedthat“Thegeneralconclusionthenappearsthatchangesin
thestrengthofthewindorothergeneratingforcesaremoreimportantinproducing
variabilityinthewaveamplitudethanisthestatisticalvariationofthewavesat
anyonetime.”Froma samplingpointofview,however,theepisodicwaveevent
remainsapossiblealthoughimprobableevent.(Fromawaveresearchpointofview,
thestudyofepisodicwaveeventslogicallyrequiresapriorexaminationofthe
effectsofenergydissipationduetowavebreakingsincethismechanismislikely
toimposeanaturallimitonwaveheightunderordinarycircumstances.Withthe
resultsofsuch
approached.ona

Todateno

researchinhand,thesubjectofepisodicwaveeventscouldthenbe
moremeaningfulbasis.)

2.3ExtremeWavesinWinterStorms

wavedatafroma severewinterstormhavebeenanalyzedinHACYM
formatwhichareinany-waycomparabletothatfromHurricaneCamille.However,a
reviewofseveraldocumentedinvestigationsofheavyweatherdamageinvolvingU.S.
Navyshipshasestablishedthatwaveshavinga time–seriescharactersimilarto
thoseofFigure9(a)andFiguresn(a),(b),and(c)havebeenobservedduring
winterstormsandthattheyhaveresultedinseverestructuralloadings.’One
episodicwavemeasuredduringawinterstormofftheIrishcoastwasalsonotedin
reference(1)tohavea time-seriescharactersimilartothatofFigure9(a)
althoughtheoverallproportionsofthewaveweresmaller.Thesefindingssuggest
thatthenon-GaussianandepisodicwavesofCamillemayhavecounterpartsinsevere
winterstorms.

Theinvestigationo-fNOAAdatabuoycapsizingbyHamilton,grevealedahigh
degreeofcorrelationbetweenthecapsizingoflarge,discus-shapedbuoysmoored
offtheU.S.EastandWestCoastsandcertainsectorsofseverewinterstorms.His
findingssuggestedthepotentialvalueinthepresentstudyofcorrelatingcertain
shipdamageincidentswithprevailingsynopticweatherconditions.
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2.4 StudyApproach

Theforegoinginvestigationsinfluencedtheconduct
followingrespects:

ofthisstudyinthe

(a)ThewavesofFigures9and11,whichcouldhavecounterpartsinsevere
winterstorms,werebelievedtobesufficientlydistinctivethatshipsofficer’s
whohavestoodbridgewatchesduringwinterstormsmighthaverecollectionsof
encounteringthem.Interviewswithship’sofficersofconsiderableat-seaexperience
werethereforesoughttodetermineifthiswerethecase.

(b)Whenreviewingshipheavyweathercasualtycasesofspecialinterest,
attentionwouldbegiventothetime-correlatedsynopticweatherinformation
associatedwitha ship’slocationwithinthestorminquestion.Forthispurpose
surfaceweathermapsandsatellitecloudphotoswereobtainedfromtheNational
ClimaticCenter,Asheville,N.C.,andtheNationalClimaticCenter,SatelliteSe~ices,
Division,Washington,D.C.)respectively(afterHamiltonl”).Particularattention
wasalsogiventolocalwinddatainregardtotheapparentormeasuredrateof
increaseordecreaseofwindvelocityandanyassociatedchangesinwinddirection.
Allinformationregardingthevisualappearanceofdamagingwaveswas,ofcourse,
carefullyreviewedforpossiblecorrelationwiththewavesofFigures9and11.

3.0 LITERATURESURVEYANllANALYSISOFSELECTEDCASUALTYINFORMATION

Whiletheopenliteraturecontainsmanydescriptionsof,orreferencesto,ship
heavyweatherdamageincidents,thenumberofthesewhichdealwithextremewave
encountersisquitelimitedwithexceptionofthosewhichhaveoccurredinthe
AgulhasCurrentoffthesoutheastcoastofAfrica.ASaresultoftheworkof
Mallory,l”a comprehensivesummaryofrecentcasualtiesresultingfromepisodic
waveencountersisavailableforthatoceanareatogetherwithananalsisofthe

Schmann’Y~12”3hassynopticweatherconditionswithwhichtheyareassociated,
furtherconsideredthetendencyofwaveenergytoamplifywhenmovingagainsta
strongcurrentinordertohelpexplaintheoccasionalpresenceofepisodicwaves
intheAgulhasCurrent.

Asa resultofthesepriorinvestigations,itwasfeltthatsufficientinforma-
tionisavailabletosatisfytheobjectivesofthepresentstudyastheyrelateto
thatuniqueoceanarea.Thisstudythusaddressesitselfprimarilytoextremewaves
intheopenoceanaboutwhichmuchlessisknownatthepresenttime.

3.1ReviewofPriorDamageSurveys

Shipstructuraldamageduetoallcauses,includingheai@weather,wasprevi-
ouslystudiedbyHawkins,etal.14Inregardtoheavyweatherdamagetheyfound
bottomdamageduetoslammingwasthemostprevalenttypeofdamagebutthat:

“Precisedetailsastothecircumstancesunderwhichthecasualtiesoccurred
arelacking.Otherthanthefactthatthemajorityofthecasesoccurredduring
wintermonthsonvarioustraderoutes,littleadditionaldatacouldbefound.Ship
speeds,loadingconditions,andotherenviro~entaldetailsatthetimeofthe
casualtieswere,inmostinstances,eitherunreportedorstatedinveryqualitative
termssuchas‘mountainoussea’.”
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Withrespecttoothercommonsourcesofdamagetheyfoundthat:

“Thenextmostprevalentformofheavyweathercasualtyuncoveredduringthe
surveywasdamagetostructuralcomponentsontheweatherdeck.Outof23cases17
occurredintheareaoftheforecastleandtheremainderatlocationsfartheraft.
Mostinvolveddamagetobulwarksandsometodecksandinternalstructuralmembers
aswell.”

Indiscussingheavyweatherdamagetrendsingeneraltheyconcludedthat:

“Althoughthesetrendsaresignificant,theyhavenotyetbeensufficiently
validatedtorecommendandjustifyspecificstructuralmodifications.Itis
believed,however,thatamorethoroughexaminationofthecasualtieswhichproduced
thesetrendswouldbeofvalue.Particularlyincasesofslammingdamage,andtoa
lesserextentcasesinvolvingdamagetotheforecastleandweatherdeck,itwouldbe
possibletoattainabetterunderstandingbyfurtherexaminationoftheenviron-
mentalconditionsandofthehullformandabovewaterconfigurationinthebowarea
ofeachshipinvolved.”

Whilenoattempthasbeenmadeinthisstudytoconsiderhullformandabove
waterconfigurationaspectsofheavyweatherdamagegenerally,thesevariablesare
reviewedanddiscussedbrieflyinconnectionwithcertainheavyweatherdamage
cases.Thelackofdetailedoperatingandseawayinformationnotedinconnection
withbottomslammingdamagecaseshasbeenovercomeheretosomedegreebyplacing
emphasisona reviewofinformationcontainedinU.S.CoastGuardcasualtyinvesti–
gationreportswhichfurnishmorespecificinformationthanisgenerallyavailable
fromtheopenliterature.

A broadstudyofweatherrelatedshipcasualtiesovera,10-yearperiodwas
conductedbyQuayle,lswhofoundthatthereisa substantialincreaseincasualties
duringwintermonthsandthatthemajorityoccurincoastalandnearcoastalareas.*
Hiscomprehensivesurveyalsoimpliedthatgeneralsurveystypicallyresultin
generalconclusions.Fromthepointofviewoffurnishinginformationofparticular
valueinthedesign~fshipstowithstandheavyweatheroperation,generalsurveys
tendtobeoflimitedvaluesincethemostimportantinformationisusuallyassoci-
atedwiththedetailsofindividualcasualties.Thepresentstudyhasaccordingly
soughtdamagecaseswheremorethantheusualinformationregardingthecircumstances
ofthecasualtyisavailable.

3.2AnInterpretiveSummaryofU.S.CoastGuardHeavyWeatherDamageInformation

TheU.S.CoastGuardOfficeofMerchantMarineSafety,MarineInvestigations
Divisionfurnisheda computerlistingoftheirReportsofVesselCasualtyor
Accident(FormcG-2692)underthesubjectclassification“U.S.InspectedVesselsof
over1000G tonsInvolvedinCasMltiesRelatingtoHeavyWeather:Fiscal1970-79.”
Thelistingcontained 1150 entries, the majority ofwhich,basedupona sampling
approach,didnotinvolvedamageduetoextremewaves.**Inordertoidentifythose

*Thestudyincludedgroundingandcollisioncases.

*~he termlfextr,erneWaveliis
portions,butofundefined

employed~ereinthecontextofawaveofdamagingpro-
chara~terregardingheight,period,steepness,etc.
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casesmostlikelytobeofinterest,thecodedlistingwassearchedforthosecases
satisfyingthecriteria:damageinexcessof$50,000inseasofheightgreaterthan
15ft.Allgroundingandcollisionsmeetingthecritefiawerearbitrarilydie–
regarded.Thecostcriterionwaslatermodifiedandallcasesinvolvingseasor
swellsinexcessof40feetwereincludedregardlessofthecostofdamagerepair.

A tabulatedsummaryof38casesidentifiedinthismannerispresentedinthe
Appendix.Mostoftheinformationrelevant.tothisstudywhichwasavailablein
theCG-2692formshasbeenincludedinTableA-1oftheAppendix.Baseduponthese
data,Table1onpage17hasbeenpreparedtocallattentiontocertaintrendswhich
arebelievedtobeofparticularimportance.Thefirstoftheseistherelative
dominanceoflocalwaveloadings,comparedtoover-allhullgirderloadings,asa
sourceofheavyweatherdamage.Ofthe38casessummarizedhere,26involveddamage
duetolocalwaveloadingscomparedto4 caseswherecrackingintheprimaryhull
girderwasreported.Inthemostseriousofthelatter(CaseNO.15),a 16-foot
longcrackdeveloped.Inthisinstance,theship’smasterwascitedforoperating
hisshipat16.5knotsin20-to50-footseas.

A similartrendtowardlocalwaveimpactdamage,ascomparedtohullgirder
loadingdamage,wasalsonotedbyBuckleylasa resultofa surveyofheavy
weatherdamageexperiencedovera 10-yearperiodbyU.S.Navyships.

Table1alsoshowsanevidenttrendtowardcontainerdamage(mainlycontainers
ondeck)since12ofthe38casesinvolvedsuchdamage.Ofthesej5werespecifically
attributedtotheoccurrenceofextremerollanglesintheseaway.Onecase(No.1)
involvedtie-downfailureswhichwereapparentlytheresultofhullgirdertorsional
deflectionsintheseaway..

NoattemptwasmadeinpreparingTable1todeterminethestatisticsofextreme
waveencounterssincetheresultscouldbemisleading.Thereasonforthisdecision
wasthatthe,informationrequiredbytheCG-2692formdoesnotspecificallyaddress
thesubjectofextremewaveencounters,althoughinsomecasesreferenceismadeto
“aseriesofmountainouswaveszf’“vesselsuddenlyrolled40degreestoport”,“we
weresuddenlyliftedbyahugeswell”,etc.Theproblemathandisillustratedby
Case28ofTableA-1forwhichadditionalinformationhappenstobeavailable.In
thisinstancetheSL–7classcontainershipS.S.SEA-LANDGALLOWAYexperienced
damageina relativelymoderateseawayof8-12-ftseas,13-20-ftswells,withlocal
windsof30to40knots.DiscussionofSL–7classheavyweatherdamageexperience
withanavalarchitectfamiliarwiththeshiprevealedthatithadbeenproceeding
atapproximately30knotswhenitencounteredanunusuallylargewaveintheseaway
whichcouldbeseenapproachingfroma distance,butwhichcouldnotbeavoidednor
theshipslowedsubstantiallybeforeitwasencountered.Theresultingbending
momentontheforwardportionofthehullgirderwassufficientlylargeastocause
painttoflakeofflocallyduetoplastictensilestrainsononesideofthehull
whileontheoppositesidelocal“crinkling”oftheplatingoccurred.Inaddition
tothisinformation,anunpublishedlistofextremescratchgagereadingsbyship
anddatefurnishedby TeledyneEngineeringServicesrevealedthattheincident
inquestionproducedthe4thhighesthullgirderscratchgagestrainreading
recordedonthisclassofshipoutofa totalof36,011individualreadings.These
findingsillustratetheextremenatureofthewaveencounteredincomparisontothe
otherwavesintheseawayaswellasthefactthatnoattemptwasmadetoidentify
itintheCG-2692form.
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TABLE1-TRENDSNOTEDINSURVEYOFU.S.COASTGUARD
INFORMATION

ReferenceDamageDue Hull
Numberof ToLocal GirderContainer
TableA-1WaveLoadsDamage*Damage

HEAVYWEATHER

Remarks

1 x Rackingofhullgirderbelievedtohave
precipitatedlossof47containers

2 Rudderfailure

3

4

5

6

7

8

9

10

11

12

13

14

15

x

x

x

Bulwarkcarriedaway

$400,000cargolossduetoseawater

x

x

x

x

x

x

entry

x Maindeckholedin

x Vanswentoverthe
roll

threeplaces

sidefollowing38°

x 6 vanslostoverboardfollowing40°
roll.22

Seawater

Porthole
seawater

othersdamaged.

entryintowingballasttank

windowfailure.Damagedueto
entry.

Mooringanchorfailure-drillingbarge

x Deckcargolostoverboardfollowing53°
roll

x Containerslost;foredecksetdown

16’longhullgirdercrack.Shipdriven
atexcessivespeedinseaway

16

17

x

x

x Container

Emergency

brokeloosefollowing35°roll

generatorroomflooded

‘*Damagerelatedtooverallhullgirderbendingtshear,ortorsionalloadingsas
evidencedbylocalfracturesinprimaryhullgirderstructure.
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TABLE1– TRENDSNOTEDINSURVEYOFU.S.COASTGUARDHEAVYWEATHERDAMAGE

Reference
Numberof
TableA-1

18

19

20

21

22

23

24

25

26

27

28

DamageDue
ToLocal
WaveLoads

x

x

x

x

x

x

x

x

INFORMATION

Hull
GirderContainer
Damage*Damage

x

29 x

30 x

31

32

x

x

x

x

x

x

(CONTINUED)

Remarks

Containerlostoverboard,attributedto
vesselmotions

Bowthrusterroomflooded

Beamswelldamagedfourcontainers

Wingbridgedamageattributedto
“freak”wave

Wingbridgedamage;seawaterentry
damage

Waterentrydamageduetomaindeck
hatchfailure

Containersdamagedbywaveimpact

Saltwaterdamageto“transporter”
motorsinfollowingseas

Greenseasshippedduetoextremeroll
infollowing

Foredeckand

Hullplating

seas

appurtenancedamage

andhatchcornerdamage

Pilothouseandotherwindowfailures.
Bulwarkandbreakwaterdamage

Foredeckdished–in.Wingbridgeand
windowdamage

14”crackinmaindeck.Portside
bulwarkdamage

Foredecksetdown;Windowfailureand
cabinflooding

*Damagerelatedtoover-allhullgirderbending,shear,ortorsionalloadingsas
evidencedbylocalfracturesinprimaryhullgirderstructure.
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TABLE1-TRENDSNOTEDINSURVEYOFU.S.COASTGUARDHEAVYWEATHERDAMAGE
INFORMATION(CONTINUED)

ReferenceDamageDue Hull
Numberof ToLocal GirderContainer
TableA-1WaveLoadsDamage*Damage

33 x x

34 x x

35 x

36 x

37 x

38 x

Remarks

Damagetoforecastledeckplating,
breakwater}andwindows.Crackingat
No.1hatch

Bowthrusterroomflooded,containers
stovein

Extensivewingbridgedamage.Deck–
houseplatingtorn,Mastersquarters
flooded

Appurtenancedamage

Damagesurveyapparentlyincomplete

Bowplatingandframingdamage

*DamagerelatedtoOver–all hullgirderbending,shear,ortorsionalloadingsas
evidencedbylocalfracturesinprimaryhullgirderstructure.
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NosupplementaryinformationforCase29ofTableA-1isavailable,butitwill
benotedthattheS.S.SEA-LANDMcLEANoperatinginanentirelydifferentoceanarea
experiencedsignificantforedeckanddeckhousedamagein15-20-ftseas,10-12-ft
swell,andwindsof45-50knots.Inthiscasetheship,whileproceedingatreduced
speed(15knots),experienceddamageunderseaconditionswhichshouldnotnormally
havecausedsuchdamage.AswithCase28thisraisesthequestionofwhetherone
ormoreunusuallylargewaveswereencountered.Thedescriptionofcasualtyinforrna–
tioncontainedinTableA-1suggeststhatthismayhavebeenthecase,butsinceno
explicitcommentwasmaderegardingthepossibilityobviouslynosubstantivecon–
elusioncanbedrawn.

Fromthesetwoexamples,itisbelievedevidentthattheinformationnormally
providedontheCG2692formdoesnotprovideanadequatebasisforrelatingship
damagetoextremewaveencounters.

3.3 SelectedCasualtyInformation

OnecasualtycaseincludedinTableA-1togetherwithcertainotherextreme
damagecasesarereviewedinSection5ofthisreportbecauseoftheirimportance
inassessingtheeffectsofextremewavesonshipstructure.Thesecasesarealso
importantwithrespecttotheclassificationofsuchwavesandwillbeconsidered
furtherinthatcontextratherthanaspartofthegeneralcasualtysurvey,

4.0 PERSONALCONTACTSURVEY

Thepersonalcontactsurveywasintendedtoobtaininformationregardingship
casualtieswhichwasnotreadilyavailableintheopenliteratureaswellasto
comparegeneraldamagetrendsofcommercialshipsto thosenotedpreviouslyduring
aheavyweatherdamagesurveyofU.S.Navyships.*Theseobjectiveswerenot
changedduringthestudy.However,interviewswithseveralshipmastersandship’s
officerswereaddedtothesurveywhenitwasdecidedthatthetime-serieswavesof
Figures9and11mightbeusedtohelpdetermineifsuchwaveshadbeenobservedI
duringwinterstorms.

4.1VisittoAmerican13ureauofShipping(ABS)

Thegeneraltendencytowardheavyweatherdamageasa resultoflocalwave
loadings(asopposedtoover-allhullgirderloadings)notedinU.S.Navyin-house
research~wasaffirmedbytheheadoftheABSHullDepartment.Incaseswheresub-
stantialdamageisexperiencedbyABS-classedships,thestructureinvolvedis
generallycheckedforconformancetoABSrulesandiffoundsatisfactoryisthen
returnedtoitsoriginalconfiguration.Despitethepreponderanceoflocaldamage,
hullgirderfailureswerenotunknownandreferencewasmadetotheS.S.FRUEBEL
EUROPIAwhichexperiencedamajorbucklingfailureduringawestboundvoyageto
NewYorkCity,approximately12yearsago.

WithrespecttooperationsofftheSoutheastcoastofAfrica,atrendtoward
postsidebowdamagehasbeennoted.Structuralfailuresintheareaofbulbous
bows,suchasrecentlyexperiencedbytheS.S.ENERGYENDURANCE,werebelieveddue

*ThedamagesurveyofAppendixA hadnotbeenundertakenatthistime.
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insomecasestothediscontinuanceoflongitudinalmembersintheimmediate
vicinityofthebulb.

A tendencyinrecenttimestowardfo’c’sledamagehasbeennotedandthe
problemiscurrentlyunderstudy.(ThecasualtydataofCases27,29,30,32,and
33ofAppendixA reflectsuchdamageforoneclassofship).Ontheotherhand,
theInternationalAssociationofClassificationSocietiesrecentlyreduceddeck–
housefrontscantlingswithrespecttosupportingstructure.Deckhousewindow
failureslsuchasnotedinCase32ofAppendixA (whichwasavailablefordiscussion
atthistime)}aregenerallynotaproblemsincesteeldeadlightcoversaretypically
requiredbyclassificationrulesforlowerlevelwindowstoprecludefloodingin
heavyweather.However,itwasnotedthatbridgewindowshavetendedtobecome
largeroveraperiodofyearsandtheirstrengthcharacteristicshavebeenunder
studyasa resultofconcernforwaveimpactloadings.

4.2VisittoUnitedStatesSalvageAssociation,Inc.

U.S.SalvageAssociationrepresentativesalsoconfirmedthatlocalwaveload–
ingsarea primarysourceofheavyweatherdamage.Bottomslammingdamagewas
relativelycommonforshipsdesignedduringtheWorldWarIIeraduetotheir
particularoveralllengthsandlackoflongitudinalframing.Theincreasedlengths,
tendencytoward“V”hullformsforward,andlongitudinalframingofmoremodern
shipshaveconsiderablyreducedtheincidenceofbottomslammingdamageinrecent
times.

ForedeckdamageasexemplifiedbyCase32ofAppendixA tendstobea function
oftheindividualshipdesign.Forexample,sixshipsofthisclasswhichwere
recentlysurveyedbytheU.S.SalvageAssociationhadevidenceofinternaldamage
intheforedeckarea.Othermodernships,withlower-speedhullformsandsomewhat
shorterlengths,havebeenfoundtoberelativelyfreeofforedeckdamageby
contrast.Deckhousewindowdamagehasnotbeena significantproblemdueinpartto
theABSrequirementfordeadlightcoversforwindowsonforwardfacingstructureat
themaindecklevel.Ontheotherhandgangwaydamagehasbeenanitemofreoccur–
ringdamageandisofsomeconcernsincegangwayscostontheorderof$25,000each
toreplace.Lifeboatdamagehasbeenfoundtobereducedsignificantlysince
constructionwaschangedfromsheetmetaltoglass-reinforcedplastic.

Asfarascatastrophicstructuralfailuresinheavyweatherwasconcerned,
instancesofshiplosseswereknownburnoparticularswereavailable.

4.3InterviewofTwoShipMasters

Theshipmasterswereinterviewed:theiro~erationalbackgroundsarebrieflyas
follows:

Captain“A”- ConsiderableoperatingexperienceinnorthernEurope,Mediterra–
nean,andFarEastareas.Commandeddrycargoshipsworldwide;containershipsin
northernEuropeandtheMediterraneanarea;liquifiednaturalgas(LNG)shipsinthe
NorthAtlanticandMediterraneanareas,alsotankersoperatingbetweenSt.Croixand
NewYorkCity.
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Captain“B”- ConsiderableexperienceoperatingbetweennorthernEuropeandthe
U.S.EastCoast.CommandedbreakbulkanddrycargoshipstransitingbetweenU.S.
WestCoastandSouthEastAsia;conrainershipsoperatingintheNorthAtlantic,
Mediterranean,andU.S.EastCoastareas;LNGshipsoperatingbetweentheMediterra-
neanandtheU.S.EastCoast;tankersoperatingbetweenSt.CroixandNewYorkCity.

Eachhasa total“atsea”workexperienceofabout35years.

Theinterviewbeganwitha briefintroductiontothestudybeingconducted
followedbya summaryoftheinformationgathereduptothattimeregardingthe
existenceofthe“non-Gaussian”wavesofFigures9 and11.Theshipmasterswere
thenaskediftheyhadobservedlargestormwaveswhichweresimilarintime-domain
character.*

Steep,ElevatedWaves:Neithermastercouldrecallseeingsteep,elevated
wavesina stormdrivenseawayalthoughlargesteepwaveswererelativelycommon
inseverestorms.Amongsuchwavesthesteep,just-breakingandespeciallythe
long-crestedwaveofthisdescriptionistheonemostlikelytocausedamage.The
abstractofthedecklogfromtheS.S.SEA-LANDMcLEANwasreviewedindetailwith
thematthispoint(SeeFigure12)andtheyindicatedthattheevidentcorrelation
betweenincreasingwindvelocityandtheappearanceof“veryhighsteepswells”was
typical;infacttheentirestormdevelopmentandresultingshipresponseinthis
casewasconsideredtobe“rightoutofthemold,”Captain“B”addedthatsteady
veeringofthewindfromsouthwesttonorthwestdidnotalwaysoccur.Insteadit
wouldoccasionallygobacktosouthwestandthenreturntonorthwestinwinterstorms,

EpisodicWaveGroups:Theoutlying(orepisodic)wavegroupwasfamiliarto
bothofficers,althoughtheywereencounteredonlyoccasionallyinstorms(perhaps
3or4 timesifencounteredatall).Generally,ifsuchawavegroupwasencount.er–
editwasrelativelycertainthata stormhavingcentralwindsontheorderof60
knotsormorewasinthevicinity.Theirimpressionwasthatwindintensityhada
gooddealtodowiththeappearanceofsuchwaves.Sincegroupsoflargewaves
havealsobeenseenaftera stormhasdieddown,itwaspresumedthatthestrong
centralstormwindswerethecauseoftheselargewavesratherthanthelocal,dying
windfield.(Unfortunately,theinterviewerwasnotawareatthistimeofthe
importanceofdeterminingwhethersuchwaveswerealignedormisalignedwithrespect
tothelocalseaway).

Bothofficersstatedthatthedistinctivewaveswhichhadbeendiscussedupto
thispointweregenerallylessofaproblemforthemthanlarge,swell-typewaves
whichsuddenlyappearedfromadirectionsubstantiallydifferentfromthatofthe
localseaway.Ina typicalsituation’theship’sspeedandheadingwouldhavebeen
chosensoastominimizerolling,
Thearrivalofthemisalignedswe:
ship!whichinturncausedconcern

Asamiscellaneousquestion,
actingona swelltypeseawaycoul
thatitcould.(Thisobservation

slamming,andgreenwaterondeckinthestorm,
1sgenerallyresultedinsevererollingofthe
forcargoshiftingandrelatedproblems.

theintervieweraskedwhethera freshcross–wind
d quicklydissipatetheswell.Theybothagreed
hadbeenmadepreviouslybyanotherparty.)

*TheCementswhichfollowhavebeenorganized to applytotherelevantwavetype.
Theywerenotnecessarilymadeintheorderimpliedhere.

22



Figure12– SteepLong–CrestedWaveasSeenfromUSSIndependence
(cv-62)DuringWinterStorm
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Figure13– SteepLong–CrestedWave
(PhotofromSurveyor,

asSeenfromUnidentifiedShip
May1968,pg.23)

24
.—. ___ -_



l/16/74
00-04

04-08

08-12

12-16

16-20

20-24

0033TexelL/Vabeam130”,8.2,0’cast.Vesselpi~chi~gmod.toeaSilY
inaroughtomod.SW’lyseaandmod.avg.swell.Weathermoderating
after0230.Shippingseasove”rforedkandhatches.Rou~ineinspections.
Bar.30.08WindSWXW5(19-29kn)
0800Moderatetorough”SSW’lysea.vesseltakinglightseasoverbow
andmaindeck.Heavily.o’cast.Routineinspections.
Bar..29.84WindSSW5-6(19-31kn)
0759Greenwichbuoy@toport5.7mi.0842OwersL/V@tost’bd9.6mi.
0927St.KatherinePt.@tost’bd11.7mi.offc/cto269°g&t1021
AnvilPt.@tost’bd11.8mi.1058BillofPortland@tost’bd6.9mi.
off1100engineroomgiven90min.noticetoslowdown.Partlycloudy
withrain,passingsqualls.Vesselpitchingmod.inaroughSW’lY.sea~
takingheavysprayacrossdecks.RoutineInspections.
Bar.29.46WindSW7-8(32-46kn)
1222r/s60rpm.ApproachingBerryHead,maneuveringtoletPilotoff
vessel.1255PilotRoggenawayinlaunchp/s.1308increaseto80rprn.
1323increaseto 90rpm.1327gyro200”.1342reduceto80rpm.to ease
vesselinheavvseasandincreasingwind.1405rls75rum.1425r/s
60rpm.1449r~s55rpm.1451*r/s-45rpm.O’castvesseirollingmod.
andpitchingdeeplyinaveryhighroughWSWseaandveryhighandsteep
swells.Shippingseasoverdecksandhatches.Routineinspections.
Bar.29.42WindWSW11(64-73kn)
1648c/c240°gyro.1838r/sto30rpm.1851r/s to 25 rpm.1900ilsto
30rpm.onportengine.Heavywindgustsshort,deepandheavyswells.
Vesselpitchingdeeplyattimes,takingseasoverbows,hatches~and
maindeck.Routineinspections.
Bar.29.75WindWXN11(64-73kn)
Vesselhovetoinstormconditions,mountainousseas.Masterconning.
Partlycloudygoodvis.Vesselproceedingon30rpm.port-engine,25,
rpm.stbdenginetomaintainsteerageway.Pitchingandrollingheavily
attimesinaveryroughNNW’lysea.Takingheavysprayacrossweather
decks.
Bar.30.21Wind8-9(39-54kn)

*EntriesthisdateJan.16,1974
1450Vesselencounteredmountainousswell,shippedheavyseasover
foc’sleheadfromadirectionofapprox.15°ontheportbow.Tension
winchcontrolstationstornofffoc’slehead,otherdamagetobe
ascertainedwhenaccesstofoc’sleheadispossible.Inshipsoffice,
portbentout,officeflooded.Rooms#31,#32on01level,windows
broken,roomsflooded.Room{/33windowbentathinges,somesaltwater
damage.Room#13at02leveltwowindowsbentathingessomesaltwater
damage.Rms.#31,#32$Sectionofoverhead,panelingapprox.51X5’
brokenoffineachroom.1500-1630Lowermooringstationfwdpumpeddry
withshipseducter,waterenteredthroughholesinfoc’sleheadwhere
basesontensionwinchcontrolshadbeenanchored. 1630Openwindows
Rms.#31,//32andshipsofficetemporarilypluggedwithmattressesetc.
topreventfurtherentry of seawater.

Figure14–AbstractofDeckLogfromS.S.SEA-LANDMARKETinSouthwestWindFieldof
WinterStorm
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4.4 InterviewofUnitedStatesCoastGuardOfficers

ThreeU.S.CoastGuardOfficerswereinterviewed.Captain“A”andCdr.“B”had
previouslyservedonoceanweathershipsmannedbytheU.S.CaastGuard,andAdmiral
“C”(part-timeattendance)hadconsiderableat-seaexperienceincludingservice
intheU.S.Mercl-iantMarine.A briefintroductiontothestudywasgivenfollowed
bya descriptionofthelarge“non-Gaussian”wavesiden~ifiedinHurricaneCamille
anda summaryofseveralshipdamageincidentsinwhichsuchwaveshadapparently
beenencountered.

Steep,ElevatedWaves:ASintheinterviewwiththeshipmasters,theelevation
ofsteepwaveswasnota characteristicthatwasclearlyrecalled.Captain“A”
statedthatina storminwhichwavesapproximately20-feethighormorewere
encounteredevery7thor9thwavewastypicallysteepandpotentiallydangerous.
Whentheinterviewerstatedthatsucha trendwasnotevidentintheCamillewave
data,Captain“A”furthercharacterizedthesewavesashavinga “hole-in-the-sea”
infrontofthem.ThiswasrecognizedbytheInterviewerasdescribingthetime–
seriesofwaveheightprecedingthesteep,elevatAedwavesofFigure11.Regarding
thetimerateofoccurrenceofsuchwaves,a rateofroughlyoneevery10or15
minuteswasconsideredrepresentative,whichisconsistentwiththeoccurrencerate
after1500hoursduringHurricaneCamillewhenthistypeofwavebegantoappear.*
Thewavewasfurthercharacterizedasbeingalignedwiththelocalseawayand
distinctlylong-crested.Suchwaveswereconsidereddangerousbecausetheycould
resultingreenwaterondeckandcoulddamagelifeboats,“gangways,andother
appendages.

EpisodicWaveGroups:Outlyinggroupsofthreewaves(typically)werefamiliar
toeachoftheofficers.Suchwavesintrudedintothelocalseawayatanglesupto
30°fromthedominantwavedirection.Theyweredescribedasbeing“notthatsteep”
andofhavinga speedofpropagationnoticeablygreaterthantheotherlargewaves
intheseaway.Wherethesewavesintersectedwiththelargealignedwaves,aprom-
inantshortcrested(1000-1500yardsinlength)waveconformationoccurredwhich
couldbeseenclearly“walkingatyou.’~Thisdistinctiveformationhadbeangiven
thecolloquialname“TheThreeSisters.”Itwassufficientlyprominentthatithad
beentrackedoccasionallyontheship’sradarasitapproached.Admiral“C”added
that“TheThreeSisters”hadalsobeenseeninLakeSuperior.Whenthewavegroup
arrived,itusuallyresultedinextremerollangles.Injurieshadoccurredon
occasionduetothelargeandunexpectedrollmotion.Wavegroupsofthistypewere
mostoftenencounteredina seawayhavingwaveheightsontheorderof25to30feet,
ormore.

Withregardtotheabilityofa crosswindto“knockdown”a swell,Cdr“B”
statedthatthiswaswellknowninbuoytenderoperationsandthatoperationspre–
viouslycancelledbecauseofa largeswellwerefrequentlyrescheduledinthenear
termwhena crosswindarosebecausethedecayoftheswellwasbothpredictableand
rapid.

*Atthispointitbecameapparentthatthe“every7thwave”characterization
appliedtoonlythelargestwavesintheseawayandnoteverywave.Itwas
laterrealizedthattheelevationofthewavewasnotimmediatelyevidentbecause
thetroughofthewavewasnotalwaysvisible(seeFigure13),norwasitof
immediateconcern.
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Severalmonthsafterthisinterview,Captain“A”andCdr“B”wererevisitedto
determineifthewavesofFigures13and14wererepresentativeofthesteep,
“every7Lh”typeofwavetheyhadpreviouslydescribed.Bothofficersstatedthat
thephotoswereindeedrepresentativeofthewaveswhichtheyhadpreviously
characterizedasbeinglarge,steep,long–crestedandalignedwiththelocalseaway.

5.0ENCOUNTERSWITHLARGE,NON-GAUSSIANWAVES

Thefollowingcasestudiesareintendedto(a)providefurtherinsightintothe
uniquecharacteristicsoflarge,non-Gaussiantypewavesandto(b)helpillustrate
theirsignificanceinshipstructuraldesign.Theindividualcaseshavebeengroup-
edaccordingtothewavetypebelievedtobeinvolvedinthecasualty,i.e.steeP~
elevated,orepisodic.Thelattertypeofwavehasbeenfurtherclassifiedaccord–
ingtowhetherthedamagingwavewasbelievedtobealignedormisalignedwiththe
localseaway.Theformerwillbereferredtohereas“largegroupedwaves”andthe
latteras“episodicwavepackets”.Thischoiceofterminologyisdiscussedin
Section6,whereconsiderationisgiventotheoriginofepisodicwaves.

5.1CasualtiesinSteep,ElevatedWaves

Steep,elevatorwavesappearedinhurricanCamillewhenthewindspeedbuilt
rapidlytoa timeaveragevalueofabout50knotswithguststo85–90knots.They
canbecharacterizedashavingamaximumheightofabout1.6–1.7timessignificant
waveheight*andaperiodof70percentorlessofmodalperiodforthecorrespond-
ingwaveheightvariancespectra.Inthecaseofthesteepestandmostelevated
waves,theprecedingwaveischaracteristicallysmall,whilethewaveitselfis
verysteeponitsforwardface.Representativetime–seriesfromtheCamillewave
dataareshowninFigure11.Asaresultofinterviewswiththeship’sofficers
whohadservedonoceanweatherships,thesewaveshavebeencharacterizedastypi-
callylong-crestedasseeninFigures12and13.

(1)CHESTERA.POLING**CASUALTY

ThissmallcoastaltankerbrokeintwooffCapeAnn,MassachusettsJduringa
rapidlydevelopingwinterstorminJanuaryof1977.16Thesequence
upassociatedwiththecasualtyisasfollows:

WIND
TIME VELOCITY(knots) DIRECTION
0700 18, Guststo
0840 30 to35
1030 steady50
1130 55to60

Note:TheNationalTransportation

22 SE
ENE
notgiven
notgiven

SafetyBoard’sanalysisonpg.18

ofwindbuild-

REFERENCE
16,pg.11
16,pg.2
16,pg.11
16,pg.11
ofthereference

estimates windsfromtheeasttosoutheastat35to45knotswithguststo
55knotsat.1035hourswhenthecasualtyoccurred.

*Theaverageoftheone-thirdhighestwaves.

**Length= 281feet,beam= 40feet,displacement= 5000longtons.
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Based
seawaywas
similarto
discussion
andlength
Ls 5.12X

upontherapidbuildupofwindvelocityitispresumedthatthelocal
substantially“over-driven”*andapttocontainsteep,elevatedwaves
thoseofHurricaneCamille,butofsmallerheightandperiod.For
purposesthewaveofFigure11’(c)willbeusedasamodelwithitsheight
proportionsretained.FromFigure11(c)wefindH = 66ft.Assuming
T2=5.12x9.02= 415ftresultsinaratioofH/Lof66/415=

1/6.3= 1/7. AstheseawayencounteredbytheCHESTERA.POLINGgrew,thestorm
waveswereestimatedbythecrewtobe20-25fthighwithdistancesbetweencrests
ofabout150ft(seepage5ofreference16).Usinga ratioofH/L= 1/7,the
observedwaveheightswouldimplyassociatedwavelengthsof20to25x 7,or140
to175ftforthelargerwaveswhichisingeneralagreementwiththeobservedvalue
of150ft.**

Ithasbeenfoundinreviewingothervisualwindandwaveestimatesforrapidly
buildingseawaysthattheobservedwaveheightsinfeetaregenerallyreportedtobe
aboutonehalfofthestatedwindvelocitiesinknots.***Atthetimeofthis
casualty,windswerereportedtobeabout55to60knotswithestimatedheights
(presumedheretobeclosetosignificantwaveheight)of25to30feetwhichis
consistentwiththisrough“ruleofthumb,”DuringthephaseofHurricaneCamille
inwhichsteep,elevatedwaveswereencountered,maximumwaveheightswereequalto
about1.6- 1.7timessignificantwaveheight.Thiswouldsuggestamaximumin-
dividualwaveheightinthiscaseofabout25to30x 1.65,or41to49.5feet,which
iscompatiblewiththeestimatedvalueof45feetforthewavereportedbythewheel–
houselookouttohavecausedhullgirderfailure,(seepage6ofreference16).

Theheight-to-lengthratioof1/7estimatedabovesuggestsawavelengthof
about315feetfora 45-foot-highwavewhichisofrelativelycriticalproportions
fora shiphavinga lengthof281feet.Givennon–Gaussianwavesofthesteep,
elevatedvarietyinthisseaway>arelativelysmall,highblockcoefficient,shipsuch
astheCHESTERA.POLINGcouldhaveexperiencedwave-inducedhullgirderbending
stressesofanextremenatureasimpliedbythefollowing:“About1035,thePOLING
encounteredanunusuallylargewave,estimatedbytheseamanofwheelhouselookout
tobeabout45-fthigh.Asthebowroseonthewave,anotherbangwasheardand
thevessellurched.Thehull:plitabout27ftforwardofamidships.”16

(2)SEA-LANDMARKET****DAMAGEINCIDENT

Thedeck–logabstractofFigure14identifiesanothercriticalaspectofthe
steep,elevatedwavesassociatedwitha large,rapidlybuildingseaway.TheCHESTER

*see discussionofSection6.1.1.

**Thisheighttolengthratioappliesprimarilytothelargenon-Gaussianwaves
intheseaway.Themajorityofthelarge(Gaussian)waveswouldbeexpectedto
havea heighttolengthratiocloserto1/14inordertoaccountforthe
observedmodalperiodasinthecaseofHurricaneCamillewavedata.

***Useofthis“ruleofthumb”isintendedhereasa testofcredibilityforthe
reportedwaveheightsandnotasabasisforestimatingwaveheights.It‘is
intendedtoapplyonlytorapidlybuildingseaways.

****Length= 946feet,beam= 106feet,displacement= 47,700longtons.
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A.POLINGcasualtyhelpstoillustratethathighblockcoefficientshipshaving
lengthsintherangeof250to450feet(i.e.winterstormtohurricanewavepro–
portions)shouldbestudiedcarefullywithrespecttomaximumhullgirdershearand
bendingloads.TheSEA-LANDMARKETontheotherhandcallsattentiontoaproblem
ofadifferenttypeina seawaycontainingsteep,elevaredwaves.Inthiscasewe
aredealingwitha longship(946feet)havingaveryfineentryforwardwhichhas
experienceddamageintheforedeckanddeckhouseareadueto“deckwetness”(seethe
Appendix),Theshiplengthissubstantiallygreaterthanthelengthsofthesteep,
elevatedwavesbelievedheretobepresentinarapidlybuilding~’over-driven”sea-
way.Figure14containsestimatesoftheincreasingstrengthofthesouthwestwind
duringconsecutivefour-hourwatches.Itwillbenotedthatbetween1200and1600
hoursthewindstrengthincreasedfromSW7-8(32-46knots)toWSW11(64-73knots)
andthattheshipbegan“shippingseasoverdecksandhatches,”Duringthisinter-
val,at1450hoursthe“vesselencounteredmountainousswell”whichcausedthe
damagedescribedinFigure14.Itshouldbenotedthatwhilethesteep,elevated
wavesmeasuredinCamillewerenotofunusualheightwithrespecttotheotherlarge
wavesintheseaway,i.e.asmeasuredfromtroughtocrest.,theelevatednatureof
thewaveprovidesa somewhatdifferentpreceptiontoanobserverona ship.The
waveofFigure11(c),forexample,hasa troughtocrestheightof65feet,buta
heightabovemeanwaterlevelofover 45 feetwhichcouldcauseittoberegarded
as“mountainous”amongtheotherlargewavesoftheseawaywhichwerenotsteepand
elevated.Characterizationofthewaveas“swell”isconsistentwiththelong-
crestednatureofthewaveasdescribedbytheofficersfromtheoceanweatherships
andasshowninFigure12and13.Thefactthattheshipinquestionislongwith
respecttothedistancebetweencrestsofsuchwavesandthatithasarelatively
fineentrybothsuggestthatitcouldhavea tendencytopenetrateintothewave
andsendsubstantialamountsofgreenwater”ontotheforedeckandagainstthedeck-
houseprovidedthatthewavewassufficientlylargeandelevatedwithrespecttothe
ship’sfreeboard.(Modeltestsinsteep,elevatedwaveswouldberequiredtoreveal
thetruenatureofthistypeofstructuralloadingproblem).

(3)u.s.s.SHILEVEPORT(LPD-12)*DAFiAGEINCIDENT

Thiscasualtylinvolvedthesmashingofbridgewindowsbya largewavewith
ensuingpersonnelinjuries.Thereportedtime–seriescharacterofthedamaging
waveapproximatedthatofFigurell(c).~7Inthiscasetherateofbuild-upofthe
windswaslessrapidthanthetwocasesdiscussedabove,althoughthewinterstorm
wasintensifyingrapidlyatthetime.Thepeakwindswereaboutthesameasthose
encounteredbytheMARKETandwereassociatedwitha synopticweatherpatternalso
aboutthesame(i.e.stronggustysouthwestwindsinadevelopingwinterstormwith
thedamagingwavebeingencounteredshortlybeforefrontalpassage).Unlike
HurricaneCamille,therewasnoconclusiveevidenceoflarge,steep,elevatedwaves
appearingperiodicallyintheseaway.ThedamagingwavewasdescribedbytheTask
Unitcommanderas“l~argerthanusual”butnotofextremeproportionsconsideringthe
sizeofthe-otherlargewavesintheseawayatthetime.Itwasalsocharacterized
as“justbreakingalongitscrest,”Thiswavecausedforeshipdamageincluding
bridgewindowfailures,bridgeflooding,andavarietyoflocaldamagetowatertight
doors,guntubs,a stairway,etc.,whichsuggestawaveimpactloadingsimilarto
thatexperiencedbytheMARKET.

*Length= 570feet, beam= 84 feet,displacement= 16,900longtons.
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(4) F/VFAIRWIND*CAPSIZEINCIDENT

Thisincidentinvolvesneithera shipnorsignificantstructuraldamage.The
windandwaveconditionswhichwereresponsibleforcapsizingthissteelhulled,52-
footfishingvessel,however,aieofinterestincharacterizingtheextremewaves
likelytabeassociatedwithintenseandrapidlydevelopingwindfields.

ThecasualtyoccurredintheGeorgesBankareaoff’theMassachusettscoast
duringa rapidlydevelopingwinterstorm(i.e.,extratropicalcyclone)on22Navember
1980.Thestarmintensifiedsorapidlythattheseverewindandseaconditionswhich
i&generatedwerenotforecastedandanumberoffishingvesselswerecaughton
GeorgesBankinlocalwindsofhurricaneforce.(Thisstorminfactsubsequently
becametropicalandwasnamedHurricaneKarlon25November).1~Thetimerateof
windandwavebuildupisreflectedinthefollowinginformationtakenfromtheU.S.
CoastGuardinvestigation:~g

– 0800hours22November,“ThewindwasNW,50-60knots,andseaswereNW,
30plusfeet”

– 1130hours22November,“ThewindwasNW,80plusknots,andtheseaswere
NW,50plusfeet.tl

Anindependentestimateofwindandwaveconditionsat1300hourswasprovidedby
theS.S.SEA-LANDPRODUCER,whichwaslocatedapproxfiately45N Mileseastsoutheast
ofthecasualtysite,as“windsNNWat78knotsandseasNNwat40feet,”Thefetch
forNWandNNWwindsinthecasualtyareaswasapproximately230N Miles.

Thelonesurvivor(ofthefourmenonthevessel)stated“andateleven-thirty
I,BillywascomingaroundsoIjustaskedhimifhewouldtakethewheelforawhile
andhewasjustonthewheelwhenwetookanenormouswaveanditbrokeontothe
boat,itspuntheboat180degreesandheadeditbackdownthewaveitseemedlike
itsurfeddowntothebottomofthetroughandburiedthenoseofthevesseland
thebreakingwaterbehindthevesselgotunderthesternandflippeditoverendto
end.”2°ThewaveconformationencounteredbytheFAIRWINDisbelievedtobere-
presented(atleastqualitatively)bythatshowninFigure12intheareajustfor–
wardofthestarboardbowofthecarrierjwherethelong-crestedwaveisbreaking
locally.

Thenatureofthesteep,elevatedwavespostulatedheretohavebeengenerated
bytheprevailingsynapticweatherconditionsisbelievedtobereflectedinthe
followingcommentfromamemberofthecrewofanotherfishingvesselinthearea:II...anditseemstomethatthepeakofthewindinthatstormwasaroundanywhere
‘fromnoontotwointheafternoonandI’ve never seen anythinglikeitandwe’ve
beenthroughplentyof70-80mphgaleswithoutanyproblemandIdon’tknowifit
wasthetide,thetimeofthemonthwhenthetideswerestrongorno”tbutitwas
prettyhardtaestimatetheheightoftheseareally,itdependsuponhowyau
measureitbutIwouldestimatetheseafromthetroughtatheheightofitwas

*Length= 52feet,beam= 15feet,displacement= 27longtans.
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70foot,*it’sawfulhardtoestimatebutsowecould’tclimbit,theSEAFEVER
took~WO

The
elevated

windowsout.”lg

unusualnatureofthewavesisattributedheretothedevelopmentofsteep,
wavesintherapidlyrisingwindfield.

5.2 En~ounterswithEpisodicWaves

Unlikethesteep,elevatedwavesdiscussedabove,thewavedataofHurricane
Camillepermitonlya limitedcharacterizationofwhathasbeentermedhere“episodic
waves.+’Muchoftheinformationwhichpermitscharacterizationofsuchwavescomes
asa resultofrecordedwaveencountersbyshipsasopposedtotime–serieswave
heightmeasurements.Thoseepisodicwaveswhicharealignedwiththelocalseaway
willbereferredtoas“Large,GroupedWaves”.Intheabsenceoftime-serieswave
heightmeasurementstheirclassificationasepisodicisarguable,butsincethey
arewaveeventswhichwereeasilyrememberedbytheobserversasbeinglargerthan
theotherwavesintheprevailingseawaytheywillbecharacterizedinthisdis–
cussionasepisodic.Waveswhicharedistinctlymisalignedtothelocalseawayand
whichcauseextremeshipresponsesorstructuralloadingswillbereferredtoas
“episodicwavepackets.”Againtheepisodiccharacterofthewavesisinferred
fromthedescriptionofthewavesandtheireffectsonshipsratherthantime-series
measurementsofthewaves.

5.2.1Large,GroupedWaves

(1)U.S.S.INDEPENDENCE(CV-62)**EncounterwithLargeGroupedWaves

TheCV-62waspartofa U.S.Navytaskgroupwhichencounteredarapidly
developingstormon7-8April1977intheNorthAtlanticOcean.Flightoperations
hadcommencedonthemorningofthe7thwhenanabruptchangeinweatherbeganto
occuratabout1130GMTwhen,withthewindblowing20–24KNfromthenortheast,
theseaschangedin30minutesfrom8-footseasfromthenorthwestto12-footseas
fromthenortheastwithlocallyheavyrainsquallsappearing.Bymid–afternoon
windgustsreached64to74knotswithaccompanyingseasof25to30feetfromthe
northeast.

Atabout1600hourstheCaptainoftheCV-62reportedencounteringa largewave
groupwhichhedescribedasfollows:“Ilookedoutahead,I’destimateamiletoa
mileandhalf,andI sawwhatappearedtometobea significantwavecoming,andI
mentionedtosomebodythatthisthingwasjustlikethe‘PoseidonAdventure’,and
thethingrolledinandIwatchedatallthewayin,anditwasrightatflightdeck
levelwheretherestofthemhadbeen25to30,maybea littleover30feet,this
babywasuparound55to60feetwitha fairlygoodsizedwaveinfrontofitun–
fortunately...Butwhenthiswavehitus,liftedthenoseup,shestartedtoplow
inanditwascomingdownasthisonehitus.Anditjustjarredthewholeship”.
Approximately12hourslaterat“4:15onthemorningofthe8th,Ihadgonebackto

*

*Presumablytheheightofthehighestwavesintheseawayinviewofthereport
fromtheS.S.SEA-LANDPRODUCER. .

**Length= 1047feet,beam= 130feet,displacement= 78,000longtons.
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theat-sea cabinandwegothitbyawavethatIhavenoideahowbigitwas,but
itwasbyfarthemostseverejoltwehad.Anditjustshookeverything.Theship,
youcouldfeeltheshockwavesinitwhichkeptupforanappreciableamountoftime
beforeitfinallysettledbackdown.Thenat7o’clockonthemorningofthe8th,
I gotthesamethingIhadtheafternoonbefore.I sawawaveoutaboutamile,
mileandahalf,witha solidwhitecapacrossthetopwhichiswhatcaughtmy
attention.Iwatcheditcomeallthewayinatflightdecklevel,thesamething
happenedthathappenedthedaybefore,liftedthebowandwewerecomingas we were
comingintothesecondone.About20minuteslaterat7:20,I gothitbyanother
one,Iestimateabout45feet.Thosearethefourwavesthatinmyestimationdid
allthedamage.”Afterthattime“itwasjusta roughride.”

Thusoneepisodicwavegroupoccurredat 1600hoursonthe7th,oneat0415on
the8th(whichapparentlywasthelargest),andthentwowithin20minutesofone
anothernear0700onthe8th.Thechangeinwindstrengthwithtimeduringthe
periodwasnotgiven.ContainedintheFindingsofFact21isthestatement,
however,that“thestormbegantoabateduringthenightof8April,butwindand
seasremainedhigh.W

Thettie-se~ies characterofthesewave events appearto besimilartothe
episodicwavesofFigure15,althoughobviouslynofirmconclusioncan bedrawnin
theabsenceoftime-serieswaveheightmeasurementsduringthestormunder
consideration.

(2) S.S.SEA-LANDMcLEAN*ExtremeHullGirderBendingStressMeasurements

On19December1973,,theSEA-IANDMcLEANproceededdowntheEnglishChannelin
gustywindsof30to35mph.AsitmovedwestboundintotheNorthAtlanticthe
windveeredfromsouthtowestandfinallynorthwest.Thewindvelocitydropped
early-onasdidthebarometersothatat0840hrs(GMT)thewindwas blowing10mph
fromthewestwith5-footwavesatabarometricpressureof28.68inchesofmercury.
Twohourslaterat1050hrsthebarometerhaddroppedslightlyto28.66inchesof
mercury,butthewindhadrisento50mphwithanobservedwaveheightof25ft.
Insuccessivetwo-hourintervalsthewindroseto70,80,90,and100mph(87knots).
At1510hrswiththewindat80mph,~heshipwashove-toandremainedthatwayfor
approximately6hoursratwhichtimea violentslamoccurred(thepeakstressing
case)i whichpromptedthecaptaintoturntheshiparoundandrunbeforethestorm.

Themidshipbendingstresstracecorrespondingtotheextremestresseventis
showninFigure16. Whilethewave-inducedbendingcomponentshowninFigure16(a)
islargerthananyotherforthepreceding1 1/2hours,itwasbynomeansepisodic.
TheextremenatureofthestresseventiSlargelytheresultoftheslam-induced
stresscombinedwithitasshowninFigure16(b).Inthiscase,thedynamicstress
ismuchlargerthananyotherduringthetwo-hourdataanalysisinterval.In
general,theshipshowedverylittletendencytowardslammingalthoughlateral
whippingwasrelativelyfrequent.Duringthestressingeventinquestion,a large
lateralslamstresswasinducedapproxtiately1.6secondsaftertheapparentbottom
slam.Theverticalaccelerometeratmidshipsindicatedthateachloadingwas of
animpulsivenature.

*Length= 946feet,beam= 106feet,displacement= 47,700longtons.
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Nowaveheightmeasurementsareavailableforthedataanalysisinterval,nor
werevisualdescriptionsavailable,sothatthetruecharacterofthewaveheight
time-seriescannotbedetermined.Thetime–seriesofthewave,inducedbending
trace(Figure16(a)),however,suggestsa sequenceinwhicha largewavewasfollow-
edbyanevenlargerwaveandthatthelatterinducedheavyslamming.Thtssequence
ofeventsissimilartothatwhichresultedinheavyslammingoftheCV–62asde-
scribedaboveanditisbelievedreasonabletoconcludethatlarge,groupedwaves
werethecauseofthisextremestressevent.Noconclusioncanbedrawn,however,
as to whetherthewavegroupwasofanepisodicnature.Thewave-inducedbending
trace,infact,impliesthatitwasnot.

(3)U.S.S.FAIRFAXCOUNTY(LST-1193)*ObservationofLarge,GroupedWaves

ThedamageincidentinvolvingtheLPD-12,whichisreviewedinSection5,
causedthatship)andtheLST–1193whichwasincompanywithit,toturnandproceed
beforethestorm.Duringthislatterphaseofthestorm,i.e.lwellafterfrontal
passage,awatchofficerontheLSTtestifiedasfollows:

“Thebarometerwassteady,wind-wasfromapproximately260-280at40–45kts.
Duringthiswatch,thebarometerroseata rateofabout0.02hour,thewind
veeredtotheWest/Northwestanddecreasedto28kts.TheseaswhenI assumedthe
watchwereanaverageheightof30-40feet.Inaddition,abouteverytenminutes,
a seriesofthreewavesofapproximately60feetinheightwereobserved.Ireached
myestimateontheheightofthesewavesbasedonthefactthattheircrestswere
higherthanmyheightofeyefromthebridgewhichwas54feet.Alsojwheneverthe
shipexperienceda largewaveseries,shewouldpitchtothepointofappearingto
“surf”downthewaveface.Onseveraloftheseoccasions,I specificallynoticed
thatthederrickarmcross-walk,appearedfromthebridgetobeabout10feetbelow
thewavecrests.”17Theofficerinquestion)wheninterviewedlaterstatedthatthe
reoccurringgroupsofthreelargewaveswereobservedforaperiodofabout2hours
outofhis4hourwatch.**Thetime-seriescharacterofthewavescouldnotbe
describedwithcertaintybecausetheyapproachedfromastern.Theofficerhadno
recollectionofthesecondwaveinthegroupbeingsubstantiallylargerthanthe
precedingandfollowingwavesofthe”group.Basedupontheshiporientationwhen
surfingdownthewaves,thedistancebetweenwavecrestswasbelievedtobesignifi-
cantlygreaterthantheshiplengthof522feet.

Inthisinstancenoshipdamageorextrememotionsresultedfromtheencounter
withtheselarge,groupedwaves,althoughsteeringdifficultiescausedthemtobe
easilyremembered.Thiscaseiscitedherebecauseofthe‘periodicappearanceof
thewavegroupsundertheexistingsynopticwindfieldconditionswhichwillbe
consideredfurtherinSection6.

5.2.2 EpisodicWavePackets

Wavesofthistypeappeartobeassociatedwith,relativelyuniquesynoptic
weatherconditions.WiththeexceptionofthewavedataofFigure15,theirtime-

*Length(hull)= 522feet,beam= 70feet,displacement= 8342longtons.

**Sincetheshipwasproceedingat14knotsbeforethesea,thistimeperiodis
longerthanwould-havebeenno;edbya fixedobserver.
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seriescharacterizationisconfinedtothequalitativedescriptionsbyship’s
officersandmasterswhicharepresentedinSection4. Thelongperiod(i.e.long
wavelength)characterizationappearstobereasonablywellestablished,aswellas
theirtendencytoarrivemisalignedtothelocalseaway.Thislattercharacteri–
zationisofconsiderableimportancesinceitsuggestsrhattheyaregeneratedin
aremote

(1)M/V

The
a summer

windfieldandthattheyarenecessarilyofanon–dispersivenature.

CHUFUJINOWaveDamageIncident:22

M/VCHUFUJINOisa 127,000tonbulkcarrier856ftlong,133ftwide,with
draftof57ft,9in.Ithasa flushdeckwithbridgeaft.OnDecember

28,1979,whileproceedingfullyloadedfromLosAngelestoJapanina severewinter
storm,itencounteredanepisodicwavewhichcausedlocalizedlossofwatertight
integrityofa seriousnature.Theshipwasproceedingata speedmadegoodof
about1knotona courseof250”Twithseasabouttwopoints(22.5°)offthestar-
boardbow.Windshadincreasedto75knotsproducingobservedwaveheightsof30
to60ftwithestimatedperiodsofabout8 to10seconds.Atabout1540hours
(local)theshipwasstruckbya singlewaveestimatedtobeabout100ftinheight.
Theship’spositionwas34-30N,150Natthistime.Thewaveapproachedfromabout
70°offthestarboardbowandthusatanangleapproaching45°totheprevailing
seaway.Damageconsistedofthefollowing:

“Stbdbridgewindowssmashedin.Stbdlifeboatwashedawayanddavits
flattenedtodeck.Twostbdaftliferaftsandforedeckliferaftwashedaway.
Sailingdinghyfwdofbridgesmashedagainstportcrane.Wing/ballasttankvents
damaged,baffleplateswashedaway,floatsfellout,andwingtanksflooded.Bolted
engineroomaccessplatingondeckfwdofbridgebuckledandwastornloose,allow-
ingwaterentrytoengineroom.Foc’slestoreroom;fwdpumproom;No.1andNo.2
doublebottoms,portandstbd;forepeaktank– allcompletelyflooded.Somewater
inNo.3 topsidetankstbd.”22

Becauseoftheengineroomfloodingtheshipwastotallywithoutpowerand
hencesteeragewayforoveranhour.Floodingforwardwassuchthattheshipbecame
25ftbowdownby0130hourson.the29th,withthefo’c’sleawash.Atthispoint
theCaptainradioedfor‘.U.S.CoastGuardassistance;however,theseasabated
sufficientlybymorningthatthefloodedspacesforwardcouldbepumpedoutandthe
shipproceededsafelytoHonoluluforrepairs.

Thefollowingaspectsofthedamagingwavearebelievedtobeofparticular
interest.‘I’hereportedswellheightsof30to60feetareinterpretedtomeanthat
60ftwastheheightofthehighestwavesatthetime.Thesignificantwaveheight
wouldthenbeestimatedtobeabout60/1.65or36ftwhichisclosetothelower
valuecited.Forthissignificantwaveheight,a trulyepisodicwavewouldbe
estimatedtobe2.4*x 35to2.5x 35= 84to87.5fthighwhichisslightlyless
thanthereportedvalueof100ft.Intheabsenceofclarifyingcommentsjthewave
wouldappeartobea singleeventalthoughthisisnotcertain.

DiscussionofthisincidentwillbedeferredtoSection6.

*BaseduponthecharacteristicsoftheepisodicwavesshowninFigure15.Theuse
oftheseratiosmustberegardedasentirelyspeculativeatthistime.
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(2)M.V.MUNCHEN*Sinking:

ThisGerman-ownedLASHshipwaslostwithallhandsduringawinterstormin
theNorthAtlanticinDecember1978.Becauseofradiotransmissionfailuresnoeye-
witnessdetailsregardingwavecharacteristicsorshipdamageareavailable.The
findingsofthesubsequentSeaCourtinquirywhichareofprimaryinteresthereare
thatsometimenotlongbefore0310hrsGMTon12Decemberata lo~ationapproximate–
ly100NMisouthsoutheastoflocation46°15’1?,27°30’W theMUNCHENwass~ruck
byanextremewavefromforwardandtostarboardwithattendantdamagewhichled
totheship’sfounderingonthe13th.

Theparticularsoftheirfindingsincludedthefollowing:23“Thefactthat,as
detailedbytheexpertsSandomeerandDr.Pavlides,thestarboardlifeboa~,without
beingused,wastornoutofitssecurings,speaksforthefactthattheMUNCHENwas
hitfromforwardbyoneormoreenormous-as onthestarboardside.Thisstriking
sea–withgreatprobability- alsocausedheavydamagesinthebridgearea.This
musthaveresultedinwateringressandsubsequentlyina starboardlist,possibly
upto50°. Speakingalsoforthisisthe,likewisegarbled,distresscallrelay
reportfromtheMAPJYAERMOLOVA.Thewateringressmusthaveledinshortest
timetothebreakdownofthemainpowersupplyof,,atleasttheW/Tsphere.Itmust
alsobesupposedthattheantennasystemofthemCHEN sufferedsuchheavy
damages~hatitwasnoIonEerfunctional.TheSeeamtisconvincedthattheSOScall
ofthemCHEN receivedbythewlON wastransmittedwiththebattery-driven
emergencytransmitterwithreducedoutput.Becausenoothermessagewasreceived
fromtheMCHEN after~heSOScallsat0310hoursG~ and0315hOUrSG~ On
12December1978,theSeaCourthascometotheconvictionthattheemergencytrans-
mitteralsobrokedown.Probablythelifeboattransmitterheldonthenavigation
bridgehadalsopreviouslybeenmadeunserviceablebystrikingseas.

“TheSeeamtalsogavethoughtastowhattheword“Articas’’-couldhave,meant,
whichwastransmittedandreceivedbytheMARIYAERMOLOVA.Themostplausible
explanationisseenbytheSeeamtasbeingpossiblyanerrorinreceptionbythe
Russianradioofficer,whodidnotclearlyunderstandtheword“antenna”andinter-
preteditasArticas.

“Base~ontheresultofthetestimonialevidencetheSeeamtisoftheopinion
thattheMUNCHENdidnotsinkbefore1100hoursGMTon13December,1978.This
conclusionisjustifiedasthesignalsfromtheradiodistressbuoywerefirstheard
atthispointoftimebyseveralstations,althoughotherships,alsobeforehand,
wereinthepossiblereceivingrangeofthebuoy.

“TheinterrogationoftheexpertsDr.PavlidesandSandomeerelicitedtheinfor-
mationthatbothsalvagedlighterslefttheparentshiplongitudinally.Thisspeaks
decisivelyforthemCHENhavingfounderedwithouthavinga severe~istandbef-ng
outoftrim.Fromthisfollows,also,thatthetiCHENcannothavebeenbrokenby
failureofthelongitudinalmembersorhavecapsizedfrominsufficientstability.”

DiscussionoftheincidentwillbedeferredtoSection6.

*Length= 858feet,beam= 100feet,displacement= 37,000longtons.
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(3) U.S. NAVYFRIGATEWaveDamage1ncident:24

ThisFFG-7class*ship~whileproceedingsouthon12February1982offtheOregon
coast,encounteredanepisodicwaveofrelativelysmallproportions.Thefirstwave
ofthetwosuccessivewaveswhichwereencountered(about5 secondsapart)was
estimatedtobeapproxtiately30-fthighwiththeappearanceofa “wallofwater,’~
Thefirstwavedestroyedonebridgewindowandheavilydamagedanother.(Thewindows
werejudgedbypersonnelonthebridgetohavebeenhitbyaeratedratherthansolid
greenwater.)Bulwarksforwardwereflattenedwithsomelocallossofwatertight
integritywheresupportingmemberswerepulledfromthedeck.

Thewavesatthetimeweredescribedasbeinglo-to12-fr_highwitha 7-to8-
secondperiodata bearingof220”T.Thelocalwindstrengthwasestimatedtobe
25knotsandgustingfromthewest.Theshipheadingwas190”T.Theepisodicwave
approachedfrom20°offtheportbowwhichplaceditatanangleofapproximately
50°tothelocalseaway.Theship’sbarometerrecorded29.45inchesJig(993mb)one
hourbeforetheincidentand29.64inchesHg(1004mb)onehourafterwithawind
shiftfromwesttonorthwestandanincreaseinstrengthfromabout25to38knots.

Theapproximate11ftsignificantwaveheightofrheexistingseawaywhen
multipliedbya ratioofextremewaveheighttosignificantwaveheightof2.4–2.5
to1wouldsuggestanepisodicwaveheightofapproximately26to,27.5ft.This
heightrangeisrelativelyclosetotheobservedwaveheightof30ft.**The
approachofthewaveata substantialangletothelocalseawayisbelievedhere
becharacteristicofthistypeofwaveeventbasedonthecasualtyinformation
presentedaboveandthepreviouscommentsofshipmasterset.al.regarding
extremewavepackets.

Thedamagetrendsarequiteconsistentwithcasesdescribedaboveinthe
followingrespects:

(a)Nohullgirderstructuralintegrityproblemoccurred.Damagewasdue
primarilytolocalwaveimpactloadingsandwasdangerousmainlybecauseof
associatedlossesofwatertightintegrity.

to

(b)Windowfailuresoccurred.Thisresultissimilartothatinvolvingthe
LPD-12totheextentthatitinvolvedwindowdamageasa resultofwaterthrown
againstthebridgeuponencounteririga large,steepwavejandfurtherEhatwindow
failureoccurredwithoutsubstantialdamagetothesupportingbulkheadstructure.

6.0DISCUSSION

Thefollowingdiscussionconsidersthepossibleoriginoflarge,non–Gaussian
andepisodicwavesandoftheirpotentialeffectsonships.

*Length= 445feet,beam= 45feet,displacement= 3710longtons.

**Basedupon the characteristics oftheepisodicwavessho~inFigure15.
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6.1 OriginofLarge,non-GaussianandEpisodicWaves

Muchoftheinformationpresentedinthisreportregardingsuchwavesis
circumstantial,asopposedtoinformationobtainedbydirectmeasurementunderknown
orcontrolledconditions.Notwithstandingthisseriouslimitation,theobservations
“andgeneralizationswhichfollowareputforwardinthespiritofaninitialeffort
todescribeandunderstandtheoriginoflarge,non-Gaussianandepisodicwaves.

Table2 isa summaryoftheinformation.presentedinSection5whichhasbeen
usedtocharacterizethewavesdiscussedinthatsection.Thefollowin~additional
commentsareoffered.

6.1.1Steep,ElevatedWaves

TheappearanceofwavesofthistypeduringHurricaneCamille}whentheambient
windvelocitywasrisingrapidlytogetherwiththecircumstantialevidenceofthe
casualtycasescitedabovesarebelievedtoprovidejustificationforanticipating
theexistenceofsuchwavesundertheassociatedsynopticwindfieldconditions.
‘IWOqualificationsofthisgeneralizationshouldbenotedhowever.First,the
episodicwavewhichoccurredat1222hoursduringHurricaneCamilleindicates
clearlythatsuchwavescanoccur(atleastinanisolatedcase)underotherwind
fieldconditions.Secondthehalf-cycleanalysisofwavedatabetween1530and1600
hours,2aswellasunpublisheddatafortheperiod1600to1617hours,showsa less
distincttrendtowardpositivemeanelevationamongthelargerwavesintheseaway.
Atthispointinthestorm,thereisanevidenttendencytowardamorebroad-band,
Gaussiancharactertothelargerwavesintheseaway.Thereisinsufficientwave
datatopermitgeneralizationbutitispossiblethatwavecharacteristicsbegan
toundergofurtherchangeneartheeyeofthehurricane.

Thelong-crestednatureofthesteep,elevatedwavesisregardedassurprising
giventheirelevatedcharacterandtheobviouspossibilitythattheycouldresult
fromtheovertakingofonewavebya largerandfasterwaveina seawaydominated
byshort-crestedwaves.AnalternativepossibilityispostulatedbyYuenand
Lake25>2Gwhodiscuss“non-linearcoherent”wavemodels.

Theystate:25“Traditionally,awind-wavesystemhasbeenregtirdedasa
basicallylinearincoherentsuperpositionoffreeinfinitesimalwavecomponents;all
componentsobeyingthedispersionrelationandpropagatingwithdifferentspeeds.
Effectsofnonlinearityhavebeencalculatedbasedonthese,assumptions.Werefer
tothesetraditionalmodelsasnear-linearincoherentmodels(seeforexample,
Hasselmann1962,1963,1967).MorerecentlyLakeandYuen(1976)26haveproposed
a drasticallydifferentmodel,whichpostulatesthatwind–wavesystemscanbe
basicallynonlinearandcoherent.Whenawind–wavesystemisnonlinearinthis
sense,theeffectsofnonlinearityonthedynamicsofthesystemarepredominant
overtheeffectsofrandomness.Initssimplestform,a one–dimensionalcontext,*
suchawind-wavesystemcanbecharacterizedtofirstorderbya singlenonlinear
wave-trainhavinga carrierfrequencyequaltothatofthedominantfrequencyin
thewind-wavespectrum.Werefertothismodelasthenonlinearcoherentmodel.

*Thatis,infinitelylong-crestedwaves.

39



TABLE2-ANINITIALCHARACTERIZATIONOFLARGENON-GAUSSIANANDEPISODICWAVES

TYPE CHAMCTERIZATION

1.Steep, ● Steepandelevatedabovemean
Elevated waterlevel
Waves

● Periodas low as 70%ofmodal
period

“Elevation/amplituderatio=
0.5

“Producedbystrong,rapidly
increasingwinds

“Long-crested(seefigures
12and13)

II. EpisodicWaves*

a. Large “Groupofthreelargewavesin
Grouped seaway. Second wave frequent-
Waves lylargestingroup.

● Occurinstormwindswhich
arenolongerincreasing,or
whichhavebeguntodecrease.

b.Episodic● “ThreeSisters”:groupof
Wave threelong.periodwaves
Packets intrudingintoexistingsea-

wayatanglesofabout30
degreesfrpmprincipalwave
direction.Generallyoccur
invicinityofstormwith
centralwindsof60knotsor
more-

““Rogue’’Wave:largebreaking
waveintrudingintoexisting
seaway at anglesupto50
degreesfromprincipalwave
direction.Likelytooccur
in vicinityofupperaltitude
“TROF”as it overtakesan
existingordevelopinglow.
Highaltitudecommashaped
cloud usuallyassociated
withTROF.

BASISFORCHARACTERIZATION

“Time-serieswavedatafrom
HurricaneCamille(seeFigures
9(b)and11)andassociated
windvelocityincrease.

“Casualtycasesassociatedwith
strongrapidlyincreasing
winds:
– SEA-LANDMARKET
- LI’D-12
- CHESTERA.POLING
F/VFAIRWIND

“Observationsbyofficersfrom
oceanweatherships

“WavesencounteredbyCV-62
SM-LAND~cL~,LST-1193

● Observationsbyofficersfrom
oceanweathershipsaswellas
shipmastersofconsiderable
at-seaexperience

● RogueWaveencountersbyU.S.
NAVYFRIGATE,CHUFUJINO,
MUNCHEN,andassociatedsynoptic
weatherpatterns.

~Ote:ThesecharacterizationsdonotnecessarilyapplytowavesinAgulhascurrent
(S.E,CoastofAfrica).
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“Themaindifferencebetweenthetwomodelsliesintheirrespectivepredictions
regardingthepropertiesofrelativelyhighmodes.Thenear-linearincoherentmodels
wouldpredictthatallwavecomponentsarefreeandobeythedispersionrelationship,
andhencetravelwithdifferentspeeds.Ontheotherhand,thenonlinearcoherent
modelwouldhavethehighermodesphase–lockedtothedominantwave,andhence
travelingwiththespeedofthedominantwave.”[Thischaracteristicsispostulated
frompropertiesofwindwavesgeneratedina testtank.]

“LakeandYuen(1976)haveperformedlaboratoryexperimentstotestthe
predictionsofthesemodelsagainstlaboratorymeasurementsofwind-generatedwaves.
Inoneseriesofmeasurementstheybandpass-filteredtherecordsfrompairsof
closelyspacedprobesandusedcross-correlationtechniquestodeterminethe
propagationspeedsofindividualwavecomponents.Theirresults,whicharein
completeagreementwithindependentmeasurementsmadebyRamamonjiarisoaandCoantic
(1976),demonstratethatunderlaboratoryconditionswindwavesarenonlinearinthe
senseofthenonlinearcoherentmodelsinceallhighermodestravelwitha single
speed– thespeedofthedominantwave.”

Themajorfindingoftheexperimentwasthatthehigherfrequencyenergyinthe
windwavesystemwastransportedatthegroupvelocityofthedominantwavesrather
thanatspeedspredictedbythelinearwavedispersionrelation.Thedominant
wavesthustendtocollectenergyfromthesmallerwavesintheseaway.Sincethe
dispersionrelationforlinearwaves*causeswavesofdifferentwavelengthtotravel
atdifferentspeeds,ithelpstoaccountforthebasicallyrandomcharacterofawind
drivenseaway.Evidencethatthedispersionrelationisviolatedundersomecondi-
tionsisthereforeofconsiderableimportancewhenattemptingtoaccountforthe
existenceof“non-Gaussian”waves.

Asappliedtothesituationathand,thepostulationsofYuen.andLakehave
certaindifficultieswhichshouldbenotedhere.DuringHurricaheCamille.ahalf-
cycleanalysisofthewavedataidentifiednon–Gaussianandepisodicwavesand
foundthatsuchwaveswereverymuchintheminority,i.e.,evenwhentheyoccurred
theseawaywasstillpredominatelyGaussianandthatwhenthesteep,elevatedtype
ofwavebegantoappear,theseawaywasonly“overdriven”bya factorofabout
50/34= 1.5.**Inthelaborator~,experimentsofYuenandLakethetestwindspeed
wasontheorderof20-35ft/secwhilethemodalperiodreportedwas1/3Hz=
0.33sec.whichwouldcorrespondtoanaveragewindspeedofonlyabout0.8ft/sec
fora fullydevelopedseaofthismodalperiod(seeFigure7(a)).Theseawayinthe
testtankwasthusoverdrivenbya factorofabout28/0.8= 35whichiswell
r~movedfromthewind-seaconditionsofHurricaneCamille.

Theseobservationsarenotconsideredtodetractfromtheimportanceofthe
laboratoryexperiment,however,whichshowsthatthelinearwavedeepwater
dispersionrelationgoverningwavepropagationspeedscanbesubstantiallyviolated
inthegenerationofwindwaves.Ifthetendencyofthedominantwavestocollect

*U = @where u = frequencyoftheharmonicconstituent,andk = 27r/QwhereL=
wavelength,andg= gravitationalconstant.

**~atioofexis~ingaveragewindspeedtothatwhichwouldproducea fullydeveloped
seawayliavingtheexistingmodalperiod.
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energyfromthesmallerwavesisprimarilya functionofthesteepnessofthelarger
waves,thenthefactthatthetestseawaywassubstantiallyoverdrivemaynotbe
ofgreatimportance.

6.1.2EpisodicWaves

Table2 identifieslarge,groupedwavesasonebroadcategoryofep’isodic”wave
andepisodicwavepacketsasanother.Thediscussionwhichfollowsdealsalmost
exclusivelywiththelatterbasedonthepresumptionthatanunderstandingofits
originsislikelytoprovideanunderstandingoftheoriginoftheformer.

Theobservedcharacteristicsofepisodicwavepackets(seeSections4 and5
implycertainpropertiesofthesewaveswhichappearremarkableatthis
point.Thefirstrelatestotheapparentnon-dispersivequalityofthewaveswhich
isimplicitintheappearanceofapacketofwavesfromadirectionsubstantially
inclinedtothelocalwindfieldandseaway.Theenergyofthewavepackethas
evidentlyremainedintactovera considerabledistance,atleastintermsofthe
lengthsofthewavesinvolved.Thesecondremarkablequalityisthatthewavesare
verylargewithrespecttothelocalseawaywhichimpliestheexistenceofvery
strongwindssubstantiallyinclinedtothelocalwindfieldsomewhereupwindinthe
storm.Sincethewavepacketcannotbeexpectedtobeinfinitelylong-crested,it
couldneverbetrulynon-dispersive.*

A physicaldistanceoverwhichthepacketcouldberegardedasessentially
non-dispersiveisIlkely,tobesmallintermsofthedistanceassociatedwiththe
windfieldofawinterstorm.A distanceontheorderof10to50miles,for
example,issmallwithrespecttothedistancesoverwhichsubstantialchangesin
winddirectionnormallyoccurinamajorstorm(excludingtheareanearthecenter
ofthestormforthemoment).Theappearanceofa largemis-alignedwavepacket
thusappearstorequireawindfieldcharacteristicalmostasunusualasthenon-
dispersivewavepacketitself.

6.1.2.1Non-DispersiveWavePackets.Wavesofnon-dispersivecharacterhave
beenknowntobepossibleinshallowwaterforwellover100years.Itisonlyin
thelast15 years,however,(beginningaboutthetimeoftheanalysesandexperiments
ofBenjaminandFeir27)thatthenon-linearpropertiesofdeepwaterwaveshavebee%
studiedatlength.Astheresultofthesestudiestheexistenceofdeep-waternon-
dispersivewaveshasbeenpredictedanddemonstratedina smalltesttank.An
excellentoverviewofthesedevelopmentsisprovidedbyPhillips.2s Ofparticular
interesthereistheworkofYuenandLake2gwhodemonstrated(againina small
tank)thenon-dispersivenatureofdeep-water“envelopesolitons”,whichhadbeen
predicted2~arlierastheresultofa solutionofthenon-linearSchrodinger
equation.Theexperimentsfurtherdemonstratedpropertiesofawavepacketwhich
willbetermedherethe“imperfectsolitonwavepacket”thatisofconsiderable
importancegiventheveryspecializednatureoftheenvelopesoliton,namely,awave
groupofuniformperiodhavingamodulationenvelopecorrespondingtothehyperbolic
secant.Sinceitisextremelyunlikelythatinnaturelong-crestedwavepacketsof-

*Becauseofamplitudedispersion.Forwavesoffiniteamplitudeu = @ [1+“1/2
(ak)2],wherea =waveamplitude.Thusthecenterofa short-crestedwavecanbe
expectedtotravelfasterthantheouter(lower)portionsandhencecausethe
wavetodisperse. :+.
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thisprecisedescriptionareevergeneratedbyawindfield,thefactthatthe
imperfect*”solitonwavepacketwasbothpredictedanddemonstratedtobestableto
theextentthatitreformstoanidealizedpacketoffewerandhigherwavesisof
considerablepracticalimportance.Theevolutionoftheimperfectsolitonwave
packettofewerandhigher(andnecessarilysteeper)wavesisinterestinginview
oftheexistenceof“rogue”waveswhichcouldthusbeexplainedinpartasthe
breakdownofanimperfectsolitonwavepacketwhichwasneversowellformed
initiallyasto permittheevolutionofa stablepacket.

Suchapossibilityis,ofcourse,purespeculationatthispoint.Infact,
noexplanationissuggestedhereastoamechanismbywhichwindcangenerateeven
animperfectsolitonwavepacket.Thepossibledevelopmentoflong-crestedwaves
ina seaway,whichisclearlya conditionfortheexistenceofthesolitonwave
packet,isneverthelesssuggestedbyYuenandLake25aboveandcertainlybythe
largewavesofFigures12and13.Theexistenceoflarge,groupedwaves(seeTable
2)furthersuggeststhatthepacketcouldhaveitsoriginunderwindfieldcondi-
tionswhichproducethistypeofepisodicwavegroup.

Whilemoderndevelopmentsinnon-linearwavemechanicsdonotprovidea
completelysatisfactoryexplanationoftheoriginofepisodicwavepackets,itis
suggestedherethattheyprovideaninitialfoundation.

AsnotedunderSection6,theexistenceofepisodicwavepacketsimpliestheexist-
enceofa storm-relatedwindfieldofconsiderablestrenthwitha spatiallyabrupt$0changeindirection.TheresearchofSandersandGyakumprovidesevidenceofthe
existenceoftheinferredwindfieldaspartofabroaderstudyofrapidlydevelop-
ingwinterstormswhichtheycharacterizeasthe“bomb.”

Forpurposesoftheirresearchtheauthorsdefinea “bomb”asa rapidly
developingextratropicalsurfacecyclone(typicallya winterstorm) whosecentral
pressuredecreases24mbormoreina 24-hourperiod.Theyinvestigatedstorms
meetingthiscriterionduringtheperiodSeptember1976toMay1979astotheir
characteristicdevelopment,locationjandfrequency,andtoa lesserdegreethe
surfacewindfielddevelopmentwhichisthecharacteristicofprimeinteresthere.

Withrespecttocharacteristicdevelopment,theyfindthattheovertakingofa
surface‘lowbya fastermoving,upperaltitudeTROF**generallyprecipitates“bomb”
development.Thisconditioncanusuallybeidentifiedbycomparingthesurface
weathermap,whichlocatesthelow,tothecorrespondingmapdrawnfarapressure
altitudeof500mb,i.e.approximately18,000ft,whichbestidentifiestheapproach-
ingTROF.Asthestormintensifies,theregionofstrongandrapidlyshifting
surfacewindsassociated withtheTROF(nowamajorsurfaceevent)isusually
evidencedbyamajor“headcloud”3°or“commashaped”cloud31asseeninsatellite
photographsofcloudformations.AscharacterizedbyReed,gltheheadoftheconmm=
shapedcloudwillgenerallylienearthecenterofthelow,whileitstrailingedge
willmarktheaxisoftheTROF.BecauseoftherelativelyhigherspeedoftheTROFj

*ImperfectwithrespecttothemodulationenvelopeonlyintheYuenandLake
experiments.

**Typicallya region(orband)oflowpressureconnectedtoa surfacelowand
havingU-orV-shapedisobarcoqtours.al
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it willfrequentlyovertakeandpasstheoccludedcoldfront.Inadditionitis
notuncommonforanewTROFtoformbehindtheoriginaloneasillustratedbyReed.31
peealsodiscussionofM/VCHUFUJINOepisodicwaveencounterinsection

●

A relativelydramaticexampleofthestrongandabruptlyangledsurfacewind
fieldassociatedwith“bomb”developmentisshowninFigures17(a),(b),and(c)
whicharetakenfromSandersandGyakum.30Earlydevelopmentofthestormat00
hoursGMTon4February1975,Figure17(a),showsessentiallyroutinecyclogenesis
withtheexceptionofawindvectornear40N,65Wwhichindicateslocallyobserved
60knotwindsfromthewestincontrasttotheadjacentvectorswhichindicate
windsofonly20to25knots.Figure17(b)showsthat12hourslaterthecentral
pressurehasdroppedabruptlyfrom1000(29.5in.ofHg)to968mb(28.5in.ofHg).
Windshavegenerallyincreasedandlocallyhighwindsof45and60knotsarenow
observednear40N,50–60W. ThepresenceoftheTROFisclearlyinevidence12
hourslaterasshowninFigure17(c)wherethehighcurvatureoftheisobarsshow
itextendingsouthwardfromthecenterofthelow.Thecentralpressureisnow
944mb(27.8in.ofmercury)withlocalwindsof50to60knots.Twowindvectors
along45W inthevicinity45N identifya localregionwithwindsof75to60knots
fromthenorth.TheisobarpatternintheregionoftheTROFshowsnearlya 90
degreechangeindirectionalongtheisobaratwhichthesehighwindsarereported.
Theanomolouscharacterofthewindfieldisfurtherindicatedbythefactthat6
isobars(48mbor1.4in.ofmercury)removedfromthecenterofthelow,windsof
75knotsarereportedincontrasttothecentralwindsof50-60knots.Becauseof
thelackofshipobservationsneartheTROF,particularlyinitseasternhalf,the
spatialabruptnessofthewindshiftisopentospeculation.

Figure18illustrates’theusefulnessofsatellitephotographsinidentifying
thepresenceofa TROFbytheexistenceoftheassociated“comma-shapedcloud”.
TheTROFatthisstageofstormdevelopmentisalignedwithandclosetothetrail-
ingedgeofthecommacloudandagaintheregionofabruptwindshiftcoincideswith
theaxisoftheTROF.Strongwindsarereportedlocally(see1008mbisobar),this
timeimmediatelytotheeastoftheaxisoftheTROF.Againtheavailableship
observationsdonotpermitanadequatemappingoftherapidlychangingstrengthand
directionofthewindfieldinthevicinityoftheTROF.

6.1.2.2ShipDamageIncidentsInvolvingEpisodicWavePackets.Atthepresent
timenowelldocumentedencounterswithepisodicwavepacketsofthe“threesisters”
varietyareavailableforanalysispresumablyduetothefactthat,whileencounters
withthemproducesevererolling,theydonotnecessarilyresultinmajorstructural
orothernoteworthydamage.TheepisodicwavepacketsofFigure15providetime-
seriesdatawhichhaveratiosofmaximumwaveheighttosignificantwaveheightof
2.4and2.5to1whichmaywellberepresentative.Thereisnobasis,however,for
concludingwhetherornotthewavepacketsinvolvedweremisalignedtotheexisting
seaway.Iftheywere,thenofcoursethetime-seriesdataofFigure15couldbea
validtime-seriescharacterizationofthe“threesisters.”

Whereaswavepacketsofthistypehavenotresultedinnotabledamageincidents
(withinthescopeofthisstudy),theoppositeistrueof“rogue”waves.Insection
5above,threedamageincidentsknownorbelievedtohavebeencausedby
“rogue”wavesweresummarized.Theseincidentswillnowbeexaminedfurther.
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Figure17a- 4February1975;0000GMT
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Figure17b- 4February1975;1200GMT

Figure17- “Bomb”DevelopmentasIllustratedbySandersandGyakum
(FromFigure1ofReference30)
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Figure17(Continued)

r
Figure17C- 5 February1975;0000GMT
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NOTESURFACEWEATHERMAPFOR24FEE1976lBWGMT– STIPPLINGDENOTESCLOUDSYSTEM.

Figure18–RelationshipofTROFinWinterStormtoCloudPattern
asIllustratedbyReed

(FromFigure8ofReference31)
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(1)M.V.ltiCHENSinking

Theshipcasu~ltywasbelievedbytheinvestigatingcourttohavebeenpre–
cipitatedbytheMUNCHENbeing“hitfromforwardbyoneormoreenormousseason
thestarboardside.”23Thediscussionabovesuggeststhatsucha “rogue”wave
eventmightinvolvethewindfieldassociatedwitha TROFinawinterstorm.

Surfaceweathermapsappropriatetothetimeandlocationofthecasualtyare
presentedinFigure19.Itisapparentthatnoindicationisgivenofanabruptly
changingwindfield.Figure20ontheotherhandshowsthata comma-shapedcloud
hasformedandpassedoverthecasualtysitenear0600hourswhichinfersthata
TROFwasencounteredataboutthetimeofthedistressmessage.Sincethecloud
formedandmovedeastwardfromlongitude35W to20W (i.e.approximately46x 15=
690NMi)in12hours,itsspeedofeastwardmovementwasapproximately58knots.
Therateofformationofthecloudintothecomma-shapecharacteristicsoftheearly
developmentofa surfaceTROF~~salsoveryrapid.Unlikethecasesofcyclogenesis
studiedbySandersandGyakum,thelowovertakenbytheTROFherewasalreadyan
intensewinterstormhavinga centralpressureof968mb(28.6in.ofmercury)at
1200@lTonthellth.Itintensifiedat0001GMTonthe12thto952mb(28.1in.
ofHg)nearthetimeoftheinitialcasualty.

TheMarinersWeatherLog’slistingofSelectedGaleandWaveObservations,
NorthAtlanticforNovemberandDecember197832containsadditionalevidenceofthe
passageofa TROF.TheEXPORTPATRIOT,whosepositionisnotedinFigure}9(a)and
(b)(theonlytimesforwhichdataweregiven)wasslightlywestoftheMUNCHENat
0001GMTonthe12th.Itreportedwindsof55knotsfrom270degreesat1800hr
GMTonthellthand55knotswindsfrom230degreesat0000hrsonthe12th.The
surfaceairtemperaturehadalsodroppedfrom12°to7°Cduringtheinterval,
furthersuggestingpassageoftheTROFindicatedinFigure20.Theseasat1800
hrswerereportedbytheEXF!3RTPATRIOTas29.5ftwhileat0000hrstheywere
reportedas39ft.

Althoughnofirmconclusioncanbedrawnregardingthelikelihoodofa “rogue”
wavehavingexistedattheinitialcasualtysitebasedonthisinformation,the
foregoingobservations”areneverthelessbelievedtobesupportiveoftheMaritime
Court’sbeliefthattheMUNCHENwasstruck“byoneormoreenormousseas”.

(2) M/VCHUFUJINOWaveDamageIncident

TTTThesurfaceweathermapsrelatedtothe .~CHENcasualty,Figure19and
thecorrespondingmapsfortheepisodic(“rogue”)waveencounterbytheCHUFUJINO,O
ofFigure21showconsiderablesimilarity.Thecomma-cloudPatternofFigure22(a),
however,waswelldevelopedsome24hoursbeforethedamqgeincidentinthiscase.
Moreover,thesurfaceanalysismapofFigure22(b)whencomparedtothecloudpattern
showsthattheTROFhadalreadyovertakentheoccludedcoldfrontatthattime.The
projectionofthemotionofthestormduringthenext24hoursshowninFigure22(a),
suggeststhattheCHUFUJINOencountereda secondandsmallerTROF-likewindfield
originatingattheheadofthecomma-shapedcloudby0140GMTwhentheepisodic
wavewasencountered.Thecloudpatternandsurfaceweathermapinthiscaseare
verysimilartothosefoundbyHamiltongtobeassociatedwiththecapsizingofNOAA
DataBuoyEB-21on2 January1977at46N,136W. Ingeneralhefindsfourcap-
sizingstobeassociatedwiththepassageofaTROFlocatednearthecenterofthe
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Figure19a– SurfaceWeatherMapfor11December1978;1800GMT

Figure19b- SurfaceWeatherMapfor12December1978;0001GMT

Figure19c- SurfaceWeatherMapfor12December1978;0600GMT..
Figure19– SurfaceWeather

DistressCall
MapsforVicinityof ?AiiiCHEN
at0310GMTon12December1978
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Figure20a- CommaCloudForming
andApproachingCasualtySite:
12December1978;0001GMT

@ CASUALTYSITE

Figure20b– CommaCloudPassing
OverCasualtySite:

12December1978;0600GMT’

Figure20c- CommaCloudBeyond
CasualtySite:12December1978;

1200GMT

Figure20– SatelliteViewofCloudFormationinVicinityof MUNCHEN
NearTimeofDistressCallatO31OGMTon12December”1978
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@ CHUFUJINO
ILOCATIONOFWAVE

ENCOUNTER)

Figure21a– SurfaceWeatherMapfor28December1979;1800GMT

Figure21b– SurfaceWeatherMapfor29December1979;0001GMT

Figure21c- SurfaceWeatherMapfor29December1979;0600GMT
Figure21– SurfaceWeatherMapsforVicinityof ~l~l!FUJINONearTimeOf

“Rogue”WaveEncouht@rat0140GMTon29December1979
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NOTES:
@ SHIP’SPOSITIONATm GMTON2SWI
@ ESTIMATEOFSHIP’SLOCATIONRELATIvETOCLOUO

PAITERNAT0140GMTON29TH.
FROMFIGURE57OFREFERENCE33.

Figure22a– HeadofCommaCloudApproachingSiteofRogueWaveEncounter
(Phototaken0052GMTon28December1979)

50N

45N

UwU

35N

30N

Figure22b- SurfaceWeatherMapfor28December1979;0001GMT
Figure22-ApproachofHeadofCommaCloudtoSiteof“Rogue”WaveEncounter

by CHUFUJINOat0140GMTon29December1979
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stormandwellbehindanoccludedcoldfront.Hefurthernotesgthatthelarge(10
meterdiameter)discusbuoyshavewithstoodmuchhighersignificantwaveheights
includingthoseresultingfromhurricanesintheGulfofMexicowithoutcapsizing.
HebelievesthattheuniquewaveconditionsassociatedwiththepassageoftheTROF
area criticalfactor.

TheTRCH?Sassociatedwiththecapsizingsappeartobetypicallyassociated
withtheheadofthecomma-shapedcloudpatternduringa laterphaseofthestorm
whentheoriginalTROFassociatedwithtransientintensificationhasmovedeast-
ward.Thetendencyforthecriticalwaveconditiontobeassociatedwitha later
phaseofthestormdevelopmentisbelievedreflectedintheisoplethpatternsof
rapidstorm(“bomb”)developmentpresentedbySandersandGyakum.30Figure24
locatesNOAA,databuoycapsizings)andtheepisodicwaveencountersofthetiCHEN
(presumed)andCHUFUJINOwithrespecttotheisoplethcontours.Thesecanbeseen
tolieneartheeasternedgeoftheregionsmostoftenassociatedwith“bomb”
developmentasmightbeexpectediftheywereassociatedwithlatter(orsubsequent)
phasesofstormdevelopment.

(3)’U.S.NAVYFRIGATEWaveDamageIncident

AlthoughtherearecertainaspectsofthewaveencounteredbytheNAVYFRIGATE
whicharesimilartothoseencounteredbytheM.V.MUNCHENandM.V.CHUFUJINO(see
5.2.2),thegeneralsynopticweatherpatternwasconsiderablydifferent.Thesur–
faceweathermapofFigure25showsawarmfrontpassingthevicinityoftheship
atthetimeoftheincident.Nowindvectorsexceeding35knotsareshownlwhichis
consistentwiththegenerallylowseastate(10–12footwaves)observedatthetime
bytheship.Theintrudingepisodicwavepacketfromthesouthsoutheastimplies
strongerwindsblowingfromthatdirectionsouthandeastoftheship’slocation
contrarytotheimplicationstothesurfaceweathermap.Windvectordatafurnish-

34fora timesixhoursbeforetheedbytheSeattleOceansServicesUnitofNOAA
incident*showssurfacewindsof35knotsfromthesoutheastoffthelowerOregon
coastwhicharesubstantiallymisalignedtotheisobarsofFigure25.Theextent
ofthisparticularwindfieldinrelationshiptotheship’slocationcannotbe
determinedfromtheavailableinformation.AsinthecaseoftheMUNCHENandCHll
FUJINO,itisclearthatthesurfaceweathermap,duetoa lackofcloselyspaced
observationsfromshipsatsea,isinadequatefordescribingthewindfieldinthe
regionoftheepisodicwaveevent.

Inthiscase,weathersatelliteviewsoftheassociatedcloudpatternshowno
evidenceofa TROFinteractingwitha surfacelowsincetherewasnomajorstorm
activityinvolvedintheimmediatearea.Theincidentisbelievedtoillustrate
thatabruptlyangledwindfieldscanexistunderconditionsmuchlessdrasticthan
thoseassociatedwiththeMfiCHENandCHUFUJINO,andthatroguewavesofsmaller
proportionscanalsobeencountered.

6.2EffectsofLargeNon-GaussianandEpisodicWaves

TheencounterswithlargewavesdescribedinSection5are
froma structuraldesignpointofview.Becauseofthelimited

*observation
available.

for a timecloserto0600 GMTon13 February1982
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Figure23a–NOAA-5Infrared
SatelliteImageat0415Hourson

2January1977

Note:’
1. Lastreportfrombuoyat
2. FromFi~ures4

Figure23– Cloudpattern
in

Figure23b–NOM-5
Imageat1815Hours

1200GMTon2January

VisibleSatellite
on2January1977

1977.
and6ofReference10.

AssociatedwithCapsizingofNOAADataBuoy
NorthPacificOcean
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Note:Isoplethsdefinedistributionof“Bomb”eventsduringthreecoldseasons.
FromFigure3ofSandersandGyakum.30

Figure24- RelationshipofNOAADataBuoyCapsizingstoRegionsof
ofIntenseWinterStorms

Development

NOTE@ UmS.NAVYFRIGATE

Figure25- surfaceWeatherMapforVicinityofU.S.NAVYFRIGATE
“Rogue”WaveEncounterat0518GMTon13February1982
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whichhavebeenreviewed,thedamagesaresignificantprimarilyfromthepointof
viewofevidentrelationshipsbetweenwavecharacteristicsandtheparticular
damagewhichtheycausedasopposedtogeneraldamagetrendsperse.

6.2.1Steep,ElevatedWaves

TheCHESTERA.POLINGcasualtyisbelievedtodemonstratethatlargewavesof
thistypecanresultinwaveinducedbendingmomentsofa substantialnatureinthe
caseofshipsofrelativelyshortlength.Thetime-seriescharacterofthewavesas
showninFigure11andasimpliedbyFigures12and13suggeststhattheresulting
saggingmomentswillbeinfluencedsubstantiallybytheheavingmotionofthebow
oftheshipasitencounterssuchawaveespeciallyinthecaseofshipswithcon-
siderablefullnessforward.Thehighincidenceof.“bomb”developmentalongthe
U.S.eastcoastshowninFigure24identifiesanareaofconcernforcoastalvessels
whichmightotherwisebeexpectedtoavoidsuchextremewaveconditions.

TheSEA-LANDMARRETandU.S.S.SHREVEPORTillustratethatthecombinedsize
andsteepnessofthesewavescanresult,insignificantdamageforwardwhentheship
inquestionislonganddoesnotriserapidlyasthewaveisencountered.Obviously
hullformforwardandover-allshiplengthareimportantcharacteristicsindeter-
miningwhetherornottheexistenceofsuchwavesrequiresspecialattentioninthe
structuraldesignoftheforeshiparea.

TheF/VFAIRWINDcasualtyraisesquestionswhichareprimarilyofanon-
structuralnature.Vesselstabilityandespeciallyoptimumhandlingtacticsin
large,breakingwavessuchasshowninFigure12appeartobeofprfiaryconcern.

Althoughnocasualtycasehasbeenexaminedinthisstudycomparabletothose
discussedbySzostak35relativetolargetankers,itisbelievedreasonableto
concludethatlarge,steepwavescanleadtosubstantiallocalhydrostaticloadings
onlarge,fullyladdentankerswhicharesweptbysuchwaves.Theshortwavelength
andelevatednatureofthewavesimpliesthatsuchshipswillhavea limitedtendency
toriseuponencounteringthemandthatunusualdepthsofgreenwaterondeckcan
occur.Thehydrostaticcrushing.loadsonwebframesunderthesecircumstancesare
likelytobeimportant.ThustherecommendationbySzostak35thatwaterdepthson
deckberelatedtoactualwavecharacteristicsasopposedto“designwave”heights
isbelievedwelltaken.

6.2.2 EpisodicWaves

Thelarge grouped wavesencounteredbytheS.S.SEA-LANDMcLEANandU.S.S,
INDEPENDENCEillustratethatthetime-seriescharacterandlargesizeofthesewaves
canresultinsubstantialhullgirderbendingstressesinlongships,especially
whenthehullformissuchthatheavyslammingcanoccurwhenthesecondwavein
thegroupisencountered.Thelackofidentifiabletime-seriesheightmeasurements
forsuchwavesisa seriousdeterrenttoamoredeterministicunderstandingoftheir
effectonlongships(andadditionallyfromthepointofviewofrecreatingsuch
wavesatmodelscaleintesttanks).

Episodicwavepacketsofthe“threesister”varietyappeartobeofimmediate
interestfroma cargotie-downpointofviewconsideringthelargerollangles
whichtheyarelikelytoinduce.Againthelackofidentifiabletime-serieswave
heightdataisunfortunate.
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The“rogue”waveencountersbytheM.V.CHUFUJINOandU.S.NAVYFRIGATEand
presmablybytheM.V.MfiCHENaredoubtlessthemostdisconcertingincidents
examinedherewithrespecttocriticalwaveproportionsandattendantstructural
damage.Suchwaveeventsappeartobesufficientlyinfrequentthattheprospects
ofobtainingapplicabletime-serieswaveheightdataarepoor.Otherpossibilities
mayhavetobeconsideredintheinstance.

Fromthepointofviewofimprovingshipstructuretowithstand“rogue”wave
loadingsjtheprospectsaresomewhatbetter.ThedamagesassociatedwiththeCHU
FUJINOandtheU.S.NAVYFRIGATEinvolvedtheeffectsofwaveimpactloadingson
localstructureprimarily.Damagewhichwouldappeartorequiremajorstrengthening
o:thehullgirderwasnotinevidence.Byinferencethesamemaybesaidofthe
MUNCHEN. Since“rogue”waveencountersareveryinfrequent,repairabledamageis
suggestedhereasbeingentirelyacceptablesothattheprimaryconcerninstructural
designisthemaintenanceofwatertightintegrity.

TheCHUFUJINOdamagesareinstructiveinthisregard:

(a)“Boltedengineroomaccessplatingondeckforwardofbridgebuckled
tornloose,allowingwaterEritry toengineroom.”Theshipwaswithoutpower
entirelyforaboutanhourfollowingtheincident.

and

(b)“Wing/ballasttankventsdamaged,baffleplateswashedaway,floatsfell
out,andwingtanksflooded.’”“Foe’slestoreroom;fwdpumproom;No.1andNo.2
doublebott~ms>POrtandstarboard;forepeaktank-allcompletelyflooded.”Sub-
sequentcumulativefloodingnearlycausedtheshiptofounder.

(c)“Starboardbridgewindowssmashedin.Starboardlifeboatwashedawayand
davitsflattenedtodeck.TWOstarboardaftliferaftsandforedeckliferaf~washed
away.”TheinferredlossofprimaryradiotransmissioncapabilityintheMUNCHEN
casualtyandthelossofitsstarboardlifeboatsuggestthatsimilarandperhaps
moreseverewindowandotherdeckhousedamagesmayhavebeenexperiencedinthat
instance.(Itmightalsobenotedinpassingthata locallossofwatertight
integrityunderlesstryingcircumstanceswasnotedbytheS.S.LASHTURKYIEin
Case23ofTableA-1ofAppendixA). Bridgewindowfailureswerealsoexperienced
bytheNAVYFRIGATEeventhoughtheroguewaveencounteredwassubstantiallysmaller
thanthatencounteredbytheCHUFUJINO.

Thesuggestionhereisthatlossofwatertightintegrityduetoexcessive
deformationorstructuralcollapseduetoanywaveencountershouldbeconsidered
asprimafacieevidenceofaneedforimprovingtheultimatestrengthofthe
componentinvolvedprovidedimproperfabrication,securing,sealing,etc.wasnot
inevidence.“Hardening”orelimination,orrelocationofcomponentsinsuch
empiricalfashioncouldbeofconsiderableimportanceinassuringthatloadings
associatedwith“rogue”waveencounterswillnotjeopardizethewatertightintegrity
ofa ship.Whileamorerationalunderstandingofsuchwaveloadingsisdesired,it
isbelievedthatstructuralimprovementsneednotwaitforthistobeachieved.

7.0 CONCLUSIONS

(a)Despitecertainsemanticandperceptional
large,non-GaussianandepisodicwavesinHurricane

57

problems,-theidentificationof
Camillewavedatabyhalf-cycle

.-



analysistechniqueshasprovidedabasisfordiscussingdamagingstormwavesduring
interviewswithship’smastersandofficersofconsiderableat-seaexperience.The
resultsoftheseinterviewsconfirmearlierindicationsofthepotentiallydamaging
natureofsuchwaves.Theadditionalcharacterizationofthese’waveswithrespect
tolong-crestednessandalignmentormisalignmentwiththedominantwavepatternof
a storm-drivenseawayhasbeenofvitalimportanceinestablishinganinitial
characterization(Table2).

(b)Recentdevelopmentsinthemechanicsofnon-linearwavesandinthestudy
ofrapidlydevelopingwinterstormsprovideimportantcluesregardingthesynoptic
weatherconditionsassociatedwiththedevelopmentoflarge,non-Gaussianwaves.
Inthisregard,thetypeofwinterstormcharacterizedbySandersandGyakum30as
“thebomb”appearstobeofconsiderableimportance.

(c)Waveimpactsareamajorcauseofheavyweatherdamageascomparedtoover-
allhullgirderloadings.Thusresearchassociatedwithshipstructuralloadings
inextremeseasmustalsodealeffectivelywiththisclassofproblemtobeofsigni-
ficantvaluetopracticingnavalarchitects.

(d)Maintenanceofwatertightintegrityappearstobetheprimaryrequire-
ment(chieflyinvolvingdoors,hatches,ventilators,windows,etc.)whena ship
encountersa “rogue”wave.Itfollowsthatsignificantlossesofcomponentwater-
tightintegrityinheavyweatherofanytypeshouldbeexaminedcriticallywith
respecttotheneedforstructuralorothermodificationsinordertoassuresafety
undertheextremeconditionsassociatedwith“rogue”waveencounters.

8.0RECOMMENDERPROGRAMOl?RESEARCH

Ithasnotbeenpossiblewithinthescopeofthepresentstudytopursueina
substantivemanne”rthemanyinitiativeswhichhaveevolvedduringitsconduct.As
a result,theprogramofresearchwhichisrecommendedhereisbothdiverseand,in
somecases,tenuouslychartedbecauseoflimitedprogresstodateincertainareas.
Nevertheless,ifa rationalunderstandingofshipstructuralloadingsinextreme
seasandofassociatedstrengthstandardsistoberealized,therecommendedpro-
gramcannotbearbitrarilylimitedtofamiliarareasofresearchortotaskswhose
approachisnecessarilyclearandwelldefined.

8.1ContinuingSurveyofShipDamagesandExtremeWaveEncounters

Theinterviewswithship’smastersandofficersconductedinthisstudyshould
berestructuredandexpandedtopermitinterviewswithship’spersonnelatthe
earliestopportunityfollowingmajorheavyweatherdamageincidentsratherthan
longafterthefact.Moreover,certainbasicinformationshouldbegatheredin
documentedform.Thereisatthepresenttimeanetworkofcooperatingshipswhich
periodicallyfurnishlocalwind,wave,andmeteorologicalinformationtotheU.S.
NationalWeatherService.Ifthisnetworkcouldalsofurnishinformationregarding
extremewaveencountersandrelatedshipdamagesonthoseinfrequentoccasionswhen
thereisa significantincident,therewouldexistconsiderablepotentialforadding
totheinformationgainedfromtheinterviewssummarizedhereaswellasaddingto
thetypeofinforma~ionobtainedregardingthe
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wave damageincidents.*A condensedversionofthepresentreportcouldserveas
anintroductiontosuchaninformationgatheringprogram.

Considerationshouldalsobegivengenerallytogatheringinformationregarding
structuralcomponentswhichfailtomaintainwatertightintegrityunderwaveimpact
loadingsparticularlythosewhich,underextremewaveconditions,coulddisrupt
radiocommunication,causelossofcontrolorshippowering,orcauseseriousloss
ofshipstabilizyorbuoyancy.

8.2WaveandWindDataAcquisitionandAnalysis

TheinformationobtainedfromHurricaneCamillewaveandwinddataregarding
theexistenceandtime–seriescharacteroflarge,non-Gaussianandepisodicwavesas
wellasconcurrentwinddatahasbeenofvitalimportanceinthepresentstudy.
Muchmoretime-serieswindandwavedatamustbeobtainedandanalyzedforsynoptic
weatherconditionswhichhavebeenfoundtobeofinteres’tastheresultofthisand
otherstudiesifadditionalprogressistobemaderegardingtheexistenceand
characteristicsofextremewaves.

Oneofthelogicalsourcesofthedesiredtime-seriesdataarethoseocean
weathershipsstillinuseintheNorthAtlanticOceanaswellasdeep–wateroff–
shoreplatformsordrillingrigsincorporatingwaveandwindmeasuringandrecording
systems.Unfortunately,thelargeoceandatabuoyscurrentlydeployedofftheU.S.
coastsare,notcapableofprovidingtime-serieswaveandwinddataatthistime.
Difficultiesalsoexistregardingtheproprietaryaspectsofwindandwavedatain
thecaseofoffshoreplatformsanddrillingrigs.Despitetheseproblemsthereis
reasontobelievethatimportanttime–seriesdatacanbeobtained.

Theacquisitionandanalysisofmeso-scaledataforsurfacewindfieldsresult-
ingfromtheinteractionofTROF-likedisturbanceswithbothdevelopingandmature
surfacelowsisofconsiderableimportancewithrespecttounderstandingtheorigin
ofepisodicwavepackets.Theenormousareacoveredbyevena smallTROF-like
disturbancepresentsamajordeterrenttoprogressinthiscasealthoughsatellite-
bornesensorsmayprovetobehelpfulinprovidingatleastindirectevidenceofthe
desiredsurfacewindfieldinformation.

8.3 TechnologyDevelopment

(a) TheIdentificationofNon-GaussianEventsinQuasi-StationaryTime-Seriess
DataofArbitrarySpectralForm.AsdiscussedinSection2,a capabilityexists
atpresentforidentifyingtheexistenceofnon-Gaussianeventsinaband-limited,
whitenqiseprocess.Itisimportantthatthiscapabilitybeextendedtoapplyto
stochasticprocessesofarbitraryspectralformforamoreexactidentificationof
non-Gaussianeventsinwaveorothertime-seriesdata.Thedesiredcapabilityis
consideredtorequireprocessingofthetime-seriesdatadirectlyintohalf–cycle
matrix(HACYM)formatand,additionallydeterminingthevariancespectrumforthe
sametime–seriesdata.BysummingelectricallygeneratedGaussianrandomvariables

*Themostrecentversionofthedatatableentitled“Ship’sWeatherObservations”
providedtocooperatingshipsinfactrequestsmuchof~hedesiredinformation
under“FreakWaveReport.’~
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correspondingtothediscreteenergy/frequencyconstituentsofthespectrum,36~
newGaussiantime-seriescanbegeneratedandprocessedintoHACYMformatfordirect
comparisonwiththeH.ACYMdataobtainedfromtheoriginaltime-series.Thepurpose
ofthecomparisonistoidentifynon-Gaussianeventsintheoriginaldatafor
furtherstudyastotheirparticulartime-seriescharacteristicsandoriginfroma
causeandeffectpointofview.

Thiscapabilityisalsoofimportanceintheanalysisofrandomwavedatafrom
testtankstodeterminewhetherornottheseawaybeingmodeledinthefrequency
domainisGaussianornot.

(b)GenerationofWavesofSpecifiedTime-DomainCharacterinTestTanks.
Becauseoftheexistenceoflargenon-Gaussianwavesinnatureandtheirpotentially
damagingeffectsonships,itisrecommendedthatconsiderationbegiventogen-
eratingmodel-scaleversionsofsuchwavesinlinearandmaneuveringtanks.The
time-serieswavedataofFigure11providesa startingpointformodellingpurposes.
TestsofamodeloftheSL-7containershipsinsuchwavesislikelytobeinstruc–
tivebecausethetendencyofthisclassofshiptowardforedeckanddeckhouse
damagehasnotbeenrevealedbypreviousmodeltestsinregularandrandomseas,
thelatterpresumablybeingessentiallyGaussianincharacter.(SeeSection2 and
Figure5).

(c)PropagationCharacteristicsofImperfectSolitonWavePackets.There-
searchofYuenandLake25reviewedinSection6whichrelatestothestability
ofsolitonwavepacketshavingimperfectheightenvelopes,shouldbecarriedforward
bothanalyticallyandexperimentallytoconsiderthemoregeneralcaseofimperfect
waveperiodsandheights.Theinstabilitycharacteristicsofsuchpacketsisalso
apttobeofconsiderableimportanceinexplainingtheoriginof“rogue”waves.

(d)WindGenerationofImperfectSolitonWavePackets.Asmentionedin
Section6,noexplanationhasbeenofferedregardingtheapparentabilityof
stormwindstogenerateimperfectsolitonwavepackets.Recentinvestigationsby
Mono-ChristensenandRamamonjiarisoa,37however,appeartobemovinginthis
directionalthoughtheyhavenotbeenstructuredtodealspecificallywiththis
question.Thetechniquewhichtheyemployofinjectingmechanicallygeneratedwaves
intothewindfieldoftheirtestflumewouldappeartoovercometosomedegreethe
markedlyoverdrivenwind-wavefieldcharacteristicofsuchfacilities(seeSqction
6), Itisrecommendedthatthemethodsemployedintheirworkbeexaminedto
determinethefeasibilityofstudyingthegenerationofwavesinwind-wavefields
whichareoverdrivebyanorderofmagnitudelessthaninpreviousexperiments.

(e)UltimateStrengthAnalysisMethods.Theacceptabilityofdamageto
structuralcomponents,intheabsenceofsignificantlossofwatertightintegrity,
assuggestedinthediscussionof“rogue”wavedtiage,inSection6,necessarily
leadstoa recommendationfordevelopingappropriatestructuralanalysismethods.
Inthecaseofbridgewindows,specialdesignfeaturesarelikelytoberequiredas
wellasdynamicstructuralanalysismethods.
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APPENDIXA

ALIMITEDSURVEYOFU.S.COASTGUARDHEAVYWEATHERDAMAGEINFORMATION

Theoriginofthedatabaseandthecriteriausedforselectionoftheheavy
weatherdamagecasessummarizedinTableA-1arediscussedinSection3 together
withabriefinterpretivesummaryoftheinformation.Thefollowingadditional
commentsareofferedregardingtheinformationcontainedinTableA–1.

Thedamagecaseshavebeenorderedby“yearbuilt”sothattrendsassociated
withnewervs.oldershipdesignandconstructionwouldbemoreevidentwherethey
happentoexist.Itisevidentfromthisordering,forexample,thatshipsofmore
recentdesignarelongerandofhigherdisplacementthantheolderships.Eightof
the3&shipsreviewedinthetablewerebuiltduringorimmediatelyfollowingWorld
WarIIand5 ofthosewereapparentlymodifiedtocarrycontainers.Thecasualty
datesitwillbenoted,bearnoparticularrelationshiptotheageoftheshipin
question.

TheentriesregardingshipparticularsarethoseappearingontheCG-2692form
exceptthatsomelengthsandtonnageshavebeenroundedofftothenearestfootor
ton.Theentriesregardingshiplengthcanbeeitherregisteredlengthorlength
over-allandwhereoneortheotherwasspecifieditissonotedinthetable.For-
wardandaftdraftswereincludedinthetableintheeventslammingwasa signifi-
cantsourceofdamage(whichingeneralitwasnot).

Thedescriptionofcasualtyinformationcontainsquoteswheretheinformation
wastakendirectlyfromtheform.Insomecasesdamageinformationisalsoincluded
intheremarkscolumn.ThetimeofcasualtyinformationintheCG-2692formis
apparentlyintendedtorefertolocaltimewiththerequiredcorrectiontocorrespond
toGMTnoted.WhereGMTtimewasspecifiedintheform,itisnotedinthetable.

Theestimatesofheightofseaandheightofswellintheformareapparently
somewhatambiguous.Wheretheseaandswellapproachedfromdifferentdirections
a cleardistinctionappearstoexist.However,wheretheywereevidentlyalignedit
wasnotuncommontofindthesamewaveheightsstipulatedforeach,orforonlyone
ortheothertobegiven.Forsuchcaseslittleguidancecanbeofferedexceptto
suggestthatitwouldprobablybeunwisetoaddseaandswellwaveheightstogether
toestimatemaximumwaveheight.

Seaandairtemperaturehavebeenincludedinthetablesinceairtemperatures
substantiallylessthanseatemperaturesarefrequentlyindicativeofgustiness
associatedwithunstableandhighlyconnectiveairmasses.

Finally,insearchingthecomputerlistingoriginallyfurnishedbytheCoast
GuardaneffortwasmadetoidentifycasualtycasesassociatedwithSL-7class
containerships.Thiswasdonebecauseofthelargenumberofresearchinvestiga-
tionssponsoredbytheShipStructureCommitteeinconnectionwiththeseshipsand
theresultingavailabilityofdesign,testsandserviceinformation.Whenitwas
notedthattherewasanapparentclassproblemwithrespecttoforedeckanddeck-
housedamage,aneffortwasalsomadetoidentifycasualtiesassociatedwithIASH
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shipsbecausetheyarealsorelativelylongshipswitha deckhouselocatedwell
forwardonthehull.Sincethecomputerlistingwasnotcatalogedbyclassof
ship,thereisnocertainty,however!thatalldamagecasesinvolving~hesetwo
classesofshipswerelocatedwithinthedatabase.
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TABLEA-1-A LIMITEDSURVEYOFU.S.COASTGUARD
HEAVY-WEATHERDAMAGEINFORMATION

REFERENCE COASTGUARD VESSELTYPE YEARBUILT LENGTH GROSSTONNAGE

NUMBER CASENUMBER VESSELNAME
DESCRIPTIONOF CASUALTY

OFFICIALMIJMBER DRAFTFWD/AFT TYPECARGO

Tanker
Vesseloncourse345° at full seasp~ed.fAod-

(Containedrip) 1942 523 Ft061n LOA 9,315Tons erateto heavyseasortefrointforwardof part
beam.Occasiona$seasavermaindeck.47

I 82760 containers!ostordestroyed.Containerspart,

S.S.CAFtBIOE 241851 Containersarrd
aftarrdstarboard,forwardwerelost.Yawing

SEAORIFT
2EFt/31 Ft Tanks

ofvessefbelievedto haveoverstressedcorner
postsofseveralcontainers.

Rudderfailure.”. . .tfrevesseltooka particu-
Container 1942 627Ft051nLOA 16,395Tons ladydeeppitch,roseto ihawestof ther.vail,

2 51676 andthen’dropped’ontothenextsucceedirrg

S.S.ELIZABETH swell‘pounding’veryheavily,and‘panting’
242557 20 Ft/22 Ft Generaf

PORT considerably.” Note:

m Table
4 Container1943 494Ft02In 11.4T6Totss‘Wbilepracaedingunderfrtweto corralitioras

(40-45 RPM)aseriesofmountainouswaves Continuedon
3 5190! diwenbeforesquallofsevereintensitystruck Next Page

S.S.ANCHORAGE 243050 27 Ft/29 Ft Containerized vesseldoingvariousdegreesofclamageto
General tfrreecoirtainera.”

Freighter 1944 455 Ft 03 In
‘The portforecastlebulwarkwascarried

~,639Torrs

4 40716
awayina galeonthenightofJuna22,
1973.” “. . causeof casualtywasthetaking

S.S.LONGVIEW 24i’077 26 Ft/29 Ft Ammunition of anunusuallylargesweilovartie partbow
VICTORY (Mifitary) duringheavyweather.”

Freighter/ ‘Tha vesseldamagecoflsistedof twolost
ConvertedT-2 1944 602 Ft 05 In 15,995Totrs ventsto upparwingballasttanksandminm

5 83370 shellplatingcracksinway of tbeengineroom

S.S.MEFiFtlMAC 245673 33 Ft/36 Ft Wfreat spaces.TheiostventsaHowed~ltwaterto
raacfaandspoi1400fJtonsofwheat.’r

Container- “On tha$laifI’sbowabout4UfeetOffthepOrt
Freight 1945 497.2 Feet ll,3E19Tons sidebutwarkbetweenwabframas6-24was

6 51280
rmtirelytornewayandmostofitlostouer-
board.Themaindeckwasholedin three

GaneraiCargo
S.S.CHARLESTON 240095 23 Ft/27 Ft placaaat itsextremeportaideedge... .TIre

inContainers ftont endsof twDcontainerswerestovein.”



TA3LEA-1(Continued)

Date BodyofWater SeaCondkion WeatherCondition WindDirection

Reference
Nmmber Time (Z~ne) PortOf Departure HeightOf Sea HeightOf Swell WindVelocity

Visibility RepairCost

SeaTemperature CargoLoss REMARKS

Location BoundTo DirectionOfSea DirectionOf Swell Gusty

26 Jarr1978 Atlantic Ocean Rough Overcast Westerly

Air Temperature Shipli~adirtg

10 Miles+ $100K SuddenOropAnd RecovaryOf
BarometricPrassure(4 to 5 mb)
At Time of Incident.
CauseOf SharpYawingOf Vessel
Un~xplained.I 1 2249GMT Gttayanitla,P.Hico 10-15FT i5-2DFT 25-30KN

33-34N,73-07W fhu York,PJ.Y. WeatarlY Westarly No

66*F

52°F

$800K

345°Gyro

I I 25 Oec1974 I NorthAtlantic
I

Very RoughSWSea
HeavvSWSweIl Overcast,Squelk I Sw Variable2-5 Milas $20K WaveSequencaAnd WindStrangth

SimilarTo That WhenS=S.SEALAfJO
McLEAN ExperiencedExtremel-full
GirderBendingStresses

1500 GMT ] CadizrSpain I l*FT I 20+FT I 70-90 KN 73°F Ll

37.7FJ,63.4W NewYork, N.Y. Sw SW& WNW Confused Yes

24 Nov 1913 Atlantic Ocaan ExceptionallyRough Overcaat NW

60”F
Good,7Milas $0 K

ContainersLiftadByWaterOn Deck
At Hatches6 And 73 1136(+4} [ Cadiz,Spain I 30-40IT I NoOefinedSwell I 60-70KN 72°F MOO K

37-20N, 55-20W I Elizabath,N.J. 1 Nw I-l Yes 65°F
Sw

50KN

No

3Mi[es $25K

60°F

60°F

$0 K

?

Westerly

60 KN

Fair,5Miles

68°F

$85K

5 ] 0400(+41 I Nrwfolk,Virginia 35FT I Unknown $400K
?

$10 K

$0 K

053° Gvro

I 33-25hl,55-08W ] Alexandria,Egypt

+=+=

6T”F

15 Mifes

Yas

NxEI 2 Jan1975 I AtlanticOcean
ShipSlowedIncrementallyBaginning
At 0518 To 0745 Hours.
HeavySeeBrokaOver80WAt 0745

78°F12 FT I 15 FT 34-40KN

IUorthedy I Northerly Yes



TA3LEA-1(Continued)

tEFEF3ELJCECOASTGUARD VESSELTYPE YEARBUILT LENGTH GROSSTONIIAEE

NUMBER CASENUMBER OESCRIPTIO?JOF CASUALTY
VESSELNAME OFFICIAL NUMBER ORAFT FWO/.AFT TYPE CARGO

Freighter 1945 551.9 Feet !5,147 TorIs “Lostportgangway,!sridleandwires.Port
catwaiksatrrngsideper-thatchcoaminw

7 82815 damagad.”(Oamagelistgiven}.
S.S.OVERSEAS

TRAVELER 289436 \ 33 Ft/33Ft Coat ‘iHaavyseasarrdswellswashingova?main
d~cksa~dhatchas.”

1 “At1315hours160ecC/Cfrorn2413”gyro I
~ I 1946 468 Ft05 In ? to 295° gyrom easehaavyrollingdue10vary

highM‘Iy saaandshortItaavy15 footswell.

8 21065
At 1330C/C305° gyro,1435vessetro!tad

{ 38 degreesinshorthaavy35 footN’ly swan.
S.S.PRESIOEfdT C/C020° gyroandreducedspaedto{50}RPM

MADWf3N 249683 ?[27 Ft OsckContainers 1505reducedspeedto40 RPMs.At 1512
vanswentoverprrrlside#5 hatch.”

Freighter 1953 I 563.07 Faet(?) 9,069 TOIM ‘Whilefrovato N’ly storminLat.27-17N
Long.17140 W Vesselsuddanlyrolled40°

9 21016 per!to starboardcausingdeckloadtoshift
S.S.PRESIOENT 266060 29 Ft/30 Ft Genera! with lossof6 vansoverboardanddamageto

JACKSON 22 otharvansstoredondeck.”

“1622 boardedhy heavyseaoverportbow.
Tacker 1959 712.I Feet 24,493Tons 1624struckbyanotherheavyseaonportside.

Reducedspeadto811RPMheavyseasand
10 40744 crossswells- vessalitaarirrgpoorly.0800

veswlhadslightportlist.Inspectionshowed
S.S.THETIS 279627 37 Ft/36 Ft ArabianCruda

Oil
approximately4feet ofwaterin * port
hallas!wingtank.Oamagato deckpiping,”

“Vesselproceedingat reducedspaedin mod-
Container 1964 668 Ff 7%In 16,542Tons arate!yrougfrWSWswaliinmoderataSWsea.

Tookhaavvseaonstarboardsidaforwardof
11 41428 midshiphouse;seab{ofseoutportholein

ChiafMate’sroom,alsoonewindowinstb’d
S.S.OREGON

MAIL 296779 ~ ft/30 Ft Centainers
passen~rloltrage;sustainedhaavywatet
damageinbotharaasandp~ssagawaysand
passangerrooms.”

12ril[ingBarge 1966 220 Feet 2,778~0/SS “Brokanmoorings,damage!oventpiping.
12 42069 Lossof onalife raft. Oamageto kaelcool

BLUEWATER3 503-347 39 Ft/39 Ft OriltEquipment systemdueto advw!awaatherconditiom.”

Note :

Table
Continuedon
NextPage

—



TABLEA–1(Continued)

I

Date
/

BodyofWater SeaCondition WeatherCondition WindDirection Visibility RepairCost

Refer~nce
Number ] Time(Zone) PortOf Depanure HeightOf Sea HeightOf Swell WindVelocity [ SeaTemperature CargoLoss

Location BoundTO D~rectionOf Sea DirectionOf Swe!l GUsty .Air Tmcrperature ShipHeading

20 April 197B NorthAtlantic Very Rough PartlyCloudy IJx E 10 MiIes $96 K

7
I 1255 (+2) IPhiladelphia,PA I 30FT I 29FT IForce10

(~8-55 KNI I 60°F I $0K
41-051U,37-25W Rotterdam,Neth NXE NXE ? ? ?

16 Dec1971 PacificOcean Very HighItplySea Overcast,Rain PJorth 7 Miles Unknown

I
8 1435 {+11) SanFrancisco,Calif. 30 FT 35 FT 45 KM 72°F Unknown

30.6FJ,165.5W Yokdrama,Japan Noflherly Northerly Yes 57°F 020° Gyro

9 ~ 0200{+12} /San Francisco,Ealif. / 50 FT ~ 513FT+ I 55KN I ? I ?

21-13hf, 171-40W Semwang,!ndonasia Plortherly Nokherly Yas ? ?
I 1 t 1 1 1 1
I 16 JulylLf73 I ArabianSea I Vwy Rough I Fog,Rairi \ SW I 7Miles ~ SEOK

10 I I I Force91622 (-3) f3astamura,S. Arabia 20-30 FT 20-30 FT (41-47 KM) I 77° F I None

I 16N 57!E
(Ap#rax.) I

Houston,Texas
I

Southwesterly I SocMhwasterly I Yas
I

77°F I
?

24 Dec1974 PacificOcean HaavySeas HaavySeas Wsw Overcast
Code5-7 $5.5 K

11 152.5(+9) Seat-da,Washington 20-30 FT 6 FT 7-1o 37°F —

12

Yokohama,Japan Wsw Wsw Yes 37/33°F

NorthSea HeavySeas Squally ~ 2 Miles T~

I 0902{0) I - I 20 FT I 50 FT 165-75 Gust861 N.A. 1 $81K

REMARKS

‘Typical StormIn North Atlantic
Ocean.”

Time WindD F 3aro—— .—
0200 N XW 8-9 29.60
0400 N
0600 ENE
0800 ENE
1000 E
1200 E
1400 EhlE
1600 ENE

9 29.42
9 29.57
9 29.72
3 29.77

8-9 29.73
8 29.74
8 29.78

“8ulkhead Batween#6 And +%Port
WingTankTogafherWith Stiffeners
OverAn Area0f25Ftx10 Ft...
CerrterlineGirderAnd After Bracket
At BulkhaadBetween#5 And %
CenterTanksFracturedFor A
OistanceOf 6 Faat.’

WindVelocity RepotiedProbably
RefersTo Force7-10 (28-55 KN)

“SiXAnchorLinesBrokr OueTO
HeavyWaather.Pipe(-lengersDri
RiserTo KeelCoolerAnd Vent
Pipe.”



TABLEA-1(Continued)

I

iEFERENCE COASTGUARD VESSELTYPE YEARBUILT LENGTH GROSSTDNNAGE

NUMBER CASEPJUMBER DESCRIPTIONOF CASLtALTY
VESSELNAME OFFICIALNUMBER ORAFT FWOIAFT TYPECARGO

Whilerespondingto M. S.
Freighter 1967 694 Ft 03 In 24,4?1Tons MEXICANTRAOER”.. took seriesof53°

rollscarrsingapprox.200 tondeckcargoto

13 41452 slideoverboardcausingdamagetoship’s
hull.. .Seawataralsoenteredthruforward

GTSADM,WM. hatches..“ “Vesselcalledoff assistanceto
CALLAGHAIU 511744 25 Ft/26 FT Military distressandhoveto forsafetyandself

preservation10Iife,shipaodcargo.”

Freighter
(CObtainer) 1969 602 FeetLOA 11,757Tons “3 containersandcontentsdarnagedand3

14
(40 ft) containerslostoverboard;## hatch.

51559 Oeepwehframe#?3 and#27 crackedand

S.S REOJACKET 522650 30 Ft/32 Ft Containers distorted- maindecksetdownfromwaight
ofwater. .“

Freighter $969 605 FeetLOA 15,949Torrs
“1733 hours:Therewasasharploudcrack,

15
haerdthroughoutthevessel.. .A fracturein

63230 themaimdeckportsideof#l hatchwas
S.S.AMERICAN

MAlf- 521866 34 Ft/35 Ft G!ain/General
sightedfromthebridgedeck. .approx.
16 feetin fengtfr.”

Freighter 1969 605 Feet
“. . .At 0300 weweresuddenlyliftedbya

15,949Tons hugeswefl,rollingm to 35° starboard.This
16 03851 motioncarriedawaylashirrggaaronafterend

S.S.PflESIDEfUT” 520392 27 Ft/36 Ft General
of containemonhatchtopsl, 3,4 andthey

WILSON beganto slidebackandforth . . . “

Tariker 1969 632.3 Ft {Reg) 20,879 Tons
“. .atabout1200 hourson10 Feh1973. . .
SpeaalreducedWIstearagewayandvawellay

17 32036 to headto seas.At 1912 hwrrsavaryheavy
S.S.OVERSEAS 518125 34 Ft/38 Ft OadkHeatingOil

VIVIAN
aweNbrokeavarsternfrombothsides

andGasofirre fkmdingemergencygeneratorroom. . . .“

RO-RO 1970 700FeetLOA 15,!31 Torrs
18 41B81

“Onetrailerwentswerfrsrardinheavy

S.S.ERICK. HOLZER 530007 25Ft/27Ft weather.”N.&.

Note:
Table”
Continuedon
NextPage



TABLEA-1 ~ontinued)

Date BotlyofWater SeaCondition WeatherCondition

Time (Zone) PortOf Llefaafiure HeightOf Sea HeightOf SwellReference
Number REMARKS

Location I BormdTo DiractionOf Sea OirectionOf Swell Gusty { Air Temperature I ShipHeading

20Dac1973 I North Iltlantic
I

Maruntainous
I

Ouarcast,Heavy
SprayOverall N To NW’ly I 2Miles I $150K

SameStormAnd Approsrimete
OceanAreaAsS,S.SEALAND
McLEAN WhenIt RecordadExtrame
Hull GirdarBandingStrassas

10-12
(48-55.64°+ 52°F I S500K13 0500GMT 10remmerhavan,W.Gerl 0ver40FT I 0wr40FT

Yes 1 4B°F I ?47-30N,15-40W [ NewYodr, N,Y. I ConfuswtN’ly ] CorrfusedN’ly

WXN I 5Milas I $52K25March1974 ~ PacificOcean ~ VeryRough ] Overcast ‘iVesselLength[602FT) And Swells
WereSo NearTheSamaLength
VesaElCompletelySynchronizedWith
The Swells. ..”

0820 {+12) ~ MawYork, N.Y. ~ 50 FT I 50 F-r 65-70KN ~14

37-IOIW,175-50EI Yokoharrsa,.lapan I Westerly I Wefierly Yes I I
NNW \ l/2Mila I $50K7 Feb1976 I PacificOceao I Mountainous I Overcast,Snow

VasselSpeedOf 16.5 Knots
ConsideredExcessive(By USCG)For
F%wailingSeaConditiosrs.

0733GMT lSaettla,Waslaington] 20-40FT I 20FT 40-60KN I 33°F I $lUOK15
46°54W)

I
Yokohama,Japan

157°11’E I
NNW

I
NNW Yes I 33°F I 225° T

1 !

Wsw 10NauticalMiles $2B0 K13 March1980 / EasternPacificOcaarrl HighSaa [ Ovamast Damage:“CoamirrgAt# Carried
Away.5 ContainersLostOvarboard=
27 ContainersDarnagad.5 Cargo
Booms3ant. 3 HatchCoversDented
(l Holed). . . . .“

0300(+B) \ Oafdand,CaliforniaI 20FT I 40FT 22-27KN I 51°F I $50K16
43°22’Nr
126°15V# DsrtchHerbor,Alaska Wsw I Wrlw No I 53°F I

10 Fab1973 I Atlantic Ocean I Very Rough I Overcast,Rain NllE I l-5 Miles I $50K

17 1912 (+5) I Houstrsn,Twas I 40 FT I 40FT 60-80KN I 70°F I $OK

Yas ~ 4B°F I HeadToSeas35-41N, 74-47 W Boston,Mess. NNE NNE

20 Felr1974 AtlanticOcean Rough I Overcast

18 0?45EOST NewYorkr N.Y. 10 FT 6 FT

36.7”N, 72.0% San.luan,P. Rico WNW Avaraga

I.,



TABLEA-1(Continued)

VESSELTYPE YEARBUILT LENGTH ~ GROSSTONNAGE‘EREtJCE
UMBER

coAsT GUARO
CASENUMBER OESCRIPTiONOF CASUALTY

IVESSELNAME IFFICIAL NUMBER flAFTFWO/AFT I TYPE CARGO

“Heavyweatherdamageseracountwed,heavy
weatherin NorthwestPacificOceanshipping
heavywasoverbow.”‘%Vatertightdooron
foes’teheadsprrmgopen.“ (dogsfailed- dool
failureresultedin Noodingofbowthruster
room).

Freighter
(VanCarrier) Rebuilt1971 667 Feet I 16,518 Tom

19 41427
31 Ft/33Ft I Containers-

GerreralS.S.JAPANMAIL 2879?6

-?==

Freight 1971
“Beamswellsboardedatunknowntime
damaging4cargocorrtainers.” “120 42312

S.S.SEALANO
ECONOMY 532410

“. .SEswellapparentlyhii hellsidesending
waterupunderbridgewingirssufficient
amountandforceto fwrck!ewingupward..’
“Priorto thistimeshiphedbeerrridingeasily
seesandswellsrrotlarge,I wouldcallthisa
‘Freak’saa.”

Lash- Freight 1971

530138

21 22094 Note:
Table
Continuedon
NextPage

S.S.GOLDENBEAR

“Vesselproceedingona courseof270° ata
reducedspeed{80 RPM)approx.t6krrots,
whenstruckby mountainousfraakseamr
starboardbow.”

Freighter(Lash) 1971
22 31427

S,S.PACIFICLtEAR 530139

“Heavyseakrmkeoverthebow,darnagingthe
twofor-wardwinches,twostorascranesbroke
forwardanchorlightstaff,brakeloosefour
barg~exterr!ers(4 tonseach)whichin turn
brok~a smallhatch{eatingto crawsquarters.
Waterpouraddowndamay?dfaasaageways..“

Freighter 1971 B20 Feet ~ 2G,456Torrs

23 41720
S.S.LASH
TLfFIKYiE 530143 26 Ft/31 Ft

I
G~nerat

‘Tt830irrfornredby reefermaintenance
i severalcontainerslooseondeck.Onirrvasti-

gationdiscovered6 containersfromslot73
to 76 onpartsidehadbeenstoveinbyasea
andseverallashingsparted,. . . .”=?-==

Freighter(Lash) 1972

24 42751
S.S.JAPANBEAR 530140

‘TIamagecaumdbytekingheavyseasover
$ternofveswL”’’’Oamagetamakeuprailsarrd
exteiasivedemrrgeto themotorsof Iheport
andstarfsoardtrarrsportemdueta saltwater.”IFreighter

S.S.OOCTORLYKES

1972 875 Feet \ 21,66BTons
25 a2485

536500 34 Ft/37 Ft General



TABLEA-1(Continued)

Date BodyofWater SeaCondition WeatherCondition WindDirectiarr Visibility RepairCoat

Reference
fdumfrer Time (Ziarre) PortOf Depaflure HeightOf Sea HeightOf Swell WindVelocity SeaTemperature CargoLoss REMARKS

Location BoundTo DirectionOf Sea DirectionOf SwelI Gusty Air Temperature ShipHeading

15 Oec1973 NW PacificOcean Very Rough l-ieavySeas Wsw’ly 5 Miles $80 K

19 ? [-lo) Seattle,Washington 12-20 FT 20-30 FT 35-40 KN 3a°F $0 K OamageOccurredAt Night

48”N, 165”E Yokohama,Japan Wsw Wsw’ly Yes 35°F ?

5-6 March1974 Atlantic Obean Very Rough Overcast,Rain NW 5 Miles $0 K

20 ? (+1) Rotterdam,k!etlr 20 FT 3LlFT 55 KN 57°F $2.1 K DamageOccurredAt Night

39N, 29W Houston,Texas NW NW Yes 45°F ?

27 Feb1972 NorthPacificOcean Mod. To fieauy
SE Swell Overcast Ssw 10 Miles $90 K WindVelocityMay CorrmpondTo

Force5 (19-24 Knots}“LocationOf
21 1132 (-9) Yokohama,.fapan 6 FT 12 FT 5 57°F $0 K WingOverForwardPartOfSfrip,

100AftOfBowCannotEscape
34-46N,140-2BESanFrancisco,Calif. Ssw SE No 56f57°F 090° Trua IrrjuryAsTime GoesOrI. . . . .“

17Jan1973 North PacificOcearr Rough Overcast Wrrs 5 Miles $5 K

2012 {+9)
StarboardWingBridga. . .WavyAnd

22 SanFrancisco,Calif. 12FT 20FT 45KN 62°F $0K Oistorted. . . . FracturadAfter

32-21N,137-55W
BulkheadInChiefOfficersQuarters

Yokohama,Japen Weat Waat Yes 53dF 270°True

6 Feb1974 Atlantic Ocean Very RoughAnd
HighSwells Overcast,Rain W!lw’ly About 5 Miles $100 K (Approx}

23 0430 (+3) Cadiz,Spain 40-50 FT Swells 40-50 FT
‘ ShipEventuallyTurnedAnd Ran

Over60 KN 58°F Unknown BeforeStorm.

39h!,59W NewYnrk, N.Y. WNW’IY WNW’ly Yes 60°F HnvaTo into Sea

21 Jan1974 PacificOcean Rnugh Rain 170° FourMiles $1 K Time WindDir SJz@
0100 1BO 46

Approximately SanFrancisco,Calif. 12 FT 0200 1BO 46
24 0500 {+11) 12 FT 44 KM 54°F $20 K 0300 172 60

39-08N, 159-15W
0400 168 46

(Approx.) Yokohama,Japan 170° 1BOO Yes 59°F 300° Gyro 0500 170 44
060(J 1B5 43

21 Feb1978 Atlantic Ocean Very High Overcast,Rain WXN 2.5 Miles $150 K

25 1BOO-21OO(+1} NewportNaws,VA. 30 FT 41FT 0ver70 MPH 60°F $0 K

39-54N, 35-19W Rotterdam,IQath NW’ly NW’ly No 50”F ?

,t,
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TABLEA–1(Continued)

EFERENCE COASTGUARD VESSELTYPE YEARBUILT LENGTH GROSSTONNAGE

NUMBER CASENUMBER DESCRIPTIONOF CASUALTY
VESSELNAME OFFICIAL NUMBER DRAFT FWO/AFT TYPECARGO

“At 145Dhours,localtimeonacourseof
FreightrContainer 1972 892 Feet 41,121 Tons D75°,windsNW’lyforce10-12, high seas,

26 416BLl
vesseltooka wddenheavyrollto starboard
andshippedagreenseaonthestarboardside

S.S.SEALANO maindeckbetweencells7&9 extendingto
McLEAN 540413 3DFt/33 Ft Gerrerai theOl Ievelonthestarboardside.Thissea

wastekenonthe leeside.”

ContainerShip 1972 892 Feet
“Oncourw255°. Speed18 knots.Rough

41,127Tom NW’lyseasandheavyconfusedtoWNW’ly

27 61999 swetl.Vesselridingfeir, deep.W’lyswmfl

S.S,SEALAFUO General,
pickedupforwardpartof vesselanddropped

McLEAN 540413 33 Ft/35 Ft Containers
intotroughwhenbreakingWFJWseacame
acrossbow,resultingindamageindicated.”

Corrtainer/Freighi 1972 892 Fact
%metimebetwaen 2000 3/7 andD80D3/n

41,127 Tons sustainedheavyweathardamagetoshell

28 72394 platingwhilepitchingfreavilyat timasinvery

S.S.SEALANLI
heavyseesandswells.Crackonportandstb’d

542200 30 Ft/34 F! Generalin
GALLOWAY

clackdoubleronforwardcorner#1 container
Corrtainers hatch.”

“0119 F1/Sto 70 RPM{15) ktswindSWto
WSW8-9 roughseas,overcast.Vesselriding

Freight/Corrtainer 1972 892 Fact 41,127Tons fair,takingfraquentheavysprayfromport
bowwith occasionalIabw.At 0332vessel
pitchedheavyto porttakirsgveryheavyspray

29 82861 . damageaslistedbelow:Brokaoutsacondin.
andtfrandivedheavyto starboardresultingin

boerdstarboardpilothousewindow,sprung
framaantwowindowframeson02 Iaveland

S.S.SEAtAhIO 540413 34 FtJ34Ft GeneralContainer mrewindowonOTIevalstb’dside- bent
McLEAN anchorIt. stanchonrrrrforeclack,bent

bulwarkinboardportsideadjacentto #1/2
hatches(aft4 ft isrlength). . . .“

Note:
Table
Continued
NextPage

on



TAELEA-1(Continued)

t

Date BodyofWater SeeCorsdition WeatherConditionWindDirection Visibility I RefaairCost
L

Reference
Number Time(Zone) PortOf O~parture HeightOf Sea HeightOf Swell WindVelocity SeaTemperature Cargoloss

Location BoundTO DirectionOf Sea DirectionOf Swell Gsrsty Air Temperature ShipHeading

26
15Feb1974 AtlanticOcean High MostlyCloudy Nw’ly 5-10Miles $40K(Approxl

1 I ,
1520{O) PortElizabathrN.J. 20-25FT 20-25FT 60 KN 51°F $30 K (Approx)

47-31N, 19-5BW Rotterdam,Netfr NWI y NW’ly Yes 50°F 075° True

15 March1976 PacificOcean Rough Overcast NW 1 Milm $50 K

1409 (+10) SanFruscisco,Calif. 18-20 FT 20 FT 40-45 KN 61°F SOK

3543M, 151-06W Yokohama,Japan NW ConfusedTo WNW Yes 55*F 255°

7-8 March1977 NorthAtlantic Very Rough Overcast SSWToWNW 5Miles Unknown
2000-0600

26 (+1 To +2) Algeciras,Spain B-12 FT 13-20 FT 30-40 KN 54-57°F $0 K

41.6°N,26.6%
(Approx} Etizatsesh,N.J. WNWToNW WXNTONW Yes 50-53°F ?

I 5 Dec1977 I PacificOcean I Rough I Overcast ] SwTOWSW I 3-5Miles I $5oK

29 1
0332GMT SanFrancisco,Calif. 15-20FT 10-12FT 45-50Km 47°F $0K

I 44”56’N,
I49°15W I Yokohama,Japan I Wsw I Wsw I Yes I ? I ?

REMARKS

‘ThisGreenSeaCarriedAwayThe
No.1LifeboatOamagingTheStb’d
GangwayAndControls.ContainersIn
Position898And998,Smaslsirtg2
DoorsOnTheStb’dSistaOf01Levef’

“SlightBuckleIn ForedeckIn Way
Of Frames353 To 359. ., .Access
Manholeto 1 Cergo!-loldDamaged.”

OamagBAppearsInconsistentWith
PrevailingWindsAnd Saas

DamageAppearslrrconsistentWith
PrevailingWindsAndSeas
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TABLEA–1(Continued)

EFERENCE COASTGUAf10 VESSELTYFE YEARBUILT LENGTH GROSSTONNAGE

NUMBER CASENUMBER VESSELNAME
Description Of CASUALTY ~

OFFICIAL MUMEER ORAFT FWO/AFT TYPE CARGCI
I

FreiglsUContainer 1972
“At 0300 hoursosIcourse285°rspeed15 kts

946 FeetLOA 41,127Tom withvesselworkingmoderately,veam?ltook

30
uraexpectedsearwerpofibow. Foredeck

51546 dishedinapproxirnately10to12inchas.Pmt
S,S.SEALAIUD bridgewirtgbuckh?dbackapproximately8 in.

McLEAN 540413 34 Ft/34 Ft GWWJIContainer Threewindowsonforwardsideof forward
houseandtwo dislodged.”

‘The vesselesacountewdextrarnelyroughseas

ContainerFreight 1973
andheavyswellsduringSfreearlymorningha

892 feet 41,127 Tons of February3rd, 1976.Thedamageto the
wtaseiwast!rerewrlt ofshippiogaseaonthe

31
portsidehetweenframea#255 and#275.

61659 Thadamagasustainedincludesa hairfine
crackin themaindeck,14 inchesh lengthat

S.S.SEALAMO
Frame=2?4 ontheportaidaby thaforward

MARKET 550721 30 Ft132F! Cofltainars endofNo.2hatch, anddamagato the
bulwarkontheportsidewhichwasstovein
betweanFrama%259andH73.”

“1450 vasselencounteredmountainousswan,

Container 1973 946 Feat 41,127 Tons
shippedhaavyseasovarfocs’leheadfmm a
directionofapprox.15° onthaportbow.. .
In ship’soffica,portbantout,officaffooded.

32 41432 Ftaorrrs=31, =32 onDI Iaval,windows
brokan,roomsfloodad.Room+3 window

S.S.SEALA?Wl 550721 34 Ft/35 Ft GeneralContainer bentat hingessomesaltwatawdamage.RoorrI
MARKET 13at 02 leveltwowindowsbentat hinges

somasaltwaterdamaga.. . . “

Note:
Table
Continuedon
NextPage



TABLEA-1 (Continued)

Date BodyofWater SeeCondition WeatherCondition WindDirection Visibility RepairCost

Reference
Number Time (Zone) PorfOf Departure HeightOf Sea HeightOf Swell WindVelocity SeaTemperature CargoLoss

Location BoundTo DirectionOf Sea DirectionOf Swell Gustv Air Temperature ShipHeading

I 311PJovlg74 lNm-thAtlantici3caao

44*N, 57% Elizabeth,M..f.

16 Jan1974 Atlantic Ocean

32 1450(-1) Bremerfraven,W.Gar

Very Rough BrokenCloud Ssw 8 Milar $50 K

25-30 FT 15-30 FT 50 KN 41°F Unknown

220° 210-220°F Yas 42°F 285° True

Very Rough Overcast Wsw 8 Miles $18 K
40 FT 50 FT 60 KN 31°F $0 K

Wsw Wsw Yes 27°F ?

A Overcast A A $50 K

A A, A ? ?

50”05’N,
03°42W NawYorkr N.Y. A AI AI’. IA

REMARKS

NOte:~haformationGivenIn Clack
LogAbstractOf FigureA-?.

600 Ft2 Of ForadeckSatDownAboui
2 Inchas.



TABLEA-1(Continued)

iEFEF!ENEE COASTGUARD VESSELTYPE YEARBUILT LENGTH GROSSTOIWIUAGE

NUMBER CASENUMBER DESCRIPTIONOF CASUALTY
VESSELNAME OFFICIAL NUMBER DRAFT FWt3/AFT TYPE CARGO

“On themorningofhJov26, 1974vesselen-
counteredheavywasandswells.Various

Container 1973 946 Feet 41,127Tons
CDUIWSandspeedswereusedtominimize
pitchingbutthebelowdamageoccurredin
spiteoftheactionstaken:1.Bucklingofshell

33
platingonthePortsideinway of frame320

51755 extendingfromforecastledeckdownto01
lowerhold.D~flectionapproK.1 inchfrom

S.S,SEALAMD
thenorm.2. Bucklingof forecaatl~deck

Generalin
EXCHANGE 5463E3 33 Ft/33 Ft

platingapproK.10 feetfromsternindentation
Container about3.1/2 inches.3. Tearinbreakwater

whereit joirrsthedeck,approx.21 inchtear.
4. Threewindrrwssprung.”

, Container,Fr~ight
“Duringtheperiodsofhrsavyweather,ves$e!

1973 669 Feet 21,467 Tons shippedcontinuousgreenseasovartfrebows,

34
attimtawith a rackingstress.Thebow

90697 thrusterroomwas.floodedto the10 ft level,

S.S.PFiESIDENT firamainin theboxgirderfractured,two

JEFFERSON 544900 27 Ft/33 Ft Centainers containerswarestovein . . . . ,fire statton#8
doarwastornfromthahing% “. . . . . . .

Lash/Freighier 1974 t311.7Feet 32~69 Tons “Vessel’sbowdroppedintotroughofsea,
creststruekstarboardbrid{ewingextansiOn.

35 61Q29 Bridgewingbentabout20 ,weldedfittings
S.S.STONEWALL 557034 32 Ft/36 Ft GeneralJACKSON

tornandopeninginsideof housemadeover
areaofabout4 feet.”

“Vesselproceedingto NewYork encountered

Lash/Fr&ighter 1974 811.7 Feet 32269 Tons eKtramelyheavyweather.Vesselwaseased&
manuevaredasbestpossiblebutduetomaun

36
tainousseascausedby occasionallyconfused

61536 seascomingtogetherthefollowingmajor

S.s.R08ERT
itemsofdamagewerefound.Portgangway

JuteProducts
E. LEE 557D33 31 Ft/31 Ft wastom looseandthrownondeck,sterboard

in 8arges aft liftingpadofcranaswiveledseveringelec-
tricalandhydraulicffitings,~ackataffbent.”

..

Note:
Table
ContinuedorI
NexCPage



f

TABLEA-1(Continued)

t;.

Me BodyofWater SeaCondition WeatherConditionWinaiDirection Visibility RepairCost
Referwrce
Number Time[Zone} PortOfOepa*ra HeightOfSea HeightOfSwell WindVelocity SeaTerrrpweture CargoLoss REMARus

Location BoundTO OirectionOfSea DiractionOf Swell Gusty Air Temperature ShipHeading

26 ~OV1974 North Pecifw Rough Overcast w act 6-10 Miles $16.6 K

1330 (+11)
33 [Apprord Oakland,California 2fl-30 ET 40-50 FT 40-50 KN 5B°F ?

36”30’N, Yokohama,Japan163°45W Westerly ‘West~rly Yes 53°F ?

5 Oec197B PacificOcean Precipitous HeavySpray 240°True 1-2Miles $60K
OBOO-1600(-10)

[Local) Seattie,Wadrington 35-60FT 18FT 79-90Km 38°F S8K
34

BTN.45°17’N,
I 155°23’EAnd

44°3B’N, Yokohama,Japan 240°True 180°True Yes 44°F ?
153”03’E

22Ilec1975
!-

.AtlanticOcean VeryRough Ovarcast Southeasterly 5-8Miies $!iOOK~ ‘TJastar’sLivingIluartersFlooded.”
STN0400& ‘“LifaSavingEquipmanlBecame

35 1500 {+4} ?JewYork, N,Y. 20-30 FT 20-30 FT 30-50 KM 66°F $0 K UnsatisfactoryAsA RasrdtOf This
Casuatty.”12 LiferingsLost,Inflatable

3!3”42’N, I PJearEactPortsVia SE’ly Confused SE’ly Confused
Life Ra Deployedthalleck.

61“42W SuazCana[ Yas 60°F ?
AMote: 1 ErstryBlurrect.

18 Jan1976 NortiI Atiantic MountainousSeas Overcast,Rain SSWTONW 1-5 Miles $15 K

From JertdahVia
36 0500-1600 [+5) SuazCanal 25 FT OccassionaHy50 FT 50-70 Khl 52°F $0 K

40°12’Ni 59°14WJ
(Noonposition)

New York, N.Y. S-SW S-ssw-w’ly Yes 54°F ?
I
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TABLEA-1(Continued)

REFERENCE COASTGUARO VESSELTYPE YEARBUILT LENGTH GROSSTONNAGE
NUMBER CASENUMBER OESCRIPTIO?JOF CASUALTY

VESSELNAME OFFICIAL NUMBER ORAFTFWO/AFT TYPE CARGO

Tanker 1976 894 FeetLOA 44,875 Tons “EnroutetnKtire,.lapanwsselwasabout75D
milesSWof centerofTyphoonTip. About

37 03853 2100 hoursvesseldivedintoaseaheadon,

S.S.BEAVER
shudderedandforemastlightwentout.At

STATE 512359 46 Ft/49 Ft CrudeOil daylightit wasobservedthat forwnasthad
beenknockeddown to maindeck.”

1

Tanker 1970 E69Feet 60,384Tons “lncreesingwindsandseaswhileciearing
38 90984 WesselShoalto gainsearoom.Twohull

S.S TO!JSlttA 5E5629 50 Ft155Ft
platesonstarboardhowabovemaindeck

PrudhoeBayCrude weresetinandthe intariorframingsetin.”

Note:
TabIe
Continuedon
NextPage
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TABLEA-1(Continued)

Date BodyofWater SeaCondition WeatherCondition WindDirection Visibility RepairCost

Referenc~
Number Time (Zone) PortOf Departure HeightOf Sea HeightOf Swell WindVelocity SeaTemperatrare CargoLoss REMARKS

Location BoundTo DirectionOfSea DirectionOf Swell GUsty Air Temperature ShipHeading

lBoct 1979 LuzorIStrait Rough Overcast Easterly 10 Miles $75 K

2100 Local
37 [-8 Hours}

Raatamura,S. Arabia 15FT 15 FT 35 KM 80°F $0 K RapairCostAppearsIncorrsistentWith
DescriptionOf Damage

2;”53’N, Kiire,Japan
121°05’E

NE Confrased No 79°F ?

22-23 Ilec 1978 Gulf Of Alaska Very Rough Ovarcast SWTOW ModerateTo
Good $50 K

b

(Night)
Force9

3B Valdez,Alaska 25 FT 30 FT (34-40KN) 44°F ?

BTNCape
I-finchinbrook& ParitaBay,Panama Weaterly Southwesterly Yes 36°F ?
CapeSt.Etias
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