Forslag om forskrift dd. maned 2016 om skip som bruker drivstoff

med flammepunkt under 60°C

Hjemmel: Fastsatt av Sjgfartsdirektoratet dd maned 2016 med hjemmel i lov 16. februar 2007 nr. 9 om skipssikkerhet
(skipssikkerhetsloven) § 2, § 6,89, § 11, § 21, § 283, § 29, § 30 og § 45, jf. delegeringsvedtak 16. februar 2007 og delegeringsvedtak
31. mai 2008 nr. 590.

E@S-henvisninger: Forskriften er meldt til EFTAs overvakingsorgan i henhold til kravene i lov 17. desember 2004 nr. 101 om europeisk
meldeplikt for tekniske regler (E@S-hgringsloven) og E@S-avtalen vedlegg Il kap. XIX nr. 1 (direktiv 98/34/EF endret ved

direktiv 98/48/EF).

Del A
Kapittel 1 Virkeomrade og hovedregler

81  Virkeomrade

Forskriften gjelder for norske skip og fartgy som bruker drivstoff med flammepunkt under
60°C, nar slike skip og fartgy skal ha:

a) fartgysinstruks

b) fartssertifikat

c) passasjersertifikat
d) sikkerhetssertifikat (EU) for passasjerskip klasse B, C og D
e) sikkerhetssertifikat for hurtiggdende fartgy

f) sikkerhetssertifikat (EU) for passasjerskip klasse A

g) sikkerhetssertifikat for konstruksjon av lasteskip

h) sikkerhetssertifikat for passasjerskip

Forskriften gjelder ikke for lasteskip som er bygget eller tilpasset og brukt for a frakte i

bulk de flytende produktene som er oppfgrt i kapittel 19 i IGC-koden og bruker lasten som
drivstoff.

Med fartgy menes fiskefartgy eller hurtiggaende fartgy.

82  Tekniske og operative krav

Skip og fartgy skal oppfylle et anerkjent klassifikasjonsselskaps regler om skip som bruker
drivstoff med flammepunkt under 60°C.

IMO Res.MSC.391(95) “International code of safety for ships using gases or other low-
flashpoint fuels” (vedlegg 1) gjelder som forskrift for skip eller fartgy som skal ha sertifikat nevnt i
§ 1 fgrste ledd bokstav a til e

a)  med byggekontrakt inngatt 1. januar 2017 eller senere

b)  som det ikke er inngatt byggekontrakt for, men hvis kjgl er strukket eller som er pa et
tilsvarende byggetrinn 1. juli 2017 eller senere

c) som leveres 1. januar 2021 eller senere

d) som 1.januar 2017 eller senere bygges om til & bruke drivstoff med flammepunkt
under 60°C

Skip og fartgy som leveres fgr 1. januar 2021

a) med byggekontrakt inngatt 1. juni 2009 eller senere, men fgr 1. januar 2017
b)  som det ikke er inngatt byggekontrakt for, men hvis kjgl er strukket eller som var pa
et tilsvarende byggetrinn 1. desember 2009 eller senere, men fgr 1. juli 2017
skal oppfylle kravene i IMO Res.MSC.285(86) «Interim guidelines on safety for natural gas-fuelled
engine installations in ships» (vedlegg 2) eller oppfylle kravene i del B i forskriften her.
Skip og fartgy som leveres f@r 1. januar 2021
a)  med byggekontrakt inngatt fgr 1. juni 2009
b)  som det ikke er inngatt byggekontrakt for, men hvis kjgl er strukket eller som var pa
et tilsvarende byggetrinn fgr 1. desember 2009



skal oppfylle kravene i del B i forskriften her.
Skip som omfattes av bestemmelsene i tredje eller fjerde ledd i paragrafen her skal
oppfylle kravene i del Ci forskriften her.

83  Akseptert utstyr
Utstyr som utgjgr eller inngar som en del av tank- eller drivstoffsystemet skal vaere

akseptert. Med akseptert utstyr menes utstyr akseptert av Sjgfartsdirektoratet basert pa
godkjenning eller typegodkjenning fra

a) anerkjent klassifikasjonsselskap

b)  annen offentlig eller privat institusjon

c) administrasjonen i en stat som har ratifisert Den internasjonale konvensjon av 1974

om sikkerhet for menneskeliv til sjgs (SOLAS 1974) med senere endringer

84  Dokumentasjon

Dokumentasjon som kreves etter forskriften her, kommer i tillegg til annen
dokumentasjon som kreves etter gjeldende dokumentasjonslister fastsatt av Sjgfartsdirektoratet.

For skip med klasse i anerkjent klassifikasjonsselskap, skal dokumentasjon som gjelder
kravene i forskriften her approberes av vedkommende klassifikasjonsselskap og deretter sendes
Sjgfartsdirektoratet.

For uklassede skip skal dokumentasjon som gjelder kravene i forskriften her sendes
Sjgfartsdirektoratet.

Sjefartsdirektoratet kan kreve ytterligere dokumentasjon og praktiske prgver som
grunnlag for a fa bekreftet at tekniske arrangementer og systemer oppfyller kravene i forskriften
her.

Del B
Kapittel 2 Funksjonskrav og krav om risikoanalyse

85  Generelle funksjonskrav
Eksplosjon i eksplosjonsfarlig omrade skal ikke
a) skade innredning slik at passasjerer eller mannskap blir skadet
b) fgre til skade pa annet enn det aktuelle rommet
c) skade skipet slik at det oppstar vanninntrengning under hoveddekk, enten direkte
eller ved progressiv fylling
d) sette brannbekjempelsesutstyr utenfor eksplosjonsskadet rom ut av funksjon
e) skade utstyr eller systemer i andre omrader som kan pavirke skipets framdrift eller
kraftforsyning
f) skade redningsmateriell med utsettingsarrangementer
Pa passasjerskip skal alt utstyr tilknyttet gassinstallasjonen om bord dimensjoneres for 3
kunne tale en belastning tilsvarende at skipet ved 2/3 av operasjonell hastighet, treffer rett pa et
objekt som ikke deformeres og som strekker seg loddrett i hele skipets hgyde, uten at dette fgrer
til en fglgeulykke om bord pa grunn av gassutslipp.
Passasjerskip skal kunne tale en kinetisk energi som ved et sammenstgt ikke skal vaere
mindre enn:

E= ¥(A+m)v?

der:

A = skipets deplasement, i tonn, som middelverdi av lettskipsvekt og deplasement ved
full nedlasting

m = tilleggsmasse, i tonn, for skip pga. medfglgende vannmasser, settes lik 0,1A.

v = kollisjonshastighet, i meter per sekund, settes lik 2/3 av operasjonell hastighet,
minimum 10 knop (5,1 m/s).



For & beregne kreftene som gassinstallasjonen utsettes for, skal det lages beregninger
som viser passasjerskipets deformasjonslengde ved sammenstgt. Beregningene skal sendes
Sjgfartsdirektoratet.

Pa passasjerskip skal gassinstallasjonen dimensjoneres for a tale en sidekollisjon
tilsvarende 2g.

Pa lasteskip skal kritiske komponenter som inngar i gass- og styresystemet og lagertank
for gass, generatoraggregater og gvrige tunge komponenter tilknyttet gass-systemet,
dimensjoneres og fundamenteres til & kunne tale en langskipsretardasjon pa 2g.

For skip med sikkerhetssertifikat for hurtiggaende fartgy, skal gassinstallasjonen
dimensjoneres for a tale akselerasjoner som beskrevet i kapittel 4 i de internasjonale
sikkerhetsregler for hurtiggaende fartgy, vedtatt ved resolusjon MSC.97(73) (2000 HSC Code),
med senere endringer.

En framdriftsmotor skal tale pakjenninger som den utsettes for ved omstilling fra full fart
forover til full fart akterover.

§6  Risikoanalyse

Sikkerhetsnivaet for skip skal tilsvare sikkerhetsnivaet for et nytt dieseldrevet skip.
Sikkerhetsnivaet skal dokumenteres ved en risikoanalyse som er basert pa og gjennomfgres etter
anerkjente metoder.

Risikoanalysen som kreves etter fgrste ledd utfgres ved a identifisere ugnskede hendelser
og vurdere sannsynligheten for at slike ugnskede hendelser kan oppsta og konsekvensene av
disse.

Risikoanalysen skal sikre en helhetlig sikkerhetsvurdering av drivstoffkonseptet og
Igsningene som er valgt. Analysen skal presenteres sa tidlig som mulig i prosjekteringsfasen.

Risikoanalysen for hurtiggdende fartgy skal giennomfgres med spesielt fokus pa
skrogstyrke, hastighet og skadeinntrengning ved kollisjon.

Risikoanalysen skal omfatte skipets systemer for bruk og behandling av drivstoff og
systemenes innvirkning pa skipet og omgivelsene ved ugnskede hendelser. Analysen skal
inneholde fglgende delanalyser som beskrevet i vedlegg 3:

a) konseptanalyse

b) beredskapsanalyse

c) eksplosjonsanalyse

Risikoanalysen kan utarbeides som en samlet trykksak eller i delanalyser.

Nar skipets arbeidssprak ikke er norsk, kan Sjgfartsdirektoratet kreve at analysen skal
utarbeides pa engelsk.

Risikoanalysen som kreves etter fgrste ledd skal oppdateres ved endringer av design,
utstyr eller prosedyrer for drift underveis i byggearbeidet eller etter at skipet er satt i drift.

Kapittel 3 Arrangementer og utforming

87  Omradeklassifisering
Omrader pa skipet som klassifiseres som sone 1 er:
a) tankrom/kaldboks
b) ventilasjonsjakt
c) bunkringsstasjon
Omrader pa skipet som klassifiseres som sone 2 er:
a) gassmaskinrom
Andre omrader om bord klassifiseres i det enkelte tilfellet.
Tegning som viser omradeklassifisering av eksplosjonsfarlige omrader skal sendes

Sjgfartsdirektoratet.



88  Atkomst

Uvedkommende skal fysisk hindres atkomst til eksplosjonsfarlige omrader eller til utstyr
og arrangementer som er tilknyttet gass-systemet.

Atkomst til oppsamlingsenhet fra bunkerstanker skal veere slik at den hindrer atkomst
under normal drift.

Eksplosjonsfarlige omrader skal ikke ha direkte atkomst fra innredningen.

Hvis atkomsten til eksplosjonsfarlige omrader er via maskinrom som ikke er klassifisert
som eksplosjonsfarlig, men som har hjelpeutstyr og potensielle elektriske tennkilder, skal
atkomsten sikres med en gass-sluse som har selvlukkende dgrer.

§9  Gassmaskinrom

Gassmaskinrom skal veere utformet slik at minst mulig av rommet og utstyr plassert i
rommet kan bli skadet ved en eksplosjon.

Hvis skipet har to eller flere gassmotorer for framdrift, med tilhgrende systemer for
styring og kontroll samt motorer og systemer for kraftforsyning med tilhgrende fordeling og
kabling, skal disse som hovedregel plasseres i atskilte rom.

Gassmaskinrom skal vaere konstruert med eksplosjonstrykkavlastning som fgrer ut til
sikkert omrade der folk eller utstyr ikke kan skades ved en eksplosjon. Eksplosjonstrykkavlastning
til tilstgtende rom kan godtas.

Gassmaskinrom skal prosjekteres med et minimum av elektrisk utstyr. Hjelpesystemer
som pumper etc., som er tilknyttet gassmotorer og som ikke trenger a vaere plassert i
gassmaskinrom, skal plasseres i ikke-eksplosjonsfarlige rom.

Hjelpesystemer der gass kan lekke direkte inn i systemmediet, skal sikres mot
gasslekkasje og utstyres med gassalarm.

| gassmaskinrom skal det ikke installeres andre mekaniske innretninger enn de som
kreves for gassmotorene med tilhgrende akselsystem.

Skott, skrog og dekk i gassmaskinrom og eventuelle eksplosjonskanaler og
trykkavlastningsrom, skal dimensjoneres for maksimal eksplosjonstrykkbelastning som kan oppsta
for den aktuelle Igsningen i henhold til eksplosjonsanalysen.

Det dimensjonerende overtrykket som gassmaskinrom skal tale, skal bestemmes ut fra
eksplosjonsanalysen. Analysen skal ta hensyn til gassmaskinrommets geometri, utforming,
eksplosjonstrykkavlastning og blandingsforhold mellom gass og luft.

8§10 Ngdkraftkilde
Ngdkraftkilde som kreves installert skal samtidig kunne betjene
a) styring av gassventilarrangementet
b) ventilasjon av eksplosjonsfarlige omrader

8§11 Tankrom og bunkerstanker

Med unntak av sikkerhetsventiler, skal alle ventiler for innlgp og utlgp pa bunkerstanker
kunne stenges fra kontrollrom, bro og lokalt. Ved feil pa kontrollsystemet, skal alarm utlgses. Ved
ngdstengning skal gassr@grsystemet trykkavlastes til gassmast.

Bunkerstanker for komprimert gass skal fysisk sikres mot overfylling ved forvarselsalarm
for trykk. Maksimalt fyllingstrykk skal gi alarm og automatisk stenging av fylleventiler samt
trykkavlastning til gassmast. Maksimal fylling skal ikke overstige maksimalt fyllingstrykk etter
anbefaling fra gassleverandgr og klassifikasjonsselskap.

Bunkerstanker for flytende gass skal sikres mot overfylling ved forvarselsalarm og alarm
for maksimalniva. Maksimalniva skal ikke overstige 95% av tankens volum. Fylling til
maksimalniva skal fgre til automatisk stenging av fylleventiler samt trykkavlastning til gassmast.
Det automatiske stengesystemet skal veere arrangert slik at det er i funksjon under fylling av
tanken.



For bunkerstanker for komprimert eller flytende gass, skal forvarselalarm og
nedstengingssystem veaere uavhengige av hverandre.

Bunkerstanker med gassrgrsystem og ventiler skal kunne tgmmes, gassfries og ventileres.

Med ett tankanlegg ute av drift, skal gvrige tankanlegg ha tilstrekkelig kapasitet for
skipets kraftforsyning og for framdrift til havn.

Bunkerstanker skal plasseres sa nzer senterlinjen som mulig.

Gasstank plassert i eller under et omrade med lasthandtering, skal ha beskyttelse som
reduserer risiko for skade pa gasstanken.

§ 12  Bunkersstasjon

Bunkersmanifold skal ha fjernstyrt ventilarrangement, jf. § 11 andre ledd.

Bunkringssystemet skal sikres mot operatgrfeil under bunkring. Dette skal dokumenteres
i risikoanalysen som kreves etter § 6 .

Bunkringsstasjon skal vaere fysisk avskjermet fra innredning, laste-/arbeidsdekk og
kontrollstasjoner.

Tilkobling og rersystemer skal vaere slik plassert og arrangert at en eventuell skade pa
gassrgrsystemene ikke pafgrer skade pa skipets gasstankanlegg og medfgrer ukontrollert utslipp
av gass.

Bunkringsslanger, overfgringsutstyr, rgr og koblinger skal vaere innrettet og utstyrt slik at
elektrisk potensial utjevnes.

§13 Ventilasjon

Ventilasjonen skal fungere i alle temperaturer som skipet skal operere i.

Ventilasjonssystemet for eksplosjonsfarlige rom skal vaere atskilt fra gvrig ventilasjon om
bord.

Luftinntak og -utlgp i eksplosjonsfarlige rom skal plasseres i en avstand som hindrer
sammenblanding av luftstremmene.

Ventilasjonskapasiteten for gassmaskinrom skal ikke veere mindre enn 30 luftvekslinger av
rommets bruttovolum pr. time. Ventilasjonssvikt, redusert luftgiennomstrgmning og
betjeningsfeil skal utlgse alarm.

Betjeningsfeil og funksjonsfeil av mekanisk ventilasjon i oppsamlingsenhet fra
bunkerstanker og ventilasjonssjakt skal varsles i skipets kontrollstasjoner. Alarmering skal gjelde
for vifter og luftstrgmming.

Undertrykksventilasjon skal finnes i alle eksplosjonsfarlige rom. Nar gassmaskinrom er
plassert over hoveddekk, kan overtrykksventilasjon etter sgpknad godkjennes som en likeverdig
Igsning.

Luftinntak i alle eksplosjonsfarlige tekniske rom skal ha filtre som kan skiftes ut.

Ventilasjonskanaler til og fra eksplosjonsfarlige rom skal dimensjoneres for a tale
maksimal trykkoppbygging ved dimensjonerende eksplosjonshendelse, jf. § 9 siste ledd.

Ikke-eksplosjonsfarlig maskin-, generator- og tavlerom skal ha overtrykksventilasjon med
tilfgrsel fra gass-sikkert omrade. Det skal vurderes om ikke-eksplosjonsfarlige rom som grenser
mot eksplosjonsfarlige rom skal utstyres med ventilasjon. Ventilasjonssvikt skal utlgse alarm.

814 Gassrgrarrangement

Skip med ett gassmaskinrom skal ha to separate tilfgrsler av drivstoff til gassmotorer som
er plassert i gassmaskinrommet.

Pa passasjerskip skal drivstoff til gassmotor f@gres i dobbeltrgr i gassmaskinrom. Andre
Igsninger av drivstoffets rgrarrangement, som er en del av gassmotorens faste arrangement, kan
vurderes av Sjgfartsdirektoratet i hvert enkelt tilfelle.



Gassrgr skal ikke fgres gjennom et annet maskinrom. Nar det brukes doble gassrgr uten
utslippskilder og faren for mekanisk skade er minimal, kan gass fgres gjennom et annet
maskinrom nar rommet er utstyrt med gassalarm.

Gassrgr med ventilarrangement skal ligge minimum 760 mm fra skipets side.

Gassrgr skal beskyttes mot mekanisk skade og termisk ekspansjon skal kunne opptas uten
at det oppstar store spenninger i gassrgret.

815 Gassdeteksjonssystem

Alle rom som er definert som eksplosjonsfarlige, skal vaere overvaket av et fast installert
gassdeteksjonssystem. Gassdeteksjonssystemet skal vaere typegodkjent, akseptert for
hydrokarbongass og for bruk i eksplosjonsfarlige rom.

Plassering og antallet gassdetektorer skal vurderes av Sjgfartsdirektoratet i hvert enkelt
tilfelle. Det eksplosjonsfarlige omradets stgrrelse, gasskilder og ventilasjon vil veere en del av
vurderingen. En kombinasjon av linje- og punktdetektorer kan brukes i samme rom.

Gassdetektorer plassert i utlgpskanal for ventilasjonen til maskinrom skal ha
alarmgrenser pa maksimalt 5% og 10% av nedre eksplosjonsgrense (LEL). Alarmgrenser pa 5% og
10% av LEL kan ogsa vurderes andre steder hvor luftutskiftingshastigheten er hgy og hvor det
forventes en rask uttynning av gasskonsentrasjonen. Andre gassdetektorer skal ha alarmgrenser
pa maksimalt 20% og 40% av LEL.

8§16 Gassmotor, regulering og kontroll

Ngdstopp av den enkelte gassmotor og nedstengning av gasstilfgrselen til gassmaskinrom
skal kunne utlgses manuelt fra bro, kontrollrom og lokalt ved gassmaskinrom.

Hvis ventilasjonen til gassmaskinrom er ute av drift, skal motorens kontrollsystem
blokkere oppstart av motoren. Startblokkeringen skal kunne overstyres.

Gassmotor skal ha turtallsperre og skal sikres mot ettertenning etter nedstengning av
gasstilfgrselen.

817 Brannsikring

Gassmaskinrom skal vaere utstyrt med fast installert vannbasert hovedslokkingsanlegg.
Anlegget skal kunne utlgses fra bro, kontrollrom og lokalt fra sikkert sted utenfor
gassmaskinrommet.

Skott og dekk rundt eksplosjonsfarlige rom og ventilasjonskanaler til disse skal isoleres til
brannintegritet A60.

818 Elektriske systemer

Generatorer i eksplosjonsfarlige rom skal vaere bgrstelgse og isolasjonsovervaket med
alarm ved jordfeil.

Kommunikasjonsutstyr og annet fastmontert, handholdt eller baerbart elektrisk utstyr i
eksplosjonsfarlige omrader skal veere eksplosjonsbeskyttet etter anbefalingene i IEC-60079-14
med hensyn til beskyttelsesart, temperaturklasse og gassgruppe for aktuell sone og gasstype.
Utstyret skal vaere tilpasset de ytre miljgbetingelsene som forutsettes. Tetningsgrad (IP) for
generatorer skal fglge leverandgrens anbefalinger for aktuelt omrade eller plassering. Vannkjglte
generatorer skal ha IP 44 eller mer. Luftkjglte generatorer skal ha IP 22 eller mer.

Ved overfgring av brannfarlig gass eller vaeske, skal det skal vaere utjevningsforbindelse
mellom bunkersleverandgr og bunkerstasjon pa skipet.

Kabelgjennomfgringer skal tilfredsstille krav som regulerer gass-spredning.



Kapittel 4 Utprgving og kontroll av gassrelatert utstyr og
arrangementer fgr skipets settes i drift.

819 Generelle bestemmelser

Rederiet skal dokumentere at alle krav i dette kapitlet er oppfylt fgr skipet settes i drift.

Rederiet skal fastsette prosedyrer for inspeksjoner og tester av alle systemer om bord,
herunder plan for 80 timers langtidstest for utstyr og arrangement som ikke er fabrikktestet etter
et anerkjent klassifikasjonsselskaps regler. Data fra langtidstesten skal sendes til
Sjgfartsdirektoratet.

Alt gassteknisk utstyr og arrangementer skal testes i henhold til spesifikasjoner gitt i
tegningsdokumentasjon og manualer.

§20 Test av gassmotorer

Fglgende funksjoner og prosedyrer for gassmotoranlegget skal testes om bord:

a) Startsperre initiert av ventilasjonsstopp i maskinrom.

b) @vrige sikringsfunksjoner for gassmotoranleggene med arrangementer.

Pa skip med redundante maskinrom, skal det gjennomfgres tester som viser at hvert
maskinrom kan sikre mangverevne, ventilasjon og kraftproduksjon.

«Black out» tester og maskineriets evne til 8 ta maksimale lastendringer skal testes.
Testene skal utfgres for hver enkelt motor og i aktuelle driftsmoduser.

Maskineriets evne til reguleringskontroll ved lave belastninger skal testes for a verifisere
kritiske nivaer.

«Crash stop» test, omstilling fra full fart forover til full fart akterover, jf. § 5.

8§21 Bunkerstanker
Tanker med gassrgr og ventilarrangement skal lekkasjetestes f@r fylling med gass.
Trykkreguleringsventiler og overtrykksventiler skal testes.
Ngdstengning initiert av maksimal tillatt fylling i bunkerstanker skal testes.
Ventiloperasjoner for avstenging av drivstoff og avlufting skal testes.
Bunkerstanker skal trykktestes med vann og t@grkes med varm luft eller varm nitrogen fgr
de tas i bruk.
Bunkerstanker for flytende gass skal kjgles ned med nitrogenfylling faér fgrste bunkring.

8§22 Gassrgr

Alle gassrgr skal kontrolleres for lekkasje med inertgass.

8§23  Bunkersstasjon

Ved anlegg for flytende gass skal bunkersstasjonens tilkoblinger og ventilarrangement
testes ved fylling med flytende nitrogen i henhold til leverandgrens prosedyrer.

I tillegg til testene etter f@grste ledd, skal felgende gjennomfgres:

a) lekkasjetester ved reell temperatur,

b) testing av overfyllingsvern

c) testing av ventiler for ngdstengning ved avbrutt fylling og tamming av bunkerstank og

gassfriing

8§24 Ventilasjon
Krav til prgving og kontroll av ventilasjon gjelder for alle eksplosjonsfarlige rom.
Ventilasjonssystemets utforming skal testes for a kontrollere at det ikke kan oppsta
gasslommer.
Ventilasjonens kapasitet skal males og kontrolleres.
Ventilasjonsanleggets forrigglingsfunksjoner mot motoranlegg og maskinrom skal testes.



825 Gassdeteksjonssystemet
Gassdeteksjonssystemet skal testes ved at hver enkelt detektor er eksponert med
kalibreringsgass, og at registrering pa riktig kanal og med riktig konsentrasjonsniva er korrekt.

826 Termofotografering av elektriske systemer
For driftssetting kan Sjgfartsdirektoratet kreve at elektriske systemer termofotograferes.

Del C
Kapittel 5 Drift og vedlikehold

§ 27  Prosedyrer

Det skal utarbeides prosedyrer som ivaretar fartgyets sikkerhetsmessige forhold ved
ordinaer drift, som under seilas, i havner, ved bunkring, ved baser, ved oljeinstallasjoner og pa
oljefelt og ved verkstedsopphold.

For skip som ikke har krav om sikkerhetsstyringssertifikat, skal bunkringsprosedyren
sendes til Sjpfartsdirektoratet.

Prosedyrer for gassfriing skal utarbeides. Gassfriing som utfgres ved verksted skal skje
etter prosedyrer som er utarbeidet i samarbeid med verkstedet.

§28 Vedlikehold

Vedlikeholdsmanual for gassforsyningsanlegget skal finnes om bord.

Manualen som kreves etter fgrste ledd skal inneholde vedlikeholdsprosedyrer for alle
gasstekniske installasjoner. Manualen skal vaere i henhold til anbefalinger fra leverandgrer av
utstyret som er brukt i gassforsyningsanlegget. Det skal fastsettes intervaller for og omfang av
utskifting eller resertifisering av gassventiler.

Vedlikeholdsprosedyren skal angi hvem som er kvalifisert til 3 utfgre vedlikeholdet.

Det skal finnes en egen vedlikeholdsmanual for elektrisk utstyr som er installert i
eksplosjonsfarlige rom og omrader. Inspeksjon og vedlikehold av elektriske installasjoner i
eksplosjonsfarlige rom skal utfgres i henhold til EN 60079-17.

Personell som skal utfgre inspeksjoner og vedlikehold av elektriske installasjoner i
eksplosjonsfarlige rom, skal vaere kvalifisert i henhold til IEC-60079-17.

829 Spesielle bestemmelser for vedlikehold og reparasjonsarbeid

Startsperre initiert av ventilasjonsstopp i maskinrom og @vrige sikringsfunksjoner for
gassmotoranlegget skal testes jevnlig etter utstyrsleverandgrenes anbefalinger.

Gassdeteksjonssystem skal funksjonstestes og kontroll av gassdetektorkalibrering skal
gjennomfgres etter anbefalinger fra leverandgr, minst en gang i aret.

Ventilasjonen i eksplosjonsfarlige rom skal jevnlig stenges kortvarig for a8 oppdage mindre
gasslekkasjer. Alternativt kan lekkasjetester utfgres lokalt med elektronisk ex-sikkert
maleapparat.

Vedlikeholdsarbeid skal ikke starte fgr bunkerstanker og tilhgrende gassrgrsystemer
temmes og gassfries i ngdvendig omfang.

Nar varmt eller kaldt arbeid skal utfgres i eksplosjonsfarlige rom og omrader, skal
gassrgrsystemet i disse vaere gassfriet. Minst to personer skal veere tilstede i eksplosjonsfarlig
omrade samtidig, hvorav en skal vaere beordret og instruert som brannvakt.

Skipsfgrer, maskinsjef eller reder skal utstede skriftlig tillatelse til varmt eller kaldt arbeid i
eksplosjonsfarlig omrade. Tillatelsen skal inneholde opplysninger om tiden som er til radighet fgr
trykket pa bunkerstankene stiger til dpningstrykket for sikkerhetsventilene.



Inertering skal utfgres med for eksempel nitrogen, CO; eller argon fgr ventilering finner
sted. Adgang til oppsamlingsenheten for bunkerstanker skal ikke tillates fgr atmosfaeren er
kontrollert og funnet sikker.

Del D
Kapittel 6 Avsluttende bestemmelser

830 Likeverdige lgsninger og dispensasjon
Sjofartsdirektoratet kan etter skriftlig seknad godkjenne andre Igsninger enn de som
kreves etter forskriften nar det er godtgjort at Igsningene er likeverdige med forskriftens krav.
Sjofartsdirektoratet kan unnta et skip fra ett eller flere av kravene i forskriften hvis
rederiet spker skriftlig om unntak og ett av fglgende vilkar er oppfylt:
a) Rederiet godtgj@r at kravet ikke er vesentlig og at unntaket vurderes som
sikkerhetsmessig forsvarlig
b) Rederiet godtgjgr at kompenserende tiltak vil opprettholde samme sikkerhetsniva
som kravet i forskriften.

§31 Ikrafttredelse

Forskriften trer i kraft 1. januar 2017. Fra samme tid oppheves forskrift 17. juni 2002 nr.
644 for lasteskip hvor forbrenningsmotorer drives med naturgass og forskrift 9. september 2005
nr. 1218 om bygging og drift av passasjerskip drevet med gass.

Vedlegg 1
IMO Res.MSC.391(95) “International code of safety for ships using gases or other low-

flashpoint fuels”
Vedlegg 2

IMO Res.MSC.285(86) «Interim guidelines on safety for natural gas-fuelled engine

installations in ships
Vedlegg 3

Gjennomfgring av risikoanalyse for bygging og drift av skip som bruker drivstoff med flammepunkt
under 60°C
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ANNEX 1

RESOLUTION MSC.391(95)
(adopted on 11 June 2015)

ADOPTION OF THE INTERNATIONAL CODE OF SAFETY FOR SHIPS USING
GASES OR OTHER LOW-FLASHPOINT FUELS (IGF CODE)

THE MARITIME SAFETY COMMITTEE,

RECALLING Article 28(b) of the Convention on the International Maritime Organization
concerning the function of the Committee,

RECOGNIZING the need for a mandatory code for ships using gases or other low-flashpoint
fuels,

NOTING resolution MSC.392(95), by which it adopted, inter alia, amendments to chapters
11-1,11-2 and the appendix to the annex of the International Convention for the Safety of Life at
Sea, 1974 ("the Convention™), to make the provisions of the International Code of Safety for
Ships using Gases or other Low-flashpoint Fuels (IGF Code) mandatory under the Convention,

HAVING CONSIDERED, at its ninety-fifth session, the draft International Code of Safety for
Ships using Gases or other Low-flashpoint Fuels,

1 ADOPTS the IGF Code, the text of which is set out in the annex to the present
resolution;
2 INVITES Contracting Governments to the Convention to note that the IGF Code will

take effect on 1 January 2017 upon entry into force of amendments to chapters I1-1, 11-2 and
the appendix to the annex of the Convention;

3 INVITES ALSO Contracting Governments to consider the voluntary application of the
IGF Code, as far as practicable, to cargo ships of less than 500 gross tonnage using gases or other
low-flashpoint fuels;

4 RECOGNIZES that requirements for additional low-flashpoint fuels will be added to the
IGF Code, as and when they are developed by the Organization;

5 REQUESTS the Secretary-General of the Organization to transmit certified copies of
the present resolution and the text of the IGF Code, contained in the annex, to all Contracting
Governments to the Convention;

6 REQUESTS ALSO the Secretary-General of the Organization to transmit copies of
the present resolution and the text of the IGF Code contained in the annex to all Members of
the Organization which are not Contracting Governments to the SOLAS Convention.
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1 PREAMBLE

The purpose of this Code is to provide an international standard for ships using low-flashpoint
fuel, other than ships covered by the IGC Code.

The basic philosophy of this Code is to provide mandatory provisions for the arrangement,
installation, control and monitoring of machinery, equipment and systems using low-flashpoint
fuel to minimize the risk to the ship, its crew and the environment, having regard to the nature of the
fuels involved.

Throughout the development of this Code it was recognized that it must be based upon sound naval
architectural and engineering principles and the best understanding available of current
operational experience, field data and research and development. Due to the rapidly evolving new
fuels technology, the Organization will periodically review this Code, taking into account both
experience and technical developments.

This Code addresses all areas that need special consideration for the usage of the low-flashpoint fuel.
The basic philosophy of the IGF Code considers the goal based approach (MSC.1/Circ.1394).
Therefore, goals and functional requirements were specified for each section forming the basis for
the design, construction and operation.

The current version of this Code includes regulations to meet the functional requirements for
natural gas fuel. Regulations for other low-flashpoint fuels will be added to this Code as, and
when, they are developed by the Organization.

In the meantime, for other low-flashpoint fuels, compliance with the functional requirements of
this Code must be demonstrated through alternative design.
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PART A

2 GENERAL

2.1 Application
Unless expressly provided otherwise this Code applies to ships to which part G of SOLAS
chapter I1-1 applies.

2.2 Definitions

Unless otherwise stated below, definitions are as defined in SOLAS chapter 11-2.

2.2.1  Accident means an uncontrolled event that may entail the loss of human life, personal
injuries, environmental damage or the loss of assets and financial interests.

2.2.2  Breadth (B) means the greatest moulded breadth of the ship at or below the deepest
draught (summer load line draught) (refer to SOLAS regulation 11-1/2.8).

2.2.3  Bunkering means the transfer of liquid or gaseous fuel from land based or floating
facilities into a ships' permanent tanks or connection of portable tanks to the fuel supply
system.

224  Certified safe type means electrical equipment that is certified safe by the relevant
authorities recognized by the Administration for operation in a flammable atmosphere based
on a recognized standard.*

2.25 CNG means compressed natural gas (see also 2.2.26).

2.2.6  Control station means those spaces defined in SOLAS chapter 11-2 and additionally
for this Code, the engine control room.

2.2.7  Design temperature for selection of materials is the minimum temperature at which
liquefied gas fuel may be loaded or transported in the liquefied gas fuel tanks.

2.2.8  Design vapour pressure "Po" is the maximum gauge pressure, at the top of the tank,
to be used in the design of the tank.

2.2.9  Double block and bleed valve means a set of two valves in series in a pipe and a
third valve enabling the pressure release from the pipe between those two valves. The
arrangement may also consist of a two-way valve and a closing valve instead of three separate
valves.

2.210 Dual fuel engines means engines that employ fuel covered by this Code (with pilot
fuel) and oil fuel. Oil fuels may include distillate and residual fuels.

2.2.11 Enclosed space means any space within which, in the absence of artificial ventilation,
the ventilation will be limited and any explosive atmosphere will not be dispersed naturally.?

2.212 ESD means emergency shutdown.
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Refer to IEC 60079 series, Explosive atmospheres and IEC 60092-502:1999 Electrical Installations in
Ships — Tankers — Special Features.

See also definition in IEC 60092-502:1999.

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annav 1 nann 12

2.2.13 Explosion means a deflagration event of uncontrolled combustion.

2.2.14 Explosion pressure relief means measures provided to prevent the explosion
pressure in a container or an enclosed space exceeding the maximum overpressure the
container or space is designed for, by releasing the overpressure through designated openings.

2.2.15 Fuel containment system is the arrangement for the storage of fuel including tank
connections. It includes where fitted, a primary and secondary barrier, associated insulation
and any intervening spaces, and adjacent structure if necessary for the support of these
elements. If the secondary barrier is part of the hull structure it may be a boundary of the fuel
storage hold space.

The spaces around the fuel tank are defined as follows:

1 Fuel storage hold space is the space enclosed by the ship's structure in
which a fuel containment system is situated. If tank connections are located
in the fuel storage hold space, it will also be a tank connection space;

.2 Interbarrier space is the space between a primary and a secondary barrier,
whether or not completely or partially occupied by insulation or other
material; and

.3 Tank connection space is a space surrounding all tank connections and tank

valves that is required for tanks with such connections in enclosed spaces.

2.2.16  Filling limit (FL) means the maximum liquid volume in a fuel tank relative to the total
tank volume when the liquid fuel has reached the reference temperature.

2.217 Fuel preparation room means any space containing pumps, compressors and/or
vaporizers for fuel preparation purposes.

2.2.18 Gas means a fluid having a vapour pressure exceeding 0.28 MPa absolute at a
temperature of 37.8°C.

2.2.19 Gas consumer means any unit within the ship using gas as a fuel.

2.2.20 Gas only engine means an engine capable of operating only on gas, and not able to
switch over to operation on any other type of fuel.

2.2.21 Hazardous area means an area in which an explosive gas atmosphere is or may be
expected to be present, in quantities such as to require special precautions for the construction,
installation and use of equipment.

2.2.22 High pressure means a maximum working pressure greater than 1.0 MPa.

2.2.23 Independent tanks are self-supporting, do not form part of the ship's hull and are not
essential to the hull strength.

2.2.24 LEL means the lower explosive limit.

2.2.25 Length (L) is the length as defined in the International Convention on Load Lines in
force.
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2.2.26 LNG means liquefied natural gas.
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2.2.27 Loading limit (LL) means the maximum allowable liquid volume relative to the tank
volume to which the tank may be loaded.

2.2.28 Low-flashpoint fuel means gaseous or liquid fuel having a flashpoint lower than
otherwise permitted under paragraph 2.1.1 of SOLAS regulation I1-2/4.

2.2.29 MARVS means the maximum allowable relief valve setting.

2.2.30 MAWP means the maximum allowable working pressure of a system component or
tank.

2.2.31 Membrane tanks are non-self-supporting tanks that consist of a thin liquid and gas
tight layer (membrane) supported through insulation by the adjacent hull structure.

2.2.32 Muilti-fuel engines means engines that can use two or more different fuels that are
separate from each other.

2.2.33 Non-hazardous area means an area in which an explosive gas atmosphere is not
expected to be present in quantities such as to require special precautions for the construction,
installation and use of equipment.

2.2.34 Open deck means a deck having no significant fire risk that at least is open on both
ends/sides, or is open on one end and is provided with adequate natural ventilation that is
effective over the entire length of the deck through permanent openings distributed in the
side plating or deckhead.

2.2.35 Risk is an expression for the combination of the likelihood and the severity of the
consequences.

2.2.36 Reference temperature means the temperature corresponding to the vapour pressure
of the fuel in a fuel tank at the set pressure of the pressure relief valves (PRVS).

2.2.37 Secondary barrier is the liquid-resisting outer element of a fuel containment system
designed to afford temporary containment of any envisaged leakage of liquid fuel through the
primary barrier and to prevent the lowering of the temperature of the ship's structure to an
unsafe level.

2.2.38 Semi-enclosed space means a space where the natural conditions of ventilation are
notably different from those on open deck due to the presence of structure such as roofs,
windbreaks and bulkheads and which are so arranged that dispersion of gas may not occur.?

2.2.39 Source of release means a point or location from which a gas, vapour, mist or liquid
may be released into the atmosphere so that an explosive atmosphere could be formed.

2.2.40 Unacceptable loss of power means that it is not possible to sustain or restore normal
operation of the propulsion machinery in the event of one of the essential auxiliaries becoming
inoperative, in accordance with SOLAS regulation 11-1/26.3.

2.2.41 Vapour pressure is the equilibrium pressure of the saturated vapour above the liquid,
expressed in MPa absolute at a specified temperature.
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Refer also to IEC 60092-502:1999 Electrical Installations in Ships — Tankers — Special Features.
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23 Alternative design

2.3.1  This Code contains functional requirements for all appliances and arrangements
related to the usage of low-flashpoint fuels.

2.3.2  Fuels, appliances and arrangements of low-flashpoint fuel systems may either:
A deviate from those set out in this Code, or
2 be designed for use of a fuel not specifically addressed in this Code.

Such fuels, appliances and arrangements can be used provided that these meet the intent of the
goal and functional requirements concerned and provide an equivalent level of safety of the
relevant chapters.

2.3.3 The equivalence of the alternative design shall be demonstrated as specified in
SOLAS regulation 11-1/55 and approved by the Administration. However, the Administration
shall not allow operational methods or procedures to be applied as an alternative to a particular
fitting, material, appliance, apparatus, item of equipment, or type thereof which is prescribed
by this Code.

3 GOAL AND FUNCTIONAL REQUIREMENTS
3.1 Goal

The goal of this Code is to provide for safe and environmentally-friendly design, construction
and operation of ships and in particular their installations of systems for propulsion machinery,
auxiliary power generation machinery and/or other purpose machinery using gas or low-
flashpoint fuel as fuel.

32  Functional requirements

3.2.1  The safety, reliability and dependability of the systems shall be equivalent to that
achieved with new and comparable conventional oil-fuelled main and auxiliary machinery.

3.2.2  The probability and consequences of fuel-related hazards shall be limited to a
minimum through arrangement and system design, such as ventilation, detection and safety
actions. In the event of gas leakage or failure of the risk reducing measures, necessary safety
actions shall be initiated.

3.2.3  The design philosophy shall ensure that risk reducing measures and safety actions for
the gas fuel installation do not lead to an unacceptable loss of power.

3.24  Hazardous areas shall be restricted, as far as practicable, to minimize the potential
risks that might affect the safety of the ship, persons on board, and equipment.

3.25 Equipment installed in hazardous areas shall be minimized to that required for
operational purposes and shall be suitably and appropriately certified.

3.2.6  Unintended accumulation of explosive, flammable or toxic gas concentrations shall
be prevented.

3.2.7  System components shall be protected against external damages.
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3.2.8  Sources of ignition in hazardous areas shall be minimized to reduce the probability of
explosions.
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3.29 It shall be arranged for safe and suitable fuel supply, storage and bunkering
arrangements capable of receiving and containing the fuel in the required state without leakage.
Other than when necessary for safety reasons, the system shall be designed to prevent venting
under all normal operating conditions including idle periods.

3.2.10 Piping systems, containment and over-pressure relief arrangements that are of
suitable design, construction and installation for their intended application shall be provided.

3.2.11  Machinery, systems and components shall be designed, constructed, installed,
operated, maintained and protected to ensure safe and reliable operation.

3.2.12 Fuel containment system and machinery spaces containing source that might release gas
into the space shall be arranged and located such that a fire or explosion in either will not lead
to an unacceptable loss of power or render equipment in other compartments inoperable.

3.2.13 Suitable control, alarm, monitoring and shutdown systems shall be provided to ensure
safe and reliable operation.

3.2.14 Fixed gas detection suitable for all spaces and areas concerned shall be arranged.

3.2.15 Fire detection, protection and extinction measures appropriate to the hazards
concerned shall be provided.

3.2.16 Commissioning, trials and maintenance of fuel systems and gas utilization machinery
shall satisfy the goal in terms of safety, availability and reliability.

3.2.17 The technical documentation shall permit an assessment of the compliance of the
system and its components with the applicable rules, guidelines, design standards used and the
principles related to safety, availability, maintainability and reliability.

3.2.18 A single failure in a technical system or component shall not lead to an unsafe or
unreliable situation.

4 GENERAL REQUIREMENTS
4.1 Goal

The goal of this chapter is to ensure that the necessary assessments of the risks involved are carried
out in order to eliminate or mitigate any adverse effect to the persons on board, the environment
or the ship.

4.2 Risk assessment

4.2.1 A risk assessment shall be conducted to ensure that risks arising from the use of
low-flashpoint fuels affecting persons on board, the environment, the structural strength or the
integrity of the ship are addressed. Consideration shall be given to the hazards associated with
physical layout, operation and maintenance, following any reasonably foreseeable failure.

4.2.2  Forships to which part A-1 applies, the risk assessment required by 4.2.1 need only be
conducted where explicitly required by paragraphs 5.10.5, 5.12.3, 6.4.1.1, 6.4.15.4.7.2,
8.3.1.1,13.4.1, 13.7 and 15.8.1.10 as well as by paragraphs 4.4 and 6.8 of the annex.
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4.2.3  The risks shall be analysed using acceptable and recognized risk analysis techniques,
and loss of function, component damage, fire, explosion and electric shock shall as a minimum
be considered. The analysis shall ensure that risks are eliminated wherever possible. Risks
which cannot be eliminated shall be mitigated as necessary. Details of risks, and the means by
which they are mitigated, shall be documented to the satisfaction of the Administration.

43  Limitation of explosion consequences

An explosion in any space containing any potential sources of release* and potential ignition
sources shall not:

A cause damage to or disrupt the proper functioning of equipment/systems
located in any space other than that in which the incident occurs;

2 damage the ship in such a way that flooding of water below the main deck or
any progressive flooding occur;

3 damage work areas or accommodation in such a way that persons who stay in
such areas under normal operating conditions are injured,;

4 disrupt the proper functioning of control stations and switchboard rooms
necessary for power distribution;

5 damage life-saving equipment or associated launching arrangements;

6 disrupt the proper functioning of firefighting equipment located outside

the explosion-damaged space;

7 affect other areas of the ship in such a way that chain reactions involving,
inter alia, cargo, gas and bunker oil may arise; or

8 prevent persons access to life-saving appliances or impede escape routes.
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4 Double wall fuel pipes are not considered as potential sources of release.
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PART A-1

SPECIFIC REQUIREMENTS FOR SHIPS USING NATURAL GAS AS FUEL

Fuel in the context of the regulations in this part means natural gas, either in its liquefied or
gaseous state.

It should be recognized that the composition of natural gas may vary depending on the source of
natural gas and the processing of the gas.

5 SHIP DESIGN AND ARRANGEMENT
51 Goal

The goal of this chapter is to provide for safe location, space arrangements and mechanical
protection of power generation equipment, fuel storage systems, fuel supply equipment and
refuelling systems.

5.2 Functional requirements

5.2.1  This chapter is related to functional requirements in 3.2.1t0 3.2.3, 3.2.5, 3.2.6, 3.2.8,
3.2.12t0 3.2.15 and 3.2.17. In particular the following apply:

A the fuel tank(s) shall be located in such a way that the probability for the
tank(s) to be damaged following a collision or grounding is reduced to a
minimum taking into account the safe operation of the ship and other hazards
that may be relevant to the ship;

2 fuel containment systems, fuel piping and other fuel sources of release shall
be so located and arranged that released gas is lead to a safe location in the open
air;

3 the access or other openings to spaces containing fuel sources of release

shall be so arranged that flammable, asphyxiating or toxic gas cannot escape to
spaces that are not designed for the presence of such gases

4 fuel piping shall be protected against mechanical damage;

5 the propulsion and fuel supply system shall be so designed that safety
actions after any gas leakage do not lead to an unacceptable loss of
power; and

6 the probability of a gas explosion in a machinery space with gas or low-

flashpoint fuelled machinery shall be minimized.
53  Regulations — General

5.3.1  Fuel storage tanks shall be protected against mechanical damage.
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5.3.2  Fuel storage tanks and or equipment located on open deck shall be located to ensure
sufficient natural ventilation, so as to prevent accumulation of escaped gas.
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5.3.3  The fuel tank(s) shall be protected from external damage caused by collision or
grounding in the following way:

A

The fuel tanks shall be located at a minimum distance of B/5 or 11.5 m,
whichever is less, measured inboard from the ship side at right angles to the
centreline at the level of the summer load line draught;

where:

B is the greatest moulded breadth of the ship at or below the
deepest draught (summer load line draught) (refer to SOLAS
regulation 11-1/2.8).

The boundaries of each fuel tank shall be taken as the extreme outer
longitudinal, transverse and vertical limits of the tank structure including its
tank valves.

For independent tanks the protective distance shall be measured to the tank
shell (the primary barrier of the tank containment system). For membrane
tanks the distance shall be measured to the bulkheads surrounding the tank
insulation.

In no case shall the boundary of the fuel tank be located closer to the shell
plating or aft terminal of the ship than as follows:

A For passenger ships: B/10 but in no case less than 0.8 m. However,
this distance need not be greater than B/15 or 2 m whichever is less
where the shell plating is located inboard of B/5 or 11.5 m, whichever
is less, as required by 5.3.3.1.

2 For cargo ships:
1 for V. below or equal 1,000 mé, 0.8 m;
2 for 1,000 m3 < V¢ < 5,000 m3, 0.75 + V. x 0.2/4,000 m;
3 for 5,000 m® < V. < 30,000 m?, 0.8 + /25,000 m; and

4 for V.= 30,000 m3, 2

m, where:

V. corresponds to 100% of the gross design volume of the
individual fuel tank at 20°C, including domes and
appendages.

The lowermost boundary of the fuel tank(s) shall be located above the
minimum distance of B/15 or 2.0 m, whichever is less, measured from the
moulded line of the bottom shell plating at the centreline.

For multihull ships the value of B may be specially considered.
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7 The fuel tank(s) shall be abaft a transverse plane at 0.08L measured from
the forward perpendicular in accordance with SOLAS regulation 11-1/8.1 for
passenger ships, and abaft the collision bulkhead for cargo ships.
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where:
L is the length as defined in the International Convention on Load
Lines (refer to SOLAS regulation 11-1/2.5).
8 For ships with a hull structure providing higher collision and/or grounding

resistance, fuel tank location regulations may be specially considered in
accordance with section 2.3.

5.34 Asan alternative to 5.3.3.1 above, the following calculation method may be used to
determine the acceptable location of the fuel tanks:

A The value fen calculated as described in the following shall be less than 0.02
for passenger ships and 0.04 for cargo ships. ®
2 The fen is calculated by the following formulation:

where:

By = By X By X
IS calculat?d by use ?f the formulations for factor p contained in
SOLAS regulation 11-1/7-1.1.1.1. The value of x1 shall correspond

to the distance from the aft terminal to the aftmost boundary of the
fuel tank and the value of x 2 shall correspond to the distance from
the aft terminal to the foremost boundary of the fuel tank.

is calculated by use of the formulations for factor r contained in
SOLAS regulation 11-1/7-1.1.2, and reftlects the probability that the

damage penetrates beyond the outer boundary of the fuel tank. The
formulation is:

=1-r(x1,x2,@)8

is calculated by use of the formulations for factor v contained in
SOLAS regulation 11-1/7-2.6.1.1 and reflects the probability that the

damage is not extending vertically above the lowermost boundary
of the fuel tank. The formulations to be used are:

Br &qaPio P (@Zshaf Wof 52 taiehByrefdr thaless than
=02-0.2 (@ —-d)—7.8)/4.7), in all other cases

shall not be taken less than O.
where:

is the distance from baseline, in metres, to the lowermost
oundary o?the ffue tanzil(; ang

d is the deepest draught (summer load line draught).

The value fcn accounts for collision damages that may occur within a zone limited by the longitudinal

projected boundaries of the fuel tank only, and cannot be considered or used as the probability for the fuel
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When the outermost boundary of the fuel tank is outside the boundary given by the deepest subdivision
waterline the value of b should be taken as 0.
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3 The boundaries of each fuel tank shall be taken as the extreme outer
longitudinal, transverse and vertical limits of the tank structure including its
tank valves.

4 For independent tanks the protective distance shall be measured to the tank

shell (the primary barrier of the tank containment system). For membrane
tanks the distance shall be measured to the bulkheads surrounding the tank
insulation.

5 In no case shall the boundary of the fuel tank be located closer to the shell
plating or aft terminal of the ship than as follows:

A For passenger ships: B/10 but in no case less than 0.8 m. However,
this distance need not be greater than B/15 or 2 m whichever is less
where the shell plating is located inboard of B/5 or 11.5 m,
whichever is less, as required by 5.3.3.1.

2 For cargo ships:
1 for V. below or equal 1,000 m3, 0.8 m;
2 for 1,000 m3< V. < 5,000 m3, 0.75+ V. x 0.2/4,000 m;
3 for 5,000 m3< V. < 30,000 m?, 0.8 + V/25,000 m; and

4 for V.= 30,000 m3, 2

m, where:

V. corresponds to 100% of the gross design volume of the
individual fuel tank at 20°C, including domes and
appendages.

6 In case of more than one non-overlapping fuel tank located in the longitudinal
direction, fcn shall be calculated in accordance with paragraph 5.3.4.2 for
each fuel tank separately. The value used for the complete fuel tank
arrangement is the sum of all values for fcn obtained for each separate tank.

7 In case the fuel tank arrangement is unsymmetrical about the centreline of
the ship, the calculations of fen shall be calculated on both starboard and port
side and the average value shall be used for the assessment. The minimum
distance as set forth in paragraph 5.3.4.5 shall be met on both sides.

8 For ships with a hull structure providing higher collision and/or grounding
resistance, fuel tank location regulations may be specially considered in
accordance with section 2.3.

5.3.5  When fuel is carried in a fuel containment system requiring a complete or partial
secondary barrier:

A fuel storage hold spaces shall be segregated from the sea by a double
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bottom; and

2 the ship shall also have a longitudinal bulkhead forming side tanks.
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54  Machinery space concepts

5.4.1  In order to minimize the probability of a gas explosion in a machinery space with
gas-fuelled machinery one of these two alternative concepts may be applied:

A

Gas safe machinery spaces: Arrangements in machinery spaces are such that
the spaces are considered gas safe under all conditions, normal as well as
abnormal conditions, i.e. inherently gas safe.

In a gas safe machinery space a single failure cannot lead to release of fuel
gas into the machinery space.

ESD-protected machinery spaces: Arrangements in machinery spaces are
such that the spaces are considered non-hazardous under normal conditions, but
under certain abnormal conditions may have the potential to become
hazardous. In the event of abnormal conditions involving gas hazards,
emergency shutdown (ESD) of non-safe equipment (ignition sources) and
machinery shall be automatically executed while equipment or machinery in
use or active during these conditions shall be of a certified safe type.

In an ESD protected machinery space a single failure may result in a gas
release into the space. Venting is designed to accommodate a probable
maximum leakage scenario due to technical failures.

Failures leading to dangerous gas concentrations, e.g. gas pipe ruptures or
blow out of gaskets are covered by explosion pressure relief devices and
ESD arrangements.

55  Regulations for gas safe machinery space

5.5.1  Asingle failure within the fuel system shall not lead to a gas release into the machinery

space.

5.5.2  All fuel piping within machinery space boundaries shall be enclosed in a gas tight
enclosure in accordance with 9.6.

56  Regulations for ESD-protected machinery spaces

5.6.1  ESD protection shall be limited to machinery spaces that are certified for periodically
unattended operation.

5.6.2  Measures shall be applied to protect against explosion, damage of areas outside of the
machinery space and ensure redundancy of power supply. The following arrangement shall be
provided but may not be limited to:

A

2

3

gas detector;
shutoff valve;

redundancy; and
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4 efficient ventilation.
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5.6.3 Gas supply piping within machinery spaces may be accepted without a gastight
external enclosure on the following conditions:

A Engines for generating propulsion power and electric power shall be located
in two or more machinery spaces not having any common boundaries unless it
can be documented that a single casualty will not affect both spaces.

2 The gas machinery space shall contain only a minimum of such necessary
equipment, components and systems as are required to ensure that the gas
machinery maintains its function.

3 A fixed gas detection system arranged to automatically shutdown the gas
supply, and disconnect all electrical equipment or installations not of a
certified safe type, shall be fitted.

5.6.4  Distribution of engines between the different machinery spaces shall be such that
shutdown of fuel supply to any one machinery space does not lead to an unacceptable loss of
power.

5.6.5  ESD protected machinery spaces separated by a single bulkhead shall have sufficient
strength to withstand the effects of a local gas explosion in either space, without affecting the
integrity of the adjacent space and equipment within that space.

5.6.6  ESD protected machinery spaces shall be designed to provide a geometrical shape that
will minimize the accumulation of gases or formation of gas pockets.

5.6.7 The ventilation system of ESD-protected machinery spaces shall be arranged in
accordance with 13.5.

5.7 Regulations for location and protection of fuel piping

5.7.1  Fuel pipes shall not be located less than 800 mm from the ship's side.

5.7.2  Fuel piping shall not be led directly through accommodation spaces, service spaces,
electrical equipment rooms or control stations as defined in the SOLAS Convention.

5.7.3  Fuel pipes led through ro-ro spaces, special category spaces and on open decks shall be
protected against mechanical damage.

5.7.4  Gas fuel piping in ESD protected machinery spaces shall be located as far as
practicable from the electrical installations and tanks containing flammable liquids.

57,5 Gas fuel piping in ESD protected machinery spaces shall be protected against
mechanical damage.

58  Regulations for fuel preparation room design

Fuel preparation rooms shall be located on an open deck, unless those rooms are arranged and fitted
in accordance with the regulations of this Code for tank connection spaces.

59  Regulations for bilge systems
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5.9.1  Bilge systems installed in areas where fuel covered by this Code can be present shall be
segregated from the bilge system of spaces where fuel cannot be present.
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5.9.2  Where fuel is carried in a fuel containment system requiring a secondary barrier,
suitable drainage arrangements for dealing with any leakage into the hold or insulation spaces
through the adjacent ship structure shall be provided. The bilge system shall not lead to pumps in
safe spaces. Means of detecting such leakage shall be provided.

5.9.3  The hold or interbarrier spaces of type A independent tanks for liquid gas shall be
provided with a drainage system suitable for handling liquid fuel in the event of fuel tank
leakage or rupture.

510 Regulations for drip trays

5.10.1 Drip trays shall be fitted where leakage may occur which can cause damage to the
ship structure or where limitation of the area which is effected from a spill is necessary.

5.10.2 Drip trays shall be made of suitable material.

5.10.3 The drip tray shall be thermally insulated from the ship's structure so that the
surrounding hull or deck structures are not exposed to unacceptable cooling, in case of leakage of
liquid fuel.

5.10.4 Each tray shall be fitted with a drain valve to enable rain water to be drained over the
ship's side.

5.10.5 Each tray shall have a sufficient capacity to ensure that the maximum amount of spill
according to the risk assessment can be handled.

511 Regulations for arrangement of entrances and other
openings in enclosed spaces

5.11.1 Direct access shall not be permitted from a non-hazardous area to a hazardous area.
Where such openings are necessary for operational reasons, an airlock which complies
with 5.12 shall be provided.

5.11.2 If the fuel preparation room is approved located below deck, the room shall, as far as
practicable, have an independent access direct from the open deck. Where a separate access from
deck is not practicable, an airlock which complies with 5.12 shall be provided.

5.11.3 Unless access to the tank connection space is independent and direct from open deck it
shall be arranged as a bolted hatch. The space containing the bolted hatch will be a
hazardous space.

5.11.4 If the access to an ESD-protected machinery space is from another enclosed space in
the ship, the entrances shall be arranged with an airlock which complies with 5.12.

5.11.5 For inerted spaces access arrangements shall be such that unintended entry by
personnel shall be prevented. If access to such spaces is not from an open deck, sealing
arrangements shall ensure that leakages of inert gas to adjacent spaces are prevented.

512 Regulations for airlocks

5.12.1 An airlock is a space enclosed by gastight bulkheads with two substantially gastight
doors spaced at least 1.5 m and not more than 2.5 m apart. Unless subject to the requirements of
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the International Convention on Load Lines, the door sill shall not be less than 300 mm in
height. The doors shall be self-closing without any holding back arrangements.

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annav 1 nann 28

5.12.2 Airlocks shall be mechanically ventilated at an overpressure relative to the adjacent
hazardous area or space.

5.12.3 The airlock shall be designed in a way that no gas can be released to safe spaces in case
of the most critical event in the gas dangerous space separated by the airlock. The events shall be
evaluated in the risk analysis according to 4.2.

5.12.4 Airlocks shall have a simple geometrical form. They shall provide free and easy
passage, and shall have a deck area not less than 1.5 m2. Airlocks shall not be used for other
purposes, for instance as store rooms.

5.12.5 An audible and visual alarm system to give a warning on both sides of the airlock shall
be provided to indicate if more than one door is moved from the closed position.

5.12.6 For non-hazardous spaces with access from hazardous spaces below deck where the
access is protected by an airlock, upon loss of underpressure in the hazardous space access
to the space is to be restricted until the ventilation has been reinstated. Audible and visual
alarms shall be given at a manned location to indicate both loss of pressure and opening of the
airlock doors when pressure is lost.

5.12.7 Essential equipment required for safety shall not be de-energized and shall be of a
certified safe type. This may include lighting, fire detection, public address, general alarms
systems.

6 FUEL CONTAINMENT SYSTEM
6.1 Goal

The goal of this chapter is to provide that gas storage is adequate so as to minimize the risk to
personnel, the ship and the environment to a level that is equivalent to a conventional oil fuelled
ship.

62  Functional requirements

This chapter relates to functional requirements in 3.2.1, 3.2.2, 3.2.5 and 3.2.8 to 3.2.17. In
particular the following apply:

A the fuel containment system shall be so designed that a leak from the tank or
its connections does not endanger the ship, persons on board or the
environment. Potential dangers to be avoided include:

A exposure of ship materials to temperatures below acceptable limits;

2 flammable fuels spreading to locations with ignition sources;

3 'goxicity potential and risk of oxygen deficiency due to fuels and
inert gases;

4 restriction of access to muster stations, escape routes and

life-saving appliances (LSA); and
5 reduction in availability of LSA.
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2 the pressure and temperature in the fuel tank shall be kept within the design
limits of the containment system and possible carriage requirements of the
fuel;
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3 the fuel containment arrangement shall be so designed that safety actions
after any gas leakage do not lead to an unacceptable loss of power; and

4 if portable tanks are used for fuel storage, the design of the fuel containment
system shall be equivalent to permanent installed tanks as described in this
chapter.

63  Regulations — General

6.3.1  Natural gas in a liquid state may be stored with a maximum allowable relief valve
setting (MARVS) of up to 1.0 MPa.

6.3.2  The Maximum Allowable Working Pressure (MAWP) of the gas fuel tank shall not
exceed 90% of the Maximum Allowable Relief VValve Setting (MARVS).

6.3.3 A fuel containment system located below deck shall be gas tight towards adjacent
spaces.

6.3.4  All tank connections, fittings, flanges and tank valves must be enclosed in gas tight
tank connection spaces, unless the tank connections are on open deck. The space shall be able
to safely contain leakage from the tank in case of leakage from the tank connections.

6.3.5  Pipe connections to the fuel storage tank shall be mounted above the highest liquid
level in the tanks, except for fuel storage tanks of type C. Connections below the highest liquid
level may however also be accepted for other tank types after special consideration by the
Administration.

6.3.6  Piping between the tank and the first valve which release liquid in case of pipe failure
shall have equivalent safety as the type C tank, with dynamic stress not exceeding the values
givenin 6.4.15.3.1.2.

6.3.7 The material of the bulkheads of the tank connection space shall have a design
temperature corresponding with the lowest temperature it can be subject to in a probable
maximum leakage scenario. The tank connection space shall be designed to withstand the
maximum pressure build up during such a leakage. Alternatively, pressure relief venting to a
safe location (mast) can be provided.

6.3.8  The probable maximum leakage into the tank connection space shall be determined
based on detail design, detection and shutdown systems.

6.3.9 If piping is connected below the liquid level of the tank it has to be protected by a
secondary barrier up to the first valve.

6.3.10 If liquefied gas fuel storage tanks are located on open deck the ship steel shall be
protected from potential leakages from tank connections and other sources of leakage by use of
drip trays. The material is to have a design temperature corresponding to the temperature of
the fuel carried at atmospheric pressure. The normal operation pressure of the tanks shall be
taken into consideration for protecting the steel structure of the ship.

6.3.11 Means shall be provided whereby liquefied gas in the storage tanks can be safely
emptied.

6.3.12 It shall be possible to empty, purge and vent fuel storage tanks with fuel piping
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systems. Instructions for carrying out these procedures must be available on board. Inerting

shall be performed with an inert gas prior to venting with dry air to avoid an explosion
hazardous atmosphere in tanks and fuel pipes. See detailed regulations in 6.10.
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64  Regulations for liquefied gas fuel containment
6.4.1 General

6.4.1.1 The risk assessment required in 4.2 shall include evaluation of the ship's liquefied gas
fuel containment system, and may lead to additional safety measures for integration into the
overall vessel design.

6.4.1.2 The design life of fixed liquefied gas fuel containment system shall not be less than
the design life of the ship or 20 years, whichever is greater.

6.4.1.3 The design life of portable tanks shall not be less than 20 years.

6.4.1.4 Liquefied gas fuel containment systems shall be designed in accordance with North
Atlantic environmental conditions and relevant long-term sea state scatter diagrams for
unrestricted navigation. Less demanding environmental conditions, consistent with the expected
usage, may be accepted by the Administration for liquefied gas fuel containment systems used
exclusively for restricted navigation. More demanding environmental conditions may be required
for liquefied gas fuel containment systems operated in conditions more severe than the North
Atlantic environment.”®

6.4.1.5 Liquefied gas fuel containment systems shall be designed with suitable safety margins:

A to withstand, in the intact condition, the environmental conditions anticipated
for the liquefied gas fuel containment system's design life and the loading
conditions appropriate for them, which shall include full homogeneous and
partial load conditions and partial filling to any intermediate levels; and

2 being appropriate for uncertainties in loads, structural modelling, fatigue,
corrosion, thermal effects, material variability, aging and construction tolerances.

6.4.1.6 The liquefied gas fuel containment system structural strength shall be assessed
against failure modes, including but not limited to plastic deformation, buckling and fatigue.
The specific design conditions that shall be considered for the design of each liquefied gas fuel
containment system are given in 6.4.15. There are three main categories of design conditions:

A Ultimate Design Conditions — The liquefied gas fuel containment system
structure and its structural components shall withstand loads liable to occur
during its construction, testing and anticipated use in service, without loss of
structural integrity. The design shall take into account proper combinations
of the following loads:

A internal pressure;

2 external pressure;

3 dynamic loads due to the motion of the ship in all loading
conditions;

4 thermal loads;

7 Refer to IACS Rec.034.
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8 North Atlantic environmental conditions refer to wave conditions. Assumed temperatures are used for

determining appropriate material qualities with respect to design temperatures and is another matter not
intended to be covered in 6.4.1.4.
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5 sloshing loads;

6 loads corresponding to ship deflections;

7 tank and liquefied gas fuel weight with the corresponding reaction
in way of supports;

8 insulation weight;

9 loads in way of towers and other attachments; and

.10 test loads.

2 Fatigue Design Conditions — The liquefied gas fuel containment system
structure and its structural components shall not fail under accumulated
cyclic loading.

3 Accidental Design Conditions — The liquefied gas fuel containment system

shall meet each of the following accident design conditions (accidental or
abnormal events), addressed in this Code:

A Collision — The liquefied gas fuel containment system shall withstand
the collision loads specified in 6.4.9.5.1 without deformation of the
supports or the tank structure in way of the supports likely to
endanger the tank and its supporting structure.

2 Fire — The liquefied gas fuel containment systems shall sustain
without rupture the rise in internal pressure specified in 6.7.3.1
under the fire scenarios envisaged therein.

3 Flooded compartment causing buoyancy on tank — the anti-flotation
arrangements shall sustain the upward force, specified in 6.4.9.5.2
and there shall be no endangering plastic deformation to the hull.
Plastic deformation may occur in the fuel containment system
provided it does not endanger the safe evacuation of the ship.

6.4.1.7 Measures shall be applied to ensure that scantlings required meet the structural
strength provisions and are maintained throughout the design life. Measures may include, but
are not limited to, material selection, coatings, corrosion additions, cathodic protection and
inerting.

6.4.1.8 An inspection/survey plan for the liquefied gas fuel containment system shall be
developed and approved by the Administration. The inspection/survey plan shall identify
aspects to be examined and/or validated during surveys throughout the liquefied gas fuel
containment system's life and, in particular, any necessary in-service survey, maintenance and
testing that was assumed when selecting liquefied gas fuel containment system design
parameters. The inspection/survey plan may include specific critical locationsas per 6.4.12.2.8 or
6.4.12.2.9.

6.4.1.9 Liquefied gas fuel containment systems shall be designed, constructed and equipped to
provide adequate means of access to areas that need inspection as specified in the
inspection/survey plan. Liquefied gas fuel containment systems, including all associated
internal equipment shall be designed and built to ensure safety during operations, inspection
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and maintenance.
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6.4.2 Liquefied gas fuel containment safety principles

6.4.2.1 The containment systems shall be provided with a complete secondary liquid-tight
barrier capable of safely containing all potential leakages through the primary barrier and, in
conjunction with the thermal insulation system, of preventing lowering of the temperature of
the ship structure to an unsafe level.

6.4.2.2 The size and configuration or arrangement of the secondary barrier may be reduced or
omitted where an equivalent level of safety can be demonstrated in accordance with 6.4.2.3 to
6.4.2.5 as applicable.

6.4.2.3 Liquefied gas fuel containment systems for which the probability for structural failures
to develop into a critical state has been determined to be extremely low but where the
possibility of leakages through the primary barrier cannot be excluded, shall be equipped with a
partial secondary barrier and small leak protection system capable of safely handling and
disposing of the leakages (a critical state means that the crack develops into unstable
condition).

The arrangements shall comply with the following:

A failure developments that can be reliably detected before reaching a critical
state (e.g. by gas detection or inspection) shall have a sufficiently long
development time for remedial actions to be taken; and

2 failure developments that cannot be safely detected before reaching a
critical state shall have a predicted development time that is much longer than
the expected lifetime of the tank.

6.4.2.4 No secondary barrier is required for liquefied gas fuel containment systems,
e.g. type C independent tanks, where the probability for structural failures and leakages
through the primary barrier is extremely low and can be neglected.

6.4.2.5 For independent tanks requiring full or partial secondary barrier, means for safely
disposing of leakages from the tank shall be arranged.

6.4.3  Secondary barriers in relation to tank types

Secondary barriers in relation to the tank types defined in 6.4.15 shall be provided in
accordance with the following table.

Basic tank type Secondary barrier requirements
Membrane Complete secondary barrier
Independent

Type A Complete secondary barrier

Type B Partial secondary barrier

Type C No secondary barrier required
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6.4.4  Design of secondary barriers

The design of the secondary barrier, including spray shield if fitted, shall be such that:

A

6

it is capable of containing any envisaged leakage of liquefied gas fuel for a
period of 15 days unless different criteria apply for particular voyages, taking
into account the load spectrum referred to in 6.4.12.2.6;

physical, mechanical or operational events within the liquefied gas fuel tank
that could cause failure of the primary barrier shall not impair the due function
of the secondary barrier, or vice versa;

failure of a support or an attachment to the hull structure will not lead to loss
of liquid tightness of both the primary and secondary barriers;

it is capable of being periodically checked for its effectiveness by means of
a visual inspection or other suitable means acceptable to the Administration;

the methods required in 6.4.4.4 shall be approved by the Administration and
shall include, as a minimum:

A details on the size of defect acceptable and the location within the
secondary barrier, before its liquid tight effectiveness is compromised;

2 accuracy and range of values of the proposed method for detecting
defects in .1 above;

3 scaling factors to be used in determining the acceptance criteria if
full-scale model testing is not undertaken; and

4 effects of thermal and mechanical cyclic loading on the effectiveness
of the proposed test.

the secondary barrier shall fulfil its functional requirements at a static angle
of heel of 30°.

6.4.5 Partial secondary barriers and primary barrier small leak protection system

6.4.5.1 Partial secondary barriers as permitted in 6.4.2.3 shall be used with a small leak
protection system and meet all the regulations in 6.4.4.

The small leak protection system shall include means to detect a leak in the primary barrier,
provision such as a spray shield to deflect any liquefied gas fuel down into the partial secondary
barrier, and means to dispose of the liquid, which may be by natural evaporation.

6.4.5.2 The capacity of the partial secondary barrier shall be determined, based on the liquefied
gas fuel leakage corresponding to the extent of failure resulting from the load spectrum referred to
in 6.4.12.2.6, after the initial detection of a primary leak. Due account may be taken of liquid
evaporation, rate of leakage, pumping capacity and other relevant factors.

6.4.5.3 The required liquid leakage detection may be by means of liquid sensors, or by an
effective use of pressure, temperature or gas detection systems, or any combination thereof.

6.4.5.4 For independent tanks for which the geometry does not present obvious locations for
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leakage to collect, the partial secondary barrier shall also fulfil its functional requirements at a
nominal static angle of trim.
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6.4.6  Supporting arrangements

6.4.6.1 The liquefied gas fuel tanks shall be supported by the hull in a manner that prevents
bodily movement of the tank under the static and dynamic loads defined in 6.4.9.2 to 6.4.9.5,
where applicable, while allowing contraction and expansion of the tank under temperature
variations and hull deflections without undue stressing of the tank and the hull.

6.4.6.2 Anti-flotation arrangements shall be provided for independent tanks and capable of
withstanding the loads defined in 6.4.9.5.2 without plastic deformation likely to endanger the
hull structure.

6.4.6.3 Supports and supporting arrangements shall withstand the loads defined in
6.4.9.3.3.8 and 6.4.9.5, but these loads need not be combined with each other or with wave-
induced loads.

6.4.7 Associated structure and equipment

6.4.7.1 Liquefied gas fuel containment systems shall be designed for the loads imposed by
associated structure and equipment. This includes pump towers, liquefied gas fuel domes,
liquefied gas fuel pumps and piping, stripping pumps and piping, nitrogen piping, access
hatches, ladders, piping penetrations, liquid level gauges, independent level alarm gauges,
spray nozzles, and instrumentation systems (such as pressure, temperature and strain

gauges).
6.4.8 Thermalinsulation

6.4.8.1 Thermal insulation shall be provided as required to protect the hull from temperatures
below those allowable (see 6.4.13.1.1) and limit the heat flux into the tank to the levels that
can be maintained by the pressure and temperature control system applied in 6.9.

6.4.9 Designloads
6.4.9.1 General

6.4.9.1.1  This section defines the design loads that shall be considered with regard to
regulations in 6.4.10 to 6.4.12. This includes load categories (permanent, functional,
environmental and accidental) and the description of the loads.

6.4.9.1.2 The extent to which these loads shall be considered depends on the type of tank, and
is more fully detailed in the following paragraphs.

6.4.9.1.3  Tanks, together with their supporting structure and other fixtures, shall be designed
taking into account relevant combinations of the loads described below.

6.4.9.2 Permanentloads
6.4.9.2.1 Gravity loads

The weight of tank, thermal insulation, loads caused by towers and other attachments shall be
considered.

6.4.9.2.2 Permanent external loads

Gravity loads of structures and equipment acting externally on the tank shall be considered.
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6.4.9.3 Functional loads

6.4.9.3.1

6.4.9.3.2

Loads arising from the operational use of the tank system shall be classified as
functional loads.

All functional loads that are essential for ensuring the integrity of the tank system,

during all design conditions, shall be considered.

6.4.93.3

As a minimum, the effects from the following criteria, as applicable, shall be

considered when establishing functional loads:

(a)
(b)

6.4.9.3.3.1
A
2

internal pressure

external pressure

thermally induced loads

vibration

interaction loads

loads associated with construction and installation
test loads

static heel loads

weight of liquefied gas fuel

sloshing

wind impact, wave impacts and green sea effect for tanks installed on open
deck.

Internal pressure

In all cases, including 6.4.9.3.3.1.2, Po shall not be less than MARVS.

For liquefied gas fuel tanks where there is no temperature control and where
the pressure of the liquefied gas fuel is dictated only by the ambient
temperature, Po shall not be less than the gauge vapour pressure of the
liquefied gas fuel at a temperature of 45°C except as follows:

A Lower values of ambient temperature may be accepted by the
Administration for ships operating in restricted areas. Conversely,

higher values of ambient temperature may be required.

2 For ships on VOﬁa?es of restricted duration, @, may be calculated
based on the actual pressure rise during the voyage and account

may be taken of any thermal insulation of the tank.

Subject to special consideration by the Administration and to the limitations
glven in 6.4.15 for the various tani tgges, a vapour gressure 2, higher than
o may be accepted for site specific conditions (harbour or other locations),

where dynamic loads are reduced.
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4 Pressure used for determining the internal pressure shall be:
A gn )BIBx is the associated liquid pressure determined using the
ximum design accelerations.
2 (B, mpe)@Bx istheassociated liquid pressure determined using site

Specitic accelerations.
3 should be the greater of B, and B, calculated as follows:

Bagr = By + ( )X (MPa),

Bogz = B+ (B mipe)BBx (MPa).

5 The internal liquid pressures are those created by the resulting acceleration
of the centre of gravity of the liquefied gas fuel due to the motions of the ship
referred to in 6.4.9.4.1.1. The value of internal liquid pressure Pgq resulting
from combined effects of gravity and dynamic accelerations shall be
calculated as follows:

y = B B5(p/(1.02 x 10%)) (MPa)

where;

@; = dimensjonless acceleration (i.e. relative to the acceleration
Pga%rsawty), resulting from gravitational and dynamic

in an arbitrary direction @; (see figure 6.4.1).
For large tanks, an acceleration ellipsoid, taking account of

transverse vertical and longitudinal accelerations, should
be used.

B = |araseel utidheient fRASRRE IR A WARISHBR RIGRES
direction (see figure 6.4.2).

Tank domes considered to be part of the accepted total
tank volume shall be taken into account when determining
Zg unless the total volume of tank domes Vi does not
exceed the following value:

100 —

where:

Va = Va ( )

Vz = tank volume without any domes; and
=filling limit according to 6.8.

p = maximum liquefied gas fuel density (kg/m?) at the design
temperature.
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The direction that gives the maximum value (2, )BBx or (B, pme)@@x shall
be considered. Where acceleration components in three directions need to
be considered, an ellipsoid shall be used instead of the ellipse in figure 6.4.1.

The above formula applies only to full tanks.

CL
C.G. of Tank

CL
| C.G. of Tank

AN
\a
\ Y
Amidships
ap= resulting acceleration (static and dynamic)
in arbitrary directiof
At 0.05L from FP

ax = longitudinal component of acceleration
ay = transverse component of acceleration

az = vertical component of acceleration (refer to 6.4.9.4.1.1)

Figure 6.4.1 — Acceleration ellipsoid
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f (Yp,Zp) 9
Pressure

O >

Figure 6.4.2 — Determination of internal pressure heads

6.4.9.3.3.2 External pressure

External design pressure loads shall be based on the difference between the minimum internal
pressure and the maximum external pressure to which any portion of the tank may be
simultaneously subjected.

6.4.9.3.3.3  Thermally induced loads

6.4.9.3.3.3.1 Transient thermally induced loads during cooling down periods shall be
considered for tanks intended for liquefied gas fuel temperatures below minus 55°C.

6.4.9.3.3.3.2 Stationary thermally induced loads shall be considered for liquefied gas fuel
containment systems where the design supporting arrangements or attachments and operating
temperature may give rise to significant thermal stresses (see paragraph 6.9.2).

6.4.9.3.34 Vibration

The potentially damaging effects of vibration on the liquefied gas fuel containment system shall be
considered.

6.4.9.3.3.5 Interaction loads

The static component of loads resulting from interaction between liquefied gas fuel
containment system and the hull structure, as well as loads from associated structure and
equipment, shall be considered.
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6.4.9.3.3.6 Loads associated with construction and installation
Loads or conditions associated with construction and installation shall be considered,

e.g. lifting.

6.4.9.3.3.7 Test loads

Account shall be taken of the loads corresponding to the testing of the liquefied gas fuel
containment system referred to in 16.5.

6.4.9.3.3.8 Static heel loads

Loads corresponding to the most unfavourable static heel angle within the range 0° to 30°shall be
considered.

6.4.9.3.3.9 Other loads

Any other loads not specifically addressed, which could have an effect on the liquefied gas fuel
containment system, shall be taken into account.

6.4.9.4 Environmental loads

6.4.9.4.1 Environmental loads are defined as those loads on the liquefied gas fuel
containment system that are caused by the surrounding environment and that are not
otherwise classified as a permanent, functional or accidental load.

6.4.9.4.1.1 Loads due to ship motion

The determination of dynamic loads shall take into account the long-term distribution of ship
motion in irregular seas, which the ship will experience during its operating life. Account may
be taken of the reduction in dynamic loads due to necessary speed reduction and variation of
heading. The ship's motion shall include surge, sway, heave, roll, pitch and yaw. The
accelerations acting on tanks shall be estimated at their centre of gravity and include the
following components:

A vertical acceleration: motion accelerations of heave, pitch and, possibly roll
(normal to the ship base);

2 transverse acceleration: motion accelerations of sway, yaw and roll and
gravity component of roll; and

3 longitudinal acceleration: motion accelerations of surge and pitch and gravity
component of pitch.

Methods to predict accelerations due to ship motion shall be proposed and approved by the
Administration®.

Ships for restricted service may be given special consideration.
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Refer to section 4.28.2.1 of the IGC Code for guidance formulae for acceleration components.
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6.4.9.4.1.2  Dynamic interaction loads

Account shall be taken of the dynamic component of loads resulting from interaction between
liquefied gas fuel containment systems and the hull structure, including loads from associated
structures and equipment.

6.4.9.4.1.3  Sloshing loads

The sloshing loads on a liquefied gas fuel containment system and internal components shall be
evaluated for the full range of intended filling levels.

6.4.9.4.1.4  Snow and ice loads
Snow and icing shall be considered, if relevant.

6.49.4.15 Loads due to navigation in ice

Loads due to navigation in ice shall be considered for ships intended for such service.

6.49.4.1.6 Green sea loading

Account shall be taken to loads due to water on deck.

6.4.9.4.1.7 Wind loads

Account shall be taken to wind generated loads as relevant.

6.4.9.5 Accidental loads

Accidental loads are defined as loads that are imposed on a liquefied gas fuel containment
system and it's supporting arrangements under abnormal and unplanned conditions.

6.4.9.5.1 Collision load

The collision load shall be determined based on the fuel containment system under fully loaded
condition with an inertial force corresponding to "a" in the table below in forward direction and
"a/2" in the aft direction, where "g" is gravitational acceleration.

Ship length (L) Design acceleration (a)

L>100m 0,59

60 <L<100m Z-"" 7)H
o

L<60m 29

Special consideration should be given to ships with Froude number (Fn) > 0,4.

6.4.9.5.2 Loads due to flooding on ship

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annav 1 nann EE

For independent tanks, loads caused by the buoyancy of a fully submerged empty tank shall be

considered in the design of anti-flotation chocks and the supporting structure in both the
adjacent hull and tank structure.
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6.4.10 Structural integrity

6.4.10.1 General

6.4.10.1.1  The structural design shall ensure that tanks have an adequate capacity to
sustain all relevant loads with an adequate margin of safety. This shall take into account the
possibility of plastic deformation, buckling, fatigue and loss of liquid and gas tightness.

6.4.10.1.2 The structural integrity of liquefied gas fuel containment systems can be
demonstrated by compliance with 6.4.15, as appropriate for the liquefied gas fuel containment
system type.

6.4.10.1.3  For other liquefied gas fuel containment system types, that are of novel design or
differ significantly from those covered by 6.4.15, the structural integrity shall be demonstrated
by compliance with 6.4.16.

6.4.11 Structural analysis
6.4.11.1 Analysis

6.4.11.1.1  The design analyses shall be based on accepted principles of statics, dynamics and
strength of materials.

6.4.11.1.2 Simplified methods or simplified analyses may be used to calculate the load
effects, provided that they are conservative. Model tests may be used in combination with, or
instead of, theoretical calculations. In cases where theoretical methods are inadequate, model or
full-scale tests may be required.

6.4.11.1.3  When determining responses to dynamic loads, the dynamic effect shall be taken
into account where it may affect structural integrity.

6.4.11.2 Load scenarios

6.4.11.2.1 For each location or part of the liquefied gas fuel containment system to be
considered and for each possible mode of failure to be analysed, all relevant combinations of
loads that may act simultaneously shall be considered.

6.4.11.2.2 The most unfavourable scenarios for all relevant phases during construction,
handling, testing and in service conditions shall be considered.

6.4.11.2.3 When the static and dynamic stresses are calculated separately and unless other
methods of calculation are justified, the total stresses shall be calculated according to:

Q

X.st i
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i

y.st T

z.st i

I
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I
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where:

Ox.st, Oy.st, Ozst, Txy.st, Txzst and 7zst are static stresses; and

Ux_dyn, O-y,dyn, O-z,dyn, fxy_dyn, fxz,dyn and Tyz,dyn are dynamIC StreSSGS,

each shall be determined separately from acceleration components and hull strain components due

to deflection and torsion.

6.4.12 Design conditions

All relevant failure modes shall be considered in the design for all relevant load scenarios and
design conditions. The design conditions are given in the earlier part of this chapter, and the load
scenarios are covered by 6.4.11.2.

6.4.12.1 Ultimate design condition

6.4.12.1.1

Structural capacity may be determined by testing, or by analysis, taking into

account both the elastic and plastic material properties, by simplified linear elastic analysis or
by the provisions of this Code:

A

2

Plastic deformation and buckling shall be considered.

Analysis shall be based on characteristic load values as follows:

Permanent loads Expected values
Functional loads Specified values
Environmental loads For wave loads: most probable largest load

encountered during 108wave encounters.

For the purpose of ultimate strength assessment the following material
parameters apply:

Re = specified minimum yield stress at room temperature
(N/mm?). If the stress-strain curve does not show a defined
yield stress, the 0.2% proof stress applies.

Rn = specified minimum tensile strength at room temperature
(N/mm?).

For welded connections where under-matched welds, i.e. where the
weld metal has lower tensile strength than the parent metal, are
unavoidable, such as in some aluminium alloys, the respective Re
and Rmof the welds, after any applied heat treatment, shall be used. In
such cases the transverse weld tensile strength shall not be less than
the actual yield strength of the parent metal. If this cannot be
achieved, welded structures made from such materials shall not be
incorporated in liquefied gas fuel containment systems.

The above properties shall correspond to the minimum specified mechanical
properties of the material, including the weld metal in the as fabricated
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condition. Subject to special consideration by the Administration, account
may be taken of the enhanced yield stress and tensile strength at low
temperature.
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4 The equivalent stress oc(von Mises, Huber) shall be determined by:

2
O'C€O'+

O'2+O'2—O'X0'y—Q' g -gg +3(fxy2+;; 2 w

where:
Ox = total normal stress in x-direction;
oy= total normal stress in y-direction;
0z = total normal stress in z-direction;
Ty = total shear stress in x-y plane;

Txz

Tyz

The above values shall

5 Allowable stresses for

total shear stress in x-z plane; and
total shear stress in y-z plane.

be calculated as described in 6.4.11.2.3.

materials other than those covered by 7.4 shall be

subject to approval by the Administration in each case.

6 Stresses may be furth

er limited by fatigue analysis, crack propagation

analysis and buckling criteria.

6.4.12.2 Fatigue Design Condition

A The fatigue design condition is the design condition with respect to
accumulated cyclic loading.

2 Where a fatigue analysi
shall comply with:

7 ,
lLEaEL

7 .
.Lﬂaﬂl

Bg

where:

L' =

i =

BLpaming =

BLpaning =

s is required the cumulative effect of the fatigue load

< By

number of stress cycles at each stress level during the
life of the tank;

number of cycles to fracture for the respective stress
level according to the Wohler (S-N) curve;

number of loading and unloadin cgcles during the
life of the tank not'to be less than"1000. Loadingand

unloading cycles include a complete pressure and
thermal cycle;

number of cycles to fracture for the fatigue loads due
to loading and unloading; and
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= maximum allowable cumulative fatigue damage ratio.

The fatigue damage shall be based on the design life of the tank but not less
than 108 wave encounters.
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3 Where required, the liquefied gas fuel containment system shall be subject to
fatigue analysis, considering all fatigue loads and their appropriate
combinations for the expected life of the liquefied gas fuel containment
system. Consideration shall be given to various filling conditions.

4 Design S-N curves used in the analysis shall be applicable to the materials
and weldments, construction details, fabrication procedures and applicable
state of the stress envisioned.

The S-N curves shall be based on a 97.6% probability of survival
corresponding to the mean-minus-two-standard-deviation curves of relevant
experimental data up to final failure. Use of S-N curves derived in a different
way requires adjustments to the acceptable Cw values specified in 6.4.12.2.7 to

6.4.12.2.9.

5 Analysis shall be based on characteristic load values as follows:
Permanent loads Expected values
Functional loads Specified values or specified history

Environmental loads Expected load history, but not less than 108 cycles

If simplified dynamic loading spectra are used for the estimation of
the fatigue life, those shall be specially considered by the Administration.

6 Where the size of the secondary barrier is reduced, as is provided for in
6.4.2.3, fracture mechanics analyses of fatigue crack growth shall be
carried out to determine:

A crack propagation paths in the structure, where necessitated
by 6.4.12.2.7 10 6.4.12.2.9, as applicable;

2 crack growth rate;

3 the time required for a crack to propagate to cause a leakage from
the tank;

4 the size and shape of through thickness cracks; and

5 the time required for detectable cracks to reach a critical state after

penetration through the thickness.

The fracture mechanics are in general based on crack growth data taken as a
mean value plus two standard deviations of the test data. Methods for
fatigue crack growth analysis and fracture mechanics shall be based on
recognized standards.

In analysing crack propagation the largest initial crack not detectable by the
inspection method applied shall be assumed, taking into account the allowable
non-destructive testing and visual inspection criterion as applicable.
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Crack propagation analysis specified in 6.4.12.2.7 the simplified load
distribution and sequence over a period of 15 days may be used. Such
distributions may be obtained as indicated in figure 6.4.3. Load distribution
and sequence for longer periods, such as in 6.4.12.2.8 and 6.4.12.2.9 shall be
approved by the Administration.

The arrangements shall comply with 6.4.12.2.7 t0 6.4.12.2.9 as applicable.

7 For failures that can be reliably detected by means of leakage detection:

Cw shall be less than or equal to 0.5.

Predicted remaining failure development time, from the point of detection of
leakage till reaching a critical state, shall not be less than 15 days unless
different regulations apply for ships engaged in particular voyages.

8 For failures that cannot be detected by leakage but that can be reliably
detected at the time of in-service inspections:

Cw shall be less than or equal to 0.5.

Predicted remaining failure development time, from the largest crack not
detectable by in-service inspection methods until reaching a critical state,
shall not be less than three (3) times the inspection interval.

9 In particular locations of the tank where effective defect or crack
development detection cannot be assured, the following, more stringent,
fatigue acceptance criteria shall be applied as a minimum:

Cw shall be less than or equal to 0.1.

Predicted failure development time, from the assumed initial defect until
reaching a critical state, shall not be less than three (3) times the lifetime of
the tank.
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~ 16 days

Ty

1 W e 0 w0 1w 210

Response cycles

@, = most probable maximum stress over the life of the ship

Response cycle scale is logarithmic; the value of 2.10° is given as an
example of estimate.

Figure 6.4.3 — Simplified load distribution
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6.4.12.3 Accidental design condition

6.4.12.3.1

The accidental design condition is a design condition for accidental loads with

extremely low probability of occurrence.

6.4.12.3.2  Analysis shall be based on the characteristic values as follows:

Permanent loads Expected values
Functional loads Specified values
Environmental loads Specified values
Accidental loads Specified values or expected values

Loads mentioned in 6.4.9.3.3.8 and 6.4.9.5 need not be combined with each other or with
wave-induced loads.

6.4.13 Materials and construction

6.4.13.1 Materials

6.4.13.1.1

Materials forming ship structure

6.4.13.1.1.1 To determine the grade of plate and sections used in the hull structure, a
temperature calculation shall be performed for all tank types. The following assumptions shall
be made in this calculation:

A

The primary barrier of all tanks shall be assumed to be at the liquefied gas
fuel temperature.

In addition to .1 above, where a complete or partial secondary barrier is
required it shall be assumed to be at the liquefied gas fuel temperature at
atmospheric pressure for any one tank only.

For worldwide service, ambient temperatures shall be taken as 5°C for air and
0°C for seawater. Higher values may be accepted for ships operating in
restricted areas and conversely, lower values may be imposed by the
Administration for ships trading to areas where lower temperatures are expected
during the winter months.

Still air and sea water conditions shall be assumed, i.e. no adjustment for
forced convection.

Degradation of the thermal insulation properties over the life of the ship due
to factors such as thermal and mechanical ageing, compaction, ship motions
and tank vibrations as defined in 6.4.13.3.6 and 6.4.13.3.7 shall be assumed.

The cooling effect of the rising boil-off vapour from the leaked liquefied gas
fuel shall be taken into account where applicable.

Credit for hull heating may be taken in accordance with 6.4.13.1.1.3,
provided the heating arrangements are in compliance with 6.4.13.1.1.4.

No credit shall be given for any means of heating, except as described in
6.4.13.1.1.3.
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9 For members connecting inner and outer hulls, the mean temperature may be
taken for determining the steel grade.
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6.4.13.1.1.2 The materials of all hull structures for which the calculated temperature in the
design condition is below 0°C, due to the influence of liquefied gas fuel temperature, shall be in
accordance with table 7.5. This includes hull structure supporting the liquefied gas fuel tanks,
inner bottom plating, longitudinal bulkhead plating, transverse bulkhead plating, floors, webs,
stringers and all attached stiffening members.

6.4.13.1.1.3 Means of heating structural materials may be used to ensure that the material
temperature does not fall below the minimum allowed for the grade of material specified in
table 7.5. In the calculations required in 6.4.13.1.1.1, credit for such heating may be taken in
accordance with the following principles:

A for any transverse hull structure;

2 for longitudinal hull structure referred to in 6.4.13.1.1.2 where colder ambient
temperatures are specified, provided the material remains suitable for the
ambient temperature conditions of plus 5°C for air and 0°C for seawater with
no credit taken in the calculations for heating; and

3 as an alternative to 6.4.13.1.1.3.2, for longitudinal bulkhead between
liquefied gas fuel tanks, credit may be taken for heating provided the material
remain suitable for a minimum design temperature of minus 30°C, or a
temperature 30°C lower than that determined by 6.4.13.1.1.1 with the heating
considered, whichever is less. In this case, the ship's longitudinal strength
shall comply with SOLAS regulation [1-1/3-1 for both when those
bulkhead(s) are considered effective and not.

6.4.13.1.1.4 The means of heating referred to in 6.4.13.1.1.3 shall comply with the following:

A the heating system shall be arranged so that, in the event of failure in any
part of the system, standby heating can be maintained equal to no less than
100% of the theoretical heat requirement;

2 the heating system shall be considered as an essential auxiliary. All electrical
components of at least one of the systems provided in accordance with
6.4.13.1.1.3.1 shall be supplied from the emergency source of electrical
power; and

3 the design and construction of the heating system shall be included in the
approval of the containment system by the Administration.

6.4.13.2 Materials of primary and secondary barriers

6.4.13.2.1 Metallic materials used in the construction of primary and secondary barriers not
forming the hull, shall be suitable for the design loads that they may be subjected to, and be in
accordance with table 7.1, 7.2 or 7.3.

6.4.13.2.2 Materials, either non-metallic or metallic but not covered by tables 7.1, 7.2
and 7.3, used in the primary and secondary barriers may be approved by the Administration
considering the design loads that they may be subjected to, their properties and their intended
use.
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6.4.13.2.3 Where non-metallic materials,*® including composites, are used for or
incorporated in the primary or secondary barriers, they shall be tested for the following
properties, as applicable, to ensure that they are adequate for the intended service:

A compatibility with the liquefied gas fuels;

2 ageing;

3 mechanical properties;

4 thermal expansion and contraction;

5 abrasion;

6 cohesion;

7 resistance to vibrations;

.8 resistance to fire and flame spread; and

9 resistance to fatigue failure and crack propagation.

6.4.13.2.4 The above properties, where applicable, shall be tested for the range between the
expected maximum temperature in service and 5°C below the minimum design temperature,
but not lower than minus196°C.

6.4.13.2.5 Where non-metallic materials, including composites, are used for the primary and
secondary barriers, the joining processes shall also be tested as described above.

6.4.13.2.6  Consideration may be given to the use of materials in the primary and secondary
barrier, which are not resistant to fire and flame spread, provided they are protected by a
suitable system such as a permanent inert gas environment, or are provided with a fire
retardant barrier.

6.4.13.3 Thermal insulation and other materials used in liquefied gas fuel containment
systems

6.4.13.3.1  Load-bearing thermal insulation and other materials used in liquefied gas fuel
containment systems shall be suitable for the design loads.

6.4.13.3.2 Thermal insulation and other materials used in liquefied gas fuel containment
systems shall have the following properties, as applicable, to ensure that they are adequate for
the intended service:

A compatibility with the liquefied gas fuels;
2 solubility in the liquefied gas fuel;

3 absorption of the liquefied gas fuel;

4 shrinkage;

5 ageing;
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10 Refer to section 6.4.16.
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6 closed cell content;

7 density;

8 mechanical properties, to the extent that they are subjected to liquefied gas
fuel and other loading effects, thermal expansion and contraction;

9 abrasion;

10 cohesion;

A1 thermal conductivity;

A2 resistance to vibrations;

13 resistance to fire and flame spread; and

14 resistance to fatigue failure and crack propagation.

6.4.13.3.3 The above properties, where applicable, shall be tested for the range between the
expected maximum temperature in service and 5°C below the minimum design temperature,
but not lower than minus 196°C.

6.4.13.3.4 Due to location or environmental conditions, thermal insulation materials shall
have suitable properties of resistance to fire and flame spread and shall be adequately
protected against penetration of water vapour and mechanical damage. Where the thermal
insulation is located on or above the exposed deck, and in way of tank cover penetrations, it
shall have suitable fire resistance properties in accordance with a recognized standard or be
covered with a material having low flame spread characteristics and forming an efficient
approved vapour seal.

6.4.13.3.5 Thermal insulation that does not meet recognized standards for fire resistance
may be used in fuel storage hold spaces that are not kept permanently inerted, provided its
surfaces are covered with material with low flame spread characteristics and that forms an
efficient approved vapour seal.

6.4.13.3.6  Testing for thermal conductivity of thermal insulation shall be carried out on
suitably aged samples.

6.4.13.3.7 Where powder or granulated thermal insulation is used, measures shall be taken to
reduce compaction in service and to maintain the required thermal conductivity and also
prevent any undue increase of pressure on the liquefied gas fuel containment system.

6.4.14 Construction processes

6.4.14.1 Weld joint design

6.4.14.1.1  All welded joints of the shells of independent tanks shall be of the in-plane butt
weld full penetration type. For dome-to-shell connections only, tee welds of the full penetration
type may be used depending on the results of the tests carried out at the approval of the
welding procedure. Except for small penetrations on domes, nozzle welds are also to be
designed with full penetration.
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6.4.14.1.2 Welding joint details for type C independent tanks, and for the liquid-tight primary
barriers of type B independent tanks primarily constructed of curved surfaces, shall be as
follows:

A All longitudinal and circumferential joints shall be of butt welded, full
penetration, double vee or single vee type. Full penetration butt welds shall
be obtained by double welding or by the use of backing rings. If used, backing
rings shall be removed except from very small process pressure vessels.'!
Other edge preparations may be permitted, depending on the results of the
tests carried out at the approval of the welding procedure. For connections of
tank shell to a longitudinal bulkhead of type C bilobe tanks, tee welds of the
full penetration type may be accepted.

2 The bevel preparation of the joints between the tank body and domes and
between domes and relevant fittings shall be designed according to a
standard acceptable to the Administration. All welds connecting nozzles,
domes or other penetrations of the vessel and all welds connecting flanges to
the vessel or nozzles shall be full penetration welds.

6.4.14.2 Design for gluing and other joining processes

6.4.14.2.1 The design of the joint to be glued (or joined by some other process except
welding) shall take account of the strength characteristics of the joining process.

6.4.15 Tanktypes
6.4.15.1 Type A independent tanks
6.4.15.1.1  Design basis

6.4.15.1.1.1 Type A independent tanks are tanks primarily designed using classical ship-
structural analysis procedures in accordance with the requirements of the Administration. Where
such tanks are primarily constructed of plane surfaces, the design vapour pressure Po shall be
less than 0.07 MPa.

6.4.15.1.1.2 A complete secondary barrier is required as defined in 6.4.3. The secondary
barrier shall be designed in accordance with 6.4.4.

6.4.15.1.2  Structural analysis

6.4.15.1.2.1 A structural analysis shall be performed taking into account the internal pressure
as indicated in 6.4.9.3.3.1, and the interaction loads with the supporting and keying system as
well as a reasonable part of the ship's hull.

6.4.15.1.2.2 For parts, such as structure in way of supports, not otherwise covered by the
regulations in this Code, stresses shall be determined by direct calculations, taking into
account the loads referred to in 6.4.9.2 to 6.4.9.5 as far as applicable, and the ship deflection in
way of supports.

6.4.15.1.2.3 The tanks with supports shall be designed for the accidental loads specified in
6.4.9.5. These loads need not be combined with each other or with environmental loads.

" For vacuum insulated tanks without manhole, the longitudinal and circumferential joints should meet the
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aforementioned requirements, except for the erection weld joint of the outer shell, which may be a one-side
welding with backing rings.
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6.4.15.1.3  Ultimate design condition

6.4.15.1.3.1 For tanks primarily constructed of plane surfaces, the nominal membrane stresses
for primary and secondary members (stiffeners, web frames, stringers, girders), when calculated
by classical analysis procedures, shall not exceed the lower of Rw/2.66 or Re/1.33 for nickel
steels, carbon-manganese steels, austenitic steels and aluminium alloys, where R and Re are
defined in 6.4.12.1.1.3. However, if detailed calculations are carried out for the primary
members, the equivalent stress o, as defined in 6.4.12.1.1.4, may be increased over that
indicated above to a stress acceptable to the Administration. Calculations shall take into account
the effects of bending, shear, axial and torsional deformation as well as the hull/liquefied gas
fuel tank interaction forces due to the deflection of the hull structure and liquefied gas fuel
tank bottoms.

6.4.15.1.3.2 Tank boundary scantlings shall meet at least the requirements of the
Administration for deep tanks taking into account the internal pressure as indicated in
6.4.9.3.3.1 and any corrosion allowance required by 6.4.1.7.

6.4.15.1.3.3 The liquefied gas fuel tank structure shall be reviewed against potential buckling.
6.4.15.1.4  Accidental design condition

6.4.15.1.4.1 The tanks and the tank supports shall be designed for the accidental loads and
design conditions specified in 6.4.9.5 and 6.4.1.6.3 as relevant.

6.4.15.1.4.2 When subjected to the accidental loads specified in 6.4.9.5, the stress shall
comply with the acceptance criteria specified in 6.4.15.1.3, modified as appropriate taking into
account their lower probability of occurrence.

6.4.15.2 Type B independent tanks
6.4.15.2.1  Design basis

6.4.15.2.1.1 Type B independent tanks are tanks designed using model tests, refined analytical
tools and analysis methods to determine stress levels, fatigue life and crack propagation
characteristics. Where such tanks are primarily constructed of plane surfaces (prismatic tanks)
the design vapour pressure Poshall be less than 0.07 MPa.

6.4.15.2.1.2 A partial secondary barrier with a protection system is required as defined
in 6.4.3. The small leak protection system shall be designed according to 6.4.5.

6.4.15.2.2 Structural analysis

6.4.15.2.2.1 The effects of all dynamic and static loads shall be used to determine the
suitability of the structure with respect to:

N plastic deformation;
2 buckling;

3 fatigue failure; and
4 crack propagation.

Finite element analysis or similar methods and fracture mechanics analysis or an equivalent
approach, shall be carried out.
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6.4.15.2.2.2 A three-dimensional analysis shall be carried out to evaluate the stress levels,
including interaction with the ship's hull. The model for this analysis shall include the liquefied
gas fuel tank with its supporting and keying system, as well as a reasonable part of the hull.

6.4.15.2.2.3 A complete analysis of the particular ship accelerations and motions in irregular
waves, and of the response of the ship and its liquefied gas fuel tanks to these forces and
motions, shall be performed unless the data is available from similar ships.

6.4.15.2.3  Ultimate design condition
6.4.15.2.3.1 Plastic deformation

For type B independent tanks, primarily constructed of bodies of revolution, the allowable
stresses shall not exceed:

Om

oL

Ob

oLt0b
Omt0p
Om+t0b+0y
OL+0bt0y

mm T

M

INIANIN IN N IAN A

W W = A ~h
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where:

Om= equivalent primary general membrane stress;

equivalent primary local membrane stress;

oL

O» = equivalent primary bending stress;

&
I

equivalent secondary stress;

~
1

the lesser of (Rm/ A) or (Re / B); and

F = thelesser of (Rm/ C) or (Re /D),

with Rmand Reas defined in 6.4.12.1.1.3. With regard to the stresses om, o1, ogand opSee also the
definition of stress categories in 6.4.15.2.3.6.

The values A and B shall have at least the following minimum values:

Nickel steels and Austenitic steel Aluminium
carbon manganese alloys
steels
A 3 35 4
B 2 1.6 1.5
C 3 3 3
D 1.5 15 1.5
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The above figures may be altered considering the design condition considered in acceptance with
the Administration. For type B independent tanks, primarily constructed of plane surfaces, the
allowable membrane equivalent stresses applied for finite element analysis shall not exceed:

A for nickel steels and carbon-manganese steels, the lesser of Rn/2 or Re/1.2;
2 for austenitic steels, the lesser of Rm /2.5 or Re /1.2; and
3 for aluminium alloys, the lesser of Rm /2.5 or Re /1.2.

The above figures may be amended considering the locality of the stress, stress analysis
methods and design condition considered in acceptance with the Administration.

The thickness of the skin plate and the size of the stiffener shall not be less than those required for
type A independent tanks.

6.4.15.2.3.2 Buckling

Buckling strength analyses of liquefied gas fuel tanks subject to external pressure and other
loads causing compressive stresses shall be carried out in accordance with recognized
standards. The method shall adequately account for the difference in theoretical and actual
buckling stress as a result of plate edge misalignment, lack of straightness or flatness, ovality and
deviation from true circular form over a specified arc or chord length, as applicable.

6.4.15.2.3.3 Fatigue design condition

6.4.15.2.3.3.1  Fatigue and crack propagation assessment shall be performed in accordance
with the provisions of 6.4.12.2. The acceptance criteria shall comply with 6.4.12.2.7,
6.4.12.2.8 or 6.4.12.2.9, depending on the detectability of the defect.

6.4.15.2.3.3.2  Fatigue analysis shall consider construction tolerances.

6.4.15.2.3.3.3  Where deemed necessary by the Administration, model tests may be required
to determine stress concentration factors and fatigue life of structural elements.

6.4.15.2.3.4 Accidental design condition

6.4.15.2.3.4.1  The tanks and the tank supports shall be designed for the accidental loads
and design conditions specified in 6.4.9.5 and 6.4.1.6.3, as relevant.

6.4.15.2.3.4.2  When subjected to the accidental loads specified in 6.4.9.5, the stress shall
comply with the acceptance criteria specified in 6.4.15.2.3, modified as appropriate, taking into
account their lower probability of occurrence.

6.4.15.2.3.5 Marking

Any marking of the pressure vessel shall be achieved by a method that does not cause
unacceptable local stress raisers.
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6.4.15.2.3.6 Stress categories

For the purpose of stress evaluation, stress categories are defined in this section as follows:

A Normal stress is the component of stress normal to the plane of reference.

2 Membrane stress is the component of normal stress that is uniformly
distributed and equal to the average value of the stress across the thickness of
the section under consideration.

3 Bending stress is the variable stress across the thickness of the section
under consideration, after the subtraction of the membrane stress.

4 Shear stress is the component of the stress acting in the plane of reference.

5 Primary stress is a stress produced by the imposed loading, which is

necessary to balance the external forces and moments. The basic
characteristic of a primary stress is that it is not self-limiting. Primary stresses
that considerably exceed the yield strength will result in failure or at least in
gross deformations.

6 Primary general membrane stress is a primary membrane stress that is
so distributed in the structure that no redistribution of load occurs as a result
of yielding.

7 Primary local membrane stress arises where a membrane stress produced

by pressure or other mechanical loading and associated with a primary or a
discontinuity effect produces excessive distortion in the transfer of loads for
other portions of the structure. Such a stress is classified as a primary local
membrane stress, although it has some characteristics of a secondary
stress. A stress region may be considered as local, if:

B, < 0.5V@¢: and

B, > 2.5vV8t

where:

B, = digtaesdndhe mepdional direction over which the equivalent

@, = distance in the meridional direction to another region where
the limits for primary general membrane stress are
exceeded;

= mean radius of the vessel,

t = wall thickness of the vessel at the location where the primary

general membrane stress limit is exceeded; and
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= allowable primary general membrane stress.
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8 Secondary stress is a normal stress or shear stress developed by
constraints of adjacent parts or by self-constraint of a structure. The basic
characteristic of a secondary stress is that it is self-limiting. Local yielding
and minor distortions can satisfy the conditions that cause the stress to
occur.

6.4.15.3 Type C independent tanks
6.4.15.3.1  Design basis

6.4.15.3.1.1 The design basis for type C independent tanks is based on pressure vessel
criteria modified to include fracture mechanics and crack propagation criteria. The minimum
design pressure defined in 6.4.15.3.1.2 is intended to ensure that the dynamic stress is
sufficiently low so that an initial surface flaw will not propagate more than half the thickness of
the shell during the lifetime of the tank.

6.4.15.3.1.2 The design vapour pressure shall not be less than:

By = 0.2 + AB(pg)® (MPa)
where:

3
A=0.00185 (—

AO'
with:

oy = design primary membrane stress;

Aoy = allowable dynamic membrane stress (double amplitude at
probability level Q = 10-8) and equal to:

- 55 N/mm? for ferritic-perlitic, martensitic and austenitic steel;

- 25 N/mm? for aluminium alloy (5083-0);

= acharacteristic tank dimension to be taken as the greatest of the following:
h, 0.75b or 0.45¢,

with:

h = height of tank (dimension in ship's vertical direction) (m);

b = width of tank (dimension in ship's transverse direction) (m);

¢ = length of tank (dimension in ship's longitudinal direction) (m);
» = the relative density of the cargo (pgz = 1 for fresh water) at the design
P temperature. b4 90 (P ) J
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6.4.15.3.2  Shell thickness

6.4.15.3.2.1 In considering the shell thickness the following apply:

A for pressure vessels, the thickness calculated according to 6.4.15.3.2.4 shall be
considered as a minimum thickness after forming, without any negative
tolerance;

2 for pressure vessels, the minimum thickness of shell and heads including

corrosion allowance, after forming, shall not be less than 5 mm for carbon
manganese steels and nickel steels, 3 mm for austenitic steels or 7 mm for
aluminium alloys; and

3 the welded joint efficiency factor to be used in the calculation according
to 6.4.15.3.2.4 shall be 0.95 when the inspection and the non-destructive
testing referred to in 16.3.6.4 are carried out. This figure may be increased
up to 1.0 when account is taken of other considerations, such as the material
used, type of joints, welding procedure and type of loading. For process
pressure vessels the Administration may accept partial non-destructive
examinations, but not less than those of 16.3.6.4, depending on such factors as
the material used, the design temperature, the nil ductility transition
temperature of the material as fabricated and the type of joint and welding
procedure, but in this case an efficiency factor of not more than 0.85 shall be
adopted. For special materials the above-mentioned factors shall be
reduced, depending on the specified mechanical properties of the welded
joint.

6.4.15.3.2.2 The design liquid pressure defined in 6.4.9.3.3.1 shall be taken into account in
the internal pressure calculations.

6.4.15.3.2.3 The design external pressure Pe, used for verifying the buckling of the pressure
vessels, shall not be less than that given by:

where:

Pe = P1+P2+P3+P4 (MPa)

P: = setting value of vacuum relief valves. For vessels not fitted with vacuum relief
valves P7shall be specially considered, but shall not in general be taken
as less than 0.025 MPa.

P2 = the set pressure of the pressure relief valves (PRVs) for completely closed spaces
containing pressure vessels or parts of pressure vessels; elsewhere P.=
0.

Ps = compressive actions in or on the shell due to the weight and contraction of
thermal insulation, weight of shell including corrosion allowance and
other miscellaneous external pressure loads to which the pressure vessel
may be subjected. These include, but are not limited to, weight of domes,
weight of towers and piping, effect of product in the partially filled
condition, accelerations and hull deflection. In addition, the local effect of
external or internal pressures or both shall be taken into account.
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6.4.15.3.2.4 Scantlings based on internal pressure shall be calculated as follows:

The thickness and form of pressure-containing parts of pressure vessels, under internal
pressure, as defined in 6.4.9.3.3.1, including flanges, shall be determined. These calculations shall
in all cases be based on accepted pressure vessel design theory. Openings in pressure-containing
parts of pressure vessels shall be reinforced in accordance with a recognized standard
acceptable to the Administration.

6.4.15.3.2.5 Stress analysis in respect of static and dynamic loads shall be performed as
follows:

A pressure vessel scantlings shall be determined in accordance with 6.4.15.3.2.1 to
6.4.15.3.2.4 and 6.4.15.3.3;
2 calculations of the loads and stresses in way of the supports and the shell

attachment of the support shall be made. Loads referred to in 6.4.9.2 to
6.4.9.5 shall be used, as applicable. Stresses in way of the supports shall be to
a recognized standard acceptable to the Administration. In special cases a
fatigue analysis may be required by the Administration; and

3 if required by the Administration, secondary stresses and thermal stresses
shall be specially considered.
6.4.15.3.3 Ultimate design condition
6.4.15.33.1 Plastic deformation

For type C independent tanks, the allowable stresses shall not exceed:

Om <f
oL <1.5f
Ob <1.5f
OL+0b <1.5f
Om*0b <1.5f
OmtOp+tag < 3.0f
o.toptog < 3.0f
where:
Om =  equivalent primary general membrane stress;
o. = equivalent primary local membrane stress;
O» = equivalent primary bending stress;
Oy = equivalent secondary stress; and
f = thelesser of Rm/Aor Re/B,

with Rmand Reas defined in 6.4.12.1.1.3. With regard to the stresses om, o1, oyand o» see
also the definition of stress categories in 6.4.15.2.3.6. The values A and B shall have at
least the following minimum values:
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steels
A 3 3.5 4
B 1.5 1.5 1.5
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6.4.15.3.3.2 Buckling criteria shall be as follows:

The thickness and form of pressure vessels subject to external pressure and other loads
causing compressive stresses shall be based on calculations using accepted pressure vessel
buckling theory and shall adequately account for the difference in theoretical and actual
buckling stress as a result of plate edge misalignment, ovality and deviation from true circular
form over a specified arc or chord length.

6.4.15.3.4  Fatigue design condition

6.4.15.3.4.1 For type C independent tanks where the liquefied gas fuel at atmospheric
pressure is below minus 55°C, the Administration may require additional verification to check
their compliance with 6.4.15.3.1.1, regarding static and dynamic stress depending on the tank
size, the configuration of the tank and arrangement of its supports and attachments.

6.4.15.3.4.2 For vacuum insulated tanks, special attention shall be made to the fatigue
strength of the support design and special considerations shall also be made to the limited
inspection possibilities between the inside and outer shell.

6.4.15.3.5 Accidental design condition

6.4.15.3.5.1 The tanks and the tank supports shall be designed for the accidental loads and
design conditions specified in 6.4.9.5 and 6.4.1.6.3, as relevant.

6.4.15.3.5.2 When subjected to the accidental loads specified in 6.4.9.5, the stress shall
comply with the acceptance criteria specified in 6.4.15.3.3.1, modified as appropriate taking
into account their lower probability of occurrence.

6.4.15.3.6 Marking

The required marking of the pressure vessel shall be achieved by a method that does not cause
unacceptable local stress raisers.

6.4.15.4 Membrane tanks
6.4.15.4.1  Design basis

6.4.15.4.1.1 The design basis for membrane containment systems is that thermal and other
expansion or contraction is compensated for without undue risk of losing the tightness of the
membrane.

6.4.15.4.1.2 A systematic approach, based on analysis and testing, shall be used to
demonstrate that the system will provide its intended function in consideration of the identified
in service events as specified in 6.4.15.4.2.1.

6.4.15.4.1.3 A complete secondary barrier is required as defined in 6.4.3. The secondary
barrier shall be designed according to 6.4.4.

6.4.15.4.1.4 The design vapour pressure Poshall not normally exceed 0.025 MPa. If the hull
scantlings are increased accordingly and consideration is given, where appropriate, to the
strength of the supporting thermal insulation, Po may be increased to a higher value but less
than 0.070 MPa.
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6.4.15.4.1.5 The definition of membrane tanks does not exclude designs such as those in
which non-metallic membranes are used or where membranes are included or incorporated
into the thermal insulation.

6.4.15.4.1.6 The thickness of the membranes shall normally not exceed 10 mm.

6.4.15.4.1.7 The circulation of inert gas throughout the primary and the secondary insulation
spaces, in accordance with 6.11.1 shall be sufficient to allow for effective means of gas
detection.

6.4.15.4.2 Design considerations

6.4.15.4.2.1 Potential incidents that could lead to loss of fluid tightness over the life of the
membranes shall be evaluated. These include, but are not limited to:

A Ultimate design events:
A tensile failure of membranes;
2 compressive collapse of thermal insulation;
3 thermal ageing;
4 loss of attachment between thermal insulation and hull structure;
5 loss of attachment of membranes to thermal insulation system;
6 structural integrity of internal structures and their associated

supporting structures; and

7 failure of the supporting hull structure.
2 Fatigue design events:
A fatigue of membranes including joints and attachments to hull
structure;
2 fatigue cracking of thermal insulation;
3 fatigue of internal structures and their associated supporting structures;
and
4 fatigue cracking of inner hull leading to ballast water ingress.
3 Accident design events:
A accidental mechanical damage (such as dropped objects inside the
tank while in service);
2 accidental over pressurization of thermal insulation spaces;
3 accidental vacuum in the tank; and
4 water ingress through the inner hull structure.

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annav 1 nann QF

Designs where a single internal event could cause simultaneous or cascading failure of both
membranes are unacceptable.

6.4.15.4.2.2 The necessary physical properties (mechanical, thermal, chemical, etc.) of the
materials used in the construction of the liquefied gas fuel containment system shall be
established during the design development in accordance with 6.4.15.4.1.2.

6.4.15.4.3 Loads, load combinations

Particular consideration shall be paid to the possible loss of tank integrity due to either an
overpressure in the interbarrier space, a possible vacuum in the liquefied gas fuel tank, the
sloshing effects, to hull vibration effects, or any combination of these events.

6.4.15.4.4  Structural analyses

6.4.15.4.4.1 Structural analyses and/or testing for the purpose of determining the ultimate
strength and fatigue assessments of the liquefied gas fuel containment and associated
structures and equipment noted in 6.4.7 shall be performed. The structural analysis shall
provide the data required to assess each failure mode that has been identified as critical for the
liquefied gas fuel containment system.

6.4.15.4.4.2 Structural analyses of the hull shall take into account the internal pressure as
indicated in 6.4.9.3.3.1. Special attention shall be paid to deflections of the hull and their
compatibility with the membrane and associated thermal insulation.

6.4.15.4.4.3 The analyses referred to in 6.4.15.4.4.1 and 6.4.15.4.4.2 shall be based on the
particular motions, accelerations and response of ships and liquefied gas fuel containment
systems.

6.4.15.4.5 Ultimate design condition

6.4.15.4.5.1 The structural resistance of every critical component, sub-system, or assembly,
shall be established, in accordance with 6.4.15.4.1.2, for in-service conditions.

6.4.15.4.5.2 The choice of strength acceptance criteria for the failure modes of the liquefied
gas fuel containment system, its attachments to the hull structure and internal tank structures,
shall reflect the consequences associated with the considered mode of failure.

6.4.15.4.5.3 The inner hull scantlings shall meet the regulations for deep tanks, taking into
account the internal pressure as indicated in 6.4.9.3.3.1 and the specified appropriate
regulations for sloshing load as defined in 6.4.9.4.1.3.

6.4.15.4.6  Fatigue design condition

6.4.15.4.6.1 Fatigue analysis shall be carried out for structures inside the tank, i.e. pump
towers, and for parts of membrane and pump tower attachments, where failure development
cannot be reliably detected by continuous monitoring.

6.4.15.4.6.2 The fatigue calculations shall be carried out in accordance with 6.4.12.2, with
relevant regulations depending on:

A the significance of the structural components with respect to structural
integrity; and
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2 availability for inspection.
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6.4.15.4.6.3 For structural elements for which it can be demonstrated by tests and/or analyses
that a crack will not develop to cause simultaneous or cascading failure of both membranes,
Cw shall be less than or equal to 0.5.

6.4.15.4.6.4 Structural elements subject to periodic inspection, and where an unattended
fatigue crack can develop to cause simultaneous or cascading failure of both membranes, shall
satisfy the fatigue and fracture mechanics regulations stated in 6.4.12.2.8.

6.4.15.4.6.5 Structural element not accessible for in-service inspection, and where a fatigue
crack can develop without warning to cause simultaneous or cascading failure of both
membranes, shall satisfy the fatigue and fracture mechanics regulations stated in 6.4.12.2.9.

6.4.15.4.7  Accidental design condition

6.4.15.4.7.1 The containment system and the supporting hull structure shall be designed for
the accidental loads specified in 6.4.9.5. These loads need not be combined with each other or
with environmental loads.

6.4.15.4.7.2 Additional relevant accidental scenarios shall be determined based on a risk
analysis. Particular attention shall be paid to securing devices inside of tanks.

6.4.16 Limit state design for novel concepts

6.4.16.1 Fuel containment systems that are of a novel configuration that cannot be designed using
section 6.4.15 shall be designed using this section and 6.4.1 to 6.4.14, as applicable. Fuel
containment system design according to this section shall be based on the principles of limit state
design which is an approach to structural design that can be applied to established design
solutions as well as novel designs. This more generic approach maintains a level of safety
similar to that achieved for known containment systems as designed using 6.4.15.

6.4.16.2.1  The limit state design is a systematic approach where each structural element is
evaluated with respect to possible failure modes related to the design conditions identified in
6.4.1.6. A limit state can be defined as a condition beyond which the structure, or part of a
structure, no longer satisfies the regulations.

6.4.16.2.2 For each failure mode, one or more limit states may be relevant. By consideration
of all relevant limit states, the limit load for the structural element is found as the minimum limit
load resulting from all the relevant limit states. The limit states are divided into the three
following categories:

A Ultimate limit states (ULS), which correspond to the maximum load-carrying
capacity or, in some cases, to the maximum applicable strain or deformation;
under intact (undamaged) conditions.

2 Fatigue limit states (FLS), which correspond to degradation due to the effect
of time varying (cyclic) loading.

3 Accident limit states (ALS), which concern the ability of the structure to resist
accidental situations.

6.4.16.3 The procedure and relevant design parameters of the limit state design shall comply with
the Standards for the Use of limit state methodologies in the design of fuel containment systems
of novel configuration (LSD Standard), as set out in the annex to part A-1.
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65  Regulations for portable liquefied gas fuel tanks

6.5.1 The design of the tank shall comply with 6.4.15.3. The tank support (container frame
or truck chassis) shall be designed for the intended purpose.

6.5.2 Portable fuel tanks shall be located in dedicated areas fitted with:

A mechanical protection of the tanks depending on location and cargo
operations;

2 if located on open deck: spill protection and water spray systems for cooling;
and

3 if located in an enclosed space: the space is to be considered as a tank

connection space.

6.5.3  Portable fuel tanks shall be secured to the deck while connected to the ship systems.
The arrangement for supporting and fixing the tanks shall be designed for the maximum
expected static and dynamic inclinations, as well as the maximum expected values of
acceleration, taking into account the ship characteristics and the position of the tanks.

6.5.4  Consideration shall be given to the strength and the effect of the portable fuel tanks
on the ship's stability.

6.5.5  Connections to the ship's fuel piping systems shall be made by means of approved
flexible hoses or other suitable means designed to provide sufficient flexibility.

6.5.6  Arrangements shall be provided to limit the quantity of fuel spilled in case of
inadvertent disconnection or rupture of the non-permanent connections.

6.5.7  The pressure relief system of portable tanks shall be connected to a fixed venting
system.

6.5.8  Control and monitoring systems for portable fuel tanks shall be integrated in the ship's
control and monitoring system. Safety system for portable fuel tanks shall be integrated in the
ship's safety system (e.g. shutdown systems for tank valves, leak/gas detection systems).

6.5.9  Safe access to tank connections for the purpose of inspection and maintenance shall be
ensured.

6.5.10 After connection to the ship's fuel piping system,

A with the exception of the pressure relief system in 6.5.6 each portable tank
shall be capable of being isolated at any time;

2 isolation of one tank shall not impair the availability of the remaining portable
tanks; and
3 the tank shall not exceed its filling limits as given in 6.8.
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66 Regulations for CNG fuel containment

6.6.1  The storage tanks to be used for CNG shall be certified and approved by the
Administration.

6.6.2  Tanks for CNG shall be fitted with pressure relief valves with a set point below the
design pressure of the tank and with outlet located as required in 6.7.2.7 and 6.7.2.8.

6.6.3  Adequate means shall be provided to depressurize the tank in case of a fire which
can affect the tank.

6.6.4  Storage of CNG in enclosed spaces is normally not acceptable, but may be permitted
after special consideration and approval by the Administration provided the following is fulfilled
in addition to 6.3.4 t0 6.3.6:

A adequate means are provided to depressurize and inert the tank in case of a
fire which can affect the tank;

2 all surfaces within such enclosed spaces containing the CNG storage are
provided with suitable thermal protection against any lost high-pressure gas
and resulting condensation unless the bulkheads are designed for the lowest
temperature that can arise from gas expansion leakage; and

3 a fixed fire-extinguishing system is installed in the enclosed spaces
containing the CNG storage. Special consideration should be given to the
extinguishing of jet-fires.

6.7 Regulations for pressure relief system
6.7.1 General

6.7.1.1 All fuel storage tanks shall be provided with a pressure relief system appropriate to
the design of the fuel containment system and the fuel being carried. Fuel storage hold spaces,
interbarrier spaces, tank connection spaces and tank cofferdams, which may be subject to
pressures beyond their design capabilities, shall also be provided with a suitable pressure relief
system. Pressure control systems specified in 6.9 shall be independent of the pressure relief
systems.

6.7.1.2 Fuel storage tanks which may be subject to external pressures above their design
pressure shall be fitted with vacuum protection systems.

6.7.2  Pressurerelief systems for liquefied gas fuel tanks

6.7.2.1 If fuel release into the vacuum space of a vacuum insulated tank cannot be excluded, the
vacuum space shall be protected by a pressure relief device which shall be connected to a vent
system if the tanks are located below deck. On open deck a direct release into the atmosphere
may be accepted by the Administration for tanks not exceeding the size of a 40 ft container if
the released gas cannot enter safe areas.

6.7.2.2 Liquefied gas fuel tanks shall be fitted with a minimum of 2 pressure relief valves
(PRVs) allowing for disconnection of one PRV in case of malfunction or leakage.
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6.7.2.3 Interbarrier spaces shall be provided with pressure relief devices.? For membrane
systems, the designer shall demonstrate adequate sizing of interbarrier space PRVs.

6.7.2.4 The setting of the PRVs shall not be higher than the vapour pressure that has been
used in the design of the tank. Valves comprising not more than 50% of the total relieving
capacity may be set at a pressure up to 5% above MARVS to allow sequential lifting,
minimizing unnecessary release of vapour.

6.7.2.5 The following temperature regulations apply to PRVs fitted to pressure relief systems:

A PRVs on fuel tanks with a design temperature below 0°C shall be designed
and arranged to prevent their becoming inoperative due to ice formation;

2 the effects of ice formation due to ambient temperatures shall be considered in
the construction and arrangement of PRVS;

3 PRVs shall be constructed of materials with a melting point above 925°C.
Lower melting point materials for internal parts and seals may be accepted
provided that fail-safe operation of the PRV is not compromised; and

4 sensing and exhaust lines on pilot operated relief valves shall be of suitably
robust construction to prevent damage.

6.7.2.6 In the event of a failure of a fuel tank PRV a safe means of emergency isolation shall
be available.

A procedures shall be provided and included in the operation manual (refer to
chapter 18);

2 the procedures shall allow only one of the installed PRVs for the liquefied
gas fuel tanks to be isolated, physical interlocks shall be included to this
effect; and

3 isolation of the PRV shall be carried out under the supervision of the master.

This action shall be recorded in the ship's log, and at the PRV.

6.7.2.7 Each pressure relief valve installed on a liquefied gas fuel tank shall be connected to a
venting system, which shall be:

A so constructed that the discharge will be unimpeded and normally be
directed vertically upwards at the exit;

2 arranged to minimize the possibility of water or snow entering the vent
system; and

3 arranged such that the height of vent exits shall normally not be less than B/3 or

6 m, whichever is the greater, above the weather deck and 6 m above
working areas and walkways. However, vent mast height could be limited to
lower value according to special consideration by the Administration.
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12 Refer to IACS Unified Interpretation GC9 entitled Guidance for sizing pressure relief systems for interbarrier

spaces, 1988.
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6.7.2.8 The outlet from the pressure relief valves shall normally be located at least 10 m from
the nearest:

A air intake, air outlet or opening to accommodation, service and control
spaces, or other non-hazardous area; and

2 exhaust outlet from machinery installations.

6.7.2.9 All other fuel gas vent outlets shall also be arranged in accordance with 6.7.2.7
and 6.7.2.8. Means shall be provided to prevent liquid overflow from gas vent outlets, due to
hydrostatic pressure from spaces to which they are connected.

6.7.2.10 In the vent piping system, means for draining liquid from places where it may
accumulate shall be provided. The PRVsand piping shall be arranged so that liquid can, under no
circumstances, accumulate in or near the PRVs.

6.7.2.11 Suitable protection screens of not more than 13 mm square mesh shall be fitted on
vent outlets to prevent the ingress of foreign objects without adversely affecting the flow.

6.7.2.12 All vent piping shall be designed and arranged not to be damaged by the
temperature variations to which it may be exposed, forces due to flow or the ship's motions.

6.7.2.13 PRVs shall be connected to the highest part of the fuel tank. PRVs shall be positioned
on the fuel tank so that they will remain in the vapour phase at the filling limit (FL) as given
in 6.8, under conditions of 15° list and 0.015L trim, where L is defined in 2.2.25.

6.7.3  Sizing of pressure relieving system
6.7.3.1 Sizing of pressure relief valves

6.7.3.1.1 PRVs shall have a combined relieving capacity for each liquefied gas fuel tank to
discharge the greater of the following, with not more than a 20% rise in liquefied gas fuel tank
pressure above the MARVS:

A the maximum capacity of the liquefied gas fuel tank inerting system if
the maximum attainable working pressure of the liquefied gas fuel tank
inerting system exceeds the MARVS of the liquefied gas fuel tanks; or

2 vapours generated under fire exposure computed using the following formula:

= BBA%82 (m?¥/s)

where:

= LR GrYes AT (S S 8TaA e standard

= fire exposure factor for different liquefied gas fuel types:
= 1.0 for tanks without insulation located on deck;
= 0.5 for tanks above the deck when insulation is

approved by the Administration. (Approval will be
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based on the use of a fireproofing material, the
thermal conductance of insulation, and its stability
under fire exposure);
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= 0.5 for uninsulated independent tanks installed in
holds;

B = .2 for insulafed jndependent tanks in hold
?or unmsuFatec} md’eperﬁ) ent tanks in insu ateé
holds);

= 1 for insu ateg indgpende t tanks jn inerted hol%s
or uninsulated independent” tanks In inerted,

insulated holds); and

= 0.1 for membrane tanks.

For independent tanks partly protruding through the

weather decks, the fire exposure factor shall be determined
on the basis of the surface areas above and below deck.

gas factor according to formula:

124

= tem r%}ure in Kelvin at relieving conditions,
}éﬁieﬂ?o o of the pressure at which’the pressure

valve is set;

= latent. heat of the materjal being vaporized at
reﬁ"evmg con |t|ons,r|]F1 %/‘(g; g vap

= acoristalnt based op relation of specific heats k and
Is calculated as follows:

where:

k = ratio of specific heats at relieving
conditions, and the value of which
is between 1.0 and 2.2. If k is not
known, D = 0.606 shall be used;

= compressibility factor of the gas  at relievin
conditions; |H{otknown, =q.0 all%eusecf; g

= molecularmassoftheproduct.
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The gas factor of each liquefied gas fuel to be carried is to be
determined and the highest value shall be used for PRV sizing.

A = external syrface ar aoft e_}afk (m?), as for different tank
types, as shown in |gure

Cylindrical tanks with spherically dished,
hemispherical or semi-ellipsoidal heads
or spherical tanks

u 27 £Llmin10

L excluded

Prismatic tanks

Bilobe tanks

\ <D0

Horizontal cylindrical
tanks arrangement

Figure 6.7.1
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6.7.3.1.2

For vacuum insulated tanks in fuel storage hold spaces and for tanks in fuel

storage hold spaces separated from potential fire loads by coffer dams or surrounded by ship
spaces with no fire load the following applies:

If the pressure relief valves have to be sized for fire loads the fire factors according
may be reduced to the following values:

=05t0o@ =0.25

B=02to@=01

The minimum fire factor is @=0.1
6.7.3.1.3 The required mass flow of air at relieving conditions is given by:

Moair = B * pair (KQ/S)

where density of air (0ar) = 1.293 kg/m? (air at 273.15 K, 0.1013 MPa).

6.7.3.2 Sizing of vent pipe system

6.7.3.2.1 Pressure losses upstream and downstream of the PRVs, shall be taken into account
when determining their size to ensure the flow capacity required by 6.7.3.1.

6.7.3.2.2 Upstream pressure losses

A

the pressure drop in the vent line from the tank to the PRV inlet shall not
exceed 3% of the valve set pressure at the calculated flow rate, in accordance
with 6.7.3.1;

pilot-operated PRVs shall be unaffected by inlet pipe pressure losses when
the pilot senses directly from the tank dome; and

pressure losses in remotely sensed pilot lines shall be considered for flowing
type pilots.

6.7.3.2.3 Downstream pressure losses

A

Where common vent headers and vent masts are fitted, calculations shall
include flow from all attached PRVs.

The built-up back pressure in the vent piping from the PRV outlet to the
location of discharge to the atmosphere, and including any vent pipe
interconnections that join other tanks, shall not exceed the following values:

A for unbalanced PRVs: 10% of MARVS;
2 for balanced PRVs: 30% of MARVS; and
3 for pilot operated PRVs: 50% of MARVS.

Alternative values provided by the PRV manufacturer may be accepted.

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annav 1 nann Q7

6.7.3.2.4 To ensure stable PRV operation, the blow-down shall not be less than the sum of the
inlet pressure loss and 0.02 MARVS at the rated capacity.
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68  Regulations on loading limit for liquefied gas fuel tanks

6.8.1  Storage tanks for liquefied gas shall not be filled to more than a volume equivalent
to 98% full at the reference temperature as defined in 2.2.36.

A loading limit curve for actual fuel loading temperatures shall be prepared from the following
formula:

LL = FL pr/poL

where:

LL loading limit as defined in 2.2.27, expressed in per cent;

FL = filling limit as defined in 2.2.16 expressed in per cent, here 98%;

Pr relative density of fuel at the reference temperature; and

p. = relative density of fuel at the loading temperature.

6.8.2 In cases where the tank insulation and tank location make the probability very small
for the tank contents to be heated up due to an external fire, special considerations may be
made to allow a higher loading limit than calculated using the reference temperature, but never
above 95%. This also applies in cases where a second system for pressure maintenance is
installed, (refer to 6.9). However, if the pressure can only be maintained / controlled by fuel
consumers, the loading limit as calculated in 6.8.1 shall be used.

69 Regulations for the maintaining of fuel storage
condition

6.9.1  Control of tank pressure and temperature

6.9.1.1 With the exception of liquefied gas fuel tanks designed to withstand the full gauge
vapour pressure of the fuel under conditions of the upper ambient design temperature,
liquefied gas fuel tanks' pressure and temperature shall be maintained at all times within their
design range by means acceptable to the Administration, e.g. by one of the following methods:

A reliquefaction of vapours;
2 thermal oxidation of vapours;
3 pressure accumulation; or
4 liquefied gas fuel cooling.

The method chosen shall be capable of maintaining tank pressure below the set pressure of the
tank pressure relief valves for a period of 15 days assuming full tank at normal service pressure
and the ship in idle condition, i.e. only power for domestic load is generated.

6.9.1.2 Venting of fuel vapour for control of the tank pressure is not acceptable except in
emergency situations.
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6.9.2 Design of systems

6.9.2.1 For worldwide service, the upper ambient design temperature shall be sea 32°C and air
45°C. For service in particularly hot or cold zones, these design temperatures shall be
increased or decreased, to the satisfaction of the Administration.
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6.9.2.2 The overall capacity of the system shall be such that it can control the pressure within
the design conditions without venting to atmosphere.

6.9.3 Reliquefaction systems

6.9.3.1 The reliquefaction system shall be designed and calculated according to 6.9.3.2. The
system has to be sized in a sufficient way also in case of no or low consumption.

6.9.3.2 The reliquefaction system shall be arranged in one of the following ways:

A a direct system where evaporated fuel is compressed, condensed and
returned to the fuel tanks;

2 an indirect system where fuel or evaporated fuel is cooled or condensed by
refrigerant without being compressed;

3 a combined system where evaporated fuel is compressed and condensed in a
fuel/refrigerant heat exchanger and returned to the fuel tanks; or

4 if the reliquefaction system produces a waste stream containing methane
during pressure control operations within the design conditions, these waste
gases shall, as far as reasonably practicable, be disposed of without venting to
atmosphere.

6.9.4 Thermal oxidation systems

6.9.4.1 Thermal oxidation can be done by either consumption of the vapours according to the
regulations for consumers described in this Code or in a dedicated gas combustion unit (GCU). It
shall be demonstrated that the capacity of the oxidation system is sufficient to consume the
required quantity of vapours. In this regard, periods of slow steaming and/or no consumption
from propulsion or other services of the ship shall be considered.

6.9.5 Compatibility

6.9.5.1 Refrigerants or auxiliary agents used for refrigeration or cooling of fuel shall be
compatible with the fuel they may come in contact with (not causing any hazardous reaction
or excessively corrosive products). In addition, when several refrigerants or agents are used,
these shall be compatible with each other.

6.9.6  Availability of systems

6.9.6.1 The availability of the system and its supporting auxiliary services shall be such that
in case of a single failure (of mechanical non-static component or a component of the control
systems) the fuel tank pressure and temperature can be maintained by another
service/system.

6.9.6.2 Heat exchangers that are solely necessary for maintaining the pressure and
temperature of the fuel tanks within their design ranges shall have a standby heat exchanger
unless they have a capacity in excess of 25% of the largest required capacity for pressure
control and they can be repaired on board without external sources.

610 Regulations on atmospheric control within the fuel
containment system
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6.10.1 A piping system shall be arranged to enable each fuel tank to be safely gas-freed,
and to be safely filled with fuel from a gas-free condition. The system shall be arranged to
minimize the possibility of pockets of gas or air remaining after changing the atmosphere.
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6.10.2 The system shall be designed to eliminate the possibility of a flammable mixture
existing in the fuel tank during any part of the atmosphere change operation by utilizing an
inerting medium as an intermediate step.

6.10.3 Gas sampling points shall be provided for each fuel tank to monitor the progress of
atmosphere change.

6.10.4 Inert gas utilized for gas freeing of fuel tanks may be provided externally to the ship.

611 Regulations on atmosphere control within fuel
storage hold spaces (Fuel containment systems
other than type C independent tanks)

6.11.1 Interbarrier and fuel storage hold spaces associated with liquefied gas fuel containment
systems requiring full or partial secondary barriers shall be inerted with a suitable dry inert gas
and kept inerted with make-up gas provided by a shipboard inert gas generation system, or by
shipboard storage, which shall be sufficient for normal consumption for at least 30 days. Shorter
periods may be considered by the Administration depending on the ship's service.

6.11.2 Alternatively, the spaces referred to in 6.11.1 requiring only a partial secondary barrier
may be filled with dry air provided that the ship maintains a stored charge of inert gas or is
fitted with an inert gas generation system sufficient to inert the largest of these spaces, and
provided that the configuration of the spaces and the relevant vapour detection systems,
together with the capability of the inerting arrangements, ensures that any leakage from
the liquefied gas fuel tanks will be rapidly detected and inerting effected before a dangerous
condition can develop. Equipment for the provision of sufficient dry air of suitable quality to
satisfy the expected demand shall be provided.

6.12 Regulations on environmental control of spaces
surrounding type C independenttanks

6.12.1  Spaces surrounding liquefied gas fuel tanks shall be filled with suitable dry air and be
maintained in this condition with dry air provided by suitable air drying equipment. This is only
applicable for liquefied gas fuel tanks where condensation and icing due to cold surfaces is an issue.

6.13 Regulations on inerting

6.13.1  Arrangements to prevent back-flow of fuel vapour into the inert gas system shall be
provided as specified below.

6.13.2 To prevent the return of flammable gas to any non-hazardous spaces, the inert gas
supply line shall be fitted with two shutoff valves in series with a venting valve in between
(double block and bleed valves). In addition, a closable non-return valve shall be installed
between the double block and bleed arrangement and the fuel system. These valves shall be
located outside non-hazardous spaces.

6.13.3 Where the connections to the fuel piping systems are non-permanent, two non-return
valves may be substituted for the valves required in 6.13.2.

6.13.4 The arrangements shall be such that each space being inerted can be isolated and the
necessary controls and relief valves, etc. shall be provided for controlling pressure in these spaces.
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6.13.5 Where insulation spaces are continually supplied with an inert gas as part of a leak
detection system, means shall be provided to monitor the quantity of gas being supplied to
individual spaces.
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6.14 Regulations on inert gas production and storage on
board

6.14.1  The equipment shall be capable of producing inert gas with oxygen content at no time

greater than 5% by volume. A continuous-reading oxygen content meter shall be fitted to the

inert gas supply from the equipment and shall be fitted with an alarm set at a maximum of 5%
oxygen content by volume.

6.14.2 An inert gas system shall have pressure controls and monitoring arrangements
appropriate to the fuel containment system.

6.14.3 Where a nitrogen generator or nitrogen storage facilities are installed in a separate
compartment outside of the engine-room, the separate compartment shall be fitted with an
independent mechanical extraction ventilation system, providing a minimum of 6 air changes
per hour. A low oxygen alarm shall be fitted.

6.14.4 Nitrogen pipes shall only be led through well ventilated spaces. Nitrogen pipes in
enclosed spaces shall:

be fully welded;
have only a minimum of flange connections as needed for fitting of valves; and

be as short as possible.

7 MATERIAL AND GENERAL PIPE DESIGN
7.1 Goal

7.1.1  The goal of this chapter is to ensure the safe handling of fuel, under all operating
conditions, to minimize the risk to the ship, personnel and to the environment, having regard
to the nature of the products involved.

72 Functional requirements

7.2.1  This chapter relates to functional requirements in 3.2.1, 3.2.5, 3.2.6, 3.2.8, 3.2.9
and 3.2.10. In particular the following apply:

7.2.1.1 Fuel piping shall be capable of absorbing thermal expansion or contraction caused by
extreme temperatures of the fuel without developing substantial stresses.

7.2.1.2 Provision shall be made to protect the piping, piping system and components and fuel
tanks from excessive stresses due to thermal movement and from movements of the fuel tank
and hull structure.

7.2.1.3 Ifthe fuel gas contains heavier constituents that may condense in the system, means for
safely removing the liquid shall be fitted.

7.2.1.4 Low temperature piping shall be thermally isolated from the adjacent hull structure,
where necessary, to prevent the temperature of the hull from falling below the design
temperature of the hull material.
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73 Regulations for general pipe design
7.3.1 General

7.3.1.1 Fuel pipes and all the other piping needed for a safe and reliable operation and
maintenance shall be colour marked in accordance with a standard at least equivalent to those
acceptable to the Organization.:?

7.3.1.2 Where tanks or piping are separated from the ship's structure by thermal isolation,
provision shall be made for electrically bonding to the ship's structure both the piping and the
tanks. All gasketed pipe joints and hose connections shall be electrically bonded.

7.3.1.3 All pipelines or components which may be isolated in a liquid full condition shall be
provided with relief valves.

7.3.1.4 Pipework, which may contain low temperature fuel, shall be thermally insulated to an
extent which will minimize condensation of moisture.

7.3.1.5 Piping other than fuel supply piping and cabling may be arranged in the double wall
piping or duct provided that they do not create a source of ignition or compromise the integrity
of the double pipe or duct. The double wall piping or duct shall only contain piping or cabling
necessary for operational purposes.

7.3.2 Wall thickness
7.3.2.1  The minimum wall thickness shall be calculated as follows:

t=(to+b +c)/ (1—a/100) (mm)

where:
fo = theoretical thickness
to = PD/(2.0Ke + P) (mm)

with:
P = design pressure (MPa) referred to in 7.3.3;
D = outside diameter (mm);
K = allowable stress (N/mm?) referred to in 7.3.4; and
e = efficiency factory equal to 1.0 for seamless pipes and for longitudinally

or spirally welded pipes, delivered by approved manufacturers of
welded pipes, that are considered equivalent to seamless pipes when
non-destructive testing on welds is carried out in accordance with
recognized standards. In other cases an efficiency factor of less
than 1.0, in accordance with recognized standards, may be required
depending on the manufacturing process;
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13 Refer to EN ISO 14726:2008 Ships and marine technology — Identification colours for the content of piping

systems.
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b = allowance for bending (mm). The value of b shall be chosen so that the
calculated stress in the bend, due to internal pressure only, does not exceed the
allowable stress. Where such justification is not given, b shall be:

b= Dtol 2.5r
(mm) with:

r = mean radius of the bend (mm);

¢ = corrosion allowance (mm). If corrosion or erosion is expected the wall
thickness of the piping shall be increased over that required by other design
regulations. This allowance shall be consistent with the expected life of the
piping; and

a = negative manufacturing tolerance for thickness (%).

7.3.2.2 The absolute minimum wall thickness shall be in accordance with a standard
acceptable to the Administration.

7.3.3  Design condition

7.3.3.1 The greater of the following design conditions shall be used for piping, piping system
and components as appropriate:141

A for systems or components which may be separated from their relief valves
and which contain only vapour at all times, vapour pressure at 45°C assuming
an initial condition of saturated vapour in the system at the system operating
pressure and temperature; or

2 the MARVS of the fuel tanks and fuel processing systems; or

3 the pressure setting of the associated pump or compressor discharge relief
valve; or

A4 the maximum total discharge or loading head of the fuel piping system; or

5 the relief valve setting on a pipeline system.

7.3.3.2 Piping, piping systems and components shall have a minimum design pressure
of 1.0 MPa except for open ended lines where it is not to be less than 0.5 MPa.

14 Lower values of ambient temperature regarding design condition in 7.3.3.1.1 may be accepted by the

Administration for ships operating in restricted areas. Conversely, higher values of ambient temperature may
be required.
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15 For ships on voyages of restricted duration, Po may be calculated based on the actual pressure rise during
the voyage and account may be taken of any thermal insulation of the tank. Reference is made to the
Application of amendments to gas carrier codes concerning type C tank loading limits (SIGTTO/IACS).

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annav 1 nann

7.3.4  Allowable stress

7.3.4.1 For pipes made of steel including stainless steel, the allowable stress to be considered in
the formula of the strength thickness in 7.3.2.1 shall be the lower of the following values:

Rml2.7 or Re/1.8

where:
Rm = specified minimum tensile strength at room temperature (N/mm?); and

Re = specified minimum yield stress at room temperature (N/mm?). If the stress strain
curve does not show a defined yield stress, the 0.2% proof stress applies.

7.3.4.2 Where necessary for mechanical strength to prevent damage, collapse, excessive sag
or buckling of pipes due to superimposed loads, the wall thickness shall be increased over that
required by 7.3.2 or, if this is impracticable or would cause excessive local stresses, these loads
shall be reduced, protected against or eliminated by other design methods. Such
superimposed loads may be due to; supports, ship deflections, liquid pressure surge during
transfer operations, the weight of suspended valves, reaction to loading arm connections, or
otherwise.

7.3.4.3 For pipes made of materials other than steel, the allowable stress shall be considered by
the Administration.

7.3.4.4 High pressure fuel piping systems shall have sufficient constructive strength. This
shall be confirmed by carrying out stress analysis and taking into account:

A stresses due to the weight of the piping system;
2 acceleration loads when significant; and
3 internal pressure and loads induced by hog and sag of the ship.

7.3.4.5 When the design temperature is minus 110°C or colder, a complete stress analysis,
taking into account all the stresses due to weight of pipes, including acceleration loads if
significant, internal pressure, thermal contraction and loads induced by hog and sag of the ship
shall be carried out for each branch of the piping system.

7.3.5 Flexibility of piping

7.3.5.1 The arrangement and installation of fuel piping shall provide the necessary flexibility
to maintain the integrity of the piping system in the actual service situations, taking potential
for fatigue into account.

7.3.6  Piping fabrication and joining details

7.3.6.1 Flanges, valves and other fittings shall comply with a standard acceptable to the
Administration, taking into account the design pressure defined in 7.3.3.1. For bellows and
expansion joints used in vapour service, a lower minimum design pressure than defined in
7.3.3.1 may be accepted.

7.3.6.2 All valves and expansion joints used in high pressure fuel piping systems shall be
approved according to a standard acceptable to the Administration.
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7.3.6.3 The piping system shall be joined by welding with a minimum of flange connections.
Gaskets shall be protected against blow-out.

7.3.6.4 Piping fabrication and joining details shall comply with the following:

7.3.6.4.1 Direct connections

A Butt-welded joints with complete penetration at the root may be used in all
applications. For design temperatures colder than minus 10°C, butt welds
shall be either double welded or equivalent to a double welded butt joint. This
may be accomplished by use of a backing ring, consumable insert or inert
gas back-up on the first pass. For design pressures in excess of 1.0 MPa and
design temperatures of minus 10°C or colder, backing rings shall be
removed.

2 Slip-on welded joints with sleeves and related welding, having dimensions in
accordance with recognized standards, shall only be used for instrument
lines and open-ended lines with an external diameter of 50 mm or less and
design temperatures not colder than minus 55°C.

3 Screwed couplings complying with recognized standards shall only be used
for accessory lines and instrumentation lines with external diameters of
25 mm or less.

7.3.6.4.2 Flanged connections

A Flanges in flange connections shall be of the welded neck, slip-on or socket
welded type; and

2 For all piping except open ended, the following restrictions apply:
A For design temperatures colder than minus 55°C, only welded neck

flanges shall be used; and

2 For design temperatures colder than minus 10°C, slip-on flanges shall
not be used in nominal sizes above 100 mm and socket welded flanges
shall not be used in nominal sizes above 50 mm.

7.3.6.4.3 Expansion joints

Where bellows and expansion joints are provided in accordance with 7.3.6.1 the following apply:

A if necessary, bellows shall be protected against icing;

2 slip joints shall not be used except within the liquefied gas fuel storage tanks;
and

3 bellows shall normally not be arranged in enclosed spaces.

7.3.6.4.4 Other connections

Piping connections shall be joined in accordance with 7.3.6.4.1 to 7.3.6.4.3 but for other
exceptional cases the Administration may consider alternative arrangements.
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7.4
7.4.1
7411

Regulations for materials
Metallic materials

Materials for fuel containment and piping systems shall comply with the minimum

regulations given in the following tables:

Table 7.1: Plates, pipes (seamless and welded), sections and forgings for fuel tanks and
process pressure vessels for design temperatures not lower than 0°C.

Table 7.2: Plates, sections and forgings for fuel tanks, secondary barriers and process
pressure vessels for design temperatures below 0°C and down to minus 55°C.

Table 7.3: Plates, sections and forgings for fuel tanks, secondary barriers and process
pressure vessels for design temperatures below minus 55°C and down to minus
165°C.

Table 7.4: Pipes (seamless and welded), forgings and castings for fuel and process
piping for design temperatures below 0°C and down to minus 165°C.

Table 7.5: Plates and sections for hull structures required by 6.4.13.1.1.2.
Table 7.1

PLATES, PIPES (SEAMLESS AND WELDED) -2, SECTIONS AND FORGINGS FOR

FUEL TANKS AND PROCESS PRESSURE VESSELS FOR DESIGN
TEMPERATURES NOT LOWER THAN 0°C

CHEMICAL COMPOSITION AND HEAT TREATMENT

4 Carbon-manganese steel
€ Fully killed fine grain steel
4 Small additions of alloying elements by agreement with the Administration
€ Composition limits to be approved by the Administration
€ Normalized, or quenched and tempered*
TENSILE AND TOUGHNESS (IMPACT) TEST REGULATIONS
Sampling frequency
€ Plates Each "piece" to be tested
€ Sections and forgings Each "batch" to be tested.
Mechanical properties

. . Specified minimum vyield stress not to

@ Tensile properties exceed 410 N/mm25
Toughness (Charpy V-notch test)
¢ Plates Transverse test pieces. Minimum average
energy value (KV) 27J
& Sections and forgings Ié(rzg%’gl/n(j;\?)l :ﬁjt pieces. Minimum average
Thickness t (mm) Test terlwperature
¢ Test temperature (C)
T<20 0
20 <t <403 -20
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Notes

1. For seamless pipes and fittings normal practice applies. The use of longitudinally and spirally
welded pipes shall be specially approved by the Administration.

2. Charpy V-notch impact tests are not required for pipes.

3. This Table is generally applicable for material thicknesses up to 40 mm. Proposals for greater
thicknesses shall be approved by the Administration.

4. A controlled rolling procedure or thermo-mechanical controlled processing (TMCP) may be used
as an alternative.

5. Materials with specified minimum yield stress exceeding 410 N/mm? may be approved by the
Administration. For these materials, particular attention shall be given to the hardness of the
welded and heat affected zones.
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Table 7.2

PLATES, SECTIONS AND FORGINGS ! FOR FUEL TANKS, SECONDARY BARRIERS AND
PROCESS PRESSURE VESSELS FOR DESIGN TEMPERATURES BELOW 0°C AND
DOWN TO MINUS 55°C
Maximum thickness 25 mm 2

CHEMICAL COMPOSITION AND HEAT TREATMENT

4 Carbon-manganese steel

€ Fully killed, aluminium treated fine grain steel

€ Chemical composition (ladle analysis)

C Mn Sj S p
0.16% max.3 0.70-1.60% 0.10-0.50% 0.025% max_ | 0.025% max.

Optional additions: Alloys and grain refining elements may be generally in accordance
with-the followin

Ni Cr Mo Cu Nb
0.80% max. 0.25% max. 0.08% max. 0.35% max. 0.05% max.
\/
0.10% max

Al content total 0.020% min. (Acid soluble 0.015% min.)

€ Normalized, or quenched and tempered *

TENSILE AND TOUGHNESS (IMPACT) TEST REGULATIONS

Sampling frequency

¢ Plates Each 'piece' to be tested
€ Sections and forgings Each 'batch' to be tested
Mechanical properties
€ Tensile properties | Specified minimum vyield stress not to exceed 410 N/mm? 5
Toughness (Charpy V-notch test)
4 Plates Transverse test pieces. Minimum average energy value (KV) 27J
€ Sections and forgings Longitudinal test pieces. Minimum average energy (KV) 41J
€ Test temperature 5°C below the design temperature or -20°C whichever is lower
Notes
1. The Charpy V-notch and chemistry regulations for forgings may be specially considered by the

Administration.

2. or material thickness of more than 25 mm, ("hsnrpy \/-notch tests sh
Material thickness (mm) Test temperature (°C)
25<t<30 10°C below design temperature or -20°C whichever is lower
30<t<35 15°C below design temperature or -20°C whichever is lower
35<t<40 20°C below design temperature
40 <t Temperature approved by the Administration

The impact energy value shall be in accordance with the table for the applicable type of test specimen.
Materials for tanks and parts of tanks which are completely thermally stress relieved after welding may be
tested at a temperature 5°C below design temperature or -20°C whichever is lower.
For thermally stress relieved reinforcements and other fittings, the test temperature shall be the same as
that required for the adjacent tank-shell thickness.

3. By special agreement with the Administration, the carbon content may be increased to 0.18% maximum
provided the design temperature is not lower than -40°C

4. A controlled rolling procedure or thermo-mechanical controlled processing (TMCP) may be used as an
alternative.

5. Materials with specified minimum vyield stress exceeding 410 N/mm? may be approved by the
Administration. For these materials, particular attention shall be given to the hardness of the welded and
heat affected zones.

Guidance:
For materials exceeding 25 mm in thickness for which the test temperature is -60°C or lower, the application of
specially treated steels or steels in accordance with table 7.3 may be necessary.
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Table 7.3

PLATES, SECTIONS AND FORGINGS ! FOR FUEL TANKS, SECONDARY BARRIERS AND
PROCESS PRESSURE VESSELS FOR DESIGN TEMPERATURES BELOW MINUS 55°C

AND DOWN TO MINUS 165°C?
Maximum thickness 25 mm 24

M'qgnr:g_] (cjgs;gn Chemical composition® and heat treatment Itrgr[’)n?)c-:t(’i(-:cl:s)t
60 1.5% nickel steel — normalized or normalized and tempered 65
or quenched and tempered or TMCP see note 6
65 2.25% nickel steel — normalized or normalized and tempered 70
or quenched and tempered or TMCP® 7
-90 3.5% nickel steel — normalized or normalized and tempered 95
or quenched and tempered or TMCP® 7
105 5% nickel steel — normalized or normalized and tempered or 110
guenched and tempered® 7 and8
165 9% nickel steel — double normalized and tempered or 196
- 6 -
quenched and tempered
165 Austenitic steels, such as types 304, 304L, 316, 316L, 321 196
and 347 solution treated®
-165 Aluminium alloys; such as type 5083 annealed Nc_>t
required
-165 Austenitic Fe-Ni alloy (36% nickel) Heat treatment as agreed No_t
required

TENSILE AND TOUGHNESS (IMPACT) TEST REGULATIONS

Sampling frequency

¢ Plates Each 'piece' to be tested
€ Sections and forgings | Each 'batch' to be tested
Toughness (Charpy V-notch test)
¢ Plates Transverse test pieces. Minimum average energy value (KV) 27J
€ Sections and forgings | Longitudinal test pieces. Minimum average energy (KV) 41J
Notes
1. The impact test required for forgings used in critical applications shall be subject to special consideration
by the Administration.
2. The regulations for design temperatures below -165°C shall be specially agreed with
the Administration.
3. For materials 1.5% Ni, 2.25% Ni, 3.5% Ni and 5% Ni, with thicknesses greater than 25 mm,
the-impacttests—shatt-beconductedas-foitows:
ateriat-thickness (IIIIII) Fest tclllpclatmc (°C)
25<t<30 10°Cbetowdesigntemperature
30 t - 35 15°C bUIUVV dcb;yll tUIII}JUIdtuIU
35 t - 40 ZGOC bUiUVV dcbiull tclllpclatmc
The energy value shall be in accordance with the table for the applicable type of test specimen. For material
thickness of more than 40 mm, the Charpy V-notch values shall be specially considered.
4. For 9% Ni steels, austenitic stainless steels and aluminium alloys, thickness greater than 25 mm may be
used.
5.  The chemical composition limits shall be in accordance with recognized standards.
6. Thermo-mechanical controlled processing (TMCP) nickel steels will be subject to acceptance by the
Administration.
7. Alower minimum design temperature for quenched and tempered steels may be specially agreed with the
Administration.
8. A specially heat treated 5% nickel steel, for example triple heat treated 5% nickel steel, may be used down
to —165°C, provided that the impact tests are carried out at —196°C.
9. The impact test may be omitted subject to agreement with the Administration.
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Table 7.4

PIPES (SEAMLESS AND WELDED)!, FORGINGS? AND
CASTINGS? FOR FUEL AND PROCESS PIPING FOR DESIGN
TEMPERATURES BELOW 0°C AND DOWN TO MINUS 165°C3

Maximum thickness 25 mm

Impact test
Minimum Minimum
design Chemical composition® and heat treatment Test temp. average
temp.(°C) (°C) energy
(KV)
55 Carbon-manganese steel. Fully killed fine grain. See note 4 27
Normalized or as agreed.®
65 2.25% nickel steel. Normalized, Normalized and 70 34
tempered or quenched and tempered.®
-90 3.5% nickel steel. Normalized, Normalized and 95 34
tempered or quenched and tempered.®
9% nickel steel’”. Double normalized and tempered 196 41
or quenched and tempered.
165 Austenitic steels, such as types 304, 304L, 316, 196 41
316L, 321 and 347. Solution treated.?
. . Not
Aluminium alloys; such as type 5083 annealed required

TENSILE AND TOUGHNESS (IMPACT) TEST REGULATIONS

Sampling frequency

€ Each 'batch' to be tested.

Toughness (Charpy V-notch test)

€ Impact test: Longitudinal test pieces

Notes

The use of longitudinally or spirally welded pipes shall be specially approved by the Administration.

The regulations for forgings and castings may be subject to special consideration by the Administration.
The regulations for design temperatures below -165°C shall be specially agreed with the Administration.
The test temperature shall be 5°C below the design temperature or -20°C whichever is lower.

The composition limits shall be in accordance with Recognized Standards.

A lower design temperature may be specially agreed with the Administration for quenched and tempered
materials.

This chemical composition is not suitable for castings.

8. Impact tests may be omitted subject to agreement with the Administration.

ok wN =~

N

Table 7.5
PLATES AND SECTIONS FOR HULL STRUCTURES REQUIRED BY 6.4.13.1.1.2
Minimum design Maximum thickness (mm) for steel grades
temperature of hull
structure (°C) A B D E AH DH EH FH
0 and above Recognized Standards
down to -5 15 25 30 50 25 45 50 50
down to -10 X 20 25 50 20 40 50 50
down to -20 X X 20 50 X 30 50 50
down to -30 X X X 40 X 20 40 50
Below -30 In accordancg with table 7.2 except that the thickness limitation given in
table 7.2 and in footnote 2 of that table does not apply.
Notes

'X' means steel grade not to be used.
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7.4.1.2 Materials having a melting point below 925°C shall not be used for piping outside the
fuel tanks.

7.4.1.3 For CNG tanks, the use of materials not covered above may be specially considered by
the Administration.

7.4.1.4 Where required the outer pipe or duct containing high pressure gas in the inner pipe
shall as a minimum fulfil the material regulations for pipe materials with design temperature
down to minus 55°C in table 7.4.

7.4.1.5 The outer pipe or duct around liquefied gas fuel pipes shall as a minimum fulfil the material
regulations for pipe materials with design temperature down to minus 165°C in table 7.4.

8 BUNKERING

8.1 Goal

8.1.1  The goal of this chapter is to provide for suitable systems on board the ship to ensure
that bunkering can be conducted without causing danger to persons, the environment or the ship.

82  Functional requirements

8.2.1  Thischapter relates to functional requirementsin 3.2.1t0 3.2.11and 3.2.13t0 3.2.17. In
particular the following apply:

8.2.1.1 The piping system for transfer of fuel to the storage tank shall be designed such that
any leakage from the piping system cannot cause danger to personnel, the environment or the
ship.

83  Regulations for bunkering station
8.3.1 General

8.3.1.1 The bunkering station shall be located on open deck so that sufficient natural
ventilation is provided. Closed or semi-enclosed bunkering stations shall be subject to special
consideration within the risk assessment.

8.3.1.2 Connections and piping shall be so positioned and arranged that any damage to the
fuel piping does not cause damage to the ship's fuel containment system resulting in an
uncontrolled gas discharge.

8.3.1.3 Arrangements shall be made for safe management of any spilled fuel.

8.3.1.4 Suitable means shall be provided to relieve the pressure and remove liquid contents
from pump suctions and bunker lines. Liquid is to be discharged to the liquefied gas fuel tanks
or other suitable location.

8.3.1.5 The surrounding hull or deck structures shall not be exposed to unacceptable cooling, in
case of leakage of fuel.

8.3.1.6 For CNG bunkering stations, low temperature steel shielding shall be considered to
determine if the escape of cold jets impinging on surrounding hull structure is possible.
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8.3.2  Ships'fuel hoses

8.3.2.1 Liquid and vapour hoses used for fuel transfer shall be compatible with the fuel and
suitable for the fuel temperature.

8.3.2.2 Hoses subject to tank pressure, or the discharge pressure of pumps or vapour
compressors, shall be designed for a bursting pressure not less than five times the maximum
pressure the hose can be subjected to during bunkering.

84  Regulations for manifold

8.4.1  The bunkering manifold shall be designed to withstand the external loads during
bunkering. The connections at the bunkering station shall be of dry-disconnect type equipped
with additional safety dry break-away coupling/ self-sealing quick release. The couplings shall
be of a standard type.

85  Regulations for bunkering system
8.5.1  Anarrangement for purging fuel bunkering lines with inert gas shall be provided.

8.5.2  The bunkering system shall be so arranged that no gas is discharged to the atmosphere
during filling of storage tanks.

8.5.3 A manually operated stop valve and a remote operated shutdown valve in series, or a
combined manually operated and remote valve shall be fitted in every bunkering line close to
the connecting point. It shall be possible to operate the remote valve in the control location for
bunkering operations and/or from another safe location.

8.5.4  Means shall be provided for draining any fuel from the bunkering pipes upon
completion of operation.

8.5.5  Bunkering lines shall be arranged for inerting and gas freeing. When not engaged in
bunkering, the bunkering pipes shall be free of gas, unless the consequences of not gas freeing is
evaluated and approved.

8.5.6  In case bunkering lines are arranged with a cross-over it shall be ensured by suitable
isolation arrangements that no fuel is transferred inadvertently to the ship side not in use for
bunkering.

8.5.7 A ship-shore link (SSL) or an equivalent means for automatic and manual ESD
communication to the bunkering source shall be fitted.

8.5.8 If not demonstrated to be required at a higher value due to pressure surge
considerations a default time as calculated in accordance with 16.7.3.7 from the trigger of the
alarm to full closure of the remote operated valve required by 8.5.3 shall be adjusted.
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9 FUEL SUPPLY TO CONSUMERS
9.1 Goal

The goal of this chapter is to ensure safe and reliable distribution of fuel to the consumers.

92  Functional requirements

This chapter is related to functional requirements in 3.2.1 to 3.2.6, 3.2.8 t0 3.2.11 and 3.2.13 to
3.2.17. In particular the following apply:

A the fuel supply system shall be so arranged that the consequences of any
release of fuel will be minimized, while providing safe access for operation
and inspection;

2 the piping system for fuel transfer to the consumers shall be designed in a
way that a failure of one barrier cannot lead to a leak from the piping system
into the surrounding area causing danger to the persons on board, the
environment or the ship; and

3 fuel lines outside the machinery spaces shall be installed and protected so as
to minimize the risk of injury to personnel and damage to the ship in case of
leakage.

93  Regulations on redundancy of fuel supply

9.3.1  For single fuel installations the fuel supply system shall be arranged with full
redundancy and segregation all the way from the fuel tanks to the consumer, so that a leakage in
one system does not lead to an unacceptable loss of power.

9.3.2  For single fuel installations, the fuel storage shall be divided between two or more
tanks. The tanks shall be located in separate compartments.

9.3.3 For type C tank only, one tank may be accepted if two completely separate tank
connection spaces are installed for the one tank.

94  Regulations on safety functions of gas supply system

9.4.1  Fuel storage tank inlets and outlets shall be provided with valves located as close to
the tank as possible. Valves required to be operated during normal operation*¢ which are not
accessible shall be remotely operated. Tank valves whether accessible or not shall be
automatically operated when the safety system required in 15.2.2 is activated.

9.4.2  The main gas supply line to each gas consumer or set of consumers shall be equipped
with a manually operated stop valve and an automatically operated "master gas fuel valve"
coupled in series or a combined manually and automatically operated valve. The valves shall
be situated in the part of the piping that is outside the machinery space containing gas
consumers, and placed as near as possible to the installation for heating the gas, if fitted. The
master gas fuel valve shall automatically cut off the gas supply when activated by the safety
system required in 15.2.2.
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6 Normal operation in this context is when gas is supplied to consumers and during bunkering operations.
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9.4.3  The automatic master gas fuel valve shall be operable from safe locations on escape
routes inside a machinery space containing a gas consumer, the engine control room, if
applicable; outside the machinery space, and from the navigation bridge.

9.44 Each gas consumer shall be provided with "double block and bleed" valves
arrangement. These valves shall be arranged as outlined in .1 or .2 so that when the safety
system required in 15.2.2 is activated this will cause the shutoff valves that are in series to
close automatically and the bleed valve to open automatically and:

A the two shutoff valves shall be in series in the gas fuel pipe to the gas
consuming equipment. The bleed valve shall be in a pipe that vents to a safe
location in the open air that portion of the gas fuel piping that is between the
two valves in series; or

2 the function of one of the shutoff valves in series and the bleed valve can be
incorporated into one valve body, so arranged that the flow to the gas
utilization unit will be blocked and the ventilation opened.

9.4.5 The two valves shall be of the fail-to-close type, while the ventilation valve shall be
fail-to-open.

9.4.6  The double block and bleed valves shall also be used for normal stop of the engine.

9.4.7 In cases where the master gas fuel valve is automatically shutdown, the complete gas
supply branch downstream of the double block and bleed valve shall be automatically
ventilated assuming reverse flow from the engine to the pipe.

9.4.8  There shall be one manually operated shutdown valve in the gas supply line to each
engine upstream of the double block and bleed valves to assure safe isolation during
maintenance on the engine.

9.4.9 Forsingle-engine installations and multi-engine installations, where a separate master
valve is provided for each engine, the master gas fuel valve and the double block and bleed
valve functions can be combined.

9.4.10 Foreach main gas supply line entering an ESD protected machinery space, and each gas
supply line to high pressure installations means shall be provided for rapid detection of a rupture
in the gas line in the engine-room. When rupture is detected a valve shall be automatically
shut off.*” This valve shall be located in the gas supply line before it enters the engine-room or
as close as possible to the point of entry inside the engine-room. It can be a separate valve or
combined with other functions, e.g. the master valve.

95  Regulations for fuel distribution outside of machinery
space

9.5.1  Where fuel pipes pass through enclosed spaces in the ship, they shall be protected by
a secondary enclosure. This enclosure can be a ventilated duct or a double wall piping system.
The duct or double wall piping system shall be mechanically underpressure ventilated with 30
air changes per hour, and gas detection as required in 15.8 shall be provided. Other solutions
providing an equivalent safety level may also be accepted by the Administration.

9.5.2 The requirement in 9.5.1 need not be applied for fully welded fuel gas vent pipes
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led through mechanically ventilated spaces.

7 The shutdown shall be time delayed to prevent shutdown due to transient load variations.
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96 Regulations for fuel supply to consumers in gas-safe
machinery spaces

9.6.1  Fuel piping in gas-safe machinery spaces shall be completely enclosed by a double
pipe or duct fulfilling one of the following conditions:

1 the gas piping shall be a double wall piping system with the gas fuel
contained in the inner pipe. The space between the concentric pipes shall be
pressurized with inert gas at a pressure greater than the gas fuel pressure.
Suitable alarms shall be provided to indicate a loss of inert gas pressure
between the pipes. When the inner pipe contains high pressure gas, the
system shall be so arranged that the pipe between the master gas valve and the
engine is automatically purged with inert gas when the master gas valve is
closed; or

2 the gas fuel piping shall be installed within a ventilated pipe or duct. The air
space between the gas fuel piping and the wall of the outer pipe or duct shall
be equipped with mechanical underpressure ventilation having a capacity of
at least 30 air changes per hour. This ventilation capacity may be reduced to 10
air changes per hour provided automatic filling of the duct with nitrogen
upon detection of gas is arranged for. The fan motors shall comply with the
required explosion protection in the installation area. The ventilation outlet
shall be covered by a protection screen and placed in a position where no
flammable gas-air mixture may be ignited; or

3 other solutions providing an equivalent safety level may also be accepted by
the Administration.

9.6.2 The connecting of gas piping and ducting to the gas injection valves shall be
completely covered by the ducting. The arrangement shall facilitate replacement and/or
overhaul of injection valves and cylinder covers. The double ducting is also required for all gas
pipes on the engine itself, until gas is injected into the chamber.1®

97  Regulations for gas fuel supply to consumers in
ESD-protected machinery spaces

9.7.1  The pressure in the gas fuel supply system shall not exceed 1.0 MPa.

9.7.2  The gas fuel supply lines shall have a design pressure not less than 1.0 MPa.

98  Regulations for the design of ventilated duct, outer
pipe against inner pipe gas leakage

9.8.1  The design pressure of the outer pipe or duct of fuel systems shall not be less than the
maximum working pressure of the inner pipe. Alternatively for fuel piping systems with a
working pressure greater than 1.0 MPa, the design pressure of the outer pipe or duct shall not be
less than the maximum built-up pressure arising in the annular space considering the local
instantaneous peak pressure in way of any rupture and the ventilation arrangements.
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18 If gas is supplied into the air inlet directly on each individual cylinder during air intake to the cylinder on a

low pressure engine, such that a single failure will not lead to release of fuel gas into the machinery space,
double ducting may be omitted on the air inlet pipe.
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9.8.2  For high-pressure fuel piping the design pressure of the ducting shall be taken as the
higher of the following:

A the maximum built-up pressure: static pressure in way of the rupture resulting
from the gas flowing in the annular space;

2 local instantaneous peak pressure in way of the rupture: this pressure shall
be taken as the critical pressure given by the following expression:

P =DPo (—)
where: k+1

po = maximum working pressure of the inner pipe

k = Cy/C. constant pressure specific heat divided by the constant
volume specific heat

k = 1.31 for CH4
The tangential membrane stress of a straight pipe shall not exceed the tensile strength divided

by 1.5 (Rm/1.5) when subjected to the above pressures. The pressure ratings of all other piping
components shall reflect the same level of strength as straight pipes.

As an alternative to using the peak pressure from the above formula, the peak pressure found from
representative tests can be used. Test reports shall then be submitted.

9.8.3  Verification of the strength shall be based on calculations demonstrating the duct or
pipe integrity. As an alternative to calculations, the strength can be verified by representative
tests.

9.8.4  For low pressure fuel piping the duct shall be dimensioned for a design pressure not
less than the maximum working pressure of the fuel pipes. The duct shall be pressure tested to
show that it can withstand the expected maximum pressure at fuel pipe rupture.

99 Regulations for compressors and pumps

9.9.1  If compressors or pumps are driven by shafting passing through a bulkhead or deck,
the bulkhead penetration shall be of gastight type.

9.9.2 Compressors and pumps shall be suitable for their intended purpose. All equipment
and machinery shall be such as to be adequately tested to ensure suitability for use within a
marine environment. Such items to be considered would include, but not be limited to:

N environmental;

2 shipboard vibrations and accelerations;
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3 effects of pitch, heave and roll motions, etc.; and

4 gas composition.
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9.9.3  Arrangements shall be made to ensure that under no circumstances liquefied gas can be
introduced in the gas control section or gas-fuelled machinery, unless the machinery is
designed to operate with gas in liquid state.

9.94 Compressors and pumps shall be fitted with accessories and instrumentation
necessary for efficient and reliable function.

10 POWER GENERATION INCLUDING PROPULSION AND
OTHER GAS CONSUMERS

10.1 Goal

10.1.1 The goal of this chapter is to provide safe and reliable delivery of mechanical,
electrical or thermal energy.

102 Functional requirements

This chapter is related to functional requirements in 3.2.1, 3.2.11, 3.2.13, 3.2.16 and 3.2.17. In
particular the following apply:

A the exhaust systems shall be configured to prevent any accumulation of un-
burnt gaseous fuel;

2 unless designed with the strength to withstand the worst case over pressure
due to ignited gas leaks, engine components or systems containing or likely to
contain an ignitable gas and air mixture shall be fitted with suitable
pressure relief systems. Dependent on the particular engine design this may
include the air inlet manifolds and scavenge spaces;

3 the explosion venting shall be led away from where personnel may normally
be present; and

4 all gas consumers shall have a separate exhaust system.
103 Regulations for internal combustion engines of piston
type

10.3.1 General

10.3.1.1 The exhaust system shall be equipped with explosion relief ventilation sufficiently
dimensioned to prevent excessive explosion pressures in the event of ignition failure of one
cylinder followed by ignition of the unburned gas in the system.

10.3.1.2 For engines where the space below the piston is in direct communication with the
crankcase a detailed evaluation regarding the hazard potential of fuel gas accumulation in the
crankcase shall be carried out and reflected in the safety concept of the engine.

10.3.1.3 Each engine other than two-stroke crosshead diesel engines shall be fitted with vent
systems independent of other engines for crankcases and sumps.

10.3.1.4 Where gas can leak directly into the auxiliary system medium (lubricating oil, cooling
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water), an appropriate means shall be fitted after the engine outlet to extract gas in order to

prevent gas dispersion. The gas extracted from auxiliary systems media shall be vented to a
safe location in the atmosphere.

10.3.1.5 For engines fitted with ignition systems, prior to admission of gas fuel, correct
operation of the ignition system on each unit shall be verified.
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10.3.1.6 A means shall be provided to monitor and detect poor combustion or misfiring.
In the event that it is detected, gas operation may be allowed provided that the gas supply to
the concerned cylinder is shut off and provided that the operation of the engine with one
cylinder cut-off is acceptable with respects to torsional vibrations.

10.3.1.7 For engines starting on fuels covered by this Code, if combustion has not been
detected by the engine monitoring system within an engine specific time after the opening of
the fuel supply valve, the fuel supply valve shall be automatically shut off. Means to ensure
that any unburnt fuel mixture is purged away from the exhaust system shall be provided.

10.3.2 Regulations for dual fuel engines

10.3.2.1 In case of shutoff of the gas fuel supply, the engines shall be capable of continuous
operation by oil fuel only without interruption.

10.3.2.2 An automatic system shall be fitted to change over from gas fuel operation to oil fuel
operation and vice versa with minimum fluctuation of the engine power. Acceptable reliability
shall be demonstrated through testing. In the case of unstable operation on engines when gas
firing, the engine shall automatically change to oil fuel mode. Manual activation of gas system
shutdown shall always be possible.

10.3.2.3 Incase of anormal stop or an emergency shutdown, the gas fuel supply shall be shut off
not later than the ignition source. It shall not be possible to shut off the ignition source
without first or simultaneously closing the gas supply to each cylinder or to the complete
engine.

10.3.3 Regulations for gas-only engines

In case of a normal stop or an emergency shutdown, the gas fuel supply shall be shut off not later
than the ignition source. It shall not be possible to shut off the ignition source without first or
simultaneously closing the gas supply to each cylinder or to the complete engine.

10.3.4 Regulations for multi-fuel engines

10.3.4.1 In case of shutoff of one fuel supply, the engines shall be capable of continuous
operation by an alternative fuel with minimum fluctuation of the engine power.

10.3.4.2 An automatic system shall be fitted to change over from one fuel operation to an
alternative fuel operation with minimum fluctuation of the engine power. Acceptable reliability
shall be demonstrated through testing. In the case of unstable operation on an engine when
using a particular fuel, the engine shall automatically change to an alternative fuel mode.
Manual activation shall always be possible.

GAS ONLY DUAL FUEL MULTI FUEL
IGNITION . .
MEDIUM Spark | Pilot fuel Pilot fuel N/A
MAIN Gas Gas Gas and/ or Qil Gas and/ or
FUEL fuel Liquid
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104 Regulations for main and auxiliary boilers

10.4.1 Each boiler shall have a dedicated forced draught system. A crossover between boiler
force draught systems may be fitted for emergency use providing that any relevant safety
functions are maintained.

10.4.2 Combustion chambers and uptakes of boilers shall be designed to prevent any
accumulation of gaseous fuel.

10.4.3 Burners shall be designed to maintain stable combustion under all firing conditions.

10.4.4  On main/propulsion boilers an automatic system shall be provided to change from gas
fuel operation to oil fuel operation without interruption of boiler firing.

10.4.5 Gas nozzles and the burner control system shall be configured such that gas fuel can
only be ignited by an established oil fuel flame, unless the boiler and combustion equipment is
designed and approved by the Administration to light on gas fuel.

10.4.6 There shall be arrangements to ensure that gas fuel flow to the burner is automatically
cut off unless satisfactory ignition has been established and maintained.

10.4.7 On the fuel pipe of each gas burner a manually operated shutoff valve shall be fitted.

10.4.8 Provisions shall be made for automatically purging the gas supply piping to the
burners, by means of an inert gas, after the extinguishing of these burners.

10.4.9 The automatic fuel changeover system required by 10.4.4 shall be monitored with
alarms to ensure continuous availability.

10.4.10 Arrangements shall be made that, in case of flame failure of all operating burners, the
combustion chambers of the boilers are automatically purged before relighting.

10.4.11 Arrangements shall be made to enable the boilers purging sequence to be manually
activated.

105 Regulations for gas turbines

10.5.1  Unless designed with the strength to withstand the worst case over pressure due to
ignited gas leaks, pressure relief systems shall be suitably designed and fitted to the exhaust
system, taking into consideration of explosions due to gas leaks. Pressure relief systems within
the exhaust uptakes shall be lead to a safe location, away from personnel.

10.5.2 The gas turbine may be fitted in a gas-tight enclosure arranged in accordance with
the ESD principle outlined in 5.6 and 9.7, however a pressure above 1.0 MPa in the gas supply
piping may be accepted within this enclosure.

10.5.3 Gas detection systems and shutdown functions shall be as outlined for ESD protected
machinery spaces.

10.5.4 Ventilation for the enclosure shall be as outlined in chapter 13 for ESD protected
machinery spaces, but shall in addition be arranged with full redundancy (2 x 100% capacity
fans from different electrical circuits).
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10.5.5 For other than single fuel gas turbines, an automatic system shall be fitted to change
over easily and quickly from gas fuel operation to oil fuel operation and vice-versa with
minimum fluctuation of the engine power.

10.5.6 Means shall be provided to monitor and detect poor combustion that may lead to
unburnt fuel gas in the exhaust system during operation. In the event that it is detected, the
fuel gas supply shall be shutdown.

10.5.7 Each turbine shall be fitted with an automatic shutdown device for high exhaust
temperatures.

11 FIRE SAFETY

111 Goal

The goal of this chapter is to provide for fire protection, detection and fighting for all system
components related to the storage, conditioning, transfer and use of natural gas as ship fuel.

112 Functional requirements

This chapter is related to functional requirements in 3.2.2, 3.2.4, 3.2.5, 3.2.7, 3.2.12, 3.2.14,
3.2.15and 3.2.17.

11.3 Regulations for fire protection

11.3.1  Any space containing equipment for the fuel preparation such as pumps,
compressors, heat exchangers, vaporizers and pressure vessels shall be regarded as a
machinery space of category A for fire protection purposes.

11.3.2 Any boundary of accommodation spaces, service spaces, control stations, escape
routes and machinery spaces, facing fuel tanks on open deck, shall be shielded by A-60 class
divisions. The A-60 class divisions shall extend up to the underside of the deck of the
navigation bridge, and any boundaries above that, including navigation bridge windows, shall
have A-0 class divisions. In addition, fuel tanks shall be segregated from cargo in accordance
with the requirements of the International Maritime Dangerous Goods (IMDG) Code where the
fuel tanks are regarded as bulk packaging. For the purposes of the stowage and segregation
requirements of the IMDG Code, a fuel tank on the open deck shall be considered a class 2.1
package.

11.3.3 The space containing fuel containment system shall be separated from the machinery
spaces of category A or other rooms with high fire risks. The separation shall be done by a
cofferdam of at least 900 mm with insulation of A-60 class. When determining the insulation of
the space containing fuel containment system from other spaces with lower fire risks, the fuel
containment system shall be considered as a machinery space of category A, in accordance with
SOLAS regulation 11-2/9. The boundary between spaces containing fuel containment systems
shall be either a cofferdam of at least 900 mm or A-60 class division. For type C tanks, the fuel
storage hold space may be considered as a cofferdam.

11.3.4 The fuel storage hold space shall not be used for machinery or equipment that may
have a fire risk.
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11.3.5 The fire protection of fuel pipes led through ro-ro spaces shall be subject to special
consideration by the Administration depending on the use and expected pressure in the pipes.
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11.3.6  The bunkering station shall be separated by A-60 class divisions towards machinery
spaces of category A, accommodation, control stations and high fire risk spaces, except for
spaces such as tanks, voids, auxiliary machinery spaces of little or no fire risk, sanitary and
similar spaces where the insulation standard may be reduced to class A-O.

11.3.7 If an ESD protected machinery spaces is separated by a single boundary, the
boundary shall be of A-60 class division.

11.4 Regulations for fire main

11.4.1  The water spray system required below may be part of the fire main system provided
that the required fire pump capacity and working pressure are sufficient for the operation of
both the required numbers of hydrants and hoses and the water spray system simultaneously.

11.4.2 When the fuel storage tank(s) is located on the open deck, isolating valves shall be
fitted in the fire main in order to isolate damaged sections of the fire main. Isolation of a section
of fire main shall not deprive the fire line ahead of the isolated section from the supply of water.

115 Regulations for water spray system

11.5.1 A water spray system shall be installed for cooling and fire prevention to cover
exposed parts of fuel storage tank(s) located on open deck.

11.5.2 The water spray system shall also provide coverage for boundaries of the
superstructures, compressor rooms, pump-rooms, cargo control rooms, bunkering control
stations, bunkering stations and any other normally occupied deck houses that face the
storage tank on open decks unless the tank is located 10 metres or more from the boundaries.

11.5.3 The system shall be designed to cover all areas as specified above with an application
rate of 10 I/min/m?for the largest horizontal projected surfaces and 4 I/min/m? for vertical
surfaces.

11.5.4 Stop valves shall be fitted in the water spray application main supply line(s), at
intervals not exceeding 40 metres, for the purpose of isolating damaged sections. Alternatively,
the system may be divided into two or more sections that may be operated independently,
provided the necessary controls are located together in a readily accessible position not likely to
be inaccessible in case of fire in the areas protected.

11.5.5 The capacity of the water spray pump shall be sufficient to deliver the required amount
of water to the hydraulically most demanding area as specified above in the areas protected.

11.5.6 If the water spray system is not part of the fire main system, a connection to the ship's
fire main through a stop valve shall be provided.

11.5.7 Remote start of pumps supplying the water spray system and remote operation of any
normally closed valves to the system shall be located in a readily accessible position which is
not likely to be inaccessible in case of fire in the areas protected.

11.5.8 The nozzles shall be of an approved full bore type and they shall be arranged to
ensure an effective distribution of water throughout the space being protected.
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116 Regulations for dry chemical powder fire-extinguishing
system

11.6.1 A permanently installed dry chemical powder fire-extinguishing system shall be
installed in the bunkering station area to cover all possible leak points. The capacity shall be at
least 3.5 kg/s for a minimum of 45 s. The system shall be arranged for easy manual release from
a safe location outside the protected area.

11.6.2 In addition to any other portable fire extinguishers that may be required elsewhere in
IMO instruments, one portable dry powder extinguisher of at least 5 kg capacity shall be
located near the bunkering station.

117 Regulations for fire detection and alarm system

11.7.1 A fixed fire detection and fire alarm system complying with the Fire Safety Systems
Code shall be provided for the fuel storage hold spaces and the ventilation trunk for fuel
containment system below deck, and for all other rooms of the fuel gas system where fire
cannot be excluded.

11.7.2  Smoke detectors alone shall not be considered sufficient for rapid detection of a fire.

12 EXPLOSION PREVENTION

12.1 Goal

The goal of this chapter is to provide for the prevention of explosions and for the limitation of
effects from explosion.

122 Functional requirements

This chapter is related to functional requirementsin 3.2.2t03.2.5, 3.2.7,3.2.8,3.2.12t0 3.2.14 and
3.2.17. In particular the following apply:

The probability of explosions shall be reduced to a minimum by:

A reducing number of sources of ignition; and

2 reducing the probability of formation of ignitable mixtures.

123 Regulations — General

12.3.1  Hazardous areas on open deck and other spaces not addressed in this chapter shall be
decided based on a recognized standard.'® The electrical equipment fitted within hazardous areas
shall be according to the same standard.

12.3.2 Electrical equipment and wiring shall in general not be installed in hazardous areas
unless essential for operational purposes based on a recognized standard.?
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19

20

Refer to IEC standard 60092-502, part 4.4: Tankers carrying flammable liquefied gases as applicable.

Refer to IEC standard 60092-502: IEC 60092-502:1999 Electrical Installations in Ships — Tankers — Special
Features and IEC 60079-10-1:2008 Explosive atmospheres — Part 10-1: Classification of areas — Explosive
gas atmospheres, according to the area classification.
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12.3.3 Electrical equipment fitted in an ESD-protected machinery space shall fulfil the
following:

A in addition to fire and gas hydrocarbon detectors and fire and gas alarms,
lighting and ventilation fans shall be certified safe for hazardous area zone 1;
and

2 all electrical equipment in a machinery space containing gas-fuelled engines,

and not certified for zone 1 shall be automatically disconnected, if gas
concentrations above 40% LEL is detected by two detectors in the space
containing gas-fuelled consumers.

124 Regulations on area classification

12.4.1  Area classification is a method of analysing and classifying the areas where explosive
gas atmospheres may occur. The object of the classification is to allow the selection of
electrical apparatus able to be operated safely in these areas.

12.4.2 In order to facilitate the selection of appropriate electrical apparatus and the design of
suitable electrical installations, hazardous areas are divided into zones 0, 1 and 2.2* See
also 12.5 below.

12.4.3 Ventilation ducts shall have the same area classification as the ventilated space.
125 Hazardous area zones

12.5.1 Hazardous area zone 0

This zone includes, but is not limited to the interiors of fuel tanks, any pipework for pressure-
relief or other venting systems for fuel tanks, pipes and equipment containing fuel.

12.5.2 Hazardous area zone 122

This zone includes, but is not limited to:

A tank connection spaces, fuel storage hold spaces® and interbarrier spaces;
2 fuel preparation room arranged with ventilation according to 13.6;
3 areas on open deck, or semi-enclosed spaces on deck, within 3 m of any

fuel tank outlet, gas or vapour outlet,? bunker manifold valve, other fuel
valve, fuel pipe flange, fuel preparation room ventilation outlets and fuel tank
openings for pressure release provided to permit the flow of small volumes
of gas or vapour mixtures caused by thermal variation;

4 areas on open deck or semi-enclosed spaces on deck, within 1.5 m of fuel
preparation room entrances, fuel preparation room ventilation inlets and
other openings into zone 1 spaces;

21 Refer to standards IEC 60079-10-1:2008 Explosive atmospheres part 10-1: Classification of areas —

Explosive gas atmospheres and guidance and informative examples given in IEC 60092-502:1999, Electrical
Installations in Ships — Tankers — Special Features for tankers.

2 Instrumentation and electrical apparatus installed within these areas should be of a type suitable for zone 1.
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3 Fuel storage hold spaces for type C tanks are normally not considered as zone 1.

2 Such areas are, for example, all areas within 3 m of fuel tank hatches, ullage openings or sounding pipes

for fuel tanks located on open deck and gas vapour outlets.
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5 areas on the open deck within spillage coamings surrounding gas bunker
manifold valves and 3 m beyond these, up to a height of 2.4 m above the
deck;

.6 enclosed or semi-enclosed spaces in which pipes containing fuel are located,

e.g. ducts around fuel pipes, semi-enclosed bunkering stations;

7 the ESD-protected machinery space is considered a non-hazardous area
during normal operation, but will require equipment required to operate
following detection of gas leakage to be certified as suitable for zone 1;

8 a space protected by an airlock is considered as non-hazardous area during
normal operation, but will require equipment required to operate following
loss of differential pressure between the protected space and the hazardous
area to be certified as suitable for zone 1; and

9 except for type C tanks, an area within 2.4 m of the outer surface of a fuel
containment system where such surface is exposed to the weather.

12.5.3 Hazardous area zone 22

12.5.3.1 This zone includes, but is not limited to areas within 1.5 m surrounding open or
semi-enclosed spaces of zone 1.

12.5.3.2 Space containing bolted hatch to tank connection space.

13 VENTILATION
131 Goal
The goal of this chapter is to provide for the ventilation required for safe operation of gas-fuelled

machinery and equipment.

132 Functional requirements

This chapter is related to functional requirements in 3.2.2, 3.2.5, 3.2.8, 3.2.10, 3.2.12
t03.2.14and 3.2.17.

133  Regulations — General

13.3.1 Any ducting used for the ventilation of hazardous spaces shall be separate from that
used for the ventilation of non-hazardous spaces. The ventilation shall function at all
temperatures and environmental conditions the ship will be operating in.

13.3.2 Electric motors for ventilation fans shall not be located in ventilation ducts for
hazardous spaces unless the motors are certified for the same hazard zone as the space
served.
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25 |nstrumentation and electrical apparatus installed within these areas should be of a type suitable for zone 2.
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13.3.3 Design of ventilation fans serving spaces containing gas sources shall fulfil the
following:

A Ventilation fans shall not produce a source of vapour ignition in either the
ventilated space or the ventilation system associated with the space.
Ventilation fans and fan ducts, in way of fans only, shall be of non-sparking
construction defined as:

A impellers or housings of non-metallic material, due regard being
paid to the elimination of static electricity;

2 impellers and housings of non-ferrous metals;

3 impellers and housings of austenitic stainless steel;

4 impellers of aluminium alloys or magnesium alloys and a ferrous

(including austenitic stainless steel) housing on which a ring of
suitable thickness of non-ferrous materials is fitted in way of the
impeller, due regard being paid to static electricity and corrosion
between ring and housing; or

5 any combination of ferrous (including austenitic stainless steel)
impellers and housings with not less than 13 mm tip design
clearance.

2 In no case shall the radial air gap between the impeller and the casing be

less than 0.1 of the diameter of the impeller shaft in way of the bearing but
not less than 2 mm. The gap need not be more than 13 mm.

3 Any combination of an aluminium or magnesium alloy fixed or rotating
component and a ferrous fixed or rotating component, regardless of tip
clearance, is considered a sparking hazard and shall not be used in these
places.

13.3.4 Ventilation systems required to avoid any gas accumulation shall consist of
independent fans, each of sufficient capacity, unless otherwise specified in this Code.

13.3.5 Airinlets for hazardous enclosed spaces shall be taken from areas that, in the absence of
the considered inlet, would be non-hazardous. Air inlets for non-hazardous enclosed spaces shall
be taken from non-hazardous areas at least 1.5 m away from the boundaries of any hazardous
area. Where the inlet duct passes through a more hazardous space, the duct shall be gas-tight and
have over-pressure relative to this space.

13.3.6  Air outlets from non-hazardous spaces shall be located outside hazardous areas.

13.3.7 Air outlets from hazardous enclosed spaces shall be located in an open area that, in the
absence of the considered outlet, would be of the same or lesser hazard than the ventilated
space.

13.3.8 The required capacity of the ventilation plant is normally based on the total volume of
the room. An increase in required ventilation capacity may be necessary for rooms having a
complicated form.
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13.3.9 Non-hazardous spaces with entry openings to a hazardous area shall be arranged with
an airlock and be maintained at overpressure relative to the external hazardous area. The
overpressure ventilation shall be arranged according to the following:

A During initial start-up or after loss of overpressure ventilation, before
energizing any electrical installations not certified safe for the space in the
absence of pressurization, it shall be required to:

A proceed with purging (at least 5 air changes) or confirm by
measurements that the space is non-hazardous; and
2 pressurize the space.
2 Operation of the overpressure ventilation shall be monitored and in the event

of failure of the overpressure ventilation:

A an audible and visual alarm shall be given at a manned location;
and
2 if overpressure cannot be immediately restored, automatic or

programmed, disconnection of electrical installations according to a
recognized standard?® shall be required.

13.3.10 Non-hazardous spaces with entry openings to a hazardous enclosed space shall be
arranged with an airlock and the hazardous space shall be maintained at underpressure
relative to the non-hazardous space. Operation of the extraction ventilation in the hazardous
space shall be monitored and in the event of failure of the extraction ventilation:

A an audible and visual alarm shall be given at a manned location; and

2 if underpressure cannot be immediately restored, automatic or programmed,
disconnection of electrical installations according to a recognized standard
in the non-hazardous space shall be required.

134 Regulations for tank connection space

13.4.1  The tank connection space shall be provided with an effective mechanical forced
ventilation system of extraction type. A ventilation capacity of at least 30 air changes per hour
shall be provided. The rate of air changes may be reduced if other adequate means of
explosion protection are installed. The equivalence of alternative installations shall be
demonstrated by a risk assessment.

13.4.2 Approved automatic fail-safe fire dampers shall be fitted in the ventilation trunk for the
tank connection space.

135 Regulations for machinery spaces

13.5.1  The ventilation system for machinery spaces containing gas-fuelled consumers shall
be independent of all other ventilation systems.

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annov 1 nann QA

26 Refer to IEC 60092-502:1999 Electrical Installations in Ships — Tankers — Special Features, table 5.
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13.5.2 ESD protected machinery spaces shall have ventilation with a capacity of at least 30 air
changes per hour. The ventilation system shall ensure a good air circulation in all spaces, and in
particular ensure that any formation of gas pockets in the room are detected. As an alternative,
arrangements whereby under normal operation the machinery spaces are ventilated with at
least 15 air changes an hour is acceptable provided that, if gas is detected in the machinery
space, the number of air changes will automatically be increased to 30 an hour.

13.5.3 For ESD protected machinery spaces the ventilation arrangements shall provide
sufficient redundancy to ensure a high level of ventilation availability as defined in a standard
acceptable to the Organization.?

13.5.4 The number and power of the ventilation fans for ESD protected engine-rooms and
for double pipe ventilation systems for gas safe engine-rooms shall be such that the capacity is
not reduced by more than 50% of the total ventilation capacity if a fan with a separate circuit
from the main switchboard or emergency switchboard or a group of fans with common circuit
from the main switchboard or emergency switchboard, is inoperable.

13.6  Regulations for fuel preparation room

13.6.1  Fuel preparation rooms, shall be fitted with effective mechanical ventilation system of
the underpressure type, providing a ventilation capacity of at least 30 air changes per hour.

13.6.2 The number and power of the ventilation fans shall be such that the capacity is not
reduced by more than 50%, if a fan with a separate circuit from the main switchboard or
emergency switchboard or a group of fans with common circuit from the main switchboard or
emergency switchboard, is inoperable.

13.6.3 Ventilation systems for fuel preparation rooms, shall be in operation when pumps or
compressors are working.

137  Regulations for bunkering station

Bunkering stations that are not located on open deck shall be suitably ventilated to ensure that any
vapour being released during bunkering operations will be removed outside. If the natural
ventilation is not sufficient, mechanical ventilation shall be provided in accordance with the risk
assessment required by 8.3.1.1.

138 Regulations for ducts and double pipes

13.8.1 Ducts and double pipes containing fuel piping shall be fitted with effective mechanical
ventilation system of the extraction type, providing a ventilation capacity of at least 30 air changes
per hour. This is not applicable to double pipes in the engine-room if fulfilling 9.6.1.1.

13.8.2 The ventilation system for double piping and for gas valve unit spaces in gas safe
engine-rooms shall be independent of all other ventilation systems.

13.8.3 The ventilation inlet for the double wall piping or duct shall always be located in a
non-hazardous area away from ignition sources. The inlet opening shall be fitted with a suitable
wire mesh guard and protected from ingress of water.

13.8.4 The capacity of the ventilation for a pipe duct or double wall piping may be below 30 air
changes per hour if a flow velocity of minimum 3 m/s is ensured. The flow velocity shall be
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calculated for the duct with fuel pipes and other components installed.

27 Refer to IEC 60079-10-1.
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14 ELECTRICAL INSTALLATIONS
14.1 Goal

The goal of this chapter is to provide for electrical installations that minimizes the risk of ignition
in the presence of a flammable atmosphere.

142  Functional requirements

This chapter is related to functional requirements in 3.2.1, 3.2.2, 3.2.4, 3.2.7, 3.2.8, 3.2.11,
3.2.13 and 3.2.16 to 3.2.18. In particular the following apply:

Electrical generation and distribution systems, and associated control systems, shall be
designed such that a single fault will not result in the loss of ability to maintain fuel tank
pressures and hull structure temperature within normal operating limits.

143 Regulations — General

14.3.1 Electrical installations shall be in compliance with a standard at least equivalent to
those acceptable to the Organization.?®

14.3.2 Electrical equipment or wiring shall not be installed in hazardous areas unless
essential for operational purposes or safety enhancement.

14.3.3 Where electrical equipment is installed in hazardous areas as provided in 14.3.2 it
shall be selected, installed and maintained in accordance with standards at least equivalent to
those acceptable to the Organization.?®

Equipment for hazardous areas shall be evaluated and certified or listed by an accredited
testing authority or notified body recognized by the Administration.

14.3.4 Failure modes and effects of single failure for electrical generation and distribution
systems in 14.2 shall be analysed and documented to be at least equivalent to those
acceptable to the Organization.®

14.3.5 The lighting system in hazardous areas shall be divided between at least two branch
circuits. All switches and protective devices shall interrupt all poles or phases and shall be
located in a non-hazardous area.

14.3.6 The installation on board of the electrical equipment units shall be such as to ensure
the safe bonding to the hull of the units themselves.

14.3.7 Arrangements shall be made to alarm in low-liquid level and automatically shutdown
the motors in the event of low-liquid level. The automatic shutdown may be accomplished by
sensing low pump discharge pressure, low motor current, or low-liquid level. This shutdown
shall give an audible and visual alarm on the navigation bridge, continuously manned central
control station or onboard safety centre.

14.3.8 Submerged fuel pump motors and their supply cables may be fitted in liquefied gas
fuel containment systems. Fuel pump motors shall be capable of being isolated from their
electrical supply during gas-freeing operations.
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28

29

30

Refer to IEC 60092 series standards, as applicable.

Refer to the recommendation published by the International Electrotechnical Commission, in particular to
publication IEC 60092-502:1999.

Refer to IEC 60812.
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14.3.9 For non-hazardous spaces with access from hazardous open deck where the access is
protected by an airlock, electrical equipment which is not of the certified safe type shall be de-
energized upon loss of overpressure in the space.

14.3.10 Electrical equipment for propulsion, power generation, manoeuvring, anchoring and
mooring, as well as emergency fire pumps, that are located in spaces protected by airlocks,
shall be of a certified safe type.

15 CONTROL, MONITORING AND SAFETY SYSTEMS
15.1 Goal

The goal of this chapter is to provide for the arrangement of control, monitoring and safety
systems that support an efficient and safe operation of the gas-fuelled installation as covered in
the other chapters of this Code.

152  Functional requirements

Thischapter is related to functional requirementsin 3.2.1,3.2.2,3.2.11, 3.2.13t0 3.2.15,3.2.17 and
3.2.18. In particular the following apply:

A the control, monitoring and safety systems of the gas-fuelled installation shall
be so arranged that the remaining power for propulsion and power
generation is in accordance with 9.3.1 in the event of single failure;

2 a gas safety system shall be arranged to close down the gas supply system
automatically, upon failure in systems as described in table 1 and upon other
fault conditions which may develop too fast for manual intervention;

3 for ESD protected machinery configurations the safety system shall
shutdown gas supply upon gas leakage and in addition disconnect all
non-certified safe type electrical equipment in the machinery space;

4 the safety functions shall be arranged in a dedicated gas safety system that is
independent of the gas control system in order to avoid possible common
cause failures. This includes power supplies and input and output signal;

5 the safety systems including the field instrumentation shall be arranged to
avoid spurious shutdown, e.g. as a result of a faulty gas detector or a wire
break in a sensor loop; and

6 where two or more gas supply systems are required to meet the regulations,
each system shall be fitted with its own set of independent gas control and
gas safety systems.

153 Regulations — General
15.3.1 Suitable instrumentation devices shall be fitted to allow a local and a remote reading

of essential parameters to ensure a safe management of the whole fuel-gas equipment
including bunkering.

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annaov 1 nann

15.3.2 A bilge well in each tank connection space of an independent liquefied gas storage
tank shall be provided with both a level indicator and a temperature sensor. Alarm shall be
given at high level in the bilge well. Low temperature indication shall activate the safety system.

15.3.3 For tanks not permanently installed in the ship a monitoring system shall be provided
as for permanently installed tanks.

154 Regulations for bunkering and liquefied gas fuel tank
monitoring

15.4.1 Level indicators for liquefied gas fuel tanks

A Each liguefied gas fuel tank shall be fitted with liquid level gauging device(s),
arranged to ensure a level reading is always obtainable whenever the
liquefied gas fuel tank is operational. The device(s) shall be designed to
operate throughout the design pressure range of the liquefied gas fuel tank
and at temperatures within the fuel operating temperature range.

2 Where only one liquid level gauge is fitted it shall be arranged so that it can
be maintained in an operational condition without the need to empty or
gas-free the tank.

3 Liquefied gas fuel tank liquid level gauges may be of the following types:

A indirect devices, which determine the amount of fuel by means such
as weighing or in-line flow metering; or

2 closed devices, which do not penetrate the liquefied gas fuel tank,
such as devices using radio-isotopes or ultrasonic devices;

15.4.2 Overflow control

A Each liquefied gas fuel tank shall be fitted with a high liquid level alarm
operating independently of other liquid level indicators and giving an audible
and visual warning when activated.

2 An additional sensor operating independently of the high liquid level alarm
shall automatically actuate a shutoff valve in a manner that will both avoid
excessive liquid pressure in the bunkering line and prevent the liquefied gas
fuel tank from becoming liquid full.

3 The position of the sensors in the liquefied gas fuel tank shall be capable of
being verified before commissioning. At the first occasion of full loading after
delivery and after each dry-docking, testing of high level alarms shall be
conducted by raising the fuel liquid level in the liquefied gas fuel tank to the
alarm point.

4 All elements of the level alarms, including the electrical circuit and the
sensor(s), of the high, and overfill alarms, shall be capable of being
functionally tested. Systems shall be tested prior to fuel operation in
accordance with 18.4.3.

5 Where arrangements are provided for overriding the overflow control system,
they shall be such that inadvertent operation is prevented. When this override
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is operated continuous visual indication is to be provided at the navigation
bridge, continuously manned central control station or onboard safety centre.

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annaov 1 nann

15.4.3 The vapour space of each liquefied gas fuel tank shall be provided with a direct
reading gauge. Additionally, an indirect indication is to be provided on the navigation bridge,
continuously manned central control station or onboard safety centre.

15.4.4 The pressure indicators shall be clearly marked with the highest and lowest pressure
permitted in the liquefied gas fuel tank.

15.4.5 A high-pressure alarm and, if vacuum protection is required, a low-pressure alarm
shall be provided on the navigation bridge and at a continuously manned central control station or
onboard safety centre. Alarms shall be activated before the set pressures of the safety valves
are reached.

15.4.6 Each fuel pump discharge line and each liquid and vapour fuel manifold shall be
provided with at least one local pressure indicator.

15.4.7 Local-reading manifold pressure indicator shall be provided to indicate the pressure
between ship's manifold valves and hose connections to the shore.

15.4.8 Fuel storage hold spaces and interbarrier spaces without open connection to the
atmosphere shall be provided with pressure indicator.

15.4.9 At least one of the pressure indicators provided shall be capable of indicating
throughout the operating pressure range.

15.4.10 For submerged fuel-pump motors and their supply cables, arrangements shall be made to
alarm in low-liquid level and automatically shutdown the motors in the event of low-liquid level.
The automatic shutdown may be accomplished by sensing low pump discharge pressure, low
motor current, or low-liquid level. This shutdown shall give an audible and visual alarm on the
navigation bridge, continuously manned central control station or onboard safety centre.

15.4.11 Except for independent tanks of type C supplied with vacuum insulation system and
pressure build-up fuel discharge unit, each fuel tank shall be provided with devices to measure
and indicate the temperature of the fuel in at least three locations; at the bottom and middle of
the tank as well as the top of the tank below the highest allowable liquid level.

155 Regulations for bunkering control

15.5.1 Control of the bunkering shall be possible from a safe location remote from the
bunkering station. At this location the tank pressure, tank temperature if required by 15.4.11,
and tank level shall be monitored. Remotely controlled valves required by 8.5.3 and 11.5.7
shall be capable of being operated from this location. Overfill alarm and automatic shutdown
shall also be indicated at this location.

15.5.2 If the ventilation in the ducting enclosing the bunkering lines stops, an audible and
visual alarm shall be provided at the bunkering control location, see also 15.8.

15.5.3 If gas is detected in the ducting around the bunkering lines an audible and visual alarm
and emergency shutdown shall be provided at the bunkering control location.

156 Regulations for gas compressor monitoring

15.6.1  Gas compressors shall be fitted with audible and visual alarms both on the navigation
bridge and in the engine control room. As a minimum the alarms shall include low gas input
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pressure, low gas output pressure, high gas output pressure and compressor operation.

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annaov 1 nann

15.6.2 Temperature monitoring for the bulkhead shaft glands and bearings shall be provided,
which automatically give a continuous audible and visual alarm on the navigation bridge or in
a continuously manned central control station.

157 Regulations for gas engine monitoring

In addition to the instrumentation provided in accordance with part C of SOLAS chapter I1-1,
indicators shall be fitted on the navigation bridge, the engine control room and the manoeuvring
platform for:

A operation of the engine in case of gas-only engines; or

2 operation and mode of operation of the engine in the case of dual fuel engines.

158 Regulations for gas detection

15.8.1  Permanently installed gas detectors shall be fitted in:

A the tank connection spaces;

2 all ducts around fuel pipes;

3 machinery spaces containing gas piping, gas equipment or gas consumers;

4 compressor rooms and fuel preparation rooms;

5 other enclosed spaces containing fuel piping or other fuel equipment without
ducting;

6 other enclosed or semi-enclosed spaces where fuel vapours may

accumulate including interbarrier spaces and fuel storage hold spaces of
independent tanks other than type C;

7 airlocks;

8 gas heating circuit expansion tanks;

.9 motor rooms associated with the fuel systems; and

10 or at ventilation inlets to accommodation and machinery spaces if required

based on the risk assessment required in 4.2.

15.8.2 In each ESD-protected machinery space, redundant gas detection systems shall be
provided.

15.8.3 The number of detectors in each space shall be considered taking into account the
size, layout and ventilation of the space.

15.8.4 The detection equipment shall be located where gas may accumulate and in the
ventilation outlets. Gas dispersal analysis or a physical smoke test shall be used to find the
best arrangement.

15.8.5 Gas detection equipment shall be designed, installed and tested in accordance with a
recognized standard.3!
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31 Refer to IEC 60079-29-1 — Explosive atmospheres — Gas detectors — Performance requirements of detectors

for flammable detectors.
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15.8.6 An audible and visible alarm shall be activated at a gas vapour concentration of 20%
of the lower explosion limit (LEL). The safety system shall be activated at 40% of LEL at two
detectors (see footnote 1 in table 1).

15.8.7 For ventilated ducts around gas pipes in the machinery spaces containing gas-fuelled
engines, the alarm limit can be set to 30% LEL. The safety system shall be activated at 60% of
LEL at two detectors (see footnote 1 in table 1).

15.8.8 Audible and visible alarms from the gas detection equipment shall be located on the
navigation bridge or in the continuously manned central control station.

15.8.9 Gas detection required by this section shall be continuous without delay.

159 Regulations for fire detection

Required safety actions at fire detection in the machinery space containing gas-fuelled engines and
rooms containing independent tanks for fuel storage hold spaces are given in table 1 below.

1510 Regulations for ventilation

15.10.1 Any loss of the required ventilating capacity shall give an audible and visual alarm on
the navigation bridge or in a continuously manned central control station or safety centre.

15.10.2 For ESD protected machinery spaces the safety system shall be activated upon loss of
ventilation in engine-room.

1511  Regulations on safety functions of fuel supply systems

15.11.1 If the fuel supply is shut off due to activation of an automatic valve, the fuel supply
shall not be opened until the reason for the disconnection is ascertained and the necessary
precautions taken. A readily visible notice giving instruction to this effect shall be placed at the
operating station for the shutoff valves in the fuel supply lines.

15.11.2 If a fuel leak leading to a fuel supply shutdown occurs, the fuel supply shall not be
operated until the leak has been found and dealt with. Instructions to this effect shall be placed in
a prominent position in the machinery space.

15.11.3 A caution placard or signboard shall be permanently fitted in the machinery space
containing gas-fuelled engines stating that heavy lifting, implying danger of damage to the fuel
pipes, shall not be done when the engine(s) is running on gas.

15.11.4 Compressors, pumps and fuel supply shall be arranged for manual remote
emergency stop from the following locations as applicable:

A navigation bridge;

2 cargo control room;

3 onboard safety centre;
4 engine control room;

5 fire control station; and
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6 adjacent to the exit of fuel preparation rooms.

The gas compressor shall also be arranged for manual local emergency stop.
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Table 1: Monitoring of gas supply system to engines

Parameter Alarm | Automatic Automatic Comments
shutdown shutdown of
of tank gas supply to
valve® machinery

space
containing
gas-fuelled
engines

Gas detection in tank X

connection space at 20%

LEL

Gas detection on two X X

detectors? in tank
connection space at 40%
LEL

Fire detection in fuel X
storage hold space

Fire detection in

ventilation trunk for fuel X
containment system

below deck

Bilge well high level in X

tank connection space

Bilge well low temperature X X

in tank connection space

Gas detection in duct
between tank and X
machinery space
containing gas-fuelled
engines at 20% LEL

Gas detection on two
detectors in duct X X2
between tank and
machinery space
containing gas-fuelled
engines at 40% LEL

Gas detection in fuel
preparation room at 20% X
LEL

Gas detection on two
detectors? in fuel X X2
preparation room at 40%
LEL

Gas detection in duct If double pipe fitted in
inside machinery space X machinery space
containing gas-fuelled containing gas-fuelled
engines at 30% LEL engines
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Parameter

Alarm

Automatic
shutdown
of tank
valve®

Automatic
shutdown of
gas supply to
machinery
space
containing
gas-fuelled
engines

Comments

Gas detection on two
detectors" in duct inside
machinery space
containing gas-fuelled
engines at 60% LEL

X3

If double pipe fitted in
machinery space
containing gas-fuelled
engines

Gas detection in ESD
protected machinery
space containing
gas-fuelled engines
at 20% LEL

Gas detection on two
detectors® in ESD
protected machinery
space containing
gas-fuelled engines at
40% LEL

It shall also disconnect
non certified safe
electrical equipment in
machinery space
containing gas-fuelled
engines

Loss of ventilation in duct
between tank and
machinery space
containing gas-fuelled
engines

X2

Loss of ventilation in duct
inside machinery space
containing gas-fuelled
engines®

X3

If double pipe fitted in
machinery space
containing gas-fuelled
engines

Loss of ventilation in ESD
protected machinery
space containing
gas-fuelled engines

Fire detection in
machinery space
containing gas-fuelled
engines

Abnormal gas pressure in
gas supply pipe

Failure of valve control
actuating medium

X4

Time delayed as found
necessary

Automatic shutdown of
engine (engine failure)

X4
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Parameter Alarm | Automatic | Automatic Comments
shutdown | shutdown of
of tank gas supply to
valve® machinery

space
containing
gas-fuelled
engines
Manually activated
emergency shutdown of X X
engine

1)

2)

Two independent gas detectors located close to each other are required for redundancy reasons. If the
gas detector is of self-monitoring type the installation of a single gas detector can be permitted.

If the tank is supplying gas to more than one engine and the different supply pipes are completely
separated and fitted in separate ducts and with the master valves fitted outside of the duct, only the master
valve on the supply pipe leading into the duct where gas or loss of ventilation is detected shall close.

If the gas is supplied to more than one engine and the different supply pipes are completely separated and
fitted in separate ducts and with the master valves fitted outside of the duct and outside of the machinery
space containing gas-fuelled engines, only the master valve on the supply pipe leading into the duct where
gas or loss of ventilation is detected shall close.

Only double block and bleed valves to close.

If the duct is protected by inert gas (see 9.6.1.1) then loss of inert gas overpressure shall lead to the same
actions as given in this table.

Valves referred to in 9.4.1.
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ANNEX

STANDARD FOR THE USE OF LIMIT STATE
METHODOLOGIES IN THE DESIGN OF FUEL
CONTAINMENT SYSTEMS OF NOVEL
CONFIGURATION

1 GENERAL

1.1 The purpose of this standard is to provide procedures and relevant design parameters of
limit state design of fuel containment systems of a novel configuration in accordance with
section 6.4.16.

1.2 Limit state design is a systematic approach where each structural element is evaluated
with respect to possible failure modes related to the design conditions identified in 6.4.1.6.
A limit state can be defined as a condition beyond which the structure, or part of a structure,
no longer satisfies the regulations.

1.3 The limit states are divided into the three following categories:

A Ultimate Limit States (ULS), which correspond to the maximum load-carrying
capacity or, in some cases, to the maximum applicable strain, deformation
or instability in structure resulting from buckling and plastic collapse; under
intact (undamaged) conditions;

2 Fatigue Limit States (FLS), which correspond to degradation due to the effect
of cyclic loading; and

3 Accident Limit States (ALS), which concern the ability of the structure to
resist accident situations.

1.4 Section 6.4.1 through to section 6.4.14 shall be complied with as applicable
depending on the fuel containment system concept.

2 DESIGN FORMAT

2.1 The design format in this standard is based on a Load and Resistance Factor Design
format. The fundamental principle of the Load and Resistance Factor Design format is to verify
that design load effects, L,, do not exceed design resistances, R,, for any of

the considered failure modes in any scenario:
L, <R,

A design load B F is obtained by multiplying the characteristic load by a load factor relevant

for the given load category:
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Fa=7¢F
where:

is load factor; and
f

F is the characteristic load as specified in section 6.4.9 through to section
6.4.12.
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A design load effect L, (e-9. stresses, strains, displacements and vibrations) is the most

unfavourable combined load effect derived from the design loads, and may be expressed by:

Ly = CI(Fdl: Fazyens FdN)

where q denotes the functional relationship between load and load effect determined by

structural analyses. The

design resistance

R, is determined as follows:

R~ Re
7R
Ve

where:
R is the characteristic resistance. In case of materials covered by chapter 7, it
k

may be, but not limited to, specified minimum yield stress, specified minimum
tensile strength, plastic resistance of cross sections, and ultimate buckling
strength;

% is the resistance factor, defined as yg =7, -7

Im isthe partial resistance factor to take account of the probabilistic distribution of
the material properties (material factor);

e

) is the partial resistance factor to take account of the uncertainties on

the capacity of the structure, such as the quality of the construction, method
considered for determination of the capacity including accuracy of analysis;

7. and
is the consequence class factor, which accounts for the potential results of
failure with regard to release of fuel and possible human injury.

2.2 Fuel containment design shall take into account potential failure consequences.

Consequence classes are defined in table 1, to specify the consequences of failure when the
mode of failure is related to the Ultimate Limit State, the Fatigue Limit State, or the Accident

Limit State.
Table 1: Consequence classes
Consequenceclass Definition
Low Failure implies minor release of the fuel.
Medium Failure implies release of the fuel and potential for human injury.
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human injury/fatality.

3 REQUIRED ANALYSES

3.1 Three-dimensional finite element analyses shall be carried out as an integrated model of
the tank and the ship hull, including supports and keying system as applicable. All the failure
modes shall be identified to avoid unexpected failures. Hydrodynamic analyses shall be carried
out to determine the particular ship accelerations and motions in irregular waves, and the
response of the ship and its fuel containment systems to these forces and motions.
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3.2 Buckling strength analyses of fuel tanks subject to external pressure and other loads
causing compressive stresses shall be carried out in accordance with recognized standards. The
method shall adequately account for the difference in theoretical and actual buckling stress
as a result of plate out of flatness, plate edge misalignment, straightness, ovality and deviation
from true circular form over a specified arc or chord length, as relevant.

3.3 Fatigue and crack propagation analysis shall be carried out in accordance with
paragraph 5.1 of this standard.

4 ULTIMATE LIMIT STATES

4.1 Structural resistance may be established by testing or by complete analysis taking
account of both elastic and plastic material properties. Safety margins for ultimate strength
shall be introduced by partial factors of safety taking account of the contribution of stochastic
nature of loads and resistance (dynamic loads, pressure loads, gravity loads, material strength,
and buckling capacities).

4.2 Appropriate combinations of permanent loads, functional loads and environmental
loads including sloshing loads shall be considered in the analysis. At least two load
combinations with partial load factors as given in table 2 shall be used for the assessment of
the ultimate limit states.

Table 2: Partial load factors

Load combination Permanent loads Functional loads Environmental
loads
'a’ 1.1 1.1 0.7
'b' 1.0 1.0 1.3

The load factors for permanent and functional loads in load combination ‘a’ are relevant for the
normally well-controlled and/or specified loads applicable to fuel containment systems such as
vapour pressure, fuel weight, system self-weight, etc. Higher load factors may be relevant for
permanent and functional loads where the inherent variability and/or uncertainties in the
prediction models are higher.

4.3 For sloshing loads, depending on the reliability of the estimation method, a larger load
factor may be required by the Administration.

4.4 In cases where structural failure of the fuel containment system are considered to
imply high potential for human injury and significant release of fuel, the consequence class

factor shall be taken as  y. =1.2. This value may be reduced if it is justified through risk

analysis and subject to the approval by the Administration. The risk analysis shall take account of
factors including, but not limited to, provision of full or partial secondary barrier to protect hull
structure from the leakage and less hazards associated with intended fuel. Conversely, higher
values may be fixed by the Administration, for example, for ships carrying more hazardous
or higher pressure fuel. The consequence class factor shall in any case not be less than 1.0.

4.5 The load factors and the resistance factors used shall be such that the level of safety is
equivalent to that of the fuel containment systems as described in sections 6.4.2.1t06.4.2.5. This
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4.6 The material factor y, shall in general reflect the statistical distribution of the

mechanical properties of the material, and needs to be interpreted in combination with the
specified characteristic mechanical properties. For the materials defined in chapter 6, the

material factor y, ~May be taken as:

1.1 when the characteristic mechanical properties specified by the Administration
typically represents the lower 2.5% quantile in the statistical distribution of
the mechanical properties; or

1.0 when the characteristic mechanical properties specified by the Administration
represents a sufficiently small quantile such that the probability of lower
mechanical properties than specified is extremely low and can be neglected.

4.7 The partial resistance factors  » shall in general be established based on the
si

uncertainties in the capacity of the structure considering construction tolerances, quality of
construction, the accuracy of the analysis method applied, etc.

4.7.1 For design against excessive plastic deformation using the limit state criteria given in

paragraph 4.8 of this standard, the partial resistance factors ,;  shall be taken as follows:

}/:0.76~E
sl Kl
7/=O.76-E
s2 K 5
(R,B )
Kl_ _—
:Mm‘R .:1.0|
A
\e )
(R,D )
K'z_ _—
= Min .:1.0]
C
\e )

Factors A, B, C and D are defined in 6.4.15.2.3.1. Rm and R. are defined in 6.4.12.1.1.3.

The partial resistance factors given above are the results of calibration to conventional type B
independent tanks.
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4.8.1  Stress acceptance criteria given below refer to elastic stress analyses.

4.8.2  Parts of fuel containment systems where loads are primarily carried by membrane
response in the structure shall satisfy the following limit state criteria:

m<f
o <1.5f
o <1.5F
o +o0, <1.5F
o, + o, <15F
o, +o, +o, <3.0F

o+ o, + o, <3.0F
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where:

» = equivalent primary general membrane stress
. = equivalent primary local membrane stress
» = equivalent primary bending stress

¢ = equivalentsecondary stress

f= R,
Vi Vm Ve

F= R
Vs2:Vm Ve

Guidance Note:

The stress summation described above shall be carried out by summing up each stress
component ( oy, o, 7, ), and subsequently the equivalent stress shall be calculated
based on theresultingstresscomponentsasshowninthe example below

L b Lx bx Lx bx Ly by Ly by Lxy bxy

4.8.3  Parts of fuel containment systems where loads are primarily carried by bending of
girders, stiffeners and plates, shall satisfy the following limit state criteria:

oo+ O, <1.25F (see notes 1, 2)
Cns + O+ O <1L25F  (see note 2)
O + Opp + Oy + Oy

+o,<3.0F

Note 1: The sum of equivalent section membrane stress and equivalent membrane
stress in primary structure ( &, + <y, ) Will normally be directly available
from three-dimensional finite element analyses.

Note 2: The coefficient, 1.25, may be modified by the Administration considering the
design concept, configuration of the structure, and the methodology used for
calculation of stresses.

where;
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e - ; -
= equivalent q Sf[ecortldary and tertiary structure caused by bending of primary
section U structure
membrane i = section bending stress in secondary structure and stress in tertiary
stress In V. structure caused by bending of secondary structure
primary a ) _ _ _
structure | = section bending stress in tertiary structure

€ = equivalent secondary stress

f= R

Vsi*Vm Ve
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F=
Vso Vm Ve

The stresses ©&,s, Gy, Oy, are defined in 4.8.4.
and oy,

Guidance Note:

The stress summation described above shall be carried out by summing up each stress
component ( o, Ty, 7,, ), and subsequently the equivalent stress shall be calculated
based on the resulting stress components.

Skin plates shall be designed in accordance with the requirements of the Administration. When
membrane stress is significant, the effect of the membrane stress on the plate bending capacity shall
be appropriately considered in addition.

4.8.4  Section stress categories
Normal stress is the component of stress normal to the plane of reference.

Equivalent section membrane stress is the component of the normal stress that is uniformly
distributed and equal to the average value of the stress across the cross section of the structure under
consideration. If this is a simple shell section, the section membrane stress is identical to the
membrane stress defined in paragraph 4.8.2 of this standard.

Section bending stress is the component of the normal stress that is linearly distributed over a
structural section exposed to bending action, as illustrated in figure 1.

Obp:equivalentmembrane stressinprimary structure
Obs. sectionbending stressinsecondary structure

Obt:sectionbending stressintertiary structure

1l /J?EJ ol

L 84

Figure 1: Definition of the three categories
of section stress (Stresses oy, and o are
normal tothecross section SF]OWH.)

4.9 The same factors » 7y shall be used for design against buckling unless

cromr

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1
otherwise stated in the applied recognized buckling standard. In any case the overall leve] of
safety shall not be less than given by these factors.

5 FATIGUE LIMIT STATES

5.1 Fatigue design condition as described in 6.4.12.2 shall be complied with as applicable
depending on the fuel containment system concept. Fatigue analysis is required for the fuel
containment system designed under 6.4.16 and this standard.
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5.2 The load factors for FLS shall be taken as 1.0 for all load categories.

5.3 Consequence class factor 7, and resistance factor y, Shall be takenas 1.0.

5.4 Fatigue damage shall be calculated as described in 6.4.12.2.2 to 6.4.12.2.2.5. The
calculated cumulative fatigue damage ratio for the fuel containment systems shall be less than or
equal to the values given in table 3.

Table 3: Maximum allowable cumulative fatigue
damage ratio

Consequence class
C Low Medium High
Y 1.0 0.5 0.5*

Note*: Lower value shall be used in accordance with 6.4.12.2.7 to 6.4.12.2.9,
depending on the detectability of defect or crack, etc.

5.5 Lower values may be fixed by the Administration.

5.6 Crack propagation analyses are required in accordance with 6.4.12.2.6 t0 6.4.12.2.9. The
analysis shall be carried out in accordance with methods laid down in a standard recognized by the
Administration.

6 ACCIDENT LIMIT STATES

6.1 Accident design condition as described in 6.4.12.3 shall be complied with as
applicable, depending on the fuel containment system concept.

6.2 Load and resistance factors may be relaxed compared to the ultimate limit state
considering that damages and deformations can be accepted as long as this does not escalate the
accident scenario.

6.3 The load factors for ALS shall be taken as 1.0 for permanent loads, functional loads
and environmental loads.

6.4 Loads mentioned in 6.4.9.3.3.8 and 6.4.9.5 need not be combined with each other or
with environmental loads, as defined in 6.4.9.4.

6.5 Resistance factor 7= shall in general be taken as 1.0.

6.6 Consequence class factors 7. shall in general be taken as defined in paragraph 4.4

of this standard, but may be relaxed considering the nature of the accident scenario.

6.7 The characteristic resistance R, shall in general be taken as for the ultimate limit

state, but may be relaxed considering the nature of the accident scenario.
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7 TESTING

7.1 Fuel containment systems designed according to this standard shall be tested to the

same extent as described in 16.2, as applicable depending on the fuel containment system
concept.
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PART B-1

Fuel in the context of the regulations in this part means natural gas, either in its liquefied or
gaseous state.

16 MANUFACTURE, WORKMANSHIP AND TESTING

16.1 General

16.1.1 The manufacture, testing, inspection and documentation shall be in accordance with
recognized standards and the regulations given in this Code.

16.1.2 Where post-weld heat treatment is specified or required, the properties of the base
material shall be determined in the heat treated condition, in accordance with the applicable
tables of chapter 7, and the weld properties shall be determined in the heat treated condition in
accordance with 16.3. In cases where a post-weld heat treatment is applied, the test
regulations may be modified at the discretion of the Administration.

162 General test regulations and specifications
16.2.1 Tensiletest

16.2.1.1 Tensile testing shall be carried out in accordance with recognized standards.

16.2.1.2 Tensile strength, yield stress and elongation shall be to the satisfaction of the
Administration. For carbon-manganese steel and other materials with definitive yield points,
consideration shall be given to the limitation of the yield to tensile ratio.

16.2.2 Toughness test

16.2.2.1 Acceptance tests for metallic materials shall include Charpy V-notch toughness tests
unless otherwise specified by the Administration. The specified Charpy V-notch regulations
are minimum average energy values for three full size (10 mm x 10 mm) specimens and
minimum single energy values for individual specimens. Dimensions and tolerances of Charpy
V-notch specimens shall be in accordance with recognized standards. The testing and
regulations for specimens smaller than 5.0 mm in size shall be in accordance with recognized
standards. Minimum average values for sub-sized specimens shall be:

Charpy V-notch specimen size | Minimum average energy of three
(mm) specimens

10x10 KV

10x7.5 5/6 KV

10x 5.0 2/3 KV

where:

KV = the energy values (J) specified in tables 7.1 to 7.4.

Only one individual value may be below the specified average value, provided it is not less
than 70% of that value.
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16.2.2.2 For base metal, the largest size Charpy V-notch specimens possible for the material
thickness shall be machined with the specimens located as near as practicable to a point
midway between the surface and the centre of the thickness and the length of the notch
perpendicular to the surface as shown in figure 16.1.

CIL Specimen { {

Figure 16.1 — Orientation of base metal test specimen

16.2.2.3 For a weld test specimen, the largest size Charpy V-notch specimens possible for
the material thickness shall be machined, with the specimens located as near as practicable to
a point midway between the surface and the centre of the thickness. In all cases the distance from
the surface of the material to the edge of the specimen shall be approximately 1 mm or greater.
In addition, for double-V butt welds, specimens shall be machined closer to the surface of the
second welded section. The specimens shall be taken generally at each of the following locations,
as shown in figure 16.2, on the centreline of the welds, the fusion line and 1 mm, 3 mm and
5 mm from the fusion line.

© Single-V butt weld o
1 mm minimum

CIL Specimen t \.\ {
‘\,\1 / 75 §

Double-V butt weld 1 mm minimum

' 2nd welded side

3 ]
CIL Specimen r t l"\.} 'f
\ * )

123545
l kY

1st welded side

Figure 16.2 — Orientation of weld test specimen

Notch locations in figure 16.2:

A centreline of the weld;

2 on fusion line;

3 in heat-affected zone (HAZ), 1 mm from fusion line;
4 in HAZ, 3 mm from fusion line; and

5 in HAZ, 5 mm from fusion line.
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16.2.2.4 If the average value of the three initial Charpy V-notch specimens fails to meet the
stated regulations, or the value for more than one specimen is below the required average
value, or when the value for one specimen is below the minimum value permitted for a single
specimen, three additional specimens from the same material may be tested and the results
combined with those previously obtained to form a new average. If this new average complies
with the regulations and if no more than two individual results are lower, than the required
average and no more than one result is lower than the required value for a single specimen, the
piece or batch may be accepted.

16.2.3 Bend test

16.2.3.1 The bend test may be omitted as a material acceptance test, but is required for weld
tests. Where a bend test is performed, this shall be done in accordance with recognized
standards.

16.2.3.2 The bend tests shall be transverse bend tests, which may be face, root or side bends at
the discretion of the Administration. However, longitudinal bend tests may be required in lieu of
transverse bend tests in cases where the base material and weld metal have different strength
levels.

16.2.4 Section observation and other testing

Macrosection, microsection observations and hardness tests may also be required by the
Administration, and they shall be carried out in accordance with recognized standards, where
required.

163  Welding of metallic materials and non-destructive testing

for the fuel containment
system

16.3.1 General

This section shall apply to primary and secondary barriers only, including the inner hull where
this forms the secondary barrier. Acceptance testing is specified for carbon, carbon-manganese,
nickel alloy and stainless steels, but these tests may be adapted for other materials. At the
discretion of the Administration, impact testing of stainless steel and aluminium alloy weldments
may be omitted and other tests may be specially required for any material.

16.3.2 Welding consumables

Consumables intended for welding of fuel tanks shall be in accordance with recognized
standards. Deposited weld metal tests and butt weld tests shall be required for all consumables.
The results obtained from tensile and Charpy V-notch impact tests shall be in accordance with
recognized standards. The chemical composition of the deposited weld metal shall be recorded for
information.

16.3.3 Welding procedure tests for fuel tanks and process pressure vessels

16.3.3.1 Welding procedure tests for fuel tanks and process pressure vessels are required for all
butt welds.

16.3.3.2 The test assemblies shall be representative of:

.1 each base material;
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2 each type of consumable and welding process; and

3 each welding position.
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16.3.3.3 For butt welds in plates, the test assemblies shall be so prepared that the rolling
direction is parallel to the direction of welding. The range of thickness qualified by each welding
procedure test shall be in accordance with recognized standards. Radiographic or ultrasonic
testing may be performed at the option of the fabricator.

16.3.3.4 The following welding procedure tests for fuel tanks and process pressure vessels
shall be done in accordance with 16.2 with specimens made from each test assembly:

A

2

5

cross-weld tensile tests;
longitudinal all-weld testing where required by the recognized standards;

transverse bend tests, which may be face, root or side bends. However,
longitudinal bend tests may be required in lieu of transverse bend tests in
cases where the base material and weld metal have different strength levels;

one set of three Charpy V-notch impacts, generally at each of the following
locations, as shown in figure 16.2:

A centreline of the welds;

2 fusion line;

3 1 mm from the fusion line;

4 3 mm from the fusion line; and
5 5 mm from the fusion line;

macrosection, microsection and hardness survey may also be required.

16.3.3.5 Each test shall satisfy the following:

A

tensile tests: cross-weld tensile strength is not to be less than the specified
minimum tensile strength for the appropriate parent materials. For aluminium
alloys, reference shall be made to 6.4.12.1.1.3 with regard to the regulations
for weld metal strength of under-matched welds (where the weld metal has a
lower tensile strength than the parent metal). In every case, the position of
fracture shall be recorded for information;

bend tests: no fracture is acceptable after a 180° bend over a former of a
diameter four times the thickness of the test pieces; and

Charpy V-notch impact tests: Charpy V-notch tests shall be conducted at the
temperature prescribed for the base material being joined. The results of
weld metal impact tests, minimum average energy (KV), shall be no less
than 27 J. The weld metal regulations for sub-size specimens and single
energy values shall be in accordance with 16.2.2. The results of fusion line
and heat affected zone impact tests shall show a minimum average energy
(KV) in accordance with the transverse or longitudinal regulations of the base
material, whichever is applicable, and for sub-size specimens, the minimum
average energy (KV) shall be in accordance with 16.2.2. If the material
thickness does not permit machining either full-size or standard sub-size
specimens, the testing procedure and acceptance standards shall be in
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accordance with recognized standards.
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16.3.3.6 Procedure tests for fillet welding shall be in accordance with recognized standards. In
such cases, consumables shall be so selected that exhibit satisfactory impact properties.

16.3.4 Welding procedure tests for piping

Welding procedure tests for piping shall be carried out and shall be similar to those detailed for
fuel tanks in 16.3.3.

16.3.5 Production weld tests

16.3.5.1 For all fuel tanks and process pressure vessels except membrane tanks, production
weld tests shall generally be performed for approximately each 50 m of butt-weld joints and
shall be representative of each welding position. For secondary barriers, the same type
production tests as required for primary tanks shall be performed, except that the number of
tests may be reduced subject to agreement with the Administration. Tests, other than those
specified in 16.3.5.2 to 16.3.5.5 may be required for fuel tanks or secondary barriers.

16.3.5.2 The production tests for types A and B independent tanks shall include bend tests
and, where required for procedure tests, one set of three Charpy V-notch tests. The tests shall be
made for each 50 m of weld. The Charpy V-notch tests shall be made with specimens having
the notch alternately located in the centre of the weld and in the heat affected zone (most
critical location based on procedure qualification results). For austenitic stainless steel, all
notches shall be in the centre of the weld.

16.3.5.3 For type C independent tanks and process pressure vessels, transverse weld tensile tests
are required in addition to the tests listed in 16.3.5.2. Tensile tests shall meet regulation
16.3.3.5.

16.3.5.4 The quality assurance/quality control (QA/QC) program shall ensure the continued
conformity of the production welds as defined in the material manufacturers quality manual

(QM).

16.3.5.5 The test regulations for membrane tanks are the same as the applicable test
regulations listed in 16.3.3.

16.3.6 Non-destructivetesting

16.3.6.1 All test procedures and acceptance standards shall be in accordance with recognized
standards, unless the designer specifies a higher standard in order to meet design assumptions.
Radiographic testing shall be used in principle to detect internal defects. However, an approved
ultrasonic test procedure in lieu of radiographic testing may be conducted, but in addition
supplementary radiographic testing at selected locations shall be carried out to verify the results.
Radiographic and ultrasonic testing records shall be retained.

16.3.6.2 For type A independent tanks where the design temperature is below -20°C, and for
type B independent tanks, regardless of temperature, all full penetration butt welds of the shell
plating of fuel tanks shall be subjected to non-destructive testing suitable to detect internal
defects over their full length. Ultrasonic testing in lieu of radiographic testing may be carried out
under the same conditions as described in 16.3.6.1.

16.3.6.3 In each case the remaining tank structure, including the welding of stiffeners and other
fittings and attachments, shall be examined by magnetic particle or dye penetrant methods as
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considered necessary.
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16.3.6.4 For type C independent tanks, the extent of non-destructive testing shall be total or
partial according to recognized standards, but the controls to be carried out shall not be less
than the following:

A Total non-destructive testing referred to in 6.4.15.3.2.1.3
Radiographic testing:
A all butt welds over their full length.

Non-destructive testing for surface crack detection:

2 all welds over 10% of their length;

3 reinforcement rings around holes, nozzles, etc. over their full length.

As an alternative, ultrasonic testing, as described in 16.3.6.1, may be
accepted as a partial substitute for the radiographic testing. In addition, the
Administration may require total ultrasonic testing on welding of
reinforcement rings around holes, nozzles, etc.

2 Partial non-destructive testing referred to in 6.4.15.3.2.1.3:
Radiographic testing:

A all butt welded crossing joints and at least 10% of the full length of
butt welds at selected positions uniformly distributed.

Non-destructive testing for surface crack detection:

2 reinforcement rings around holes, nozzles, etc. over their full length.
Ultrasonic testing:
3 as may be required by the Administration in each instance.

16.3.6.5 The quality assurance/quality control (QA/QC) program shall ensure the continued
conformity of the non-destructive testing of welds, as defined in the material manufacturer's
quality manual (QM).

16.3.6.6 Inspection of piping shall be carried out in accordance with the regulations of
chapter 7.

16.3.6.7 The secondary barrier shall be non-destructive tested for internal defects as
considered necessary. Where the outer shell of the hull is part of the secondary barrier, all
sheer strake butts and the intersections of all butts and seams in the side shell shall be tested by
radiographic testing.

164 Other regulations for construction in metallic materials

16.4.1 General
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Inspection and non-destructive testing of welds shall be in accordance with regulations in
16.3.5 and 16.3.6. Where higher standards or tolerances are assumed in the design, they shall
also be satisfied.
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16.4.2 Independenttank

For type C tanks and type B tanks primarily constructed of bodies of revolution the tolerances
relating to manufacture, such as out-of-roundness, local deviations from the true form, welded
joints alignment and tapering of plates having different thicknesses, shall comply with
recognized standards. The tolerances shall also be related to the buckling analysis referred to in
6.4.15.2.3.1and 6.4.15.3.3.2.

16.4.3 Secondary barriers

During construction the regulations for testing and inspection of secondary barriers shall be
approved or accepted by the Administration (see also 6.4.4.5 and 6.4.4.6).

16.4.4 Membrane tanks

The quality assurance/quality control (QA/QC) program shall ensure the continued conformity of
the weld procedure qualification, design details, materials, construction, inspection and
production testing of components. These standards and procedures shall be developed during the
prototype testing programme.

165 Testing
16.5.1 Testing and inspections during construction

16.5.1.1 All liquefied gas fuel tanks and process pressure vessels shall be subjected to
hydrostatic or hydro-pneumatic pressure testing in accordance with 16.5.2 to 16.5.5, as
applicable for the tank type.

16.5.1.2 All tanks shall be subject to a tightness test which may be performed in combination
with the pressure test referred to in 16.5.1.1.

16.5.1.3 The gas tightness of the fuel containment system with reference to 6.3.3 shall be
tested.

16.5.1.4 Regulations with respect to inspection of secondary barriers shall be decided by the
Administration in each case, taking into account the accessibility of the barrier (see also 6.4.4).

16.5.1.5 The Administration may require that for ships fitted with novel type B independent tanks,
or tanks designed according to 6.4.16 at least one prototype tank and its support shall be
instrumented with strain gauges or other suitable equipment to confirm stress levels during the
testing required in 16.5.1.1. Similar instrumentation may be required for type C independent tanks,
depending on their configuration and on the arrangement of their supports and attachments.

16.5.1.6 The overall performance of the fuel containment system shall be verified for compliance
with the design parameters during the first LNG bunkering, when steady thermal conditions of
the liquefied gas fuel are reached, in accordance with the requirements of the Administration.
Records of the performance of the components and equipment, essential to verify the design
parameters, shall be maintained on board and be available to the Administration.

16.5.1.7 The fuel containment system shall be inspected for cold spots during or immediately
following the first LNG bunkering, when steady thermal conditions are reached. Inspection of
the integrity of thermal insulation surfaces that cannot be visually checked shall be carried out
in accordance with the requirements of the Administration.

IAMSC\95\MSC 95-22-ADD.1



MSC 95/22/Add.1

Annov 1 nann 19292

16.5.1.8 Heating arrangements, if fitted in accordance with 6.4.13.1.1.3 and 6.4.13.1.1.4, shall
be tested for required heat output and heat distribution.
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16.5.2 Type A independent tanks

All type A independent tanks shall be subjected to a hydrostatic or hydro-pneumatic pressure
testing. This test shall be performed such that the stresses approximate, as far as practicable, the
design stresses, and that the pressure at the top of the tank corresponds at least to the MARVS.
When a hydropneumatic test is performed, the conditions shall simulate, as far as practicable,
the design loading of the tank and of its support structure including dynamic components,
while avoiding stress levels that could cause permanent deformation.

16.5.3 Type B independent tanks

Type B independent tanks shall be subjected to a hydrostatic or hydro-pneumatic pressure
testing as follows:

A The test shall be performed as required in 16.5.2 for type A independent
tanks.
2 In addition, the maximum primary membrane stress or maximum bending

stress in primary members under test conditions shall not exceed 90% of the
yield strength of the material (as fabricated) at the test temperature. To
ensure that this condition is satisfied, when calculations indicate that this
stress exceeds 75% of the yield strength the test of the first of a series of
identical tanks shall be monitored by the use of strain gauges or other
suitable equipment.

16.5.4 Type Cindependent tanks and other pressure vessels

16.5.4.1 Each pressure vessel shall be subjected to a hydrostatic test at a pressure measured at
the top of the tanks, of not less than 1.5 Po. In no case during the pressure test shall the
calculated primary membrane stress at any point exceed 90% of the yield strength of the
material at the test temperature. To ensure that this condition is satisfied where calculations
indicate that this stress will exceed 0.75 times the yield strength, the test of the first of a series of
identical tanks shall be monitored by the use of strain gauges or other suitable equipment in
pressure vessels other than simple cylindrical and spherical pressure vessels.

16.5.4.2 The temperature of the water used for the test shall be at least 30°C above the nil-
ductility transition temperature of the material, as fabricated.

16.5.4.3 The pressure shall be held for 2 hours per 25 mm of thickness, but in no case less
than 2 hours.

16.5.4.4 Where necessary for liquefied gas fuel pressure vessels, a hydro-pneumatic test may be
carried out under the conditions prescribed in 16.5.4.1 t0 16.5.4.3.

16.5.4.5 Special consideration may be given to the testing of tanks in which higher allowable
stresses are used, depending on service temperature. However, regulation in 16.5.4.1 shall be
fully complied with.

16.5.4.6 After completion and assembly, each pressure vessel and its related fittings shall be
subjected to an adequate tightness test, which may be performed in combination with the
pressure testing referred to in 16.5.4.1 or 16.5.4.4 as applicable.
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16.5.4.7 Pneumatic testing of pressure vessels other than liquefied gas fuel tanks shall be
considered on an individual case basis. Such testing shall only be permitted for those vessels
designed or supported such that they cannot be safely filled with water, or for those vessels
that cannot be dried and are to be used in a service where traces of the testing medium cannot be
tolerated.

16.5.5 Membrane tanks
16.5.5.1 Design development testing

16.5.5.1.1The design development testing required in 6.4.15.4.1.2 shall include a series of
analytical and physical models of both the primary and secondary barriers, including corners
and joints, tested to verify that they will withstand the expected combined strains due to static,
dynamic and thermal loads at all filling levels. This will culminate in the construction of a
prototype scaled model of the complete liquefied gas fuel containment system. Testing
conditions considered in the analytical and physical model shall represent the most extreme
service conditions the liquefied gas fuel containment system will be likely to encounter over its
life. Proposed acceptance criteria for periodic testing of secondary barriers required in 6.4.4
may be based on the results of testing carried out on the prototype scaled model.

16.5.5.1.2 The fatigue performance of the membrane materials and representative welded or
bonded joints in the membranes shall be determined by tests. The ultimate strength and fatigue
performance of arrangements for securing the thermal insulation system to the hull structure
shall be determined by analyses or tests.

16.5.5.2 Testing

A In ships fitted with membrane liquefied gas fuel containment systems, all
tanks and other spaces that may normally contain liquid and are adjacent to
the hull structure supporting the membrane, shall be hydrostatically tested.

2 All hold structures supporting the membrane shall be tested for tightness
before installation of the liquefied gas fuel containment system.

3 Pipe tunnels and other compartments that do not normally contain liquid
need not be hydrostatically tested.

166 Welding, post-weld heat treatment and non-destructive
testing

16.6.1 General

Welding shall be carried out in accordance with 16.3.

16.6.2 Post-weld heat treatment

Post-weld heat treatment shall be required for all butt welds of pipes made with carbon,
carbon-manganese and low alloy steels. The Administration may waive the regulations for
thermal stress relieving of pipes with wall thickness less than 10 mm in relation to the design
temperature and pressure of the piping system concerned.
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16.6.3 Non-destructivetesting

In addition to normal controls before and during the welding, and to the visual inspection of the
finished welds, as necessary for proving that the welding has been carried out correctly and
according to the regulations in this paragraph, the following tests shall be required:

A 100% radiographic or ultrasonic inspection of butt-welded joints for piping
systems with;
A design temperatures colder than minus 10°C; or
2 design pressure greater than 1.0 MPa; or
3 gas supply pipes in ESD protected machinery spaces; or
4 inside diameters of more than 75 mm; or
5 wall thicknesses greater than 10 mm.
2 When such butt welded joints of piping sections are made by automatic

welding procedures approved by the Administration, then a progressive
reduction in the extent of radiographic or ultrasonic inspection can be agreed,
but in no case to less than 10% of each joint. If defects are revealed the extent of
examination shall be increased to 100% and shall include inspection of
previously accepted welds. This approval can only be granted if well-
documented quality assurance procedures and records are available to assess the
ability of the manufacturer to produce satisfactory welds consistently.

3 The radiographic or ultrasonic inspection regulation may be reduced to 10%
for butt-welded joints in the outer pipe of double-walled fuel piping.

4 For other butt-welded joints of pipes not covered by 16.6.3.1 and 16.6.3.3,
spot radiographic or ultrasonic inspection or other non-destructive tests shall
be carried out depending upon service, position and materials. In general, at
least 10% of butt-welded joints of pipes shall be subjected to radiographic or
ultrasonic inspection.

167 Testing regulations

16.7.1 Type testing of piping components

Valves

Each type of piping component intended to be used at a working temperature below
minus 55°C shall be subject to the following type tests:

A Each size and type of valve shall be subjected to seat tightness testing over the
full range of operating pressures and temperatures, at intervals, up to the rated
design pressure of the valve. Allowable leakage rates shall be to the
requirements of the Administration During the testing satisfactory operation
of the valve shall be verified.

2 The flow or capacity shall be certified to a recognized standard for each size
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and type of valve.
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3 Pressurized components shall be pressure tested to at least 1.5 times the
design pressure.

4 For emergency shutdown valves, with materials having melting temperatures
lower than 925°C, the type testing shall include a fire test to a standard at
least equivalent to those acceptable to the Organization.3?

16.7.2 Expansion bellows

The following type tests shall be performed on each type of expansion bellows intended for use
on fuel piping outside the fuel tank as found acceptable in 7.3.6.4.3.1.3 and where required by the
Administration, on those installed within the fuel tanks:

A Elements of the bellows, not pre-compressed, but axially restrained shall be
pressure tested at not less than five times the design pressure without
bursting. The duration of the test shall not be less than five minutes.

2 A pressure test shall be performed on a type expansion joint, complete with
all the accessories such as flanges, stays and articulations, at the minimum
design temperature and twice the design pressure at the extreme
displacement conditions recommended by the manufacturer without
permanent deformation.

3 A cyclic test (thermal movements) shall be performed on a complete
expansion joint, which shall withstand at least as many cycles under the
conditions of pressure, temperature, axial movement, rotational movement
and transverse movement as it will encounter in actual service. Testing at
ambient temperature is permitted when this testing is at least as severe as
testing at the service temperature.

4 A cyclic fatigue test (ship deformation, ship accelerations and pipe vibrations)
shall be performed on a complete expansion joint, without internal pressure,
by simulating the bellows movement corresponding to a compensated pipe
length, for at least 2,000,000 cycles at a frequency not higher than 5 Hz. This
test is only required when, due to the piping arrangement, ship deformation
loads are actually experienced.

16.7.3 System testing regulations

16.7.3.1 The regulations for testing in this section apply to fuel piping inside and outside the
fuel tanks. However, relaxation from these regulations for piping inside fuel tanks and open
ended piping may be accepted by the Administration.

16.7.3.2 After assembly, all fuel piping shall be subjected to a strength test with a suitable fluid.
The test pressure shall be at least 1.5 times the design pressure for liquid lines and 1.5 times the
maximum system working pressure for vapour lines. When piping systems or parts of
systems are completely manufactured and equipped with all fittings, the test may be conducted
prior to installation on board the ship. Joints welded on board shall be tested to at least 1.5
times the design pressure.

82 Refer to the recommendations by the International Organization for Standardization, in particular publications:
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ISO 19921:2005, Ships and marine technology — Fire resistance of metallic pipe components with
resilient and elastomeric seals — Test methods

ISO 19922:2005, Ships and marine technology — Fire resistance of metallic pipe components with
resilient and elastomeric seals — Requirements imposed on the test bench
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16.7.3.3 After assembly on board, the fuel piping system shall be subjected to a leak test using
air, or other suitable medium to a pressure depending on the leak detection method applied.

16.7.3.4 In double wall fuel piping systems the outer pipe or duct shall also be pressure tested to
show that it can withstand the expected maximum pressure at pipe rupture.

16.7.3.5 All piping systems, including valves, fittings and associated equipment for handling
fuel or vapours, shall be tested under normal operating conditions not later than at the first
bunkering operation, in accordance with the requirements of the Administration.

16.7.3.6 Emergency shutdown valves in liquefied gas piping systems shall close fully and
smoothly within 30 s of actuation. Information about the closure time of the valves and their
operating characteristics shall be available on board, and the closing time shall be verifiable
and repeatable.

16.7.3.7 The closing time of the valve referred to in 8.5.8 and 15.4.2.2 (i.e. time from shutdown
signal initiation to complete valve closure) shall not be greater than:

360
oU (second)

@R
where:
U = ullage volume at operating signal level (md);

BR = maximum bunkering rate agreed between ship and shore facility
(md/h); or

5 seconds, whichever is the least.

The bunkering rate shall be adjusted to limit surge pressure on valve closure to an acceptable level,
taking into account the bunkering hose or arm, the ship and the shore piping systems, where
relevant.
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PART C-1

Fuel in the context of the regulations in this part means natural gas, either in its liquefied or
gaseous state.

17 DRILLS AND EMERGENCY EXERCISES
Drills and emergency exercises on board shall be conducted at regular intervals. Such

gas-related exercises could include for example:

N tabletop exercise;

2 review of fueling procedures based in the fuel handling manual required
by 18.2.3;

3 responses to potential contingences;

4 tests of equipment intended for contingency response; and

5 reviews that assigned seafarers are trained to perform assigned duties

during fuelling and contingency response.

Gas related exercises may be incorporated into periodical drills required by SOLAS.

The response and safety system for hazards and accident control shall be reviewed and tested.

18 OPERATION
18.1 Goal

The goal of this chapter is to ensure that operational procedures for the loading, storage,
operation, maintenance, and inspection of systems for gas or low-flashpoint fuels minimize the risk
to personnel, the ship and the environment and that are consistent with practices for a
conventional oil fuelled ship whilst taking into account the nature of the liquid or gaseous fuel.

182 Functional requirements
This chapter relates to the functional requirementsin 3.2.1t03.2.3,3.2.9,3.2.11, 3.2.15, 3.2.16
and 3.2.17. In particular the following apply:
A a copy of this Code, or national regulations incorporating the provisions of
this Code, shall be on board every ship covered by this Code;

2 maintenance procedures and information for all gas related installations shall
be available on board;

3 the ship shall be provided with operational procedures including a suitably
detailed fuel handling manual, such that trained personnel can safely operate
the fuel bunkering, storage and transfer systems; and
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4 the ship shall be provided with suitable emergency procedures.
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183 Regulations for maintenance

18.3.1  Maintenance and repair procedures shall include considerations with respect to the
tank location and adjacent spaces (see chapter 5).

18.3.2 In-service survey, maintenance and testing of the fuel containment system are to be
carried out in accordance with the inspection/survey plan required by 6.4.1.8.

18.3.3 The procedures and information shall include maintenance of electrical equipment
that is installed in explosion hazardous spaces and areas. The inspection and maintenance of
electrical installations in explosion hazardous spaces shall be performed in accordance with a
recognized standard.®

184 Regulations for bunkering operations
18.4.1 Responsibilities

18.4.1.1 Before any bunkering operation commences, the master of the receiving ship or his
representative and the representative of the bunkering source (Persons In Charge, PIC) shall:

A agree in writing the transfer procedure, including cooling down and if
necessary, gassing up; the maximum transfer rate at all stages and volume to
be transferred,

2 agree in writing action to be taken in an emergency; and
3 complete and sign the bunker safety check-list.

18.4.1.2 Upon completion of bunkering operations the ship PIC shall receive and sign a Bunker
Delivery Note for the fuel delivered, containing at least the information specified in the annex
to part C-1, completed and signed by the bunkering source PIC.

18.4.2 Overview of control, automation and safety systems
18.4.2.1 The fuel handling manual required by 18.2.3 shall include but is not limited to:

A overall operation of the ship from dry-dock to dry-dock, including procedures
for system cool down and warm up, bunker loading and, where appropriate,
discharging, sampling, inerting and gas freeing;

2 bunker temperature and pressure control, alarm and safety systems;

3 system limitations, cool down rates and maximum fuel storage tank
temperatures prior to bunkering, including minimum fuel temperatures,
maximum tank pressures, transfer rates, filling limits and sloshing limitations;

4 operation of inert gas systems;

5 firefighting and emergency procedures: operation and maintenance of
firefighting systems and use of extinguishing agents;

6 specific fuel properties and special equipment needed for the safe handling of
the particular fuel;
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33 Refer to IEC 60079 17:2007 Explosive atmospheres — part 17: Electrical installations inspection and

maintenance.
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7 fixed and portable gas detection operation and maintenance of equipment;
8 emergency shutdown and emergency release systems, where fitted; and
9 a description of the procedural actions to take in an emergency situation,

such as leakage, fire or potential fuel stratification resulting in rollover.

18.4.2.2 A fuel system schematic/piping and instrumentation diagram (P&ID) shall be
reproduced and permanently mounted in the ship's bunker control station and at the bunker
station.

18.4.3 Pre-bunkering verification

18.4.3.1 Prior to conducting bunkering operations, pre-bunkering verification including, but not
limited to the following, shall be carried out and documented in the bunker safety checklist:

A all communications methods, including ship shore link (SSL), if fitted;
2 operation of fixed gas and fire detection equipment;

3 operation of portable gas detection equipment;

4 operation of remote controlled valves; and

5 inspection of hoses and couplings.

18.4.3.2 Documentation of successful verification shall be indicated by the mutually agreed
and executed bunkering safety checklist signed by both PIC's.

18.4.4 Ship bunkering source communications

18.4.4.1 Communications shall be maintained between the ship PIC and the bunkering source
PIC at all times during the bunkering operation. In the event that communications cannot be
maintained, bunkering shall stop and not resume until communications are restored.

18.4.4.2 Communication devices used in bunkering shall comply with recognized standards
for such devices acceptable to the Administration.

18.4.4.3 PIC's shall have direct and immediate communication with all personnel involved in
the bunkering operation.

18.4.4.4 The ship shore link (SSL) or equivalent means to a bunkering source provided for
automatic ESD communications, shall be compatible with the receiving ship and the delivering
facility ESD system.3*

18.4.5 Electrical bonding

Hoses, transfer arms, piping and fittings provided by the delivering facility used for bunkering
shall be electrically continuous, suitably insulated and shall provide a level of safety compliant
with recognized standards.

34 Refer to 1ISO 28460, ship-shore interface and port operations.
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35 Refer to APl RP 2003, ISGOTT: International Safety Guide for Oil Tankers and Terminals.
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18.4.6 Conditions for transfer

18.4.6.1 Warning signs shall be posted at the access points to the bunkering area listing fire
safety precautions during fuel transfer.

18.4.6.2 During the transfer operation, personnel in the bunkering manifold area shall be
limited to essential staff only. All staff engaged in duties or working in the vicinity of the
operations shall wear appropriate personal protective equipment (PPE). A failure to maintain
the required conditions for transfer shall be cause to stop operations and transfer shall not be
resumed until all required conditions are met.

18.4.6.3 Where bunkering is to take place via the installation of portable tanks, the procedure
shall provide an equivalent level of safety as integrated fuel tanks and systems. Portable tanks
shall be filled prior to loading on board the ship and shall be properly secured prior to
connection to the fuel system.

18.4.6.4 For tanks not permanently installed in the ship, the connection of all necessary tank
systems (piping, controls, safety system, relief system, etc.) to the fuel system of the ship is
part of the "bunkering"” process and shall be finished prior to ship departure from the bunkering
source. Connecting and disconnecting of portable tanks during the sea voyage or manoeuvring is
not permitted.

185 Regulations for enclosed space entry

18.5.1 Under normal operational circumstances, personnel shall not enter fuel tanks, fuel
storage hold spaces, void spaces, tank connection spaces or other enclosed spaces where gas
or flammable vapours may accumulate, unless the gas content of the atmosphere in such space
is determined by means of fixed or portable equipment to ensure oxygen sufficiency and
absence of an explosive atmosphere.

18.5.2 Personnel entering any space designated as a hazardous area shall not introduce any
potential source of ignition into the space unless it has been certified gas-free and
maintained in that condition.

186 Regulations for inerting and purging of fuel systems

18.6.1 The primary objective in inerting and purging of fuel systems is to prevent the
formation of a combustible atmosphere in, near or around fuel system piping, tanks, equipment
and adjacent spaces.

18.6.2 Procedures for inerting and purging of fuel systems shall ensure that air is not
introduced into piping or a tank containing gas atmospheres, and that gas is not introduced
into air contained in enclosures or spaces adjacent to fuel systems.

187 Regulations for hot work on or near fuel systems

18.7.1 Hot work in the vicinity of fuel tanks, fuel piping and insulation systems that may be
flammable, contaminated with hydrocarbons, or that may give off toxic fumes as a product of
combustion shall only be undertaken after the area has been secured and proven safe for hot
work and all approvals have been obtained.
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36 Refer to the Revised recommendations for entering enclosed spaces aboard ships (A.1050(27)).
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ANNEX
SHIP NAME: IMO NO.:
Date of delivery:
1. LNG-Properties
Methane number -
Lower calorific (heating) value MJ/kg
Higher calorific (heating) value MJ/kg
Wobbe Indices Ws / Wi MJ/m?
Density kg/m?
Pressure MPa (abs)
LNG temperature delivered °C
LNG temperature in storage tank(s) °C
Pressure in storage tank(s) MPa (abs)
2. LNG-Composition
Methane, CH4 % (kag/kg)
Ethane, C2Hs % (kg/kg)
Propane, C3Hs % (kg/kg)
Isobutane, i CsH1o % (kg/kg)
N-Butane, n C4H1o % (kg/kg)
Pentane, CsHi2 % (kg/kg)
Hexane; CsH14 % (kag/kg)
Heptane; C7H1e6 % (kg/kg)
Nitrogen, N2 % (kg/kg)
Sulphur, S % (kag/kg)
negligible<5ppm hydrogen sulphide, hydrogen, ammonia, chlorine, fluorine, water

3. Net Total delivered: t, MJ m3
Net Liquid delivery: GJ

4, Signature(s):

Supplier Company Name, contact details:

Signature: Place/Port, date:

Receiver:
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The LNG properties and composition allow the operator to act in accordance with the known properties of
the gas and any operational limitations linked to that.

Preferably above 70 and referring to the used methane number calculation method in DIN EN 16726.
This does not necessarily reflect the methane number that goes into the engine.
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PART D
19 TRAINING
19.1 Goal

The goal of this chapter is to ensure that seafarers on board ships to which this Code applies are
adequately qualified, trained and experienced.

192 Functional requirements
Companies shall ensure that seafarers on board ships using gases or other low-flashpoint fuels
shall have completed training to attain the abilities that are appropriate to the capacity to be filled

and duties and responsibilities to be taken up, taking into account the provisions given inthe STCW
Convention and Code, as amended.

ANNEX 11

RESOLUTION MSC.285(86)
(adopted on 1 June 2009)

INTERIM GUIDELINES ON SAFETY FOR NATURAL GAS-FUELLED
ENGINE INSTALLATIONS IN SHIPS

THE MARITIME SAFETY COMMITTEE,

RECALLING Article 28(b) of the Convention on the International
Organization concerning the functions of the Committee,

NOTING that the International Convention for the Safety of Life at Sea, 1974
currently does not have any provisions for use of gas as fuel on ships other than gas carriers,

RECOGNIZING a need for the development of a code for gas-fuelled ships,

ACKNOWLEDGING that, in the interim, there is an urgent need to provide guidance
to the Administrations on the gas-fuelled engine installations in ships,

HAVING CONSIDERED the Interim Guidelines prepared by the Sub-Committee
on Bulk Liquids and Gases at its thirteenth session,

1. ADOPTS the Interim Guidelines on safety for natural gas-fuelled engine installations in
ships, the text of which is set out in the Annex to the present resolution;

2. INVITES Governments to apply the Interim Guidelines to gas-fuelled ships other than
those covered by the IGC Code;



3. URGES Member Governments and the industry to submit informatidvlSGb86r/26tiadd, 1
comments and recommendations based on the practical experience gained through the
application of these Interim Guidelines and submit relevant safety analysis on gas-fuelled
installations;

4, AGREES to continue the work on the development of the International Code of Safety for
Gas-fuelled Ships (IGF Code).
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INTERIM GUIDELINES ON SAFETY FOR
NATURAL GAS-FUELLED ENGINE INSTALLATIONS
IN SHIPS
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PREAMBLE

1 These Interim Guidelines have been developed to provide an international standard for
ships, other than vessels covered by the IGC Code, with natural gas-fuelled engine installations.

2 The goal of these Interim Guidelines is to provide criteria for the arrangement and
installation of machinery for propulsion and auxiliary purposes, using natural gas as fuel, which
will have an equivalent level of integrity in terms of safety, reliability and dependability as that
which can be achieved with a new and comparable conventional oil-fuelled main and auxiliary

machinery.

3 To achieve this goal, the functional requirements described below are embodied in the
relevant parts of these Interim Guidelines:

1

.10

Minimize hazardous areas as far as is practicable to reduce the potential risks that
might affect the safety of the ship, personnel and equipment.

Minimize equipment installed in hazardous areas to that required for operational
purposes. Equipment installed in hazardous areas should be suitable and
appropriately certified.

Arrange hazardous areas to ensure pockets of gas cannot accumulate under normal
and foreseeable failure conditions.

Arrange propulsion and electrical power generating installation to be capable of
sustained or restored operation in the event that a gas-fuelled essential service
becomes inoperative.

Provide ventilation to protect personnel from an oxygen deficient atmosphere in
the event of a gas leakage.

Minimize the number of ignition sources in hazardous spaces by design,
arrangements and selection of suitable equipment.

Arrange safe and suitable gas fuel storage and bunkering arrangements capable of
taking on board and containing the gas fuel in the required state without leakage
and overpressure.

Provide gas piping systems, containment and overpressure relief arrangements
that are of suitable design, construction and installation for their intended
application.

Design, construct, install, operate and protect gas-fuelled machinery, gas system
and components to achieve safe and reliable operation consistent with that of
oil-fuelled machinery.

Arrange and locate gas storage tank rooms and machinery spaces such that a fire
or explosion in either will not render the machinery/equipment in other
compartments inoperable.
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ANNEX 11
.11 Provide safe and reliable gas-fuel control engineering arrangements consistent
with those of oil-fuelled machinery.
.12 Provide appropriate selection of certified equipment and materials that are suitable
for use within gas systems.
.13 Provide gas detection systems suitable for the space concerned together with
monitoring, alarm and shutdown arrangements.
.14 Provide protection against the potential effects of a gas-fuel explosion.
.15 Prevent explosion and hazardous consequences.
.16 Provide fire detection, protection and extinction measures appropriate to the
hazards concerned.
.17 Provide a level of confidence in a gas-fuelled unit that is equivalent to that for
an oil-fuelled unit.
.18  Ensure that commissioning, trials and maintenance of gas utilization machinery
satisfy the goal in terms of reliability, availability and safety.
.19 Provide provision for procedures detailing the guidelines for safe routine and
unscheduled inspection and maintenance.
.20 Provide operational safety through appropriate training and certification of crew.
.21 Provide for submission of technical documentation in order to permit an
assessment of the compliance of the system and its components with the
applicable rules and guidelines.
4 The Interim Guidelines address the safety of ships utilizing natural gas as fuel.
5 Natural gas (dry) is defined as gas without condensation at common operating pressures

and temperatures where the predominant component is methane with some ethane and small
amounts of heavier hydrocarbons (mainly propane and butane).

6 The gas composition can vary depending on the source of natural gas and the processing
of the gas. Typical composition in volume (%):
Methane (Cy) 94.0%

Ethane (C>) 4.7%
Propane (C3) 0.8%
Butane (C4+) 0.2%
Nitrogen 0.3%
Density gas 0.73 kg/sm®
Density liquid 0.45 kg/dm?®
Calorific value (low) 49.5 MJ/kg
Methane number 83
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The gas may be stored and distributed as compressed natural gas (CNG) or liquefied natural gas
(LNG).

1:\MSC\86\26-Add-



MSC 86/26/Add.1
ANNEX 11

CHAPTER 1
GENERAL

1.1 Application

1.1.1 These Interim Guidelines apply to internal combustion engine installations in ships using
natural gas as fuel. The engines may use either a single fuel (gas) or dual fuel (gas and oil fuel),
and the gas may be stored in gaseous or liquid state.

1.1.2 These Interim Guidelines should be applied in addition to the relevant provisions of the
International Convention for the Safety of Life at Sea (SOLAS), 1974 and the Protocol of 1988
relating thereto, as amended.

1.1.3 The Interim Guidelines are applicable to new ships. Application to existing ships should
be decided by the Administration to the extent it deems necessary.

1.2  Hazards

These Guidelines address the hazards related to the arrangements for the storage, distribution and
use of natural gas as a fuel.

1.3 Definitions

For the purpose of these Guidelines, unless otherwise stated below, definitions are as defined in
SOLAS chapter 11-2.

1.3.1 Accidents mean uncontrolled events that may entail the loss of human life, personal
injuries, environmental damage or the loss of assets and financial interests.

1.3.2 Certified safe type means electrical equipment that is certified safe by a recognized body
based on a recognized standard’. The certification of electrical equipment is to correspond to the
category and group for methane gas.

1.3.3 CNG means compressed natural gas.

1.3.4 Control stations mean those spaces defined in SOLAS chapter 11-2 and additionally for
these Guidelines, the engine control room.

1.3.5 Double block and bleed valve means a set of three automatic valves located at the fuel
supply to each of the gas engines.

1.3.6 Dual fuel engines mean engines that can burn natural gas and fuel oil oil fuel
simultaneously or operate on oil fuel or gas only.

1.3.7 Enclosed space means any space within which, in the absence of artificial ventilation, the
ventilation will be limited and any explosive atmosphere will not be dispersed naturally?.

Refer to IEC 60079 series, Explosive atmospheres and IEC 60092-502:1999 Electrical Installations in Ships -
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Tankers - Special Features.
See also definition in IEC 60092-502:1999.
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1.3.8 ESD means emergency shutdown.
1.3.9 Explosion means a deflagration event of uncontrolled combustion.

1.3.10 Explosion pressure relief means measures provided to prevent the explosion pressure in
a container or an enclosed space exceeding the maximum overpressure the container or space is
designed for, by releasing the overpressure through designated openings.

1.3.11 Gas means a fluid having a vapour pressure exceeding 2.8 bar absolute at a temperature
of 37.8°C.

1.3.12 Hazardous area means an area in which an explosive gas atmosphere or a flammable
gas (flashpoint below 60°C) is or may be expected to be present, in quantities such as to require
special precautions for the construction, installation and use of electrical apparatus.

Hazardous areas are divided into zones 0, 1 and 2 as defined below?:

A Zone 0 is an area in which an explosive gas atmosphere or a flammable gas with
a flashpoint below 60°C is present continuously or is present for long periods.

2 Zone | is an area in which an explosive gas atmosphere or a flammable gas with
aflashpointbelow60°C islikelyto occurinnormal operation.

3 Zone 2 is an area in which an explosive gas atmosphere or a flammable gas with
a flashpoint below 60°C is not likely to occur in normal operation and, if it does
occur, is likely to do so only infrequently and will exist for a short period only.

1.3.13 Non-hazardous area means an area which is not considered to be hazardous,
i.e. gas safe, provided certain conditions are being met.

1.3.14 High-pressure piping means gas fuel piping with maximum working pressure greater
than 10 bar.

1.3.15 |EC means the International Electrotechnical Commission.

1.3.16 1GC Code means the International Code for the Construction and Equipment of Ships
Carrying Liquefied Gases in Bulk, as amended.

1.3.17 LEL means the lower explosive limit.
1.3.18 LNG means liquefied natural gas (refer to 1.3.22).

1.3.19 Main tank valve means a remote operated valve on the gas outlet from a gas storage
tank, located as close to the tank outlet point as possible.

1.3.20 MARVS means the maximum allowable relief valve setting of a gas tank.

1.3.21 Master gas fuel valve means an automatic valve in the gas supply line to each engine
located outside the machinery space for gas-fuelled engines and as close to the gas heater
(if fitted) as possible.

% Refer also to the area classification specified in Sec. 2.5 of IEC 60079-10-1:2008 Explosive atmospheres -

Part 10-1: Classification of areas - Explosive gas atmospheres.

1:\MSC\86\26-Add-



MSC 86/26/Add.1
ANNEX 11

1.3.22 Natural gas means a gas without condensation at common operating pressures and
temperatures where the predominant component is methane with some ethane and small amounts
of heavier hydrocarbons (mainly propane and butane).

1.3.23 Open deck means a deck that is open on both ends, or is open on one end and equipped
with adequate natural ventilation that is effective over the entire length of the deck through
permanent openings distributed in the side panels or in the deck above.

1.3.24 Organization means the International Maritime Organization (IMO).

1.3.25 Risk means the expression of the danger that an undesired event represents to persons, to
the environment or to material property. The risk is expressed by the probability and
consequences of an accident.

1.3.26 Recognized standards means applicable international or national standards acceptable to
the Administration or standards laid down and maintained by an organization which complies
with the standards adopted by the Organization and which is recognized by the Administration.

1.3.27 Safety management system means the international safety management system
as described in the ISM Code.

1.3.28 Second barrier means a technical measure which prevents the occurrence of a hazard if
the first barrier fails, e.g., second housing of a tank protecting the surroundings from the effect of
tank leaks.

1.3.29 Semi-enclosed space means a space limited by decks and or bulkheads in such manner
that the natural conditions of ventilation are notably different from those obtained on open deck”.

1.3.30 Single gas fuel engine means a power generating engine capable of operating on gas-
only, and not able to switch over to oil fuel operation.

1.3.31 SOLAS Convention means the International Convention for the Safety of Life at Sea,
1974, as amended.

1.3.32 Source of release means any valve, detachable pipe joint, pipe packing, compressor or
pump seal in the gas fuel system.

1.3.33 Tank room means the gastight space surrounding the bunker tank, containing all tank
connections and all tank valves.

1.4 Survey requirements

1.4.1 Surveys should be performed and certificates issued in accordance with the provisions of
SOLAS 1974, as modified by its 1988 Protocol and as amended, chapter 1, part B, regulation 6
or 7, as applicable®.

1:\MSC\86\26-Add-



MSC 86/26/Add.1
ANNEX 11

Referalso to IEC 60092-502:1999 Electrical Installations in Ships - Tankers - Special Features.
Refer to the Revised survey guidelines under the harmonized system of survey and certification (resolution A.997(25)).
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CHAPTER 2

SHIP ARRANGEMENTS AND SYSTEM DESIGN

2.1 General

2.1.1 For any new or altered concept or configuration a risk analysis should be conducted in
order to ensure that any risks arising from the use of gas-fuelled engines affecting the structural
strength and the integrity of the ship are addressed. Consideration should be given to the hazards
associated with installation, operation, and maintenance, following any reasonably foreseeable
failure.

2.1.2 The risks should be analysed using acceptable and recognized risk analysis techniques
and loss of function, component damage, fire, explosion and electric shock should as a minimum
be considered. The analysis should ensure that risks are eliminated wherever possible. Risks
which cannot be eliminated should be mitigated as necessary. Details of risks, and the means by
which they are mitigated, should be included in the operating manual.

2.1.3 Anexplosion in any space containing open gas sources should not:

1 cause damage to any space other than that in which the incident occurs;
2 disrupt the proper functioning of other zones;
3 damage the ship in such a way that flooding of water below the main deck or any

progressive flooding occur;

A4 damage work areas or accommodation in such a way that people who stay in such
areas under normal operating conditions are injured;

5 disrupt the proper functioning of control stations and switchboard rooms for
necessary power distribution;

.6 damage life-saving equipment or associated launching arrangements;

v disrupt the proper functioning of fire-fighting equipment located outside the
explosion-damaged space; or

8 affect other areas in the vessel in such a way that chain reactions involving,
inter alia, cargo, gas and bunker oil may arise.

2.2 Material requirements
2.2.1 Materials used in gas tanks, gas piping, process pressure vessels and other components
in contact with gas should be in accordance with IGC Code, chapter 6, Materials of construction.

For CNG tanks, the use of materials not covered by the IGC Code may be specially considered
by the Administration.
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2.2.2 Materials for piping system for liquefied gases should comply with the requirements of
the IGC Code, section 6.2. Some relaxation may, however, be permitted in the quality of the
material of open-ended vent piping, provided the temperature of the gas at atmospheric pressure
is -55°C or higher, and provided no liquid discharge to the vent piping can occur. Materials
should in general be in accordance with recognized standards.

2.2.3 Materials having a melting point below 925°C should not be used for piping outside the

gas tanks except for short lengths of pipes attached to the gas tanks, in which case the low
melting point materials should be wrapped in class A-60 insulation.

2.3 Location and separation of spaces

231 The arrangement and location of spaces

The arrangement and location of spaces for gas fuel storage, distribution and use should be such
that the number and extent of hazardous areas is kept to a minimum.

232 (Gas compressor room

2.3.2.1 Compressor rooms, if arranged, should be located above freeboard deck, unless those
rooms are arranged and fitted in accordance with the requirements of these Guidelines for tank
rooms.

2.3.2.2 If compressors are driven by shafting passing through a bulkhead or deck, the bulkhead
penetration should be of gastight type.

233 Machinery spaces containing gas-fuelled engines

2.3.3.1 When more than one machinery space is required for gas-fuelled engines and these
spaces are separated by a single bulkhead, the arrangements should be such that the effects of
a gas explosion in either space can be contained or vented without affecting the integrity of the
adjacent space and equipment within that space.

2.3.3.2 ESD-protected machinery spaces for gas-fuelled engines should have as simple
a geometrical shape as possible.

234 Tank rooms
2.3.4.1 Tank room boundaries including access doors should be gastight.

2.3.4.2 The tank room should not be located adjacent to machinery spaces of category A.
If the separation is by means of a cofferdam the separation should be at least 900 mm and
insulation to class A-60 should be fitted on the engine-room side.

2.4 Arrangement of entrances and other openings

2.4.1 Direct access through doors, gastight or otherwise, should generally not be permitted
from a gas-safe space to a gas-dangerous space. Where such openings are necessary for
operational reasons, an air lock which complies with the requirements of chapter 3.6 (2 to 7)
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of the IGC Code should be provided.
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2.4.2 If the compressor room is approved located below deck, the room should, as far as
practicable, have an independent access direct from the open deck. Where a separate access from
deck is not practicable, an air lock which complies with the requirements of chapter 3.6 (2 to 7)
of the IGC Code should be provided.

2.4.3 The tank room entrance should be arranged with a sill height of at least 300 mm.

2.4.4 Access to the tank room should as far as practicable be independent and direct from open
deck. If the tank room is only partially covering the tank, this requirement should also apply to
the room surrounding the tank and where the opening to the tank room is located. Where a
separate access from deck is not practicable, an air lock which complies with the requirements of
chapter 3.6 (2 to 7) of the IGC Code should be provided. The access trunk should be fitted with
separate ventilation. It should not be possible to have unauthorized access to the tank room
during normal operation of the gas system.

2.4.5 If the access to an ESD-protected machinery space is from another enclosed space in the
ship, the entrances should be arranged with self-closing doors. An audible and visual alarm
should be provided at a permanent manned location. Alarm should be given if the door is open

continuously for more than 1 min. As an alternative, an arrangement with two self-closing doors
in series may be acceptable.

25  General pipe design

2.5.1 The requirements of this section apply to gas piping. The Administration may accept
relaxation from these requirements for gas piping inside gas tanks and open-ended piping after
special consideration, such as risk assessment.

2.5.2 Gas piping should be protected against mechanical damage and the piping should be
capable of assimilating thermal expansion without developing substantial tension.

2.5.3 The piping system should be joined by welding with a minimum of flange connections.
Gaskets should be protected against blow-out.

2.5.4 The wall thickness of pipes should not be less than:

t,+b  (mm)

+C

where:

to theoretical thickness
to pD/(20Ke + p)

where:
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p design pressure (bar), refer to 2.5.5. ANNEX 11

D outside diameter (mm).
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K allowable stress (N/mm?), refer to 2.5.6.

e = efficiency factor equal to 1 for seamless pipes and for longitudinally or
spirally welded pipes, delivered by approved manufacturers of welded
pipes, which are considered equivalent to seamless pipes when non-
destructive testing on welds is carried out in accordance with recognized
standards. In other cases an efficiency factor value depending on the
manufacturing process may be determined by the Administration.

b = allowance for bending (mm). The value of b should be chosen so that the
calculated stress in the bend, due to internal pressure only, does not exceed
the allowable stress. Where such justification is not give, b should be:

b=£[° (mm)
2.5r
with:
r = mean radius of the bend (mm).

¢ = corrosion allowance (mm). If corrosion allowance or erosion is
expected, the wall thickness of the piping should be increased over
that required by other design requirements. This allowance should
be consistent with the expected life of the piping.

a = negative manufacturing tolerance for thickness (%).

The minimum wall thickness should be in accordance with recognized standards.

2.5.5 The greater of the following design conditions should be used for piping, piping system
and components as appropriate:

| for systems or components which may be separated from their relief valves and
which contain only vapour at all times, the superheated vapour pressure at 45°C
or higher or lower if agreed upon by the Administration (refer to IGC Code,
paragraph 4.2.6.2), assuming an initial condition of saturated vapour in the system
at the system operating pressure and temperature; or

2 the MARVS of the gas tanks and gas processing systems; or

3 the pressure setting of the associated pump or compressor discharge relief valve
if of sufficient capacity; or

A4 the maximum total discharge or loading head of the gas piping system; or
5 the relief valve setting on a pipeline system if of sufficient capacity; or
.6 a pressure of 10 bar except for open-ended lines where it is not to be less than
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5 bar.
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2.5.6 For pipes made of steel including stainless steel, the allowable stress to be considered in
the formula of the strength thickness in 2.5.4 should be the lower of the following values:

Rm__ Re
or
A B
where:
Rm = specified minimum tensile strength at room temperature (N/mmz2).
Re = specified lower minimum vyield stress or 0.2% proof stress at room
temperature (N/mmz2).
A = 27.
B = 18.

For pipes made of materials other than steel, the allowable stress should be considered by the
Administration.

2.5.7 Where necessary for mechanical strength to prevent damage, collapse, excessive sag or
buckling of pipe due to superimposed loads from supports, ship deflection or other causes, the
wall thickness should be increased over that required by 2.5.4 or, if this is impractical or would
cause excessive local stresses, these loads should be reduced, protected against or eliminated by
other design methods.

2.5.8 Gas piping systems should have sufficient constructive strength. For high pressure gas
piping systems this should be confirmed by carrying out stress analysis and taking into account:

A stresses due to the weight of the piping system;
2 acceleration loads when significant; and
3 internal pressure and loads induced by hog and sag of the ship.

2.5.9 Flanges, valves, fittings, etc., should be in accordance with recognized standards taking
into account the design pressure defined in 2.5.5. For bellows and expansion joints used in
vapour service, a lower minimum design pressure than defined in 2.5.5 may be accepted.

2.5.10 All valves and expansion joints used in high pressure gas systems should be of an
approved type.

2.5.11 The following types of connections may be considered for direct connection of pipe
lengths (without flanges):

A Butt welded joints with complete penetration at the root may be used in all
applications. For design temperature below -10°C, butt welds should be either
double welded or equivalent to a double welded butt joint. This may be
accomplished by use of a backing ring, consumable insert or inert gas back-up on
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the first pass. For design pressures in excess of 10 bar and design temperatures
-10°C or lower, backing rings should be removed.
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2 Slip-on welded joints with sleeves and related welding, having dimensions
satisfactory to the Administration, should only be used for open-ended lines with
external diameter of 50 mm or less and design temperatures not lower than -55°C.

3 Screwed couplings should only be used for accessory lines and instrumentation
lines with external diameters of 25 mm or less.

2.5.12 Flanges should be of the welding neck, slip-on or socket welding type. For all piping
(except open-ended lines), the following apply:

1 For design temperatures < -55°C only welding neck flanges should be used.

2 For design temperatures < -10°C slip-on flanges should not be used in nominal
sizes above 100 mm and socket welding flanges should not be used in nominal
sizes above 50 mm.

2.5.13 Piping connections other than those mentioned above may be accepted upon consideration
in each case.

2.5.14 Postweld heat treatment should be required for all butt welds of pipes made with carbon,
carbon-manganese and low-alloy steels. The Administration may waive the requirement for
thermal stress relieving of pipes having wall thickness less than 10 mm in relation to the design
temperature and pressure of the piping system concerned.

2.5.15 When the design temperature is -110°C or lower, a complete stress analysis for each
branch of the piping system should be submitted. This analysis should take into account all
stresses due to weight of pipes with cargo (including acceleration if significant), internal pressure,
thermal contraction and loads induced by movements of the ship. For temperatures above -
110°C, a stress analysis may be required by the Administration. In any case, consideration
should be given to thermal stresses, even if calculations need not be submitted. The analysis
should be carried out according to a recognized code of practice.

2.5.16 Gas pipes should not be located less than 760 mm from the ship's side.
2.5.17 Gas piping should not be led through other machinery spaces. Alternatively, double gas
piping may be approved, provided the danger of mechanical damage is negligible, the gas piping

has no discharge sources and the room is equipped with a gas alarm.

2.5.18 An arrangement for purging gas bunkering lines and supply lines (only up to the double
block and bleed valves if these are located close to the engine) with nitrogen should be provided.

2.5.19 The gas piping system should be installed with sufficient flexibility. Arrangement for
provision of the necessary flexibility should be demonstrated to maintain the integrity of the
piping system in all foreseen service situations.

2.5.20 Gas pipes should be colour marked based on a recognized standard®.

®  Refer to EN 1SO 14726:2008 Ships and marine technology - Identification colours for the content of piping

systems.
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2.5.21 If the fuel gas contains heavier components that may condense in the system, knock out
drums or equivalent means for safely removing the liquid should be fitted.

2.5.22 All pipelines and components which may be isolated containing liquid gas should be
provided with relief valves.

2.5.23 Where tanks or piping are separated from the ship's structure by thermal isolation,
provision should be made for electrically bonding to the ship's structure both the piping and the
tanks. All gasketed pipe joints and hose connections should be electrically bonded.

2.6 System configuration

26.1 Alternative system configurations

2.6.1.1 Two alternative system configurations may be accepted:

1 Gas safe machinery spaces: Arrangements in machinery spaces are such that the
spaces are considered gas safe under all conditions, normal as well as abnormal
conditions, i.e. inherently gas safe.

2 ESD-protected machinery spaces: Arrangements in machinery spaces are such
that the spaces are considered non-hazardous under normal conditions, but under
certain abnormal conditions may have the potential to become hazardous. In the
event of abnormal conditions involving gas hazards, emergency shutdown (ESD)
of non-safe equipment (ignition sources) and machinery is to be automatically
executed while equipment or machinery in use or active during these conditions
are to be of a certified safe type.

26.2 Gas safe machinery spaces

2.6.2.1 All gas supply piping within machinery space boundaries should be enclosed in a
gastight enclosure, i.e. double wall piping or ducting.

2.6.2.2 In case of leakage in a gas supply pipe making shutdown of the gas supply necessary,
a secondary independent fuel supply should be available. Alternatively, in the case of multi-
engine installations, independent and separate gas supply systems for each engine or group of
engines may be accepted.

2.6.2.3 For single fuel installations (gas only), the fuel storage should be divided between two or
more tanks of approximately equal size. The tanks should be located in separate compartments.

26.3 ESD-protected machinery spaces

2.6.3.1 Gas supply piping within machinery spaces may be accepted without a gastight external
enclosure on the following conditions:

1 Engines for generating propulsion power and electric power should be located in
two or more machinery spaces not having any common boundaries unless it can
be documented that the common boundary can withstand an explosion in one of
the rooms. Distribution of engines between the different machinery spaces should
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be such that in the case of shutdown of fuel supply to any one machinery space it
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is possible to maintain at least 40% of the propulsion power plus normal electrical
power supply for sea-going services. Incinerators, inert gas generators or other oil
fired boilers should not be located within an ESD-protected machinery space.

2 The gas machinery, tank and valve installation spaces should contain only a minimum
of such necessary equipment, components and systems as are required to ensure that
any piece of equipment in each individual space maintains its principal function.

3 Pressure in gas supply lines within machinery spaces should be less than 10 bar,
e.g., this concept can only be used for low pressure systems.

A4 A gas detection system arranged to automatically shutdown the gas supply (also
oil fuel supply if dual fuel) and disconnect all non-explosion protected equipment
or installations should be fitted, as outlined in 5.5 and 5.6.

2.6.3.2 For single fuel installations (gas only), the fuel storage should be divided between two
or more tanks of approximately equal size. The tanks should be located in separate compartments.

2.7 Gas supply system in gas machinery spaces

271 Gas supply system for gas safe machinery spaces

2.7.1.1  Gas supply lines passing through enclosed spaces should be completely enclosed by a
double pipe or duct. This double pipe or duct should fulfil one of the following:

1 the gas piping should be a double wall piping system with the gas fuel contained
in the inner pipe. The space between the concentric pipes should be pressurized
with inert gas at a pressure greater than the gas fuel pressure. Suitable alarms
should be provided to indicate a loss of inert gas pressure between the pipes.
When the inner pipe contains high pressure gas, the system should be so arranged
that the pipe between the master gas valve and the engine is automatically purged
with inert gas when the master gas valve is closed; or

2 the gas fuel piping should be installed within a ventilated pipe or duct. The air
space between the gas fuel piping and the wall of the outer pipe or duct should be
equipped with mechanical under pressure ventilation having a capacity of at
least 30 air changes per hour. This ventilation capacity may be reduced to 10 air
changes per hour provided automatic filling of the duct with nitrogen upon detection
of gas is arranged for. The fan motors should comply with the required explosion
protection in the installation area. The ventilation outlet should be covered by
a protection screen and placed in a position where no flammable gas-air mixture
may be ignited.

2.7.1.2 The connecting of gas piping and ducting to the gas injection valves should be so as to
provide complete coverage by the ducting. The arrangement should facilitate replacement and/or
overhaul of injection valves and cylinder covers. The double ducting should be required also for
gas pipes on the engine itself, and all the way until gas is injected into the chamber.’
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If gas is supplied into the air inlet on a low pressure engine, double ducting may be omitted on the air inlet pipe
on the condition that a gas detector is fitted above the engine.
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2.7.1.3 For high-pressure piping the design pressure of the ducting should be taken as the higher
of the following:

1 the maximum built-up pressure: static pressure in way of the rupture resulting
from the gas flowing in the annular space;

2 local instantaneous peak pressure in way of the rupture: this pressure is to be taken
as the critical pressure and is given by the following expression:

. ‘
P =p \k'FT

(k+1)

where:

Po maximum working pressure of the inner pipe

k = Cu/Cy constant pressure specific heat divided by the constant
volume specific heat

k = 1.31forCH4

The tangential membrane stress of a straight pipe should not exceed the tensile strength divided
by 1.5 (Rw/1.5) when subjected to the above pressures. The pressure ratings of all other piping
components should reflect the same level of strength as straight pipes.

As an alternative to using the peak pressure from the above formula, the peak pressure found
from representative tests can be used. Test reports should then be submitted.

2.7.1.4 For low pressure piping the duct should be dimensioned for a design pressure not less
than the maximum working pressure of the gas pipes. The duct should also be pressure tested to
show that it can withstand the expected maximum pressure at gas pipe rupture.

2.7.1.5 The arrangement and installation of the high-pressure gas piping should provide the
necessary flexibility for the gas supply piping to accommodate the oscillating movements of the

main engine, without running the risk of fatigue problems. The length and configuration of the
branch lines are important factors in this regard.

272 Gas supply system for ESD-protected machinery spaces
2.7.2.1 The pressure in the gas supply system should not exceed 10 bar.

2.7.2.2 The gas supply lines should have a design pressure not less than 10 bar.

28  Gas fuel storage
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2.8.1.1 The storage tank used for liquefied gas should be an independent tank designed in
accordance with the IGC Code, chapter 4.
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2.8.1.2 Pipe connections to the tank should normally be mounted above the highest liquid level
in the tanks. However, connections below the highest liquid level may be accepted after special
consideration by the Administration.

2.8.1.3 Pressure relief valves as required in the IGC Code chapter 8 should be fitted.

2.8.1.4 The outlet from the pressure relief valves should normally be located at least B/3 or 6 m,
whichever is greater, above the weather deck and 6 m above the working area and gangways,
where B is the greatest moulded breadth of the ship in metres. The outlets should normally be
located at least 10 m from the nearest:

A air intake, air outlet or opening to accommaodation, service and control spaces, or
other gas safe spaces; and

2 exhaust outlet from machinery or from furnace installation.

2.8.1.5 Storage tanks for liquid gas should not be filled to more than 98% full at the reference
temperature, where the reference temperature is as defined in the IGC Code, paragraph 15.1.4.
A filling limit curve for actual filling temperatures should be prepared from the formula given in
the IGC Code, paragraph 15.1.2. However, when the tank insulation and tank location makes the
probability very small for the tank contents to be heated up due to external fire, special
considerations may be made to allow a higher filling limit than calculated using the reference
temperature, but never above 95%.

2.8.1.6 Means that are not dependent on the gas machinery system should be provided whereby
liquid gas in the storage tanks can be emptied.

2.8.1.7 It should be possible to empty, purge gas and vent bunker tanks with gas piping systems.
Procedures should be prepared for this. Inerting should be performed with, for instance, nitrogen,
CO; or argon prior to venting to avoid an explosion hazardous atmosphere in tanks and gas pipes.

282 Compressed gas storage tanks

2.8.2.1 The storage tanks to be used for compressed gas should be certified and approved by the
Administration.

2.8.2.2 Tanks for compressed gas should be fitted with pressure relief valves with a set point
below the design pressure of the tank and with outlet located as required in 2.8.1.4.

283 Storage on open deck

2.8.3.1 Both gases of the compressed and the liquefied type may be accepted stored on open
deck.

2.8.3.2 The storage tanks or tank batteries should be located at least B/5 from the ship's side.
For ships other than passenger ships a tank location closer than B/5 but not less than 760 mm
from the ship's side may be accepted.

2.8.3.3 The gas storage tanks or tank batteries and equipment should be located to assure
sufficient natural ventilation, so as to prevent accumulation of escaped gas.
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2.8.3.4 Tanks for liquid gas with a connection below the highest liquid level (see 2.8.1.2) should
be fitted with drip trays below the tank which should be of sufficient capacity to contain the
volume which could escape in the event of a pipe connection failure. The material of the drip
tray should be stainless steel, and there should be efficient separation or isolation so that the hull
or deck structures are not exposed to unacceptable cooling, in case of leakage of liquid gas.

284 Storage in enclosed spaces

2.8.4.1 Gas in a liquid state may be stored in enclosed spaces, with a maximum acceptable
working pressure of 10 bar. Storage of compressed gas in enclosed spaces and location of gas
tanks with a higher pressure than 10 bar in enclosed spaces is normally not acceptable, but may
be permitted after special consideration and approval by the Administration provided the
following is fulfilled in addition to 2.8.4.3:

| adequate means are provided to depressurize the tank in case of a fire which can
affect the tank; and

2 all surfaces within the tank room are provided with suitable thermal protection
against any lost high-pressure gas and resulting condensation unless the bulkheads
are designed for the lowest temperature that can arise from gas expansion leakage;
and

3 a fixed fire-extinguishing system is installed in the tank room.

2.8.4.2 The gas storage tank(s) should be placed as close as possible to the centreline:

| minimum, the lesser of B/5 and 11.5 m from the ship side;
2 minimum, the lesser of B/15 and 2 m from the bottom plating;
3 not less than 760 mm from the shell plating.

For ships other than passenger ships and multi-hulls, a tank location closer than B/5 from the ship
side may be accepted.

2.8.4.3 The storage tank and associated valves and piping should be located in a space designed
to act as a second barrier, in case of liquid or compressed gas leakage. The material of the
bulkheads of this space should have the same design temperature as the gas tank, and the space
should be designed to withstand the maximum pressure build-up. Alternatively, pressure relief
venting to a safe location (mast) can be provided. The space should be capable of containing
leakage, and is to be isolated thermally so that the surrounding hull is not exposed
to unacceptable cooling, in case of leakage of the liquid or compressed gas. This second barrier
space is in other parts of these Guidelines called "tank room". When the tank is double walled
and the outer tank shell is made of cold resistant material, a tank room could be arranged as a box
fully welded to the outer shell of the tank, covering all tank connections and valves, but not
necessarily all of the outer tank shell.

2.8.4.4 The tank room may be accepted as the outer shell of a stainless steel vacuum insulated
tank in combination with a stainless steel box welded to the outer shell, containing all tank pipe
connections, valves, piping, etc. In this case the requirements for ventilation and gas detection
should be made applicable to the box, but not to the double barrier of the tank.
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2.8.4.5 Bilge suctions from the tank room, if provided, should not be connected to the bilge
system for the rest of the ship.

2.9  Fuel bunkering system and distribution system outside machinery spaces

29.1 Fuel bunkering station

2.9.1.1 The bunkering station should be so located that sufficient natural ventilation is provided.
Closed or semi-enclosed bunkering stations should be subject to special consideration. The
bunkering station should be physically separated or structurally shielded from accommodation,
cargo/working deck and control stations. Connections and piping should be so positioned and
arranged that any damage to the gas piping does not cause damage to the vessel's gas storage tank
arrangement leading to uncontrolled gas discharge.

2.9.1.2 Drip trays should be fitted below liquid gas bunkering connections and where leakage
may occur. The drip trays should be made of stainless steel, and should be drained over the
ship's side by a pipe that preferably leads down near the sea. This pipe could be temporarily
fitted for bunkering operations. The surrounding hull or deck structures should not be exposed to
unacceptable cooling, in case of leakage of liquid gas. For compressed gas bunkering stations,
low temperature steel shielding should be provided to prevent the possible escape of cold jets
impinging on surrounding hull structure.

2.9.1.3 Control of the bunkering should be possible from a safe location in regard to bunkering
operations. At this location tank pressure and tank level should be monitored. Overfill alarm and
automatic shutdown should also be indicated at this location.

29.2 Bunkering system

2.9.2.1 The bunkering system should be so arranged that no gas is discharged to air during
filling of storage tanks.

2.9.2.2 A manually-operated stop valve and a remote operated shutdown valve in series, or a
combined manually-operated and remote valve should be fitted in every bunkering line close to
the shore connecting point. It should be possible to release the remote-operated valve in the
control location for bunkering operations and or another safe location.

2.9.2.3 If the ventilation in the ducting around the gas bunkering lines stops, an audible and
visual alarm should be provided at bunkering control location.

2.9.2.4 |If gas is detected in the ducting around the bunkering lines an audible and visual alarm
should be provided at the bunkering control location.

2.9.2.5 Means should be provided for draining the liquid from the bunkering pipes at bunkering
completion.

2.9.2.6 Bunkering lines should be arranged for inerting and gas freeing. During operation of the
vessel the bunkering pipes should be gas free.

29.3 Distribution outside of machinery spaces

2.9.3.1 Gas fuel piping should not be led through accommodation spaces, service spaces or
control stations.
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2.9.3.2 Where gas pipes pass through enclosed spaces in the ship, they should be enclosed in
a duct. This duct should be mechanically under pressure ventilated with 30 air changes per hour,
and gas detection as required in 5.5 should be provided.

2.9.3.3 The duct should be dimensioned according to 2.7.1.3 and 2.7.1.4.

2.9.3.4 The ventilation inlet for the duct should always be located in open air, away from
ignition sources.

2.9.3.5 Gas pipes located in open air should be so located that they are not likely to be damaged
by accidental mechanical impact.

2.9.3.6 High-pressure gas lines outside the machinery spaces containing gas-fuelled engines
should be installed and protected so as to minimize the risk of injury to personnel in case of rupture.

2.10 Ventilation system

2.10.1 General

2.10.1.1 Any ducting used for the ventilation of hazardous spaces should be separate from that
used for the ventilation of non-hazardous spaces. The ventilation should function at all
temperature conditions the ship will be operating in. Electric fan motors should not be located in
ventilation ducts for hazardous spaces unless the motor is certified for the same hazard zone as
the space served.

2.10.1.2 Design of ventilation fans serving spaces containing gas sources should fulfil the
following:

A Electric motors driving fans should comply with the required explosion protection
in the installation area. Ventilation fans should not produce a source of vapour
ignition in either the ventilated space or the ventilation system associated with the
space. Ventilation fans and fan ducts, in way of fans only, should be of non-
sparking construction defined as:

1 impellers or housings of non-metallic material, due regard being paid to
the elimination of static electricity;

2 impellers and housings of non-ferrous metals;
3 impellers and housing of austenitic stainless steel;
A4 impellers of aluminium alloys or magnesium alloys and a ferrous (including

austenitic stainless steel) housing on which a ring of suitable thickness of
non-ferrous materials is fitted in way of the impeller, due regard being
paid to static electricity and corrosion between ring and housing; or

5 any combination of ferrous (including austenitic stainless steel) impellers
and housings with not less than 13 mm tip design clearance.

2 In no case should the radial air gap between the impeller and the casing be less

than 0.1 of the diameter of the impeller shaft in way of the bearing but not less
than 2 mm. The gap need not be more than 13 mm.
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3 Any combination of an aluminium or magnesium alloy fixed or rotating
component and a ferrous fixed or rotating component, regardless of tip clearance,
is considered a sparking hazard and should not be used in these places.

A The installation on board of the ventilation units should be such as to ensure the
safe bonding to the hull of the units themselves.

2.10.1.3 Any loss of the required ventilating capacity should give an audible and visual alarm at
a permanently manned location.

2.10.1.4 Required ventilation systems to avoid any gas accumulation should consist of
independent fans, each of sufficient capacity, unless otherwise specified in these Guidelines.

2.10.1.5 Air inlets for hazardous enclosed spaces should be taken from areas which, in the
absence of the considered inlet, would be non-hazardous. Air inlets for non-hazardous enclosed
spaces should be taken from non-hazardous areas at least 1.5 m away from the boundaries of any
hazardous area. Where the inlet duct passes through a more hazardous space, the duct should
have over-pressure relative to this space, unless mechanical integrity and gastightness of the duct
will ensure that gases will not leak into it.

2.10.1.6 Air outlets from non-hazardous spaces should be located outside hazardous areas.

2.10.1.7 Air outlets from hazardous enclosed spaces should be located in an open area which,
in the absence of the considered outlet, would be of the same or lesser hazard than the ventilated
space.

2.10.1.8 The required capacity of the ventilation plant is normally based on the total volume of
the room. An increase in required ventilation capacity may be necessary for rooms having a
complicated form.

2.10.1.9 Non-hazardous spaces with opening to a hazardous area should be arranged with an
air-lock and be maintained at overpressure relative to the external hazardous area. The
overpressure ventilation should be arranged according to the following requirements:

1 During initial start-up or after loss of overpressure ventilation, before energizing
any electrical installations not certified safe for the space in the absence of
pressurization, it should be required to:

A proceed with purging (at least 5 air changes) or confirm by measurements
that the space is non-hazardous; and
2 pressurize the space.
2 Operation of the overpressure ventilation should be monitored.
3 In the event of failure of the overpressure ventilation:
1 an audible and visual alarm should be given at a manned location; and
2 if overpressure cannot be immediately restored, automatic or programmed

disconnection of electrical installations according to a recognized standard®.

8 Referto IEC 60092-502:1999 Electrical Installations in Ships - Tankers - Special Features, table 5.
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2.10.2 Tank room

2.10.2.1 The tank room for gas storage should be provided with an effective mechanical forced
ventilation system of the under pressure type, providing a ventilation capacity of at least 30 air
changes per hour. The rate of air changes may be reduced if other adequate means of explosion
protection are installed. The equivalence of alternative installations should be demonstrated by a
safety analysis.

2.10.2.2 Approved automatic fail-safe fire dampers should be fitted in the ventilation trunk for
tank room.

2.10.3 Machinery spaces containing gas-fuelled engines

2.10.3.1 The ventilation system for machinery spaces containing gas-fuelled engines should be
independent of all other ventilation systems.

2.10.3.2 ESD-protected machinery spaces should have ventilation with a capacity of at least
30 air changes per hour. The ventilation system should ensure a good air circulation in all spaces,
and in particular ensure that any formation of gas pockets in the room are detected. As an alternative,
arrangements whereby under normal operation the machinery spaces is ventilated with at least
15 air changes an hour is acceptable provided that, if gas is detected in the machinery
space, the number of air changes will automatically be increased to 30 an hour.

2.10.3.3 The number and power of the ventilation fans should be such that the capacity is not
reduced by more than 50% of the total ventilation capacity, if a fan with a separate circuit from
the main switchboard or emergency switchboard or a group of fans with common circuit from the
main switchboard or emergency switchboard, is out of action.

2.104 Pump and compressor rooms

2.10.4.1 Pump and compressor rooms should be fitted with effective mechanical ventilation system
of the under pressure type, providing a ventilation capacity of at least 30 air changes per hour.

2.10.4.2 The number and power of the ventilation fans should be such that the capacity is not
reduced by more than 50%, if a fan with a separate circuit from the main switchboard or
emergency switchboard or a group of fans with common circuit from the main switchboard or
emergency switchboard, is out of action.

2.10.4.3 Ventilation systems for pump and compressor rooms should be in operation when
pumps or compressors are working.

2.10.4.4 When the space is dependent on ventilation for its area classification, the following
should apply:

A During initial start-up, and after loss of ventilation, the space should be purged
(at least 5 air changes), before connecting electrical installations which are not
certified for the area classification in absence of ventilation. Warning notices to
this effect should be placed in an easily visible position near the control stand.

2 Operation of the ventilation should be monitored.

1:\MSC\86\26-Add-



MSC 86/26/Add.1

ANNEX 11
3 In the event of failure of ventilation, the following should apply:
1 an audible and visual alarm should be given at a manned location;
2 immediate action should be taken to restore ventilation; and
3 electrical installations should be disconnected® if ventilation cannot be

restored for an extended period. The disconnection should be made outside
the hazardous areas, and be protected against unauthorized reconnection,
e.g., by lockable switches.

CHAPTER 3
FIRE

SAFETY

3.1 General
3.1.1 The requirements in this chapter are additional to those given in SOLAS chapter 11-2.

3.1.2 A compressor room should be regarded as a machinery space of category A for fire
protections purposes.

3.2  Fireprotection

3.2.1 Tanks or tank batteries located above deck should be shielded with class A-60 insulation
towards accommodation, service stations, cargo spaces and machinery spaces.

3.2.2 The tank room boundaries and ventilation trunks to such spaces below the bulkhead deck
should be constructed to class A-60. However, where the room is adjacent to tanks, voids,
auxiliary machinery spaces of little or no fire risk, sanitary and similar spaces, the insulation
standard may be reduced to class A-0.

3.2.3 The fire and mechanical protection of gas pipes lead through ro-ro spaces on open deck
should be subject to special consideration by the Administration depending on the use and
expected pressure in the pipes. Gas pipes lead through ro-ro spaces on open deck should be
provided with guards or bollards to prevent vehicle collision damage.

3.2.4 The bunkering station should be separated by class A-60 divisions towards other spaces,
except for spaces such as tanks, voids, auxiliary machinery spaces of little or no fire risk, sanitary
and similar spaces where the insulation standard may be reduced to class A-0.

3.2.5 When more than one machinery space is required and these spaces are separated by a
single bulkhead, the bulkhead should be class A-60.

3.2.6 A compressor room in a ship not subject to the IGC Code should be regarded as a
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machinery space of category A for fire insulation requirements.

Intrinsically safe equipment suitable for zone 0 is not required to be switched off. Certified flameproof lighting
may have a separate switch-off circuit.
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3.3  Fireextinction

3.3.1 Fire main

3.3.1.1 The water spray system required below may be part of the fire main system provided
that the required fire pump capacity and working pressure is sufficient to operation of both the
required numbers of hydrants and hoses and the water spray system simultaneously.

3.3.1.2 When the storage tank is located on open deck, isolating valves should be fitted in the
fire main in order to isolate damage sections of the main. Isolation of a section of fire main shall
not deprive the fire line ahead of the isolated section of water.

332 Water spray systems

3.3.2.1 A water spray system should be fitted for cooling and fire prevention and to cover
exposed parts of gas storage tank located above deck.

3.3.2.2 The system should be designed to cover all areas as specified above with an application
rate of 10 I/min/m? for horizontal projected surfaces and 4 I/min/m? for vertical surfaces.

3.3.2.3 For the purpose of isolating damage sections, stop valves should be fitted at least
every 40 m or the system may be divided into two or more sections with control valves located in
a safe and readily accessible position not likely to be cut-off in case of fire.

3.3.2.4 The capacity of the water spray pump should be sufficient to deliver the required amount
of water to the hydraulically most demanding area as specified above in the areas protected.

3.3.2.5 A connection to the ship's fire main through a stop valve should be provided.
3.3.2.6 Remote start of pumps supplying the water spray system and remote operation of any
normally closed valves to the system should be located in a readily accessible position which is

not likely to be cut off in case of fire in the areas protected.

3.3.2.7 The nozzles should be of an approved full bore type and they should be arranged to
ensure an effective distribution of water throughout the space being protected.

3.3.2.8 An equivalent system to the water spray system may be fitted provided it has been tested
for its on-deck cooling capability to the satisfaction of the Administration.

333 Dry chemical powder fire-extinguishing system

3.3.3.1 In the bunkering station area a permanently installed dry chemical powder extinguishing
system should cover all possible leak points. The capacity should be at least 3.5 kg/s for a
minimum of 45 s discharges. The system should be arranged for easy manual release from a safe
location outside the protected area.

3.3.3.2 One portable dry powder extinguisher of at least 5 kg capacity should be located near
the bunkering station.
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3.4  Fire detection and alarm system

3.4.1 Detection

3.4.1.1 An approved fixed fire detection system should be provided for the tank room and the
ventilation trunk for tank room below deck.

3.4.1.2 Smoke detectors alone should not be considered sufficient for rapid fire detection.

3.4.1.3 Where the fire detection system does not include means of remotely identifying each
detector individually, the detectors should be arranged on separate loops.

3.4.2 Alarms and safety actions
3.4.2.1 Required safety actions at fire detection in the machinery space containing gas-fuelled

engines and tank room are given in table 1 of chapter V. In addition, the ventilation should stop
automatically and fire dampers are to close.

CHAPTER 4
ELECTRICAL

SYSTEMS

4.1 General

4.1.1 The provisions of this chapter should be applied in conjunction with applicable electrical
requirements of part D of SOLAS chapter I1-1.

4.1.2 Hazardous areas on open deck and other spaces not defined in this chapter should be
decided based on a recognized standard’’. The electrical equipment fitted within hazardous areas
should be according to the same standard.

4.1.3 Electrical equipment and wiring should in general not be installed in hazardous areas unless
essential for operational purposes based on a recognized standard™".

4.1.4 Electrical equipment fitted in an ESD-protected machinery space should fulfil the following:

1 In addition to fire and hydrocarbon detectors and fire and gas alarms, lighting and
ventilation fans should be certified safe for hazardous area zone 1.

2 All electrical equipment in a machinery space containing gas-fuelled engines, and
not certified for zone 1 should be automatically disconnected, if gas concentrations
above 20% LEL is detected on two detectors in the space containing gas-fuelled
engines.
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10

Refer to IEC standard 60092-502, part 4.4: Tankers carrying flammable liquefied gases as applicable.
11

The type of equipment and installation requirements should comply with IEC standard 60092-502:
IEC 60092-502:1999 Electrical Installations in Ships - Tankers - Special Features and IEC 60079-10-1:2008

Explosive atmospheres - Part 10-1: Classification of areas - Explosive gas atmospheres, according to the area
classification.
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4.1.5 There should be an equalization connection between the bunker supplier and the
bunkering station on the ship when a flammable gas/liquid is transferred.

4.1.6 Cable penetrations should satisfy the requirements regulating the dispersion of gas.

4.2  Areaclassification

421 General

4.2.1.1 Area classification is a method of analysing and classifying the areas where explosive
gas atmospheres may occur. The object of the classification is to allow the selection of electrical
apparatus able to be operated safely in these areas.

4.2.1.2 In order to facilitate the selection of appropriate electrical apparatus and the design of
suitable electrical installations, hazardous areas are divided into zones 0, 1 and 2'2. See also 4.3
below.

4.2.1.3 Area classification of a space may be dependent on ventilation®?.

4.2.1.4 A space with opening to an adjacent hazardous area on open deck, may be made into a
less hazardous or non-hazardous space, by means of overpressure. Requirements to such
pressurization are given in 2.10.

4.2.1.5 Ventilation ducts should have the same area classification as the ventilated space.

4.3  Definition of hazardous area zones

431 Hazardous area zone 0

This zone includes:

A1 the interiors of gas tanks, any pipework of pressure-relief or other venting systems
for gas tanks, pipes and equipment containing gas.**

432 Hazardous area zone 1

This zone includes:

A tank room;

2 gas compressor room arranged with ventilation according to 2.10.4;

12 Refer to standards IEC 60079-10-1:2008 Explosive atmospheres — Part 10-1: Classification of areas - Explosive

gas atmospheres and guidance and informative examples given in IEC 60092-502:1999, Electrical Installations

in Ships — Tankers — Special Features for tankers.

Refer to standard IEC 60092-502:1999 Electrical Installations in Ships — Tankers — Special Features for tankers,
table 1.

Instrumentation and electrical apparatus in contact with the gas or liquid gas should be of a type suitable for

13

14

1:\MSC\86\26-Add-



MSC 86/26/Add.1
ANNEX 11

zone 0. Temperature sensors installed in thermo wells, and pressure sensors without additional
separating chamber should be of intrinsically safe type Ex-ia.
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3 areas on open deck, or semi-enclosed spaces on deck, within 3 m of any gas tank
outlet, gas or vapour outlet®, bunker manifold valve, other gas valve, gas pipe
flange, gas pump-room ventilation outlets and gas tank openings for pressure
release provided to permit the flow of small volumes of gas or vapour mixtures
caused by thermal variation;

4 areas on open deck or semi-enclosed spaces on deck, within 1.5 m of gas
compressor and pump room entrances, gas pump and compressor room ventilation
inlets and other openings into zone 1 spaces;

5 areas on the open deck within spillage coamings surrounding gas bunker manifold
valves and 3m beyond these, up to a height of 2.4 m above the deck;

.6 enclosed or semi-enclosed spaces in which pipes containing gas are located,
e.g., ducts around gas pipes, semi-enclosed bunkering stations; and

T the ESD-protected machinery space is considered as non-hazardous area during
normal operation, but changes to zone 1 in the event of gas leakage.

433 Hazardous area zone 2

This zone includes:

1 areas within 1.5 m surrounding open or semi-enclosed spaces of zone 1,

CHAPTERS

CONTROL, MONITORING AND SAFETY
SYSTEMS

5.1 General

5.1.1 A local reading pressure gauge should be fitted between the stop valve and the connection
to shore at each bunker pipe.

5.1.2 Pressure gauges should be fitted to gas pump discharge lines and to the bunkering lines.

5.1.3 A bilge well in each tank room surrounding an independent liquid gas storage tank should be
provided with both a level indicator and a temperature sensor. Alarm should be given at high level
in bilge well. Low temperature indication should lead to automatic closing of main tank valve.

52  Gas tank monitoring

5.2.1 Gas tanks should be monitored and protected against overfilling as required in the
IGC Code, sections 13.2 and 13.3.

15 Such areas are, for example, all areas within 3 m of gas tank hatches, ullage openings or sounding pipes for gas

tanks located on open deck and gas vapour outlets.

Refer to IEC 60092-502:1999 Electrical Installations in Ships — Tankers — Special Features or
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IEC 60079-10-1:2008 Explosive atmospheres - Part 10-1: Classification of areas, according to the
area classification., as applicable if not otherwise specified in this standard.
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5.2.2 Each tank should be monitored with at least one local indicating instrument for pressure and
remote pressure indication at the control position. The pressure indicators should be clearly marked
with the highest and lowest pressure permitted in the tank. In addition, high-pressure alarm, and
if vacuum protection is required, low pressure alarm should be provided on the bridge. The
alarms should be activated before the set pressures of the safety valves are reached.

5.3  Gascompressor monitoring

Gas compressors should be fitted with audible and visual alarms both on the bridge and in the
engine-room. As a minimum the alarms should be in relation to low gas input pressure, low gas
output pressure, high gas output pressure and compressor operation.

5.4  Gasengine monitoring

5.4.1 Additional to the instrumentation provided in accordance with SOLAS chapter II-1,
Part C, indicators should be fitted on the navigation bridge, the engine control room and the
manoeuvring platform for:

1 operation of the engine in case of gas-only engines; or
2 operation and mode of operation of the engine in the case of dual fuel engines.

5.4.2 Auxiliary systems where gas may leak directly into the system medium (lubricating oil,
cooling water) should be equipped with appropriate gas extraction measures fitted directly after
the outlet from the engine in order to prevent gas dispersion. The gas extracted from auxiliary
systems media should be vented to a safe location in the open.

55  Gas detection

5.5.1 Permanently installed gas detectors should be fitted in the tank room, in all ducts around
gas pipes, in machinery spaces of the ESD-protected type, compressor rooms and other enclosed
spaces containing gas piping or other gas equipment without ducting. In each ESD-protected
machinery space, two independent gas detector systems should be required.

5.5.2 The number of detectors in each space should be considered taking size, layout and
ventilation of the space into account.

5.5.3 The detection equipment should be located where gas may accumulate and/or in the
ventilation outlets. Gas dispersal analysis or a physical smoke test should be used to find the best
arrangement.

5.5.4 An audible and visible alarm should be activated before the vapour concentration reaches
20% of the lower explosion limit (LEL). For ventilated ducts around gas pipes in the machinery
spaces containing gas-fuelled engines, the alarm limit can be set to 30% LEL. The protective
system should be activated at a LEL of 40%.

5.5.5 Audible and visible alarms from the gas detection equipment should be located on the
bridge and in the engine control room.

55.6 Gas detection for gas pipe ducts and machinery spaces containing gas-fuelled engines
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should be continuous without delay.

1:\MSC\86\26-Add-



MSC 86/26/Add.1
ANNEX 11

5.6  Safety functions of gas supply systems

5.6.1 Each gas storage tank should be provided with a tank valve capable of being remote
operated and should be located as close to the tank outlet as possible.

5.6.2 The main gas supply line to each engine or set of engines should be equipped with a
manually operated stop valve and an automatically operated "master gas fuel valve" coupled in
series or a combined manually and automatically operated valve. The valves should be situated
in the part of the piping that is outside machinery space containing gas-fuelled engines, and
placed as near as possible to the installation for heating the gas, if fitted. The master gas-fuel
valve should automatically cut off the gas supply as given in table 1.

5.6.2.1 The automatic master gas fuel valve should be operable from a reasonable number of
places in the machinery space containing gas-fuelled engines, from a suitable location outside the
space and from the bridge.

5.6.3 Each gas consuming equipment should be provided with a set of "double block and
bleed" valves. These valves should be arranged as outlined in .1 or .2 (respectively shown as
alternatives 1 and 2 in figure 1) so that when automatic shutdown is initiated as given in
table 1, this will cause the two gas fuel valves that are in series to close automatically and the
ventilation valve to open automatically and:

1 two of these valves should be in series in the gas fuel pipe to the gas consuming
equipment. The third valve should be in a pipe that vents to a safe location in the
open air that portion of the gas fuel piping that is between the two valves in series;
or

2 the function of one of the valves in series and the ventilation valve can be
incorporated into one valve body, so arranged that the flow to the gas utilization
unit will be blocked and the ventilation opened.

5.6.3.1 The two block valves should be of the fail-to-close type, while the ventilation valve
should be fail-to-open.

5.6.3.2 The double block and bleed valves should also be used for normal stop of the engine.

5.6.4 In cases where the master gas fuel valve is automatically shutdown, the complete gas
supply branch downstream of the double block and bleed valve should be ventilated, if reverse
flow from the engine to the pipe must be assumed.

5.6.5 There should be one manually operated shutdown valve in the gas supply line to each
engine upstream of the double block and bleed valves to assure safe isolation during maintenance
on the engine.

5.6.6 For one-engine installations and multi-engine installations, where a separate master valve

is provided for each engine, the master gas fuel valve and the double block and bleed valve
functions can be combined. Examples for the high-pressure system are shown in figures 1 and 2.
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Figure 1

Alternative supply valve arrangements for high-pressure installations (single
engine or separate master valve arrangement)
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Alternative supply valve arrangements for high-pressure installations (multi-engine
installation)
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5.6.7 The total loss of ventilation in a machinery space for a single fuelled gas system should,
additionally to what is given in table 1, lead to one of the following actions:

1 For a gas electric propulsion system with more than one machinery space: Another
engine should start. When the second engine is connected to bus-bar, the firstengine
should be shutdown automatically.

2 For a direct propulsion system with more than one machinery space: The engine
in the room with defect ventilation should be manually shutdown, if at least 40%
propulsion power is still available after such a shutdown.

If only one machinery space for gas-fuelled engines is fitted and ventilation in one of the enclosed
ducts around the gas pipes is lost, the master gas fuel and double block and bleed valves in that
supply line should close automatically provided the other gas supply unit is ready to deliver.

5.6.8 If the gas supply is shut off due to activation of an automatic valve, the gas supply should
not be opened until the reason for the disconnection is ascertained and the necessary precautions
taken. A readily visible notice giving instruction to this effect should be placed at the operating
station for the shut-off valves in the gas supply lines.

5.6.9 If a gas leak leading to a gas supply shutdown occurs, the gas fuel supply should not be
operated until the leak has been found and dealt with. Instructions to this effect should be placed
in a prominent position in the machinery space.

5.6.10 A signboard should be permanently fitted in the machinery space containing gas-fuelled

engines stating that heavy lifting, implying danger of damage to the gas pipes, should not be done
when the engine(s) is running on gas.

Table 1 - Monitoring of gas supply system to engines

Parameter Alarm [ Automatic | Automatic shutdown | Comment
shutdown | of gas supply to

of main | machinery space
tank valve | containing
gas-fuelled engines

Gas detection in tank room above 20% LEL X

Gas detection on two detectors  in tank room X X
above 40% LEL

Fire detection in tank room X X
Bilge well high level tank room X

Bilge well low temperature in tank room X X

Gas detection in duct between tank and
machinery space containing gas-fuelled
engines above 20% LEL

X

Gas detection on two detectors  in duct
between tank and machinery space containing X X2
gas-fuelled engines above 40% LEL

Gas detection in compressor room
above 20% LEL
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Gas detection on two detectors® in compressor
room above 40% LEL

x?
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Parameter Alarm [ Automatic | Automatic shutdown | Comment

shutdown | of gas supply to

of main machinery space

tank valve | containing

gas-fuelled engines
Gas detection in duct inside machinery If double pipe fitted in
space containing gas-fuelled engines X machinery space containing
above 30% LEL gas-fuelled engines
Gas detection on two detectors” in duct inside If double pipe fitted in
machinery space containing gas-fuelled X X3 machinery space containing
engines above 40% LEL gas-fuelled engines
Gas detection in machinery space containing Gas detection only
gas-fuelled engines above 20% LEL X required for ESD protected
machinery space

Gas detection on two detectors® in Gas detection only
machinery space containing gas-fuelled required for ESD protected
engines above 40% LEL machinery space containing

gas-fuelled engines. It

X X should also disconnect non
certified safe electrical
equipment in machinery
space containing
gas-fuelled engines

Loss of ventilation in duct between tank and

; - - e X X329

machinery space containing gas-fuelled engines ®

Loss of ventilation in duct inside machinery If double pipe fitted in

space containing gas-fuelled engines® X X399 machinery space containing

gas-fuelled engines

Loss of ventilation in machinery space ESD protected machinery

containing gas-fuelled engines X X space containing

gas-fuelled engines only

Fire detection in machinery space containing

- X X

gas-fuelled engines

Abnormal gas pressure in gas supply pipe X X9

Failure of valve control actuating medium X X5) Time delayed as found

necessary

Automatic shutdown of engine (engine failure) X X5

Emergency shutdown of engine manually X X

released

1) Two independent gas detectors located close to each other are required for redundancy reasons. If the gas detector is of
self monitoring type the installation of a single gas detector can be permitted.

2) If the tank is supplying gas to more than one engine and the different supply pipes are completely separated and fitted in
separate ducts and with the master valves fitted outside of the duct, only the master valve on the supply pipe leading
into the duct where gas or loss of ventilation is detected is to close.

3) If the gas is supplied to more than one engine and the different supply pipes are completely separated and fitted in
separate ducts and with the master valves fitted outside of the duct and outside of the machinery space containing
gas-fuelled engines, only the master valve on the supply pipe leading into the duct where gas or loss of ventilation is
detected is to close.

4) This parameter is not to lead to shutdown of gas supply for single fuel gas engines, only for dual fuel engines.

5) Only double block and bleed valves to close.

6) If the duct is protected by inert gas (see 2.7.1) then loss of inert gas overpressure is to lead to the same actions as given

in this table.
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CHAPTER 6
COMPRESSORS AND GAS
ENGINES

6.1 Gas compressors

6.1.1 The fuel gas compressor should be fitted with accessories and instrumentation necessary
for efficient and reliable function.

6.1.2 The gas compressor and fuel gas supply should be arranged for manual remote
emergency stop from the following locations:

cargo control room (relevant for cargo ships only);
navigation bridge;

engine control room; and

fire control station.

Nwihk

6.2  Gasengine design general

6.2.1 The last gas valve prior to the gas engine should be controlled by the engine control
system or by the engine gas demand.

All gas engine components, gas engine systems and gas engine subsystems should be designed to:

A exclude any explosion at all possible situations; or

2 to allow explosions without detrimental effect and to discharge to a safe location.
The explosion event should not interrupt the safe operation of the engine unless
other safety measures allow the shutdown of the affected engine.

6.2.1.1 When gas is supplied in a mixture with air through a common manifold, sufficient flame
arrestors should be installed before each cylinder head. The mixture inlet system should be
designed to withstand explosions of mixture by means of:

A explosion relief venting to prevent excessive explosion pressures. It should be
ensured that the explosion relief venting is installed in a way that it discharges to a
safe location; or

2 documentation demonstrating that the mixture inlet system has sufficient strength
to contain the worst case explosion.

6.2.1.2 The exhaust system should be designed to withstand explosions of unburned mixture by
means of:

| explosion relief venting to prevent excessive explosion pressures. It should be
ensured that the explosion relief venting is installed such that they discharge to a
safe location; or
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2 documentation showing that the exhaust system has sufficient strength to contain
the worst case explosion.
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6.2.1.3 The crankcase of gas engines should be provided with:

1 crankcase explosion relief valves of a suitable type with sufficient relief area. The
relief valves should be installed in way of each crank throw and should be arranged
or provided with means to ensure that discharge from them is so directed as to
minimize the possibility of injury to personnel. Refer to SOLAS regulations 11-1/27
and 47.2; or

2 documentation showing that the crankcase has sufficient strength to contain the
worst case explosion.

6.2.1.4 It should be ensured that the explosion of unburned mixture within the exhaust system or
the crankcase or the explosion of mixture within the mixture inlet is allowed without detrimental
effect.

6.2.2 The design of piping on gas engines should follow the requirements in chapter 2.6
"System configuration™ and chapter 2.7 "Gas supply system in gas machinery spaces".

6.2.3 The combustion of the gas mixture should be monitored. This can be achieved by
monitoring of the exhaust gas or combustion chamber temperature.

6.2.4 The exhaust pipes of gas-fuelled engines should not be connected to the exhaust pipes of
other engines or systems.

6.3  Requirements dual fuel engines

6.3.1 Start and normal stop should be on oil fuel only. Gas injection should not be possible
without a corresponding pilot oil injection. The amount of pilot fuel fed to each cylinder should
be sufficient to ensure a positive ignition of the gas mixture.

6.3.2 In case of shut-off of the gas fuel supply, the engines should be capable of continuous
operation by oil fuel only.

6.3.3 Changeover to and from gas fuel operation should only be possible at a power level and
under conditions where it can be done with acceptable reliability as demonstrated through testing.
On power reduction the changeover to oil fuel is to be automatic. The changeover process itself
from and to gas operation should be automatic. Manual interruption should be possible in all cases.

6.3.4 On normal stop as well as emergency shutdown, gas fuel supply should be shut off not later
than simultaneously with the oil fuel. It should not be possible to shut off the supply pilot fuel
without first or simultaneously closing the gas supply to each cylinder or to the complete engine.

6.4  Requirements gas-only engines

6.4.1 The starting sequence should be such that fuel gas is not admitted to the cylinders until
ignition is activated and the engine has reached an engine and application specific minimum
rotational speed.

6.4.2 If ignition has not been detected by the engine monitoring system within an engine
specific time after opening of the gas supply valve the gas supply valve should be automatically
shut off and the starting sequence terminated. It should be ensured by any mean that any
unburned gas mixture is flushed away from the exhaust system.
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6.4.3 On normal stop as well as emergency shutdown, gas fuel supply should be shut off not
later than simultaneously with the ignition. It should not be possible to shut off the ignition
without first or simultaneously closing the gas supply to each cylinder or to the complete engine.

6.4.4 For constant speed engines the shut down sequence should be such that the engine gas
supply valve closes at idle speed and that the ignition system is kept active until the engine is
down to standstill.

CHAPTERY7

MANUFACTURE, WORKMANSHIP AND
TESTING

7.1 General

The manufacture, testing, inspection and documentation should be in accordance with recognized
standards and the specific requirements given in these Guidelines.

7.2  Gas tanks

Tests related to welding and tank testing should be in accordance with the IGC Code, sections
4.10 and 4.11.

7.3 Gas piping systems

7.3.1 The requirements for testing should apply to gas piping inside and outside the gas tanks.
However, relaxation from these requirements may be accepted for piping inside gas tanks and
open-ended piping.

7.3.2 Welding procedure tests should be required for gas piping and should be similar to those
required for gas tanks in the IGC Code, paragraph 6.3.3. Unless otherwise especially agreed with
the Administration, the test requirements should be in accordance with 7.3.3 below.

7.3.3 Testrequirements:

1 Tensile tests: Generally, tensile strength should not be less than the specified
minimum tensile strength for the appropriate parent materials. The Administration
may also require that the transverse weld tensile strength should not be less than the
specified tensile strength for the weld metal, where the weld metal has a lower tensile
strength than that of the parent metal. In every case, the position of fracture should be
reported for information.

2 Bend tests: No fracture should be acceptable after a 180° bend over a former of a
diameter four times the thickness of the test piece, unless otherwise specially
required or agreed with the Administration.

3 Charpy V-notch impact tests: Charpy tests should be conducted at the temperature

prescribed for the base material being joined. The results of the weld impact tests,
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minimum average energy (E), should be no less than 27 J. The weld metal
requirements for sub-size specimens and singe energy values should be in accordance
with the IGC Code paragraph 6.1.4. The results of fusion line and heat affected zone
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impact tests should show a minimum average energy (E) in accordance with the
transverse or longitudinal requirements of the base material, whichever applicable,
and for sub-size specimens, the minimum average energy (E) should be in accordance
with the IGC Code, paragraph 6.1.4. If the material thickness does not permit
machining either full-sized or standard sub-size specimens, the testing procedure
and acceptance standards should be in accordance with recognized standards.

Impact testing is not required for piping with thickness less than 6 mm.

7.3.4 In addition to normal controls before and during the welding and to the visual inspection
of the finished welds, the following tests should be required:

1 For butt welded joints for piping systems with design temperatures lower than
-10°C and with inside diameters of more than 75 mm or wall thicknesses greater
than 10 mm, 100% radiographic testing should be required.

2 When such butt welded joints of piping sections are made by automatic welding
processes in the pipe fabrication shop, upon special approval, the extent of
radiographic inspection may be progressively reduced but in no case to less
than 10% of the joints. If defects are revealed the extent of examination should be
increased to 100% and shall include inspection of previously accepted welds.
This special approval should only be granted if well-documented quality
assurance procedures and records are available to enable the Administration to
assess the ability of the manufacturer to produce satisfactory welds consistently.

3 For other butt welded joints of pipes, spot radiographic tests or other non-
destructive tests should be carried out at the discretion of the Administration
depending upon service, position and materials. In general, at least 10% of butt
welded joints of pipes should be radiographed.

Butt welded joints of high-pressure gas pipes and gas supply pipes in ESD-protected machinery
spaces should be subjected to 100% radiographic testing.

The radiographs should be assessed according to a recognized standard"’.

7.3.5 After assembly, all gas piping should be subjected to a hydrostatic test to at least
1.5 times the design pressure. However, when piping systems or parts of systems are
completely manufactured and equipped with all fittings, the hydrostatic test may be conducted
prior to installation aboard ship. Joints welded on board should be hydrostatically tested to at
least 1.5 times the design pressure. Where water cannot be tolerated and the piping cannot be
dried prior to putting the system into service, proposals for alternative testing fluids or testing
methods should be submitted for approval.

7.3.6  After assembly on board, each gas piping system should be subjected to a leak test using
air, halides or other suitable medium.

7.3.7 All gas piping systems including valves, fittings and associated equipment for handling
gas should be tested under normal operating condition before set into normal operation.
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Refer to I1SO 5817:2003, Arc-welded joints in steel — Guidance on quality levels for imperfections, and should
at least meet the requirements for quality level B.
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7.4 Ducting

If the gas piping duct contains high-pressure pipes the ducting should be pressure tested to at
least 10 bar.

75  Valves

Each size and each type of valve intended to be used at a working temperature below -55°C
should be prototype tested as follows. It should be subjected to a tightness test at the minimum
design temperature or lower and to a pressure not lower than the design pressure for the valves.
During the test, the good operation of the valve should be ascertained.

7.6  Expansion bellows

7.6.1 The following prototype tests should be performed on each type of expansion bellows
intended for use in gas piping, primarily on those used outside the gas tank:

1 An overpressure test. A type element of the bellows, not pre-compressed, should
be pressure tested to a pressure not less than 5 times the design pressure without
bursting. The duration of the test should not be less than 5 min.

2 A pressure test on a type expansion joint complete with all the accessories (flanges,
stays, articulations, etc.) at twice the design pressure at the extreme
displacement conditions recommended by the manufacturer. No permanent
deformations should be allowed. Depending on materials the test may be required
to be performed at the minimum design temperature.

3 A cyclic test (thermal movements). The test should be performed on a complete
expansion joint, which is to successfully withstand at least as many cycles, under
the conditions of pressure, temperature, axial movement, rotational movement and
transverse movement, as it will encounter in actual service. Testing at room
temperature, when conservative, is permitted.

A4 A cyclic fatigue test (ship deformation). The test should be performed on a
complete expansion joint, without internal pressure, by simulating the bellow
movement corresponding to a compensated pipe length for at least 2 x 10° cycles
at a frequency not higher than 5 Hz. This test is only required when, due to the
piping arrangement, ship deformation loads are actually experienced.

7.6.2 The Administration may waive performance of the tests specified in 7.6.1, provided that
complete documentation is supplied to establish the suitability of the expansion joints to withstand
the expected working conditions. When the maximum internal pressure exceeds 1 bar, this
documentation should include sufficient tests data to justify the design method used, with
particular reference to correlation between calculation and test results.

CHAPTER 8

OPERATIONAL AND TRAINING
REQUIREMENTS

8.1  Operational requirement
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8.1.1 The whole operational crew of a gas-fuelled cargo and a passenger ship should have

necessary training in gas-related safety, operation and maintenance prior to the commencement
of work on board.
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8.1.2 Additionally, crew members with a direct responsibility for the operation of gas-related
equipment on board should receive special training. The company should document that the
personnel have acquired the necessary knowledge and that this knowledge is maintained at all times.

8.1.3 Gas-related emergency exercises should be conducted at regular intervals. Safety and
response systems for the handling of defined hazards and accidents should be reviewed and tested.

8.1.4 A training manual should be developed and a training programme and exercises should be
specially designed for each individual vessel and its gas installations.

8.2  Gas-related training

g2.1 Training in general

The training on gas-fuelled ships is divided into the following categories:

1
2
3

category A:  Basic training for the basic safety crew;
category B:  Supplementary training for deck officers; and
category C:  Supplementary training for engineer officers.

8.2.1.1 Category A training

1

The goal of the category A training should provide the basic safety crew with a
basic understanding of the gas in question as a fuel, the technical properties of
liquid and compressed gas, explosion limits, ignition sources, risk reducing and
consequence reducing measures, and the rules and procedures that must be
followed during normal operation and in emergency situations.

The general basic training required for the basic safety crew is based on the
assumption that the crew does not have any prior knowledge of gas, gas engines
and gas systems. The instructors should include one or more of the suppliers of
the technical gas equipment or gas systems, alternatively other specialists with
in-depth knowledge of the gas in question and the technical gas systems that are
installed on board.

The training should consist of both theoretical and practical exercises that involve
gas and the relevant systems, as well as personal protection while handling liquid
and compressed gas. Practical extinguishing of gas fires should form part of the
training, and should take place at an approved safety centre.

8.2.1.2 Categories B and C training

1

Deck and engineer officers should have gas training beyond the general basic
training. Category B and category C training should be divided technically between
deck and engineer officers. The company's training manager and the master should
determine what comes under deck operations and what comes under engineering.

Those ordinary crew members who are to participate in the actual bunkering work,
as well as gas purging, or are to perform work on gas engines or gas installations, etc.,
should participate in all or parts of the training for category B/C. The company and
the master are responsible for arranging such training based on an evaluation of the
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concerned crew member's job instructions/area of responsibility on board.
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The instructors used for such supplementary training should be the same as outlined
for category A.

All gas-related systems on board should be reviewed. The ship's maintenance
manual, gas supply system manual and manual for electrical equipment in
explosion hazardous spaces and zones should be used as a basis for this part of the
training.

This regulation should be regularly reviewed by the company and onboard senior
management team as part of the SMS system. Risk analysis should be
emphasized, and any risk analysis and sub-analyses performed should be available
to course participants during training.

If the ship's own crew will be performing technical maintenance of gas
equipment, the training for this type of work should be documented.

The master and the chief engineer officer should give the basic safety crew on board
their final clearance prior to the entry into service of the ship. The clearance
document should only apply to gas-related training, and it should be signed by
both the master/chief engineer officer and the course participant. The clearance
document for gas-related training may be integrated in the ship's general training
programme, but it should be clearly evident what is regarded as gas-related
training and what is regarded as other training.

The training requirements related to the gas system should be evaluated in the
same manner as other training requirements on board at least once a year. The
training plan should be evaluated at regular intervals.

8.3  Maintenance

8.3.1 A special maintenance manual should be prepared for the gas supply system on board.

8.3.2 The manual should include maintenance procedures for all technical gas-related
installations, and should comply with the recommendations of the suppliers of the equipment.
The intervals for, and the extent of, the replacement/approval of gas valves should be established.
The maintenance procedure should specify who is qualified to carry out maintenance.

8.3.3 A special maintenance manual should be prepared for electrical equipment that is
installed in explosion hazardous spaces and areas. The inspection and maintenance of electrical
installations in explosion hazardous spaces should be performed in accordance with a recognized

standard.’®

8.3.4 Any personnel that should carry out inspections and maintenance of electrical installations
in explosion hazardous spaces should be qualified pursuant to IEC 60079-17, item 4.2.

***k

18

maintenance.

Referto IEC 60079-17:2007 Explosive atmospheres - Part 17: Electrical installations inspection and
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Vedlegg 3. Gjennomfgring av risikoanalyse for bygging og
drift av skip som bruker drivstoff med flammepunkt under
60°C

8§ 1. Retningslinjer

1 Analysen utfgres ved identifisering av ugnskede hendelser, vurdering av sannsynligheten for at de
. kan oppsta og konsekvenser av disse.

2 Analysen skal sikre en helhetlig sikkerhetsvurdering av hele det gassdrevne skipskonseptet.

3 Analysen skal gjennomfares i henhold til anerkjente fremgangsmater og metoder samt oppdatert

. programvare. Retningslinjer for planlegging, gjennomfaring og bruk av risikoanalyser finnes
eksempelvis i Krav til risikoanalyser Norsk Standard NS-5814.* Den internasjonale standarden IEC-
60300-3-9 Risk Analysis of Technological Systems gir tilsvarende retningslinjer. De metoder som
beskrives i standardene og veiledningene omhandler de mest brukte metodene i risikoanalyse.

4 Det bgr utnevnes en koordinator som er ansvarlig for oppfglging og kommunikasjon mellom
. aktuelle parter under arbeidet med risikoanalysen.

1 Veiledning til denne er utgitt i SINTEF-rapport no STF75A91021.

§ 2. Metode
1 Risikoanalysen skal beskrive metode, dataprogram og hvilke nasjonale eller internasjonale
. standarder som er brukt.

2 Datakilder, data og beregninger som er brukt ved gjennomfgring av analysen skal spesifiseres og
. dokumenteres.

8§ 3. Generelle krav til risikoanalysen

Risikoanalysen skal utfgres av foretak som kan dokumentere kunnskap om og har erfaring fra utfarelse
av risikoanalyse samt har kjennskap til skipets konstruksjon, tekniske og operasjonelle systemer.

1 Risikoanalysen skal oppfylle kravene som er fastsatt i 8 6 i forskrift her og spesifisert i dette

. vedlegg samt de krav til risikoanalysen som er nevnt i andre paragrafer.

2 Analysen skal dokumentere at en eventuell gasseksplosjon blir styrt slik at personer, utstyr og skip
. ikke skades jf. forskriftens § 5.

3 Analysens omfang kan reduseres dersom tilfredsstillende risikoniva for identiske konstruksjoner og
. systemer med samme gasstype tidligere er dokumentert overfor Sjgfartsdirektoratet.

4 1tillegg til teknisk funksjonssvikt og lignende skal ogsa menneskelig feilhandling tas med i
. analysen.

8§ 4. Delanalyser
1 Konseptanalyse

Konseptanalysen skal omfatte alle skipets gassrelaterte arrangementer og systemer, deres plassering i
forhold til hverandre samt eventuell redundans. Analysen skal inkludere en pélitelighets- og
sarbarhetsanalyse der menneskelig feilhandling, konstruksjonsbegrensninger, funksjons- og
systemsvikt, m.m. tas med. Alle leverandgrer av utstyr og systemer for gassanlegg om bord skal veere
underlagt en slik sérbarhetsanalyse.
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Resultatet av hele konseptanalysen skal veere retningsgivende ved valg av konstruksjonslagsninger for
skip og utstyr, slik at gjeldende funksjonskrav tilfredsstilles. Risiko- og konsekvensreduserende tiltak
skal kun omfatte forhold vedrgrende gassdrift. Tiltakene skal identifiseres og sammenfattes i analysen.
Identifiseringen skal vise hvilke strukturelle og operasjonelle tiltak som forutsettes iverksatt for & fa
sikkerhetsnivaet pa minst samme niva som for dieseldrevne skip.

2 Beredskapsanalyse

Denne analysen skal utfgres pa grunnlag av ulykkeshendelser og dimensjonerende
eksplosjonshendelser som kan oppsta om bord. Skipets sikkerhetsfunksjoner, sikrings- og
bekjempelsessystemer, samt besetningens posisjoner og oppgaver i en alarmsituasjon skal legges til
grunn i beredskapsanalysen. Beredskapsanalysen skal angi eventuelle spesifikke beredskapstiltak
knyttet til gassdriften. Resultatene fra beredskapsanalysen skal innarbeides i skipets beredskapsplan.

3 Eksplosjonsanalyse

Eksplosjonsanalysen skal bestemme sannsynligheten for at en eksplosiv gassblanding kan oppsta,
sannsynligheten for at gassen kan antennes samt konsekvensene av en eventuell eksplosjon. Analysen
skal vise om skipet tilfredsstiller de krav som stilles i forskriftens 88 5 og 6. Analysen skal blant annet
bekrefte dimensjonene av eksplosjonspanel/kanal/luker i eksplosjonsfarlige rom samt styrke av de
eksplosjonsfarlige rommene. Maksimaltrykk skal beregnes ut fra dimensjonerende
eksplosjonshendelse. Eksplosjonstrykkavlastning til friluft eller trykkavlastningsrom skal tas med i
beregningen.

1 Retningslinjer vedrarende sarbarhetsanalyse gis eksempelvis i boken System Reliability Theory; Models, Statistical Methods
and Applications (ISBN 0-471-4713).
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