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©l MCH(Methylcyclohexane)l| 42 2 F=aAFELHEE o
£E 345 ~ 350°CZ ol0f o = b
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- O -

siHZ 2| 3tgrE2 0/ Air ProductsAtO A ZHEsh 2M|CH LOHC & &2 NEC(N-
ethylcarbazole)dt =L ot=olstHR, oHLL, POSTECHO|A 7H ot

222 MBP (2-(b-methylbenzyl)pyridine)Zt ULt O|= Air ProductsAtOfA] 7HEst 2
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m.p.-50.1 ~-46.2°C m.p.-19.3~-18.0°C
b.p. 291 °C b.p. 293°C
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<12l 6> Hydrogenious Technologies Al Storage Unit

Model Name

Storage BOX 10

Storage PLANT 5tpd

Hydrogen Capacity (kg-H,/h) 0.9 210
LOHC Production (L/h) 20 4,500
Heat Production (kW4,) 9 1,900
Inlet hydrogen stream 30 ~ 50bar, 99.99% purity
Inlet LOHC stream > 0.1 barg, T > 15°C
Power Connection 400 V AC, 3 Phase, 50 Hz
% 61t Z0| Hydrogenious Technologies AtOlA& S1& 2tE U 1289 243}
37 Storage Unit 7HZ0| d3otR 0, &HE 3 0| 122 E2 AYM AtEL
= AAE EAE Aok B NS U2t AHo|HY, A7|EF & JHKZ A
8g =+ ULk YEHOZ IOHC 38 & E+a% 30 M= 2 HXIE Ea=z
oot Ol @7kl =2 P8 Y2 LOHC MAAE S AXel EYS™ E43
HOINHL2M = = AU=0l, O|AO| of2f A& 7 ME D[=2| Air Products 2+ O
ORI 20N S5 7Lt o2 FHHFE (Ethylcarbazole)O| T,
<% 7> 0|= Air Products & O] OHX|E 3& 7i& LOHC
r—"

Nr— -
CO——

(Perhydro—N—-sthylcarbazole)

+ 6H,

(N-ethylcarbazols)

=XEE NXAH

FANE ANAE

a8 7 9 ggtE2 el L
= O|ZHAXGHZR]XHE
ot 0| 2= indole, Pyridine

5.8wt% X 57kgHmP e FAH A

1.2.2 LOHC &=

23 37
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H 2}

OlAM BRS3SHH, ZHZE 300°C, 180°C S 58kJ/mol, 207 kiymol Ol A BHSSLCE,

<12l 8> Single LOHC dehydrogenation process schematic

Vap

=\ Hydrogen
& -

v

/

| Liq-l
B LOHC (-)
Llig-1 /

Flash drum

™ Heat source-OUT
N

h

LOHC (+) o =)

1 = —
HX-1 HX-2

Reactor
Feed pump

Heat source-IN

CtE 33 9 & Simulation ZItE LIEFHCE 1.1bar 2 35 & LOHC = HX-1& S
'WZtE| 0 Flash drum O|M 57| 22[tCt 0] & Compressor & &8 A Ef'ﬂ &=
WZtIPH O A LOHC £ Bleed out EICE HX-2 & Sl

LOHC 2t 790kg/h, 400°C2| ERHO| DL} et oLt A2 Reactor& SoH HihA{ Lt
X

I
7t Reactor A= HHS Al 2ot S HES S+toh.

=5 O|&ota, ¢

L
»

<12l 9> Cascade LOHC dehydrogenation Simulation Result

" SIS 44 0%
L3 7t W7 I : LOHC bleed out

MS-gannp

Hydrogen

Flash drum0|M 57| 22| Flash drum LOHC ()

Heat source-OUT

HX AJAIONAN W2ZE b
B ‘ R
I— LOHC HZ2E B 4 (HFG)

1.1bar YHEF Hx-1 HX-2

Reactor

Feed pump

Heat source-IN

£ GE 7pA g3 : 790kg/h, 400°C
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Simulation ZH2 2|2 S YTH HEfEHA SR Ch 18 & 2 E4d0| =0t
M 70bar, 150°CO{| A ==StCt O &7tHIE D & = =22 EIZO0|AM 80bar 7THX|
PHES 2e2[, MI|ZHE S 80°CHA| 2=E ZEICh 1 g dHs Sl
25°CTIHA| 28 R&E = LOHC 2 ottt 25°Ce| =0| 150°Ce| LOHC o 2
M 3St, Perhydro-N-ethylcarbazole O|2te MEZ £231eHE0] HEEDH O

2eE2 1bar 2 S EIC

Ch2 38 10 2 O 2 7tHHE (Ethylcarbazole)ol| CHot =23} Simulation ZA1t0|C}.
A
=

fot

+> Mo

<& 10> Ethylcarbazole dehydrogenation process

ibar2 g COOLERS VALVET
{—H12NEC o E«— ——
° 2
| g2 & 25c YL T
& HYDROGENATION
A
T HEAT2
" we=zamges M
Q dofl elsh HAH 7 ‘
' - COOLER4 *
. HEAT3 e | H7| 2o4E o] soc £F
H:0 |
EH0| Foo), YALVES
70bar, 150°COll 4] 33 Hgo
PUMP3 : J\J} w, s __,E_ 0 —L
i JL C,»—-POWER- - s
Q

= —-NEC——> i
‘- PUMP4 USER2 HEAT4-— >
= ~I\
N-sthndarknle e — S0ar F
=

1.3 LOHC 2d 2%/
LOHC = =tot B85 Sof =428 ot ESote w7l=tg=0[0t 2N 2H

(Safety)nt OfF Hot #&HO| JU=Ol, Ol= GHS Classification It NFPA 704 2t=
ol
AN

1.3.1 LOHC GHS Classification

GHS Classification 0|2t 2tst=H 0| Ciet &/, BX| I =2t A|AES SSOtCE TA|
AX¥ecz SYE 2F/7|F00 et ststE2dol i ddE 276D, SLE HEN
of A1 HEX YU SHAMEAXZMSDS)Z JEE M= WS LIEFHCE GHS
Classification O|A QIEEF 7|F9 @42 IA MHN d, AZ Y, 24 9
g, Od =2 =g 2F=2 5 M2 LED Fa WELlEs StEEER
(Classification)E =2|& Agd(16 T)dt t1Z & &8 {11 F)2E LtEICh &
Xl(Labelling)= M (Symbol) H HEIZM(Pictogram), 41 7, | ™ =+,
ot =X 242 LtEICH SHANMEAXZEMSDS)E 2tet=d A MEAE, Fly,
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IZ HEAE

Ot =Xl § MEE FYsICt AAH GHS Classification 0 MSDS 7} S£& o2
@]

1.3.2 LOHC NFPA 704

NFPA 704 2t NFPA(The National Fire Protection Association)2t= Qlaistxl, ®7| 2
A ALY, Mol Mo S AME =AM HAHO| MEsStE =A HIF2l T oA

dEot 142 LBO|CL S5 SN Y SHO| ofs A& tHSS 47| sl
Or=0{Z! ‘Fire Diamond'O|Ct. & 11 1F 22 ‘Fire Diamond'E &3l S=4% 2
Al 2ot TH|, XL HHE Z2-5s =22 O M2 A ™, HME2 2lg)
a3 o Y, M2 S0t H B, B2 J|E §0| e R EREIC
MEE LEH = FE7E 20, dE <A O(RI"SHK| #2) ~ 401% |z
=FotCt

<712l 11> NFPA 704 Fire Diamond

& NFPA Rating Explanation Guide > 4

HEALTH HAZARD [ZZ] [22Hd] FLAMMABILITY HAZARD

4 = Can be lethal
3 = Can cause serious
or permanent injury
2 = Can cause
temporary
incapacitation or
residual injury
1 = Can cause significant
irritation
0 = No hazard

4 = Will vaporize and
readily burn at normal
temperatures

3 = Can be ignited under
almost all ambient
temperatures

2 = Must be heated or high
ambient temperature
to burn

1 = Must be preheated
before ignition can occur

0 = Will not burn

4 = May explode at normal
temperatures and
pressures

3 = May explode at high
temperature or shock

2 = Violent chemical change
at high temperatures or

OX =Oxidizing
= Simple

SA asphyxiants
= Reacts violently

W or explosively

with water

pressures

1= Normally stable. High
temperatures make
unstable

0 = Stable

SPECIAL HAZARD [7|EH [E2HEd/8H-2d1INSTABILITY HAZARD

This chart for reference only - For complete specifications consult the NFPA 704 Standard

CHS E 12 LOHC Q! Toluene, DBT, Ethylcarbazole ™ F7HX S92 CO,, Naphthalene,
Ammonia 2| GHS Classification 3! NFPA 704 £ L}EFH ZO|CH & 2 & {0 SZ=
LOHC O] =47} ASHEl $=A38HE 2| GHS Classification 2 NFPA 704 £ LIE(LH A
O C.
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<H 1> LOHC GHS Classification & NFPA 704

=3 GHS Hazard Class

Toluene @ @ ’

Flammable Irritant Health Hazard

DBT

) Environmental
Irritant Health Hazard
Hazard

Ethylcarbazole

Irritant

CO;

Compressed Gas

Naphthalene

O&

) Environmental
Irritant Health Hazard
Hazard

Ammonia

OO

Corrosive Toxic

Environmental

Hazard

2 B 2B
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<H 2> LOHC =43}2t= GHS Classification & NFPA 704
=2 GHS Hazard Class NFPA 704
MCH Flammable Irritant Health Environmental
Hazard Hazard
DBT
Perhydro DBT
Ethylcarbazole
—
Perhydro-N- _ )
Ethylcarbazole
C02
Formic Acid Corrosive
Co, @ @
Methanol Flammable Toxic Health
Hazard
—
. . . Health Environmental
Decalin Flammable  Corrosive Toxic
Hazard Hazard
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2 LOHC(UMRZ|+A224HH) X5l A|AH 282HX}

2.1

e

B a7 7| =228 (Liquid Organic Hydrogen Carrier, O|St LOHC) & 42| Loading
k=)

/ Unloading 282 |0 575 #& + UL 718 SIRLH, 38 LA
|

Loading / Unloading A|0] LOHC Handling 2 4 Station Of| A{

I

St

7= 2hotLt,

|_|

HE LQSHX| =Lt =7| HEHC| Chemical Tanker 2| Cargo Tank LHE =
A2 MM Us HEWOICH |4 Station 2| LOHC Storage Tank & LOHC 7+
A E}fO|, Loading / Unloading Al Cargo Tank LHE Zt&F ZtA (Ny)= CHZ| &
= Operating Manual & LOHC 2| Loading / Unloading 2 Ct&1 U0, %
Oiot Ol =24, 28 A 2= 7|&0| Cisf 2 Fotrt.

LOHC = &2 A JeoM 50| 7Is3tE=Z Pipe Line 2 2% Z=ZO|Lt
O.l_

ruﬁ o

ru|>+ ¥
oo dn b d
1 N

|19
i
=

LOHC 2| Loading / Unloading %f 20| @fAl Of2ff AtetOl Il =[O{OF SHCE
(e

1) LOHC Pumpe= &4 =45 TUHS PE LOHC Pump At = ol i
2) =d=2 =S UHIotY A ESE+(PPE) A ¢z 28 AN Oinds T

|8} 0fOF BhC 22

*A2-) HAZOP Worksheet 1-1
*A2-2) HAZOP Worksheet 1-2
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2.2 LOHC Loading / Unloading System Block Diagram

- LOHC Storage Tank:

- Cargo Handling System: Cargo Handling 0| 2823t &H

S A Station L| LOHC & X Z&E38H= Tank

_

A

H

2ot= 24|

rir

=
=
- Loading / Unloading System: §4} Station 3! Ship Side 0l A X|El Loading /

Unloading A H|

- LOHC Cargo Tank: @& W LOHC & A&t U= Tank
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2.4 LOHC Loading / Unloading Operation 2| Hx} 91 49 A|Zt

- 21219 Operation 2| &2 A[Zh2 CiNZ Ci5idb &Lt

. Operating
Title Purpose .
Duration
_ LOHC Loading 2 I3l Station 1t
Connecting oaM oz -
Normal 2&M9| Cargo Tank Li LOHC &
Loading xo ? = 6 AlZF
Operation =7
Loadin Hf 2t L &t LOHC £ Slo
7| Line Stripping-1 = 0P 1 AlZH O|LY
Tank 2 ¢
Disconnecting | Station It &M AHZ S| -
, LOHC Unloading & ¢Ioi &Mt
Re-Connecting _ -
Station ¢1Z
Normal :
, . Station 2| Storage Tank 0f LOHC
Operation Unloading ~ 6 Al 7t
S
Unloading
: - Hi2t W £ LOHC E Slop
Line Stripping-2 1 AlZH Oy
Tank 2 ¢
Maintenance Aeration Cargo Tank Lf EAZ X|gt 1 AlZH Oy
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Normal Operation Loading

2.5
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2.5.1 Connecting

Ct

2) EE O|&Z2 flet HE= Ehol MEHO|H, Station O U= Hose
AL Od?z*l?'_“:f. O|l= Zt Manifold O AZEH Manifold
Tank(T-201~T-210)2 LOHC & M stA =ICt

3) @& 2, ESD /SSLTEST & o0 O[&f0] GlOjOF SFCf,
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2.5.2 Loading

1) Storage Tank(T-101)0f MEE|0 & LOHC = Feed Pump(LP-101| [LP-102)E &
S 5.4bar 2 2&4M9| Cargo Tank(T-201~T-209)0| 52 E=ICt.

2) Cargo Tank(T-201~210) L& ZtF{E 7tA (Ny)= VentRiser & &9l CH7| H=EC

3) & AlZt2 6 A|ZHO0|M, Cargo Tank(T-201~210) Volume O] 98%0f =&stH S
2 2tF EICt 0|, Cargo Tank(T-201~210)2| Volume 2 [LI201| ~ [LI210|2 =21 7}
SOtCt
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2.5.3 Line Stripping-1

1) X 22 =, v EXst= THo LOHC S N, 2 LA Slop Tank 2 E'WHCH
N, = CH7| &5 T LOHC & Slop Tank 2 XMEEICE

2) Loading =, Hi&t0| LOHC 7} 7t5 %} = SEHZ Hose & =EIAIZ|H LOHC

QIR REEIEE, O|F WX|SHI| fldh & ERst ZO|Ct N, Generator &

Sf N, E 29| TYUSHLD, Drain Line =2 TA|E EASIY Hf2H L X0 LOHC
7

uu ofm rir
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2.5.4 Disconnecting

1) Hose 9 A M, Hi2t | LOHC 7t §'=X| Drain Line & Edi

b
|.|'|

2) LOHC & 2914 o|oi, ¥SMo| Mooz Zgo| 93y

Of CHHISH LOHC 7} Sl=Xl= =elsty, HAZE 221& A

x|

3=y

|.
rot

—

ok

_
_

rEI
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Normal Operation Unloading

2.6
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2.6.1 Re-Connecting
1) Cargo Tank(T-201~T-210)2t Storage Tank(T-101)& HZASH7| Tt & AS A=t

2) BE 0|38 93t WE L= o5 AEfO|O, Station Of QU= Hos
= Zt Manifold 0f HZA%ZH Manifold
Tank(T-101)2 LOHC & T ES}A E=ICt.

3) @& 2, ESD /SSLTEST & o0 O[&f0] GlOjOF SFCf,

D

mjo
i=)
Ol
ot
2
Ho
o>

min
Ofm
ey
L
A
o
o
Q
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2.6.2 Unloading

1) Cargo Tank(T-201~210)0 A& |0 A= LOHC & Feed Pump(LP-201| [LP-202)
Sl 5.4bar 2 Station 2| Storage Tank(T-101)0 S & EZICt.

Ul

2) Storage Tank(T-101) LHE ZHF 7tA (No)= Vent Line 2 &6l CH7| HEEICH

3) M A|ZH2 6 A|ZHO|OY, Cargo Tank(T-201~210)L{0]l LOHC 7} 25 Unloading &l
M SM2 2= EICH O, Cargo Tank(T-201~210)2| Volume 2 |LI201| ~ |LI210 |2

ot
ro
N
or rlo
ot
n
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2.6.3 Line Stripping-2
1) X 22 =, v EXst= THo LOHC S N, 2 LA Slop Tank 2 E'WHCH
N, = CH7| &5 T LOHC & Slop Tank 2 XMEEICE
2) Unloading <, HiI2t0| LOHC 7t 7t5 X U= HEZ Hose & =2[AI7|E LOHC

= ARE RELIEE, 0|F BX[57| fl8l & East HYUOICE N, Generator
&%l N, E F&35| FYSHL, Drain Line & FAIZ2 EHSHY Hif2t Lf THH LOHC
£ YSAIZCL
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For Maintenance

2.7

SLHDI TI¥ “SMIHID 0L 3AVS ZHL DNISCIOSIN KO DNUYDI NG ATLMvd MO ATIOHM
3HOATH ANVANDD OIVS 3L 40 AUNOHLNY NILLLEM I-L NIVLEC LS SINIO3M
'ANVGINGD NI GILE3A S1 NELIHL LHOINAJOD JHL “WUNIOLINGD 51 LKINND0T SIHL

oy b ol 8 | 8
[ | oo =
Wﬂﬂw . NOLYAIA0 SNIGVOINN / ONIOVOTT
Wow | srTer JHOT dIHS OL NOLVLS
@ .
kR BTV kit #E2 OHOT =

| Sy | OOl | ddk [ el
SNONTN L] TTAH NDUVAB04NI 04 L190T208 @
ONONTN | MOPWN | TTAH NGO L0J oco1 vz | \&/

%86 - TS Y IhUpL
uonoJay

%86 * T8 ¢N |h 3uel
BunJsu|

90UDUB)UIDY JO

]

ol



P KOMAC Page 39

Q) e&co Project = w248 HHI|E HHEAMY

2.7.1 Inerting
1) Cargo Tank(T-201~210) LHOl Zt0f LOHC & N, 2 X|gtst= ZY0|M, Cargo
Tank(T-201~210)2 N, & 323 &=Lt N, 7| Cargo Tank(T-201~210)LHOf| Xt
LOHC & ZO{UO{ Slop Tank 2 XM EIC}

2) & 7L 571 98% O|d0| E|H XS F=

rot

Ct.
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2.7.2 Aeration
1) Cargo Tank(T-201~210) LHO EHAE Air 2 X|&St= 20|, Cargo Tank(T-

201~210)2 Air € 388 =Lt Air = E2720| H|gf H[SO0| 222 Cargo
Tank(T-201~210) LHEO| Air 7} HIEFEE el & A 7kAE Vent Riser
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<#3> 2 8 HEe =28 A g Y

A |
Molecular Weight 2.016 16.043
Density of Gas at NTP, kg/m?3 0.08376 0.65119
Temperature to Achieve NTP Neutral Buoyancy
in Air (1.204 kg/m3), K 2207 1043
Normal Boiling Point (NBP), K 20 111
Liquid Density at NBP, g/L 71 422
Enthalpy of Vaporization at NBP, kJ/mole 0.92 8.5
Lower Heating Value, MJ/kg 119.96 50.02
Limits of Flammability in Air, vol% 4 ~ 75 53 ~15
Explosive Limits in Air, vol% 18.3 ~ 59.0 6.3 ~ 13.5
Minimum Spontaneous Ignition Pressure, bar ~ 41 ~ 100
Stoichiometric Composition in Air, vol% 29.53 9.48
Minimum Ignition Energy, J 0.02 0.29
Flame Temperature in Air, K 2318 2148
Auto-ignition Temperature, K 858 813
Burning Velocity in NTP Air, m/s 2.6 ~ 3.2 0.37 ~ 045
Diffusivity in Air, cm?/s 0.63 0.2
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2.2 LH; Loading / Unloading System Block Diagram
- LH, Storage Tank: Station W Liquid Hydrogen & X&3dt= Tank
- Cargo Handling System: Cargo Handling 0 2% YHE Z3tsts AH|

- Loading / Unloading System: Station 3 Ship Side 0ff &X|E Loading / Unloading

SH|

- LH, Cargo Tank: LH, 23 W Liquid Hydrogen 2 A&t U= Tank
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2.4  LH; Loading / Unloading Operation 2| EX} 5! &8 A7t

- Z}249| Operation 2| 42 A[Zt2 CHHZ ChZ1h ZC}

. Operating
Title Purpose .
Duration
' LH, Loading & %/dli Station 1t
Connecting o -
25M AE
Preparation | Line Inerting |HiZ L =2 H™A 1 A2k Of L
2&M9| Cargo Tank Wi N, &
Gassing Up °© N J 2= 10 A[Zt O|LY
GH, 2 X|&
235M9| Cargo Tank & HiE 2k
Cool Down | . = J 20 A|Z+ OfLY
o4
2&M9| Cargo Tank Wi LH, &
Loading xo J 2= 6 A7t
Normal =7
i Liquid Li it L T LH, & 7|2HA|Z
Operation |qu.| ‘lne Het LY 2 & 7IStAA L Al7F ol
Loading Stripping Tank O =¢
Liquid Line
- B2 L) GH, B N, 2 X2 1412 ol
Inerting
Disconnecting | Station It &M AHZ S| -
. LH, Unloading & I8 2541t
Re-Connecting . -
Station ¢1Z
Line Cool 25M9| Vaporizer & &&3}0,
Normal P °© N 6 A|Zt OfLY
_ Down-1 X7+ H, Gas £ Pipe =& 5t
Operation : A :
. Line Cool 25 Cargo Tank 2| LH, 2 Pipe
Unloading N 3 Ak OfLY
Down-2 25 st
Station 2| Storage Tank Of LH;
i A7t
Unloading = 6 AlZt
2&M9| Cargo Tank LiE 2£H=S
D . . _E_ O L
| epressurizing sofoz s 30 & O|LY
Maintenance oo C Tank L& 2o
Warm Up Mi J N 30 AlZt OfLY
oo




#KOMAC Page 57
S2284 Holo N2 ]
Qc&co Project =AM QHH7|E JHEAY
Operatin
Title Purpose P . 9
Duration
Cargo Tank W GH, &
Inerting J ? 10 A|Z+ O|LK
L g
Cargo Tank L N, & Dry S A7+ o[L}

Aeration
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2.5
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2.5.1 Connecting
1) Cargo Tank(T-201, T-202)2} Storage Tank(T-101)& S Z35t7| ¢

o AtQle AlEket

2) BE 0|32 Qst == ool AEJO|OY, Station O QA& Loading Arm 2 0|83}
25 M9| Liquid Line 2 Gas Line & @& A|ZIC} O|= Zf Manifold 0ff HAZAK|

Manifold & &3} Cargo Tank(T-201, T-202)2 LH, Hydrogen & T &dtA =

3) ®Z =, ESD /SSLTESTE o} O|&t0| Qio{of SiCt.
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2.5.2 Line Inerting

Connecting 2, Hi& LHOl EXst= Air & 252 MASHZ| I N, 2 X2t
Sguleiny

29| N, Generator & O|&05}0 +dsiH, &M
of CH7|Z=E SICH 0,9 =71 1% 0|57t E|H F
AER SAIO Tl

1) Loading Arm Purge £ E{O]
Manifold 2| Drain line &

F3ICt (Loading Arm 2[3 H

2) 7|& {2 Lo EXSt= Air X E&=2 Vent mast 2 HEEICL

3) 20f M0 =8 JhAE 550°C 0|22 JHHoALE HotAZ7|H ZE & ¢

HO| YOO E Vent mast 2 BEL= Ar & 0, 2 sE71 1% 0|57 EHEE
—1
=]
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2.5.3 Gassing Up

) B2t % Cargo Tank(T-201, T-202) L0l ZXiSt= Ha 7IAE 4 JtA=E K|
St

2) Storage Tank(T-101)0A AZC=E LI2 LH, & Vaporizer(V-101)E &3l 7|2t Al
74 33010f, A JtAE Vent mast 2 &0}

3) %A JFATL HA JtA H|E CfH| 7S BE, Cargo Tank(T-201, T-202) LHO|A
T JtAE BRLE, HA JtAE OfFLE EO|A kO, Cargo Tank(T-201,
T-202) LHE2| ot Z oM S2t7t= Hi#S Sl Vent mast 2 &ESHA E=ICH

4) Vent mast Ol M =k 7tA7F =4 SE 98% O|40| Z|H XAUS FFE oLt
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Normal Operation Loading

2.6
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2.6.1 Cool Down

2 X229| Liquid Hydrogen O| H{Zt1} Loading Arm & S S27| ME0| AHHO
Cool Down & StA| $O M HYZHW} Loading Arm % ZHH| &=4& of7| & £ e

2 M3 Cooling 2 ZLEZ 3irt,

1) B2t Lf 42| Liquid Hydrogen 2 &
2 .150°C MA| MM3| @E= WAL, O B oax
-200°C HX| 228 RECH

= X

2) Cargo Tank(T-201, T-202) LHE 2&7} -200°C 2 &t=7|E2 2 StC} O|Mf, Cargo

Tank(T-201, T-202)2| W& 2=+ [TI201| [TI202| 2 =t910| 7ts3}LC}.
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2.6.2 Loading

1) Storage Tank(T-101)0 XMZEZO QU= LH2 = Feed Pump E Sl 3bar £
Bunkering Vessel 2| Cargo Tank(T-201, T-202)0 &&!C}.
A =HS UESHE LH; Pump AFY =010 ZQSiH, iz S

4815 12{st pump L MHO| LRSI, 6

2) LH, Pump

C o
Yo &

Ju rr
N
OF

3) Cargo Tank(T-201, T-202) LHE20| AT ==& ZtA= Compressor(C-201)E AN
Storage Tank(T-101), BOG Treatment System S 2 F | EIC},

4) B A|Zt2 12 A|ZH0|0, Cargo Tank(T-201, T-202) Volume O] 98%0i| =2 &tH
SHME A= EICt 0|, Cargo Tank(T-201, T-202)2] Volume 2 [LI203| [LI204 |2 =t
ol 7hsSho

*B6-1) HAZOP Worksheet 1-1
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2.6.3 Liquid Line Stripping
1) B 25 =, Ui EXS= T Liquid Hydrogen 2 At 713t Al 1 &2
0|83l Liquid Hydrogen O] & & Tank 2 FYEICH

2) Station & Hij20f ZTtF8] U= Liquid Hydrogen 2 Storage Tank(T-101)2 FY &
M, Bunkering Vessel Hi2t9| Liquid Hydrogen 2 Cargo Tank(T-201, T-202)2 F¢

=t

3) HiEt W 228 =0l & 4= QL= [T1207, 11208 Q] =7t -180°C86-2 0|4 U M,
WMEE JHEH St liquid Hydrogen O FOFRUX| 2=X], Drain Line O Sampling
Ct




72

]
o

Fd

#KOMAC

ceaco

mwims 0L | [ | 9 | L | ] L 2 s | [ |
C LN ET| - hilo 2ivl : uonoing -
=Se| - SNIddILS 3NN ainbn Bunesadg f5iz Biv 1ZHT R h 2R
3o | wom | NOUYYIAO ONIOVOTINN / ONIGYOT ZH) 7 )
T ONMJNYS) 2R 3NN NV¥a aInon — CY5)
Bl "R
02230 Rlo 08l =2 BOZ'L0Z-IL — 7
aN393T H0102
R UDL kv telz @EH o h 2R T
kR B<lv ) w83 TU kb

-h!dliug—!!iis,g}i&-ﬁ
Abpar Y LA MR M0 B TASCHLIOD S A0 Bt
=3 e el WALABOTT i -
v
v
Vv

\&9\\

o @@ ®
k 1
kY
T
il =ik e =i

SEm\Eo.wu d/.\J

oy @@H
Y

P

£]

(ae1s/1¥od)
*r by ey

apIS diys  9pIS UoNDIS

a T 0 T 8 T z T ] L 3 B I v




#KOMAC

Q@ eaco

Page

Project

2.6.4 Liquid Line Inerting
1) BiZH LHO Tt 2 JtAE AL JIAZ X|BSIH Cargo Tank(T-201, T-202)2
HE5, Valve 2 AHEFSHCE

3) Generator &
A SETF98% O

Mo 2

Ch. 37| MZof s W ==

e

o2 HZSIH 0Ol

2 Loading Arm &

ATFAE Vent mast 2
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2.6.5 Disconnecting

1) HiZH W RE JtA7t S8 Jtael HA ZtAR X|eE|0f JLE=X] Gas Sampling

stof ghol $tch

2) =as EAHLC MR8 2 Gas Sampling 2 Hi2H 2+219] Highest Point Ofl A
Aok}

3) 289 “tas BE4d0| Heoz ZFEol ddol M Oj7[of ==&k
Ol&fo] gi7| Wi=Zof, Higt Wf ZkA7F HA 7IA/JES QIS Liquid Line 2t Gas
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Normal Operation Unloading

2.7
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2.7.1 Re-Connecting
1) Cargo Tank(T-201, T-202)2} Storage Tank(T-101)& AZASH7| Tt ZHAS Al

£ 0|82 I #WEE SHol MEHO|O, Station O U= Loading Arm 2 0|83}
23549 Liquid Line 1t Gas Line & ¥Z A[ZIC} Ol Zf Manifold 0| HZAK|

B2
o
M Manifold & &3%}0{ Storage Tank(T-101)Z LH, Hydrogen 2 ™ E3dIA =ICt
o4

r

—_

=, ESD / SSL TEST & St0f O|&t0| Si0{0F otC},
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2.7.2 Line Cool Down-1
2 X229| Liquid Hydrogen O| H{Zt1} Loading Arm & S S27| ME0| AHHO
Cooling 2 StX| 2™ H{Z D} Loading Arm & ZH|

At Cooling = EHREZ L}

248 07| B 4 Yooz

OF

1) Bi® L Liquid Hydrogen 2 £2 Vaporizer(V-201)& &

=& HELL

 Z12tst Gas 2 M AT

2) Cargo Tank(T-201, T-202)= Liquid Hydrogen O] K& E|0f JAYP S22 Cool Down
OlM X<l SHEf

3) Hi& W =7} -150°C 2 &AZRI|Z=CZ SlH, TI207
7tSStet

, TI208 |1 Sl 2=

ot

H210]
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2.7.3 Line Cool Down-2

1) Vaporizer(V-201)& &3l -150°C 7tX| Cool Down & ¥+ 2, Liquid Hydrogen Line
= ot O Cooldown %L,

2) Cargo Tank(T-201,202)0l A Liquid Hydrogen = 22 &2 Liquid Hydrogen Hfj2t
of 2 & MMY| HELL

3) HjZH Lf =7} -200°C & AB7|FEOZ IO, [TI207, [TI208 1B E8f 2% =0l
7+ St

ot

O
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2.7.4 Unloading
1) Cargo Tank(T-201, T-202)0] M&E[O U&= LH, & Cargo Pump € &3l 3bar 2
Station 2| Storage Tank(T-101)0| & =IC}.

F o

rk

2) LH2 Pump = &A Z=HE TESI=E LH2 Pump ALY 2HQ10| s, Hy
24

zogtol 2teiysiE najst pump Y3 MHO| LRt

3) Storage Tank(T-101) LH20| /}E =2 JtAE Compressor(C-101)E AN Cargo
Tank(T-201, T-202)2 F=ICt,

4) B AZH2 12 A|ZH0|0, &2 7|&E2 Cargo Tank(T-201, T-202) LHE Volume 9
10%"87-20|C}, O[], Cargo Tank(T-201, T-202)2| Volume = |LI203, [LI204 Z =9I
7t&35tCt.

*B7-1 HAZOP Worksheet 1-1
*B7-2) Ballast Voyage Z=Z Al, Heel Volume2 2&M2| FGSS HRE + Cool Down EREZHO| [t EHatd.
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2.8.1 Depressurizing

Maintenance & =X 22, Cargo Tank(T-201, T-202)& %[& Air 2 X[2t5l= A8 F

HZE FCH

1) Cargo Tank(T-201, T-202) L} ==& 7tAE

£ Vent m

st / BOG Treatment System £

2 "8E35t0 Cargo Tank(T-201, T-202) Lf =2 éJOJEE r=Ct
2) Ventmast= 7|2 Q5| 222 Halkl
ZCHo HHM7| &X|2g MAX|$HCH (KOSHA GUIDE D-42-2012 A1)

3) Cargo Tank(T-201, T-202) Lf 2&O| 1.1 bar 0|5

Tank(T-201, T-202)2| &&HL

Pl 205

r

Pl 206

o=

= B2E YUX|5t7| {5 Vent mast Q]

£ o228 J|ES 2 B} Cargo

=
2tQl0| 7hs ottt
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2.8.2 Warm Up
1) B JFAR X|ESH7| MO, Cargo Tank(T-201, T-202) LR 2%
Ct.

Y gsAl

M|

2) 2540 QU= Vaporizer(V-201)E &5l Cargo Tank(T-201, T-202) WOl U= ==

A 7t20ol 222 MSAIF{(80°C O/ 2 H|Of), CFA| Cargo Tank(T-201, T-202)
2 Ht= =Yoo}

3) Cargo Tank(T-201, T-202)LH& =7 10°C O|&O|H XHHZS JZ=ETICE Cargo
Tank(T-201, T-202)2| &%= [T 201}, [Tl 202 |22 =02I0| 7}
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2.8.3 Inerting

1) Cargo Tank(T-201, T-202) LHO| =2 7tAE A A2 X|2HotC}

2) 2540 U= GeneratorE S EALE G006 F=ATAE Vent mast 2 E O

A

HCE,

3) A JtAE 4 7120 HIS| H|EO| A2, Cargo Tank(T-201, T-202) L0
B4 JEATF Tank HISRE XH9 2 AO|H, =4 JtAE Tank oF HiEE &
Sl Vent mast 2 Y& EICH

4) A JtA SETF 98% O|AM0| T XHAS TE it
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2.8.4 Aeration

1) Cargo Tank(T-201, T-202) WO &4 7tAE Air 2 X|2Hot= Y00 254
M Cargo Tank(T-201, T-202)2 Air & 329 &Lt Air= &4 7tA0 HS) HIS
O] B2, Cargo Tank(T-201, T-202) LHEO Air 7t HIERH xi¢ & Zo[H, H
2 7tAE Tank &2 HiEZ S Vent mast 2 &&= EICE

—

o

2) MA BETF21% O|MO0| E|H AAS F=F S

— —
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Revision of the “Interim recommendations for carriage of liquefied
hydrogen in bulk”
CCC 9 reviewed the updated proposal for the "Interim recommendations for carriage of liquefied

hydrogen in bulk” It is divided into three parts: Part A includes the general requirements and is

applicable to ships with any type of cargo containment system, while Parts B and C prescribe additional

special requirements for specific cargo containment system types. The major new issue, covered in Part
C, allows for cargo containment systems of independent cargo tanks using insulation materials and
hydrogen gas in the inner insulation spaces.

The revised recommendations will be further considered for approval by MSC 108 in 2024.

<38 1> AN+ 2 AAD WY LHE
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5  SHIP DESIGN AND ARRANGEMENT ...........cc.ooooiiiiiioiioniiessienecmeencenene oo 14 CHAPTER 3
51 Goal 14 SHIP ARRANGEMENTS
5.2 Functional requirements ... 14 Goal
53 Regula‘lions — General 14 To ensure that the cargo containment and handiing system are located such that the
) T consequences of any release of cargo will be minimized, and fo provide safe access for
5.4 Machinery space concepts ............ .18 operatia 2qd dspectian.
5.5 Regulations for gas safe machineryspace 18 i RO e e R
311 Hold spaces shall be segregated from machinery and boiler spaces,
5.6 Regulations for ESD-protected machinery spaces. accommodation spaces, service spaces, control stations, chain lockers, domestic water
tanks and from stores. Hold spaces shall be located forward of machinery spaces of
5.7 Regulaﬁons for location and protection of fuel piping _______________________________ 19 category A Allemative arrangements, including locating machinery spaces of category A
forward, may be accepted, based on SOLAS regulation 11-2/17, after further consideration of
58 Regula‘lions for fuel prepara'tion room design D involved risks, including that of cargo release and the means of mitigation.
. . 312 Where cargo is carried in a cargo containment system not requiring a complete or
5.9 Regulations for bilge systems ... 19 partial secondary barrier, segregation of hold spaces from spaces referred to in 3.1.1 ar
spaces either below or outboard of the hold spaces may be effected by cofferdams, oil fuel
5.10 Regulations fordriptrays . _........20 tanks or a single gastight bulkhead of all-welded construction forming an "A-60" class
division. A gasfight "A-0" class division is acceptable i there is no source of ignition or fire
5.11 Regulations for arrangement of entrances and other openings in enclosed hazard in the adjoining spaces
spaces .20 313 Where cargo is carried in a cargo containment system requiring a complete or
partial secondary barrier, segregation of hold spaces from spaces referred to in 3.1.1, or
512 Regulaﬁons FOr AITIOCKS 20 spaces either below or outboard of the hold spaces that contain a source of ignition or fire

<18 2> IGF Code(2015)
/ 1GC Code(2014)

hazard, shall be effected by cofferdams or oil fuel tanks. A gastight "A-0" class division is
acceptable if there is no source of ignition or fire hazard in the adjoining spaces

314 Turet compariments segregafion from spaces referred to in 3.1.1, or spaces either
below or outboard of the turrel compartment that contain a source of ignition or fire hazard,
shall be effected by cofferdams or an A-60 class division. A gastight "A-0" class division is
acceptable if there is no source of ignition or fire hazard in the adjoining spaces.

315 In addition, the risk of fire propagation from turret compartments to adjacent spaces
shall be evaluated by a risk analysis {see 1.1.11) and further preventive measures, such as
the arrangement of a cofferdam around the turret compariment, shall be provided if needed

316 When cargo is carmied in a cargo containment system requining a complete or pariial
secondary barrier:

1 at temperatures below -10°C, hold spaces shall be segregated from the sea
by a double bottom; and

at temperatures below -55°C, the ship shall also have a longitudinal
bulkhead forming side tanks.

317 Amangemenis shall be made for sealing the weather decks in way of openings for
cargo containment systems.

5. Ship Design and Arrangement(%})
3. Ship Arrangements(<?)
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CHAPTER 6

MATERIALS OF CONSTRUCTION AND QUALITY CONTROL

Goal

To identify the required properties, testing standards and stability of metallic and non-metallic
materials and fabrication processes used in the construction of cargo containment and piping
systems fo ensure they serve the functions far which they have been selected, as required in
chapters 4 and 3.

6.1 Definitions

6.1.1 Where reference is made in fhis chapler to A, B, D, E, AH, DH, EH and FH hull
structural steels, these steel grades are hull structural steels according o recognized
standards.

6.1.2 A piece is the rolied product from a single slab or biilet or from a single ingot, if this
is rolled directly into plates, sirips, sections or bars.

613 A batch is the number of items or pieces to be accepted or rejected together, on the
basis of the 1esis to be carmed out on a sampling basis. The size of a baich is given in the
recognized standards.

614
out in the normalizing temperature range, resulting in a material condition generally
equivalent to that obtained by normalizing.

Controiled rolling (CR) is a roliing procedure in which the final deformation is carmied

615  Thermo-mechanical controlled processing (TMCFP} is a procedure that involves strict
control of both the steel temperature and the rolling reduction. Unlike CR, the properties
conferred by TMCP cannot be reproduced by subssquent normalizing or other heat
treatment. The use of accelerated cooling on completion of TMCP may also be accepted,
subject to approval by the Administration. The same applies for the use of tempering after
completion of TMCP.

616  Accelerated cooling (AcC) is a process that aims to improve mechanical properties by
controlled cooling with rates higher than air cooling, immediately after the final TMCF operation.
Direct quenching is excluded from aceelerated cooling. The material properties conferred by
TMCP and AcC cannot be reproduced by subsequent normalizing or other heat freatment

6.2 Scope and general requirements

621 This chapter gives the requirements for metallic and non-metallic materials used in
the construction of the cargo system. This includes requirements for joining processes,
production process, personnel qualification, NDT and inspection and festing including
production testing. The requirements for rolled materials, forgings and castings are given
in64 and tables 6.1, to 6.5 The requirements for weldments are given in6.5, and the
guidance for non-metallic matenials is given in appendix 4. A quality assurance/guality control
programme shall be implemented to ensure that the requirements of 6.2 are complied with

<18l 4> IGC Code(2014) — 6. Materials of Construction and Quality Control
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11.2 Functional requirements ... 83
11.3 Regulations for fire protection...._.._..__ 83

11.4 Regulations for fire main

11.5 Regulations for water spray system . 84
11.6 Regulations for dry chemical powder fire-extinguishing system ... 85
11.7 Regulations for fire detection and alarm system ... ... 85
12 EXPLOSION PREVENTION L. e 85
12,1 Goal . 85
12.2 Functional requirements
12.3 Regulations - General . 85
12.4 Regulations on area classification ... ... 86

12.5 Hazardous area zones

<12 5> IGF Code(2015) — 11. Fire Safety, 12. Explosion Prevention

CHAPTER 11

FIRE PROTECTION AND EXTINCTION)

Goal

To ensure that suitable systems are provided to protect the ship and crew from fire in the
cargo area.

11.1  Fire safety requirements

11.1.1  The requirements for tankers in SOLAS chapter -2 shall apply to ships covered by
the Code, imespective of tonnage including ships of less than 500 gross fonnage, except that

A regulations 4.5.1.6 and 4.5.10 do not apply;
2 regulations 10.4 and 10.5 shall apply as they would apply to tankers
of 2,000 gross tonnage and over,
3 regulation 10.5.6 shall apply to ships of 2,000 gross tonnage and over,;
4 the following regulations of SOLAS chapter |1-2 related to tankers do nat apply
and are replaced by chapters and sections of the Code as detailed below:
Regulation: Replaced by:
10.10 116
451 1and4512 Chapter 3
455 Relevant sections in
the Code
10.8 1M3and 114
10.9 115
10.2 112110 1124,
5 regulations 13.3.4 and 13 4 3 shall apply to ships of 500 gross tonnage and
over.

<32 6> IGC Code(2014) — 11. Fire Protection and Extinction
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CHAPTER 8
VENT SYSTEMS FOR CARGO CONTAINMENT

Goal

To protect cargo containment Systems from harmful overpressuig or underpressure at afl
times.

8.1 General

All cargo tanks shall be provided with a pressure relief system appropriate to the design of
the cargo containment system and the cargo being camied. Hold spaces and interbarrier
spaces, which may be subject to pressures beyond their design capabilities, shall also be
provided with a suilable pressure relief sysiem. Pressure conirol sysiems specified in
chapler 7 shall be independent of the pressure relief systems.

8.2 Pressure relief systems

821 Cargo tanks, including deck tanks, shall be fitted with a minimum of two pressure
relief valves (PRVs), each being of equal size within manufacturer's tolerances and suitably
designed and constructed for the preseribed service.

822 Interbarrier spaces shall be provided with pressure reliel devices. For membrane
systems, the designer shall demonstrate adequate sizing of interbarmier space PRVs.

823 The setting of the PRVs shall not be higher than the vapour pressure that has been
used in the design of the tank. Where two or more PRVs are fitted, valves comprising not
more than 50% of the total relieving capacity may be set at a pressure up fo 5% above
MARVS to allow sequenfial lifting, minimzing unnecessary release of vapour.

824 The following temperature requirements apply to PRVs fitted to pressure refief
systems:

A PRVs on cargo tanks with a design temperature below 0°C shall be
designed and aranged 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 meling point above 325°C
Lower melting point materials for internal paris and seals may be accepled,
provided that fail-safe operation of the PRV is nol compromised; and

A4 sensing and exhaust lines on pilot operated refief valves shall be of suitably
robust construction to prevent damage

825 Valvetestng
8251 PRVs shall be type-tested. Type tests shall include:
A verfication of relieving capacity;

2 cryogenic t2sting when operating at design temperatures colder than -55°C;

<12l 8> IGC Code(2014) - 8. Vent Systems for Cargo Containment
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CHAPTER 10
ELECTRICAL INSTALLATIONS

Goal

To ensure that electrical installations are designed such as fo minimize the risk of fire and
explosion from flammable products, and that electrical generation and distribution systems
relating fo the safe camiage, handling and conditioning of carge fiquid and vapour are availabie.

101 Definitions

For the purpose of this chapler, unless expressly provided otherwise, the definitions below
shall apply.

1011 Hazardous area is 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 electrical apparatus.

10.1.1.1 Zone 0 hazardous area is an area in which an explosive gas atmosphere is present
continuously or is present for long periods

10.1.1.2 Zone 1 hazardous area is an area in which an explosive gas atmosphere is likely to
occur in normal operation

10.1.1.3 Zone 2 hazardous area is an area in which an explosive gas atmosphere is not likely
to occur in normal operation and, if it does occur, is likely to do so infrequently and for a short
period only.

10112 Non-hazardous area is an area in which an explosive gas atmosphere is not
expecled o be present in quaniities such as to require special precautions for the
construction, installation and use of electrical apparatus.

10.2  General requirements

1021 Electrical installations shall be such as to minimize the risk of fire and explosion from
flammabile products

10.22 Electrical installations shall be in accordance with recognized standards.

10.2.3 Electrical equipment or wiring shall not be installed in hazardous areas, unless
essential for operational purposes or safety enhancement

1024 Where electrical equipment is installed in hazardous areas as provided in 10.2.3, it
shall be selected, installed and maintained in accordance with standards not inferior to those
acceptable to the Organization. Equipment for hazardous areas shall be evaluated and
certified or listed by an accredited testing authority or nofified body recognized by the
Administration. Automatic isolation of non-cerlified equipment on detection of a flammable
gas shall not be accepted as an alternative to the use of certified equipment.

10.25 To facilitate the selection of appropriate electrical apparatus and the design of

suitable electrical installations, hazardous areas are divided into zones in accordance with
recegnized standards.

<% 10> IGC Code(2014) — 10. Electrical installations
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A5 GO@I ..o 92
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15.5 Regulations for bunkering control ... 94
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<32 11> IGF Code(2015) — 15. Control, Monitoring and Safety Systems




#KOMAC

ceaco

4>

Page

Ho
of>

Project

CHAPTER 13
INSTRUMENTATION AND AUTOMATION SYSTEMS

Goal

To ensure that the instrumentation and automation systems provides for the safe camriage,
handling and conditioning of cargo liguid and vapour.

131 General

13.1.1 Each cargo tank shall be provided with a means for indicating level, pressure and
temperature of the cargo. Pressure gauges and temperature indicafing devices shall be
installed in the liguid and vapour piping systems, in cargo refrigeration installations.

13.12 If loading and unloading of the ship is performed by means of remotely confrolled
valves and pumps, all controls and indicators associated with a given cargo lank shall be
concenirated in one control position

13.1.3  Instruments shall be tested to ensure reliability under the working conditions, and
recalibrated at regular intervals. Test procedures for instruments and the intervals between
recalibration shall be in accordance with manufacturer's recommendations.

13.2 Level indicators for cargo tanks

1321 Each cargo tank shall be fitted with liquid level gauging device(s), amanged to
ensure that a level reading is always obtainable whenever the cargo tank is operational The
device(s) shall be designed to operate throughout the design pressure range of the cargo
tank and at temperatures within the cargo operating temperature range.

1322 Where only one liquid level gauge is fitted, it shall be amranged so that it can be
maintained in an operational condition without the need to empty or gas-free he tank.

1323 Cargo tank liquid level gauges may be of the following types, subject to special
requirements for parficular cargoes shown in column "g” in the table of chapter 19:

A indirect devices, which determine the amount of cargo by means such as

weighing or in-line fiow meterning;

closed devices which do not penefrate the cargo tank, such as devices
using radio-isotopes or ultrasonic devices;

closed devices which penetrate the cargo tank, but which form part of a
closed system and keep the cargo from being released, such as float type
systems, electronic probes, magnefic probes and bubble tube indicators.
If closed gauging device is not mounted directly onto the tank, it shall be
provided with a shutoff valve located as close as possible to the tank; and

restricted devices which penetrate the tank and, when in use, permit a small
quantity of cargo vapour or liguid to escape to the aimosphere, such as fixed
fube and slip fube gauges When not in use, the devices shall be kept
completely closed. The design and installation shall ensure that no dangerous
escape of cargo can take place when opening the device. Such gauging
devices shall be so designed fhat the maximum opening does nat
exceed 1.5 mm diameter or equivalent area, unless the device is provided with
an excess fiow valve.

<& 12> IGC Code(2014) — 13. Instrumentation and Automation Systems
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<3 13> IGF Code(2015) — 18. Operation
CHAPTER 18
OPERATING REQUIREMENTS
Goal

To ensure that all ship staff involved in cargo operations have sufficient information about
cargo properties and operating the cargo system so they can conduct cargo operations safely.

18.1 General

1811 Those involved in liquefied gas carrier operations shall be made aware of the
special requirements associated with, and precautions necessary for, their safe operation.

18.1.2 A copy of the Code, or national regulations incorporating the provisions of the Code,
shall be on board every ship covered by the Code.

182 Cargo operations manuals

182.1 The ship shall be provided with copies of suitably detailed cargo system operation
manuals approved by the Administration such that trained personnel can safely operate the
ship with due regard to the hazards and properiies of the cargoes that are permitied to
be carried

1822 The content of the manuals shall include, but not be limited to-
A overall operation of the ship from dry-dock to dry-dock, including procedures

for cargo tank cooldown and warm-up, transfer (including ship-to-ship
transfer), cargo sampling, gas-freeing, ballasting, tank cleaning and changing

cargoes,
2 cargo temperature and pressure control systems;
3 cargo sysiem limitations, including minimum temperatures (cargo system

and inner hull), maximum pressures, fransfer rates, filling fimits and
sloshing limitations;

4 nitrogen and inert gas systems;

5 firefighting procedures: operation and maintenance of firsfighting systems
and use of extinguishing agents,

B special equipment needed for the safe handling of the particular cargo;

<12 14> IGC Code(2014) — 18. Operating Requirements
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CHAPTER 2
SHIP SURVIVAL CAPABILITY AND LOCATION OF CARGO TANKS

Goal

To ensure that the cargo tanks are in a protective location in the event of minor hull damage,
and that the ship can survive the assumed flooding conditions

21 General

211  Ships subject to the Code shall survive the hydrostatic effects of flooding following
assumed hull damage caused by some external force In addition, to safeguard the ship and
the environment, the cargo tanks shall be protected from penetration in the case of minor
damage to the ship resulting, for example, from contact with a jetty or tug, and also given a
measure of protection from damage in the case of collision or grounding, by locating them at
specified minimum distances inboard from the ship's shell plating. Both the damage to be
assumed and the proximity of the tanks to the ship's shell shall be dependent upon the
degree of hazard presented by the product to be carried. In addition, the proximity of the
cargo tanks to the ship's shell shall be dependent upon the volume of the cargo tank.

212  Ships subject to the Code shall be designed to one of the following standards-

A A type 1G ship is a gas camier intended to transport the products indicated in
chapter 19 that require maximum preventive measures to preclude their escape.

2 A type 2G ship is a gas carrier intended to transport the products indicated in
chapter 19, that require significant preventive measures to preclude their
escape

3 A type 2PG ship is a gas carrier of 150 m in length or less intended to

transport the products indicated in chapter 19 that require significant
preventive measures to preclude their escape, and where the products are
carried in type C independent tanks designed (see 4.23) for a MARVS
of atleast 0.7 MPa gauge and a cargo containment system design
temperature of -55°C or above A ship of this description that is over 150 m
in length is to be considered a type 2G ship.

4 A type 3G ship is a gas camier intended to camy the products indicated in
chapter 19 that require moderate preventive measures to preclude their escape

<2 15> IGC Code(2014) — 2. Ship Survival Capability and Location of Cargo Tanks
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CHAPTER 4
CARGO CONTAINMENT

Goal

To ensure the safe containment of cargo under all design and operating conditions having
regard to the nafure of the cargo carried. This will include measures to:

1 provide strength to withstand defined loads,
.2 maintain the cargo in a liquid state;

3 design for or protect the hull structure from low temperalure exposure;
and

4 prevent the ingress of water or air into the cargo containmeant system
4.1 Definitions

411 A cold spot is a part of the hull or thermal insulation surface where a localized
temperature decrease occurs with respect {o the allowable minimum temperature of the hull
or of its adjacent hull structure, or to design capabiliies of cargo pressureftemperature
control systems reguired in chapter 7.

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

413  Design temperature for selection of materials is the minimum temperature at which
cargo may be loaded or fransporied in the cargo tanks.

414  Independent tanks are self-supporting fanks. They do not form part of the ship's hull
and are not essential to the hull strengih. There are three categories of independent tank,
which are referred to in 4 21, 422 and 4 23

415 Membrane tanks are non-sel-supporting tanks that consist of a thin liquid and
gastight layer {(membrane) supported through insulation by the adjacent hull structure.
Membrane tanks are covered in 4 24

416 Integral tanks are tanks that form a structural part of the hull and are influenced in
the same manner by the loads that stress the adjacent hull structure. Integral tanks are
covered in 4 25

417 Semi-membrane tanks are non-selff-supporting tanks in the loaded condition and
consist of a layer, parts of which are supported through insuiation by the adjacent hull
structure. Semi-membrane tanks are covered in 4 26.

418 In addition to the definitions in 1.2, the definitions given in this chapter shall apply
throughout the Code.

4.3 Application

Unless otherwise specified in part E, the requirements of paris A to D shall apply to all types
of tanks, including those covered in part F.

<18 16> IGC Code(2014) — 4. Cargo Containment
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CHAPTER 5
PROCESS PRESSURE VESSELS AND LIQUIDS,
VAPOUR AND PRESSURE PIPING SYSTEMS
Goal

To ensure the safe handiing of all cargo and process liguid and vapour, under all operating
conditions, to minimize the risk to the ship, crew and to the environment, having regard to the
nature of the products involved. This will:

g ensure the integrity of process pressure vessals, piping systems and cargo
hoses;

2 prevent the uncontrolled fransfer of cargo;

3 ensure reliable means to fill and emply the containment systems; and

4 prevent pressure or vacuum excursions of cargo containment sysiems,

beyond design paramefers, during cargoe fransfer operations.

51 General

511 The requirements of this chapter shall apply to products and process piping,
including vapour piping, gas fuel piping and vent lines of safety valves or similar piping
Auxiliary piping systems not containing cargo are exempt from the general requirements of
this chapter.

512 The requirements for type C independent tanks provided in chapter 4 may also
apply o process pressure vessels. If so required, the term “pressure vessels™ as used in
chapler 4, covers both type C independent tanks and process pressure vessels.

5.1.3 Process pressure vessels include surge tanks, heat exchangers and accumulators
that store or treat liquid or vapour cargo.

5.2 System requirements
521 The cargo handling and cargo control systems shall be designed taking into account
the following:
A prevention of an abnormal condition escalating to a release of liguid or
vapour cargo;,
2 the safe collection and disposal of cargo fiuids released;
A prevention of the formation of flammable mixtures;
4 prevention of ignition of flammable liguids or gases and vapours released; and
5 limiting the exposure of personnel to fire and other hazards.

<2 17> IGC Code(2014) — 5. Process Pressure Vessels and Liquids, Vapour and

Pressure Piping Systems
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CHAPTER 7
CARGO PRESSURE/TEMPERATURE CONTROL
Goal

To maintain the cargo tank pressure and temperature within design limits of the containment
system and/or carriage requirements of the cargo.

74 Methods of control

7.1.1 With the exception of tanks designed to withstand full gauge vapour pressure of the
cargo under conditions of the upper ambient design temperatures, cargo tanks' pressure and
temperature shall be maintained at all times within their design range by either one, or a
combination of, the following methods:

A religuefaction of cargo vapours;

2 thermal oxidation of vapours;
3 pressure accumulation; and
A liquid cargo cooling.

712 For certain cargoes, where required by chapter 17, the cargo containment system shall
be capable of withstanding the full vapour pressure of the cargo under condifions of the upper
ambient design temperatures, imespective of any system provided for d&piing with boi-ofi gas.

713 Venting of the cargo to maintain cargo tank pressure and temperature shall not be
acceptable except in emergency situations. The Administration may permit certain cargoes to
be controlied by venting cargo vapours to the atmosphere at sea. This may also be permitied
in part with the authorization of the port Administration.

7.2 Design of systems

For normal service, the upper ambient design temperature shall be:
- sea: zrc
- ar 45'C

For service in particularly hot or cold zones, these design temperatures shall be increased or
decreased, to the safisfaction of the Administration. The overall capacity of the system shall be
such that it can control the pressure within the design condifions without venting to atmosphere,

73 Reliquefaction of cargo vapours
731 General
The religuefaction system may be arranged in one of the following ways:

A a direct system, where evaporated cargo is compressed, condensed and
returmed to the cargo tanks;

2 an indirect sysiem, where cargo or evaporated cargo is cooled or
condensed by refrigerant without being compressed;

3 a combined system, where evaporated cargo is compressed and condensed
in a cargofrefrigerant heat exchanger and returned to the cargo tanks; and

<18 18> IGC Code(2014) — 7. Cargo pressure/Temperature control
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CHAPTER 9
CARGO CONTAINMENT SYSTEM ATMOSPHERE CONTROL
Goal

To enable monitoring of the integrity of the containment system and !o ensure that the
atmosphere within the system and hold spaces is maintained in a safe condition at all times
that the ship is in service

91 Atmosphere control within the cargo containment system

911 A piping system shall be arranged o enable each cargo tank to be safely gas-freed,
and to be safely filled with cargo vapour from a gas-free condition. The system shall be amanged
to minimize the possibility of pockets of gas or air remaining aftar changing the atmosphere.

912  For flammable cargoes, the system shall be designed to eliminate the possibility of a
flammable mixture existing in the cargo tank during any part of the atmosphere change
operation by utilizing an inerting medium as an intermediate step.

913 Piping systems that may contain flammable cargoes shall comply with 9.1.1
and 9.1.2

8914 A sufficient number of gas sampling points shall be provided for each cargo tank
and camgo piping system to adequately monitor the progress of atmosphere change. Gas
sampling connections shall be fitted with a single valve above the main deck, sealed with a
suitable cap or blank (see 5.6.5.5).

915  Iner gas utilized in these procedures may be provided from the share or from the ship.

9.2 Atmosphere control within the hold spaces (cargo containment systems other
than type C independent tanks)

921 Interbamier and hold spaces associated with cargo containment systems for
flammable gases 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 storags, which shall be sufficient for normal consumption for at
least 30 days.

922 Altematively, subject to the restrictions specified in chapter 17, the spaces refemmed
to in 921 requiring only a partial secondary barrier may be filled with dry air provided that
the ship maintains a stored charge of ineri 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
amangements, ensures that any leakage from the cargo 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.

923 For nonflammable gases, the spaces referred to in 221 and 922 may be
maintained with a suitable dry air or inert atmosphere.

93 Environmental control of spaces surrounding type C independent tanks

Spaces surmounding cargo tanks that do not have secondary barners shall be filled with
suitable dry inert gas or dry air and be maintained in this condition with make-up inert gas
provided by a shipboard inert gas generation system, shipboard storage of inert gas, or with

<& 19> IGC Code(2014) — 9. Cargo Containment System Atmosphere Control
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CHAPTER 15
FILLING LIMITS FOR CARGO TANKS
Goal
To determine the maximum guantity of cargo that can be loaded.
15.1 Definitions
1511 Filling fimit (FL) means the maximum liquid volume in a cargo tank relative to the
total tank volume when the liquid cargo has reached the reference temperature.
15.1.2 Loading limit (LL) means the maximum allowable liquid volume relative to the tank
volume to which the tank may be loaded.
15.1.3 Reference temperature means (for the purposes of this chapter only):
A when no cargo vapour pressureftemperature control, as referred to in
chapter 7, is provided, the temperature comesponding to the vapour
pressure of the cargo at the set pressure of the PRVs; and
2 when a cargo vapour pressurefemperature control, as refemed to in
chapter 7, is provided, the temperature of the cargo upon termination of
loading, during transport or at unloading, whichever is the greatest.
15.1.4 Ambient design temperature for unrestricted service means sea temperature
of 32°C and air temperature of 45°C. However, lesser values of these temperatures may be
accepted by the Administration for ships operating in restricted areas or on voyages of
restricted duration, and account may be taken in such cases of any insulation of the tanks.
Conversely, higher values of these temperatures may be required for ships permanently
operating in areas of high-ambient temperature.
15.2 General requirements
The maximum filling limit of cargo tanks shall be so determined that the vapour space has a
minimum volume at reference temperature allowing for:
A tolerance of instrumentation such as level and temperature gauges;
2 volumetric expansion of the cargo between the PRV set pressure and the
maximum allowable rise stated in 8.4; and
3 an operational margin to account for liquid drained back to cargo tanks after
completion of loading, operator reaction time and closing time of valves,
see 5.5 and 18.10.2.1.4.
<32 20> IGC Code(2014) — 15. Filing Limits for Cargo Tanks
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CHAPTER 16
USE OF CARGO AS FUEL

Goal

To ensure the safe use of cargo as fuel

16.1 General

Except as provided for in 16.9, methane (LNG) is the only cargo whose vapour or boil-off gas
may be utilized in machinery spaces of category A, and, in these spaces, it may be utilized

only in systems such as boilers, inert gas generators, intemal combustion engines, gas
combustion unit and gas turbines.

16.2 Use of cargo vapour as fuel

This section addresses the use of cargo vapour as fuel in systems such as boilers, inert gas
generators, internal combustion engines, gas combustion units and gas turbines

16.2.1 For vaporized LNG, the fuel supply system shall comply with the requirements
of 16.4.1, 1642 and 16.4 3

16.2.2 For vaporized LNG, gas consumers shall exhibit no visible flame and shall maintain
the uptake exhaust temperature below 535°C.

16.3 Arrangement of spaces containing gas consumers

16.3.1 Spaces in which gas consumers are located shall be fitted with a mechanical
ventilation system that is arranged to avoid areas where gas may accumulate, taking into
account the density of the vapour and potential ignition sources. The ventilation system shall
be separated from those serving other spaces.

16.3.2 Gas detectors shall be fitted in these spaces, particularly where air circulation is
reduced. The gas detection system shall comply with the requirements of chapter 13.

16.3.3 Electrical equipment located in the double wall pipe or duct specified in 16.4.3 shall
comply with the requirements of chapter 10.

16.3.4 All vents and bleed lines that may contain or be contaminated by gas fuel shall be
routed to a safe location external to the machinery space and be fitted with a flame screen.

<J& 21> IGC Code(2014) — 16. Use of Cargo as Fuel
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