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<#1> 2 8 HEe 28 & g 54

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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- Cargo Handling System (B/V): Cargo Handling Off &
- Bunkering System of B/V (GH,): MeEr 20| 2X = Bunkermg
- Bunkering System of F/S (GH,): <=

- H, Tank of F/S: &%

o

HFO| Hydrogen

|_O

Z 0 dX|El Bunkering &
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2.4  GH; Bunkering Operation 2] EX} % 29 A|Zt
- 24Zt9| Operation | A8 A|Zt2 CHM|2 CtS1p Zet.
Operatin
Title Purpose P . 9
Duration
' GH; Loading 2 3 &8t
Connecting x -
38 o
Preparation
P Line Inerting-1 | B2 Lf £&2 X7 1 A2 ofLY
Gassing Up | Tank L N, & GH, 2 X|&t 1 AlZH Oy
Loading (Filling) | Receiving Tank W GH, X 6 AlZt
Line Hi2H L 43 2 & T GH;, 17k o[
1 A|ZF OJL
Depressurizing | Vent
Line Inerting-2 | B2t W GH, & N, £ X[ 1 AlZH Oy
Disconnecting | w48} =Fd8F AHE SHA| -
Normal
, = XX o A2 9B
Operation Operating GH, & =7 A== ALE5H7| {5 ]
FGS 2 GH, &&=
, GH, Re-Loading & %/l
Re-Connecting -
ER e SUEEEs B Y R P2
Re-Loading o
- Receiving Tank W GH, M=% 6 Al 7t
(Filling)
Receiving Tank L 2HZ o=
Depressurizin J == e 1 AlZH OfLY
P 9 o=
— 20
. , Receiving Tank W GH, & N, £
Maintenance Inerting X|81 1 AlZH Oy
Receiving Tank Wi N, & Dry Air =
Aeration . ? : y 1 AlZt O|LY
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Preparation

2.5
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2.5.1 Connecting

uta

1) Bunkering Tank(T-101, T-102)2} Receiving Tank(T-301, T-302)& AZA3s}7| 2/t
&S AlZEfotrt.

2) 2= O|5E flct BE= ©95 Us HHON, el +=F 22| QC/DCE
2830 Bunkering Hose & Y& AZIC} Ol Z Manifold 0O HZL|H
Manifold & &30 Receiving Tank 2 H, Gas Hydrogen & ™ &5tA =Lt

3) Bunkering Hose ®Z %, ESD / USL TEST € 3} O|&0| giS2 Zolstn

Bunkering Mode £ T2t StC} *2-5)

*2-5 HAZOP Worksheet 1-1
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2.5.2 Line Inerting-1
1) Connecting &, HiZ L{O| EXHst= Air X 222 77| fsi N, 2 X|&Hs)
= ZEQiolct 7|E HiZ Lo EXjSte Ar ¥ EES2 Vent mast 2 HEEICH
2) 40 40| EB JiAL 550°C 0|4 2= 7HFSI2ILE YsisiE Zest 9(o|
9o SEZE Ar B 0, O BEIF 1% 0|31207 g2

OH

=ofl =L,

02 Vent mast £
=
=

Generator & E9dj| N,

*2-6) HAZOP Worksheet 1-16
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2.5.3 Gassing Up

1) Hi2t R Receiving Tank(T-301, T-302) LHOf| EX|5t= EHA 7IAE =4 JHAR

4) A JtAE Receiving Tank(T-301, T-302) LHEC| Of2iZ oA =22t7t= Hi&2
E3 Vent mast 2 2=SHA EICL

5 Vent mast 0N HEE= 7tA7F 2 5& 98% O|¢0| E|H XS 2tz ofCh
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2.6.1 Loading (Filling)
1) Loading X210l Bunkering, Receiving Tank 2| &3 Sl 2 & 2QISHCE 27

2) 2RMEM 3325 #=2+& High Pressure Pump(HP-101)2} Heater(HE-201)E

AHE3t0] 350barg, -33°C 2| &E 8 2Exds d4d

Tank 2 S&=IC}

=7 HE 2| Receiving

ot

3) 2 &= Buffer Tank (MPV-101)0A Lt2+&= GH, 2 Heater(HE-201)0AM Lt =
GH, & Mixing dl0f -33°C | 2= & S=C}

4) 62 Mixing t7| ™ Buffer Tank (MPV-101)0| A Lt2+& GH, 2t Heater(H2-201)
A LtRE GH, € Control Valve & &3l 350bar 2 ZSI0 Mixing =,
Receiving Tank(T-301, T-302)2 Filling ®C}.

=™ AZh2 6 AlZHO|OY, = MEFO| Receiving Tank 30| 350bar Of =™
M et= ECh Receiving Tank(T-301, T-302)2| &7 =2 PI101,PI102|E &
0| 7}sdtLt.

—_

*27) HAZOP Worksheet 6-5
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o L .
Project | a4 HMI|E JHEAY

Q@ e&co

2.6.2 Line Depressurizing

=

1) 8 22 F, Valve £ JHHsHA HjZO| E=Xists =4 7IAE 4
mast 2 =30t
2) VentMast= EH7|2 Q5 AA2 Holk|

£ ol 3171 EXds EXletet. 28

rir
oX
4o

£ XS] 28] Vent Mast 2|

3) HiZ L 20| 1.1bar O[St 2tE 7|Z=22 o, HiZo| &
O 7HS3tEt.

rlo

Hl

Pl 105|=

ot

*2-8 KOSHA GUIDE D-42-2012 &1
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2.6.3 Line Inerting-2
1) Hit LHofl Ztol =& JtAE HA JIAER X|2HSHH Receiving Tank(T-301, T-302)
2 HAT) SO REE, Valve 2 AEHSIC

_

2) T ZtHgol A oot AR Al REHoz HIZSIH Ol ZYol fdS
YozICh OEI| W20 HjZ | =42 M7 = Bunkering Hose £ XA 3jjof
ohCh

2510 $£ATIAE Vent mast 2 Lo = =47}

3) Generator & 89l EAE
A 5E7F15% 0|87t &
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2.6.4 Disconnecting
1) N, Purging Valve & &3 £&d 7I2E FotCt TH{H0| A=X| Drain Valve
£ Sl =elgte), 29
2) HiZt W BE ZtAT S8 Ttael A JRAR XE E|of /JEsEX| Gas
Sampling 5}0f =@l StCt,
3) A HAHLCH JIHLR8Z Gas Sampling = Hi& 24219 Highest Point HlA] ==
Aokt
4) 288 7tae B30l Henz FLol f(edol Ha 7o ==&k O]
20| gi7] W=20f, HiZ W Z7tA7F B JtAQS =05t HF BRI i
Ct.

29 HAZOP Worksheet 6-1
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2.6.5 Operating
1) Bunkering Tank(T-101, T-102)2} Receiving Tank(T-301, T-302)7t S1Z x| ZRA2
O, Receiving Tank(T-301, T-302)= HHECE GH, E FT A=EE ALESL7| fIdk
FGS 2 GH, E 35739t
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2.6.6 Re-Connecting
1) Bunkering Tank(T-101, T-102)2} Receiving Tank(T-301, T-302)& C1Zdt7| {8t =

2= AlFeHot

>

2) 2= 0|52 flot 2= Fol HEo|H, 2541 #2142l QC/DC & &850
Bunkering Hose & & A|ZICH

3) Ol&= Z Manifold Off HZAE|H Manifold & &350 Receiving Tank(T-301, T-302) £

na TESHA ECf

4) Bunkering Hose @& =, ESD/USL TEST £ S0y O|&0| 2Z

Bunkering Mode & gt St} *2-10

H, Gas Hydroge

mjo
io
ro
Of
kl

*2-10) HAZOP Worksheet 1-1
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2.6.7 Re-Loading (Filling)

1) Loading %t HOf Bunkering, Receiving Tank o] & % 2L £ =QlstCt 210

2) Bunkering Tank 0|A SZE|= $£4E High Pressure Pump(HP-101)2t Heater(HE-
201§ ArEstH 350barg, -33°C o ¢8 8 2ExdES dd = FFUEQ
Receiving Tank 2 X S& &Lt

3) 2&= Buffer Tank (MPV-101)0|A LI2= GH, 2} Heater(HE-201)0|M Lt2+=
GH; E Mixing 5t0] -33°C 2| 2= E H&ELL

4) 62 Mixing t7| ™ Buffer Tank (MPV-101)0| A Lt2+& GH, 2t Heater(H2-201)
A L= GH, € Control Valve & &3l 350bar 2 ZYsI0 Mixing 2,

=
-
o

Receiving Tank(T-301, T-302)£ Filling St

—_

5) 5 A7 6 AIZt0|H, 22 7|FE2 Receiving Tank(T-301, T-302) LHE 220
350bar O|LCt. Receiving Tank(T-301, T-302)2| L& == PPl 101, PI 1022 Sl
2tQl0| 7+s3tLot.

OH"J

21 HAZOP Worksheet 6-5
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2.7.1 Depressurizing

Maintenance & S8 22, Receiving Tank(T-301, T-302)2 %|& Air 2 X|&tsts AS

SHE L

1) HX Receiving Tank(T-301, T-302) LHOf| ==& 7tAE Vent mast 2 HWESHO]
Receiving Tank(T-301, T-302) Lf Y¥HZ2 MY =2 QHELL

2) Ventmast= HT7|2 Qo AA=2 Halkls ZRE HX|SH| {5 Vent mast 2
stto] 7| eX|gs 2X|etC} 212

3) Receiving Tank(T-301, T-302) W ©=0| 1.1bar O[|SIE et 7|F2E oM,
Receiving Tank(T-301, T-302)2| =2 PI 101, Pl 102 |2 &Q10| 7}535tLCt,

*2-12) KOSHA GUIDE D-42-2012 %
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2.7.2 Inerting
1) Receiving Tank(T-301, T-302) LHOf

| = 2L
FHMO| e GeneratorE SOl HAE 53610 F=ATIAE Ventmast2 2

2) A JtAE A JEAO HIG| H|FO0| 222, Receiving Tank(T-301, T-302) LH&
Of 22 7FA7F Tank BIEEEH MY E AO|H, =2 7tAE Tank & F HiZS
Sl Vent mast 2 BHEEICH

3) T EA JtATL Loading Al €8 HO| &

A SE7F15% O[5H7F &[H XS

AR5 Z29 HA afof otH,
ZOHLY.

-

of
rt
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2.7.3 Aeration
1) Receiving Tank(T-301, T-302) LiOfl Ha 7tAF Air 2 X|2H6t= 2 Q0[0 3
B0 A Receiving Tank(T-301, T-302)2 Air & 533 =C}.
2) Air= A JtA0| H|s H[F0| ZE 2, Receiving Tank(T-301, T-302) LHE0f Air
7b HIEFRE ) 2 AOo|H, HA JtAE Tank &8 HiEE S Vent mast 2

HrE EICH
3) M SEIF 21% O|Y0| EH XHYS SEOHLL
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3.1

3 AHSA(LH) BHY AAY 28K

e

WA =2 (LH,) =R OIS =FHENH0A Bunkering &2 LNG FTIME0F FA
otA si&OM 5RE B & UL 7HE SR, S8 YEOAM Bunkering Al
O LH, Handling 2 Bunkering H&{(0|5I & F4Eh0o| A F=2SHC}

FMutol £7| AEHO| Receiving Tank UHEE EHAZ MAY Yo H, 2 /ME2
M= =W Srde2 HMs2(H) 2849z, EHE Al 2dE=s s
7|4= BOG Re-Condenser & &3dlf X UIA|Z|AHLf, BOG Treatment System S & F
LELCE M2 s

= 7482 Bunkering & = UES Gassing Up O] 2tEEl &FEHO|LCE,

= Operating Manual 2 Liquid Hydrogen 2| Bunkering 2 CtE1 oM, X YZ0f

H=
Chet Ol7, =4, 27 % 2= 7|=0 Chsf d3Fecot

Bunkering ZF 10l A Ofzff Atato| M= =|O{Of SHCf,

1) 480N 275t e 48 X SHAE 2 FAE[0{0F Strf, =
2) :row EE HO|AE Zgict HASHNY +d2 HELOOF oiCh (K 2l=hy
FMEYFA M7E_M3E 304 5/ At 2R A H7E_HM5E 511 5) 3-2)

3) %E%ﬂ—, O|5%, #E 52 Mot MEE, = 5% T2 95% 22 28 aE)
e FHIE o|8ct 2H X +2 AlH0| +-E|0jof StCf 33

4) LH, 2= SH28 HE O Mgt HEME HESHOF SHLf. 34

5) 2d H HHY A M, AM=29| OrthoH|ES = RIBHOF SHCf. 3

31 HAZOP Worksheet 1-7 *3-4 HAZOP Worksheet 1-10

*3-2 HAZOP Worksheet 1-8 35 HAZOP Worksheet 1-12

*3-3) HAZOP Worksheet 1-9
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3.2  LH; Bunkering System Block Diagram
- LH, Tank of B/V: 2748 W Liquid Hydrogen & X &3dt= Tank
- Cargo Handling System (B/V): Cargo Handling 0| 223t &H|E Z3sI= M|

- Bunkering System of B/V (LH,): 2748 Z0| dX|= Bunkering

—
—

- Bunkering System of F/S (LH,): =F[M& Z0| 2X|& Bunkering &

- LH, Tank of F/S: ==

FMe0 Hydrogen 2

gt

1 RU+e Tank

2H|
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3.4 LH; Bunkering Operation 2] EX} U 49 A|Zt

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

. Operating
Title Purpose .
Duration
' LH, Loading & %Ioi & &4t
Connecting o MBE 01 -
Preparation
P Line Inerting | B2 Lf =2 1 A1t oL
Gassing Up | Tank L N, & GH, 2 X|&t 1 AlZH Oy
Cool Down | Receiving Tank 3 HjZt 2& 5tZ | 1 A[Zt OfLY
Loading (Filling) | Receiving Tank W LH, X 2 A2k
iquid Li B2 LY R ETENE
Liquid Line H2 W 2t LH, & 7|3HAl7 | A7 ol
Stripping Tank O =¢
Liquid Line
e B2 L GH, S N, 2 X|2 1 AlZF ol
Inerting
Normal Disconnecting | 25480t =FMEF A &K -
Operation LH, & FT HAZZ AFRS7| 2|8
Operating - -
FGSE LH, S&
. LH, Re-Loading & ®Ioi &F448fat
Re-Connecting A MU o2 ,
Line Cool Down | Re-Loading & ®I¢t Pipe =& o4 | 1 A|ZF O[LY
Re-Loadin
- ? Receiving Tank W LH, &7 2 M| ZF
(Filling)
Receiving Tank Lf YEHS Moo=
Depressurizing | . ? -s e 1 AlZh OJLY
20
Warm Up & | Receiving Tank W GH, & N, 2
Maintenance , P B J i ’ 3 AlZH O|L{
Inerting gk 8 R 22 o5
Receiving Tank W N, & Dry Air =
Aeration . ? : y 1 AlZH O|Ly
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3.5.1 Connecting

1)

2)

3)

Bunkering Tank(T-101, T-102)@} Receiving Tank(T-201, T-202, T-203)2 A Zd}7|
Qot S AlFStC r

BE O|FS flet BEE EHel JEoH, 2541

ot FTMO| QC/DC & &S
Liquid Line 1 Gas Line 2| Bunkering Hose & ®Z A|ZICL O|= Zt Manifold O
AZEZH Manifold & E38t0 Receiving Tank(T-201, T-202, T-203)Z LH,
Hydrogen & FE3StA ECL
Bunkering Hose ®Z =, ESD/USL TEST & ©d}0f O|&0| glZ
Bunkering Mode 2 2t StC} *3-6)

A
=)
=
=

guicjn|

mjo
ot

3-6 HAZOP Worksheet 1-1
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3.5.2 Line Inerting

Connecting 2, Hi# WO EXist= Air R 222 MASH| 98 N, 2 X&sh=
At iolLCt,
1) 7|& HiZ Lo EXHSH= Air & S=22 Vent mast 2 L& EICEH

C A

2) T=A9 AAO| =Bt JtAE= 550°

Al JtESIALE HotA|7|H ZHE S
0] o8 Z Vent mast 2 HEE|E= Air 0, 9 =7} 1% 0|83 17} B E2

Generator £ £l N, E

in

OH
CH
el
M
inl

*3-1) HAZOP Worksheet 1-16
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3.5.3 Gassing Up

Hi2 % Receiving Tank(T-201, T-202, T-203) WO EXist= A TIAE =4 TtA
2 X|gtotrt

1)

2)

3)

Bunkering Tank(T-101, T-102)0|X 2222 L2 LH, & Heater(HE-301)E &3l
7|8t Al 323810, A JFAE Vent mast 2 2SO}

2 TEATE A JtA H|F CfH| ZHH B2, Receiving Tank(T-201, T-202, T-203)
LHOIM =4 7tAE YIBLZ, A 7tAs OE2=2 HO|A E|H, Receiving
Tank(T-201, T-202, T-203) &2l Ot Z0|M Z2f7t= HiZE &3 Vent mast 2
HE5HA EICH

29 Ea JIAE A

T 98% |AI-O| E'D:l II-

Loading Al, £t0] & JtAT AZ AHO| K| 8
715l Of 5HZH*38 Vent mast 0| A EHEE|= JpATE =4

H= o

oC=E

_l
=
S

*3-8) HAZOP Worksheet 1-5
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Normal Operation
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3.6.1 Cool Down

=X 22| Liquid Hydrogen O| H{Z1} Bunkering Hose 27| W20 ARHO

Cool Down & SIX| O™ H{ZtT} Bunkering Hose 3 &H| &4 07| & £ Qo

82 MH Cooling 2 ZLEZ 3iCt,

1) Higt L A2O| Liquid Hydrogen & 8 7|28t Gas 2 MAMS| 28 HELC)

2) Receiving Tank(T-201, T-202, T-203) L{& 2=7} -200°C & A=7[F2= B}
O|tf, Receiving Tank(T-201, T-202, T-203)2| Li§ 2%+ [Tl 205, [Tl 208, [TI 211 |2
2tl0| 7h&35tCt.
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3.6.2 Loading (Filling)
1) Loading 2 0| Bunkering, Receiving Tank 2| & Sl
2) 2RE(T-101, T-102)0 ME O A= LH = Feed Pump & &3l 6bar 2 7

o
k| Receiving Tank(T-201, T-202, T-203)01 S2 =}

rx C

3) Receiving Tank(T-201, T-202, T-203) {0 UTE =4 7tA= Compressor(C-102)
£ 7N Bunkering Tank(T-101, T-102), BOG Re-Condenser(R-101), BOG Treatment
System 22 F EIC}

4) &M A|Zt2 2 A|ZHO|O, Receiving Tank(T-201, T-202, T-203) Volume O| Loading
Limit 3-100] =& T2 A= EICH

5 de A w2k ALkEl Loading Limit Off 2 X X{7} £[0{OF StH, 31D Of

Receiving Tank(T-201, T-202, T-203)2| Volume 2 [LI 203} LI 206, |LI 209 |2 =l 7t
SOtLt
3-9 HAZOP Worksheet 6-5 *3-1) HAZOP Worksheet 1-14

*3-100 HAZOP Worksheet 6-6
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3.6.3 Liquid Line Stripping
1) 5™ 2t2 Z Hj&o| =Xsts THY Liquid Hydrogen & Xt 7|3t A7 O &
= 0|89} Liquid Hydrogen O] & & Tank £ FYEICH
2) SaMEtel Hi2to TR A= Liquid Hydrogen 2 Bunkering Tank(T-101, T-102)
2 FYE|H(Bunkering Hose XE¥), =F M2 HYEO| Liquid Hydrogen 2

Receiving Tank(T-201, T-202, T-203)2 F=¢& EIC}.

3) HiZ Lf &S =ol & 5= QU= Pl 200, PI 201 |0] Receiving Tank(T-201, T-202,
T-203)2| Y LA, && 7|FE22 3L}




69

#KOMAC

mmims O | [ | | L ] 9 L 2 5 | v 3 z | '
e ] - U G Jnogy : uonping bunoiado Sw as
S ONIJRLLS 3N QINDI] Ble Biv 12HT foid b 2R
3o | awm NOLLYZ3dO0 INRINNNE 41
07230 LOZ Id ‘00Z Id = OIZ Id 'L0T Id '¥OC Id Bl TR = .Hlu WYL, ONRIDANNE
— o zol—1
aNIOF1 ¥0102
R UL kv 5l BPHT ol h 2k el
KR BTV Blefk Ris T¥ kb
U TW ERINWD !!gﬂsxgsito»i
v 20z—3F . NVL ONIMIYNNE
k¥ ) o = Lo1-1
v :: _ e -]
2 owmas  -seliffi- il ot
H M
- «w
\\\\m w \\\N\\ ._f =
W0
M b
e _ - _.- =
T
¥ ARLY |
(gaLs/1y0d)
u : —ru.. ) o Ll
|
@ bl =i @ X T !
b2 o A
T woenal ) (ag1s/lu0d
1 el Pu | i e
o B i e HW| R 2 -
1 1NEA
B H q ke S/ -
N o IVHINZD
e 134l =
R Rive B
[ ] 0 T T 7 T 0 I T T 0 T T T z T T




P KOMAC Page 70

Qc&co Project | +2M% QHIIE LAY

3.6.4 Liquid Line Inerting
1) Higt Lo THo] =4 7tAE HA 7tAZ X|2HSHH Receiving Tank(T-201, T-202,
T-203)2 A7t 074K R EE, Valve 2 KHEHSHCL

2) =& 7t¢ 0] 3 MAeL ATt Al ZEHMo=Z HZEH Ol EHO| /Y2
LozICt 7| WfZ0f Bj2 L =28 X7 = Bunkering Hose & Sl A|SHCH

3) Generator & 8ol 2AE &
A 5E7F 98% O|A0| F|H
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3.6.5 Disconnecting

1)

4)

0x

= =ol
HAE FY

rot

N, Purging Valve & &%l =% tCh ZHO]HO| U=X| Drain Valve

£ S¢f QIsiCt 3

B 2 I—H 2= 7PA7P =2 7tAQl HA JtAazE K2R JLE=X| Gas Sampling

*3-12) HAZOP Worksheet 6-1
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3.6.6 Operating

Bunkering Tank(T-101, T-102)2} Receiving Tank(T-201, T-202, T-203)7} A& ol

A S, Receiving Tank(T-201, T-202, T-203)£ HAMHO=Z |H, & FX

7| I8 FGS 2 LH, & 3a3%tCt.
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3.6.7 Re-Connecting
1) Bunkering Tank(T-101, T-102)2} Receiving Tank(T-201, T-202, T-203)E ¢ &5|7|

oIt KIS A|XfBHLE,

2) Z= 0|52 %ot ¥E= B U= JEIO|H, gdetar =3{Hd48e] QC/DC &
2r83510] Liquid Line 1t Gas Line 2| Bunkering Hose & ¢®Z A|ZIC} Ol Zt

Manifold O HZAE|H Manifold & &5t0] Receiving Tank(T-201, T-202, T-203)&
LH, Hydrogen & ME3SHA EICH

3) Bunkering Hose ©Z =, ESD/USL TEST £ 30 O|d0| gUZ
Bunkering Mode 2 gt BtCH *3-13)

mjo
ot

Lolst

*3-13) HAZOP Worksheet 1-1
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3.6.8 Line Cool Down
=X22| Liquid Hydrogen O| H{&t1} Bunkering Hose & &3l &
Cooling 2 SFX| o™ H{ZtOL Bunkering Hose 3 &H| &42

2 M3 Cooling 2 ZLEZ 3irt,

T

27| 20 Ao

op7| & 4 9loo

1) Hi2 LH A%FO| Liquid Hydrogen 2 2 7|3t3t Gas 2 MA S| 28 &L

2) Receiving Tank(T-201, T-202, T-203)= Liquid Hydrogen O] MEE|0] /AYU2BE=Z,

Cool Down O A 2| BtC},
3) HiE L &7} -200°C S AB7|ZECZ SHH, TI 202 12 Sl
Ct.

O] 7}53t
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3.6.9 Re-Loading (Filling)

1)
2)

3)

4)

5)

Loading &Y TO|| Bunkering, Receiving Tank 2| &3 Sl 2= & ZQISICE 314
ZRMEHT-101, T-102)0 MEEO A& LH, E Feed Pump & &9l 6barg 2 =+
F|MEO| Receiving Tank(T-201, T-202, T-203)0{| X =S =ICt.

Receiving Tank(T-201, T-202, T-203) W&0| AE =2 7tAE Compressor(C-102)
£ 7N Bunkering Tank(T-101, T-102), BOG Re-Condenser(R-101), BOG Treatment
System 22 F EIC}

™ A|ZH2 2 A|ZH0| M, Receiving Tank(T-201, T-202, T-203) Volume O] Loading
Limit =190 =E3H SH2 2= EICH

MZ Ao kM A A=l Loading Limit Off 2 XMX{7} E|O{OF Sh™3-16)
Receiving Tank(T-201, T-202, T-203)2| Volume 2 |LI 203, LI 206, [LI 209 |=
SOILk.

O] Iy
el 7t

ot

*3-14) HAZOP Worksheet 6-5 *3-160 HAZOP Worksheet 1-14
*3-15 HAZOP Worksheet 6-6
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3.7.1 Depressurizing

Maintenance & SX2Z, Receiving Tank(T-201, T-202, T-203)& Z|& Air 2 X|2ts}
= A2 SEE ECL

2) Ventmast= HU7|2 Q5| 22z &Uatkl= ZRE YXISH| 28] Vent mast 2

= ol 37| EXg= X[t 310

3) Receiving Tank(T-201, T-202, T-203) Lif 2= 0| 1.1bar O|SIE 2t& 7|

0
Receiving Tank(T-201, T-202, T-203)2| == |PI 204, Pl 207, Pl 210

7ttt

*3-17) KOSHA GUIDE D-42-2012 &1
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3.7.2 Warm Up & Inerting
1) Receiving Tank(T-201, T-202, T-203) WO ==& 7tAE & JtAE X|2HotCH

2) =F MEM| Qe GeneratorE S8 EAE 3360 £ATIAE Ventmast 2 2
Of HCE.

3) A JtAE =2 JRA0| H|S{ H[FS0| AEE, Receiving Tank(T—201,T—202, T-203)
LHE0f EA JFATE Tank HISHREH X & AO|D, =4 JtAE Tank o5 Hi
2 Sl Vent mast 2 HEEICH

4) AN TN ZETF 98% O|40| £|H AYS TE BICf
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3.7.3 Aeration

1)

Receiving Tank(T-201, T-202, T-203) L{O| &A 7tAE Air 2 X|&H5h= 20|
2380 M Receiving Tank(T-201, T-202, T-203)2 Air & 5291 =Lt Ars &
& 7tA0| H|8| H|EO| 222, Receiving Tank(T-201, T-202, T-203) LHE0 Air 7}
HIETRE el & H0|H, A 7tAE Tank 45 Hi#2 Sl Vent mast 2 &
ElCt.

=

A =274 21% O|A0] EH XS =2

rot

FC}
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41 18

DH|EDMH)FEEIMEHOISE =3 MdEhO| Bunkering 42 NG F=TIMEHIF R ALSH
A SHMUA 2RE &S = ULt 7HY ST
Gas Handlin 15h0|5t Z/4Eh0f A

Z=FMuto] x£7| AMEf Metal Hydride Cylinder = 2O Z FAHE[0f ULt
=

=
d
ox
o
oz
2
>
o
c
>
>
o
2
Q
>
=)

«Q
rlo
w
[
>
=
®
=

«Q
rx
d

o HEHZ Bunkering $HCF.

oMol UEHHQl FH| TN ofzjet 2t
- WX =2 (LH,) Tank

- Feed Pump

- High Pressure Pump

- H, Heater

- Buffer Tank

- Valve

- QC/DC

- Hose
ZRME2 Bunkering & = UEE Gassing Up O] 2t El HEfZ, Buffer Tank Of
7| M= (GHo)7F XA RUEF.
& Operating Manual 2 Metal Hydride 2| Bunkering 2 CHR1 o, A AS0|| CH
ot olf, 55, 28 9 28 7|F0f Cish dFotct

Bunkering 2 &0{ Al Orzf Ateto| HHE|O{0F SOt

1) d80M 2+5t= Mz 48 8 S4Ad 2 AL
5

—
2) CHY¥S 2E HO|AS XS HES ol +ue
o] X

M3 OjN(8E, =
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5 29 % HAHIY s=AH M, WH| 29| OrthoH|2S =HQISHOF SHLf. ™55
41 HAZOP Worksheet 1-7

*4-9 HAZOP Worksheet 1-10

*4-2 HAZOP Worksheet 1-8 *4-5 HAZOP Worksheet 1-12

*4-3) HAZOP Worksheet 1-9
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AAOE XXM HFAZ Ol it
@ E&co r28 FIU AT HH2S 2NN Project | $AMH QHHI|Z 1A

4.2 MH Bunkering System Block Diagram
- LH, Tank of B/V: 2748 W Liquid Hydrogen & X &3dt= Tank

2H|

r|r

- Cargo Handling System (B/V): Cargo Handling 0 223t FH|E =35}
- Bunkering System of B/V (GH,): /4 Z0| AX|El Bunkering AH|
- Bunkering System of F/S (LH,): s=F418f Z0 HAX|El Bunkering &H|

- Metal Hydride of F/S: =480 AX|= Metal Hydride

r|r

- Heat Management System (B/V): Heat Management O Z 23t HHE =}

2H|
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4.4

MH Bunkering Operation 2| X} 81 49 A7t

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

MEsH

. Operating
Title Purpose .
Duration
' GH; Loading 2 3 &8t
Connecting Az M 012 .
Preparation
P Line Inerting-1 | HiZt W =& M 1 AlZH Oy
Line Gassing Up | b2t L N, E GH, &2 X|&t 1 AlZH Oy
, . Metal Hydride Cylinder Li GH,
Loading (Filling) | __ 33 AlZt
s
: HYZH LY Oted ztob gl X}
Line H H =} o-d X O:I GH> ']A||7_|' OlLH
Depressurizing | Vent
Line Inerting-2 | Hi& W GH, & N, & X|&t 1 AlZ+ OfLY
Normal Disconnecting | 25480t =FMEF A &K -
Operation GH, & #7 A=2 Ar83}7| I3}
Operating . -
FGSE GH, &
ReC r GH; Re-Loading & ¢Idl
TOMEENY | g Mua a1y Moz '
Metal Hydride Cylinder Lf GH
Re-Loading y ¢ ’ 33 AlZt
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4.5.1 Connecting
1) Bunkering Tank(T-101, T-102)2r Metal Hydride Cylinder(CYL-101~152, CYL-
153~204)5 G&ot7| ?let A ES AIFTCL
2) 2= O|F= flet BEE BH U= HHOIH, /8l +3d9e| QC/DC &
&30 Bunkering Hose & ®Z Al7ILy. Ol Z Manifold Of HZEEON
Manifold & &304 Metal Hydride Cylinder 2 H, Gas Hydrogen 2 & dtA EIC}

3) Bunkering Hose ®Z =%, ESD/USL TEST € 3ot O|d0| gl&2 =olstn

Bunkering Mode £ T2t BtC}, *>-6)

*5-6 HAZOP Worksheet 1-1
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Page 929
4002 24 WAHY 0HRB HHN |
Q@ eaco Project

4.5.2 Line Inerting-1

Connecting 2, Hi# WO EXist= Air R 222 MASH| 98 N, 2 X&sh=
At iolLCt,
1) 7|& HiZ Lo EXHSH= Air & S=22 Vent mast 2 L& EICEH

C A

2) T=A9 AAO| =Bt JtAE= 550°

Al JtESIALE HotA|7|H ZHE S
0] o8 Z Vent mast 2 HEE|E= Air 0, 9 =7} 1% 0|85 N7 B E2

Generator £ £l N, E

in

OH
CH
el
M
inl

*5-1) HAZOP Worksheet 1-16
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4.5.3 Line Gassing Up
) HYZ LHO| EXfSHs HA JAZ £4 JHAR K|BHSICE
2) Bunkering Tank(T-101, T-102)0|A U3z} =45 Heater(HE-201)E &3l 7|2HAIA,
A TMAE B2 A JIAE Vent mast 2 HHESSICH
3) Loading Al, ZH0f EA 7tA0F g 90| X REE SE9] Ea 7IAE A
SOk StTH™ 9, Vent mast | Al EE L= 7t27F 4 JhA

o XIS T2 3L}

—

*5-8) HAZOP Worksheet 1-5
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4.6.1 Loading (Filling)

1)
2)

3)

Loading 2 MO Bunkering, Receiving Tank 2| 2 8l 2= Z =}QISICH 59

Bunkering Tank O A 32 &= =2+ High Pressure Pump(HP-101)2} Heater(HE-
20WE Sl 64barg, 25°C 9o ZHEZ AY T, FZTIMO Metal Hydride
Cylinder(CYL-101~152, CYL-153~204)2 SZEC} O A202 FHsER, 2

= HMOoE % Mixing 210| Buffer Tank(MPV-101)& HX|X| @11 HIE Filling
ohLCt.

Metal Hydride Cylinder(CYL-101~152, CYL-153~204)2] 2&+AMHUS2 2%
7t 200 =45 HE5tn W S0t 422 7H2 Aen, st =4

, SO H
L=]
=

=
28 A ST Al 2= BEES A97| 25 S-S 083K Metal Hydride

Cylinder(CYL-101~152, CYL-153~204)2 £ 32°C 2 LXB}H KX|A|F0} B

S AIZEE 33 A17H0|0, &2 7|FE2 Metal Hydride T™EH Hi2H 24290] 64bar Of
Ch HiZt =2 |PI 301, PI 30215 Sl &9210| 7hs3|Lt.

OF

*5-9) HAZOP Worksheet 6-5
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4.6.2 Line Depressurizing

1) B Y2 %, Valve S JBSHA HRO| EXfots $4 A

mast & 2=}

Ul

Zer 8l Vent

2E 4iX|5}7| I Vent mast 2

3) HiE LH 220| 1.1bar O|BIE 2
210| 7hsS}Et.

e
U
N
M
|0
Hu
Of
=
£

kl
10
9
1
rlo

PI303C=

o

*510) KOSHA GUIDE D-42-2012 &1
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4.6.3 Line Inerting-2

1) Higt WO THe =2 JtAE Ea J7hAE X|2H5HH Metal Hydride Cylinder(CYL-
101~152, CYL-153~204)2 EHAT7t SO0{7tX| A== Valve 2 KLHSHCE

= Xl
=
X

2) AL JIGIMO| 31 AAQL AT A| EEXMOZ HISEHH Ol EHO|
dozict, O™H7| W20 Hiat L £
Ct.

1
>

3) Generator & Solff 2

A SE7F 1.5% 0|57}

=
=
T
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4.6.4 Disconnecting

1)

4)

0x

= =ol
HAE FY

rot

N, Purging Valve & &%l =% tCh ZHO]HO| U=X| Drain Valve

= 3 oIty 51

e
icl
—

2 U 2= JtA7F 28 7hA0 HA JRAE X|2HE0f _A=A] Gas Sampling

e BABCH 7282 Gas Sampling 2= B2 2t219| Highest Point O Al =
i

=2d 7tas 880 etz =FEo| f[HJd0] {1 j7|o +=&/0= o
o0| glelz, HiE W 7ta7F EA VhAYS =elsta AF R[S SHASHC

51 HAZOP Worksheet 6-1
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4.6.5 Operating

Bunkering Tank(T-101, T-102)2} Metal Hydride Cylinder(CYL-101~152, CYL-153~204)
7t H4 SH EAS M, Metal Hydride Cylinder(CYL-101~152, CYL-153~204)= Y4t

HO=2 GH, & U

AZZ A28 8l FGS 2 GH, & 33%trt.
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4.6.6 Re-Connecting
1) Bunkering Tank(T-101, T-102)2r Metal Hydride Cylinder(CYL-101~152, CYL-
153~204)5 FZ&ot7| g HEYsS AlFHH.
'S e JEIOIH, grdetar 389 QC/DC &

o R
AZAZICE

2) 2= O|SS flot HEE=
2r8510] Bunkering Hose

3) O|&= Z Manifold Of SZ &0, Manifold & &5t Metal Hydride Cylinder(CYL-
101~152, CYL-153~204)2 H, Gas Hydrogen & ™Es|A =ICt

i |'|l'1

4) Bunkering Hose ®Z& =, ESD/USL TEST & 3dt0f O|&0| 8= =Qlst
s

Bunkering Mode £ T 2totL}, *5-12)

512 HAZOP Worksheet 1-1
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4.6.7 Re-Loading (Filling)

1) Loading 2@ MOf Bunkering, Receiving Tank 2| 28 % 2T Z HOISICE *5-13)

2)

3)

Bunkering Tank Ol Al 32 &= =28 High Pressure Pump(HP-101)2} Heater(HE-
20E ARESHY 64barg 25°C 9| &8, RExAS g4 2, =FME9 Metal
Hydride Cylinder(CYL-101~152, CYL-153~204)2 X 3Z&EICt O|if 4202 F
MStEE, 2= HOE {8t Mixing 20| Buffer Tank(MPV-101)E AHX|X| 21
HEZ Filling $HCE.

Metal Hydride Cylinder(CYL-101~152, CYL-153~204)2] 2&+AMHUS2 2%
7 200 =45 BE5t0, HoW S5l dES VMK o, AEe £
S A ST Al Y45t 28 EE AY|7| 5l si+=E 0|830] Metal Hydride

IO_I

Cylinder(CYL-101~152, CYL-153~204)2| 2 & 32°C 2 YHSIAH [FXA[A|FHOF Bt

S AIZEE 33 A17H0|0, &2 7|FE2 Metal Hydride T™EH Hi2H 24290] 64bar Of
Ct i 222 |PI 301, Pl 30215 Sdlf 2Q10| 7ts3}Ct,

*5-12 HAZOP Worksheet 6-5
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7|Hl=2(GH,) HAHE H3IAZAE

1

ZH4| HI32|AE (Planning Stage Check-list)

g|C
2!

Part A: A
2 {IEAELE GH,

1.1

[, 2H &

Fol A= EAON 227 £[0joF §

x
~

= Y7

i

— X|HEl GH, bunkering 2IX|

— GH; bunkering vessel

N
H S
o n
H o
Ho w~
_u__ o [a
m
ofF T
o X
RF ar
=
S ol T I ™o H H ul K0 & od oju
N = 0! 10 = H_. H_. o W = <lo m_=u_
< . e ™ o { { — J
ol T gy k| WEHT =
oK o < Tl O o3 o moEl K xd
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Part B: A& & SA| 2 HA2|AE (Planned Simultaneous Activities Check-

list)

1.2

ot

20| A[ZE[Z] 0| 2t=ZE[0{0}

oF oF oF oF
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T o m] m]
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Part C: AIHO|SCHA H|A2|AE (Pre Transfer Check-list)

1.3

ohCt.

ZO| AZE[Z] HOf| 2t=E[O{OF

N
o

— X|HEl GH, bunkering 2IX|

— GH; bunkering vessel
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1.4 Part D: GH, 918 0|%& OH|O|E| (GH; fuel Transfer Data)
2ol GH, HHE AIRR2E B A3 (Agreed starting temperature and pressure of
GH>)
2ol =2 EFR: O m3O Tones O
A x| A HF 1O A{H}
?_E_ 'I'TI = = [= e (e | HI__||_
(Receiving Vessel) | (Bunkering Vessel)
GH, E™3 A& 2% °C/°F
2
GH, HRUI AT o ol
bar, psi
GH, 23 HWHEY 7Is8F PQU
* PQU: Physical Quantity Unit
22| El GH, HHE ZYU(Agreed bunker operations of GH,)
2ol =2 EF2: O m3J Tones H
of = EH of = EH
e GH; =3 GH, 9=%3 H| 2
No.1 No.2
SOl Ol =T PQU
2
HUBC oM AT g ofem’
bar, psi
PQU
olsAREE :
per hour
PQU
ECio|SEE
per hour
. ~ PQU
Topping up =&
per hour
2
LB Alh g ofem’
bar, psi
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ol GH, ¢& X|C| S X|2(Agreed maximum and minimum)
| cH x|
T H| 2
(Maximum) (Minimum)
2
4712 5 o kg/em?,
bar, psi
k 2
GH, IEYALE o ofem
bar, psi
GH, 2k °C
GH, 9 =&3 Filling limit %
2ol GH, HHY/2Y HHEY SAIEY (Agreed simultaneous GH; bunker / Oil
bunker operations)
Y HHY US|l R Ero| HIAZAEE Edsof otCt.
o 23|t My} E{0|
Oil bunkering & . . .
l bunkering == (Receiving Vessel) | (Bunkering Vessel) (Terminal)
22 E GH, HHY/2lE SAMEY (Agreed simultaneous GH, bunker / Cargo
operations)
23 Mt 2 uut B0 g
stE =Y - : :
(Receiving Vessel) | (Bunkering Vessel) (Terminal)
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H7Y OHHeg AN |
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GH, H# H|gt (Restrictions in GH, bunker / Cargo operations)
- =3 Mut =4t E{0|'2
(Receiving Vessel) | (Bunkering Vessel) (Terminal)
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M (Declaration)

2E FEO RZE BEAE

= Tdg A0|H, MAz

~ A
(|

ol
ofr

0

Al ST O A E2[=5 otZlaL T

=
=

Hio

EO|l'2
(Terminal)

=
(Bunkering Vessel)

HtE M ZAT|E (Record of repetitive checks)

3
wv
L-S
ar <
=2
K -5
F 5
o
3

m_ﬂ”_.._u

=l

1 T N N ~| = | | mo| T
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1.5

Part E: GH, ¥1& O|& = H|3AZ|AE (After GH2 fuel Transfer Check-list)

GH g2 O|&%Y O|=0 %-g0| EO{OF ottt

3 | 2%
Hs SHOILY 3c H| 1
Me | Mg
GH, HHE =A 1H moj=Z g}
62 |2 = OiL[ZEE=7F HX[E[0] & A
2 FH|7t £ /JA=X]?
6 H4 8 =5 HOo #EI} =51 A
22 TH|I7b E|JA=X]?
A2 & =2/t £ GH, 0|F ¢F
64 | H90| H[Z2E3tE[0] BAIZF A A
AERJE=X]?
GH, 873 Xgo| 2tz&ln ¢ AlZE
65 |0 U= CtE MESHA HEE
MNSotRA=X?
GH, ##HE ZY0| 2A=EACtD A2t
* | enigo swetgexr
67 HBele 8% HE5 H ARSS Report No.:
2o 2070 E|RA=X]?
M (Declaration)
Otz MIDH AFEES2 X|EO| et part DO ¢ &= X st S 2ol5tdsY
Ct.
. i e Eojd
T (Receiving Vessel) | (Bunkering Vessel) (Terminal)

O|& (Name)

A& (Rank)

=27 (Date)

AlZE (Time)




132

#KOMAC

AH+2(LH) BHE NI 2E

2

CHA| H|32|AE (Planning Stage Check-list)

slc
2!

Part A: A
=2 H3g|A

2.1

2 YAHE Yo A=TAMA 227t E|ofoF otny, 2H X

= LH &

E

— X8l LH; bunkering 2IX|

LH, bunkering vessel

<
H =3
o |l
H .
o
yoe | e
oF IT
o i
X ar
Xl
s |8 |fw (A |H R £or |olop
Y — I+ 0 _ H o m N E <lo B
< ™ 2 wl ~ <k <F o R0 = i[=
N T - dd KH Kk 10 I =
oKk 10 < - o2 . ol ’ O ol
fy _, = U o) o - M 80 .
R — oK =5 o 100 100 - ol M ol oH Bl
T a1 KT = |5 = Ol R |7 oK
ol |go KM joF o1 g I (TE w0 % ook K
O ur g |0 K e Y of of on @ B @iy oo
ol K Kl o~. o~. L = mM
__ OH 2Ziur <o . = — ol ol B! T K|
o b o o1 oM ol &rig ™ mu R0 Ju|E mo <
Do GHr P (B g N e | TR
Rl H_ a I T Alor RS = | 30 o +D I g ol
O g — I 0o ~ | TI0 ___ﬂ___Hzo__muu XF alo
T T 8|0 ol B|F w0 ol oF|®|! o 5 o T o<k mW X
._HO“__ — (@V] o™ <t LN O N~




133

Hl

ar

<d
ol

u|
™

ok ar
i <

+ =

alo

od
or

el

?

ol
— .

F

=]
2!

O BiX|7F Sl E[ A=A

a0
K

IH
Klo

ol
ar
8o

LHo
K

0

10

?
X EH|

O
[

F

A =

L

—

(Ilumination) O] &

ol
oI
.._m_
joll
Kr

Sto
oro

Al &g 2t
AtO]of

=x

ol

LHZt

o 1

18,
X|?

7
Z|IRAE=X?

=3}
o
—
=

4

1]
Tl

8

10

#KOMAC

Eo|g
(Terminal)

(Bunkering Vessel)

Off rchef
(Receiving Vessel)

=1
S

X2l SE (For registration involved representatives in the

Xl 27A
=

:

UA=A[?
i
=t
—

—

b

-
[

(Name)

il

=
[=]

15
=R (Date)

AlZt (Time)

O

A=l
planning)




134

#KOMAC

Part B: A& Z SA| %Y HA2|AE (Planned Simultaneous Activities Check-

list)

2.2

ot

ZO| AE[Z] 0| 2t=ZE[0{0}

A Ha &

Al
=

ol

LH-&

=
—

of- o ot oF
0 70 70 T0
W._ Al A/ Al A/
T o m] o
Lo Lo Lo )
i © i ©
]| x
™ < & <
ofF Il
o =
¥F ol
=
0 O w0 RO ml o o~ |3 B oo~
~ g ﬂ I_I__I = . = [P
LW g |_ Wz D oulodl
_ o4 ~ OH S 31 B3|r1 & H 1
o Ao T Ko %r & | < &1 I <+
o — W g . O1[B0 KT KK
-— OF = ol ok R
0l N aon o~ | O — S ook —
O 15 R Flem <o X o < Ko
= o | RT ou| g wWo . %
ol Eslaaum_oo_. W___HAm_Iﬁol_
Joir 1 < W om o~ H o O
e__lm_%aa___m%&.ol_f&ﬂu
H Moo_aéwﬂo.mﬁwou“mﬁmmﬂ__w
o o &m Lo Mz T K =
T = B o e T
T & B0|™ Ko o/l B X |<F fn ol
1o N~ © o o
Hu_ — ~— — (@V]




135

H|

=3

—

e
[e)

Of AJAE[Z] o 2t=&|0fOf

LH, bunkering vessel

Part C: AIHO|ECHA H|A2|AE (Pre Transfer Check-list)

— XI"§El LH2 bunkering #%|

:_ o o ” o
™ < <

oF Ir
o %
RF ol
I =

<M 0 ™ @ w ol mm W

n n__._._ F0 M ol < 1o

uj A =W 1z |z R

<] ou b m Klo =) _.Aﬂﬂ od

= (@] .
- I 5 KO ™ < = ol
0l m o %0 o 4 o or
= | _ ol o~ = _

ol | = Kr T K - A © 12 oF

or | o5 = — 1 EIT 7| ¥ ro

o o o L 3% < o .

) o ol =2 s W ) 3 o

< U =TS %1 | Al El

T H o J

wj o 0 =3 T E %0 raRRIN! vy

= K hy o jod = e K| <

o N ™ < e © N~
H._ [@V} [@V} (@V} (@V} [@V} [@V}

#KOMAC

2.3




136

#KOMAC

ofl &l :_M W ol
< Rr 0 ur N~
3 < K.
hl_ w 3 > o = K uo pE B
o 2 ¢ .. 8 3 EIR T KT
S 50 EQ |0 . A 8l of "
S S & & 38 T o RI O T KI K- ol
u| [
[a'd [a'd
I < < <
ofF ar
nn =
RF ar
I =
ol X OH W mIM H M oK oK J mlM < K A oK @ K
T OoF . ol I Ol o wr B H H & - ™ Eo
— M1 SO wl o s S R0 ol _ K _
=3 oo g K ARy |(md |[HpS | |5
WH_ _II.H o w = N R TF - _._._._o 80 - o — _n_._ & | ofl
S TR T < N W o X S _ jwmw & Kl
w |w Xy |2HA s S A e D L L
e R < o H _ ol . e 54 _ = o<
3 m ] ol = < = X0 & = mJs oK ol = =yl
ol o K _ 2 o = o o p| Y o L ST
ol ' mk - uyr o T ol K o a3 .- K N KM= =X
_ N T A oo o _l_ < y ) E Ol Br mo 0 K |9 o
S T e ppm &M s SIS E
Ko< ol o R R~ g L
ol R & FF K o w Jd <0 B wr | K PO o o X(RE O
®ORMC or {F 80 < 41 B2 D Ul I B K| I N|R of K |[Jr ol o<k N
._O._ (@) — Al o <t LN O
HL (qp] (e8] (qp] (e8] (e8] (qp] (e8]




137

-

#KOMAC

mmA_me_______
g |, 2R
- u = KE S
m - H aul 9 of o
~ J0 O % 1o o RO
o ur = = l Tl
ou_o Q_o
’T o
o
< o
OF ol
o X!
RF ar
I X
o
5= iy
- S _E:__ o | R 0% 1| —
u- = ar Ay B H e = K H o = =)
o & T T mEX |y : S| 2 m ol
oo E fz mTgRf T [BaBff2fE |°
o | K I - KH o go KU =5 < 9o H
= 23 z BEE. 0 BzEIioREEs Y
EEN m |Wo |z 8 X TR T g = R
K Ex T oM g F o OF Al g EAI o
. o o R0 0|8 S L ol S Moo |m 83 = — 3%
Ui > U Y i R Ko < _us_bﬂ.ﬂr/l =
ar - S KM < < m El Ko =y | <] ™ g — vl ol <k
o R S = =3 5 oo |20 T XK & ool |2
F R pETo S |2 PR R SE R
<+ Fo b TR I oH o [T aooo_mOImNm_i %
GRS EN o |BRO|RTOR @ Wl 58T = 3
o Sl TR I (T T w2 1h
s VI - i i £ o =<
~ ol o2 Ir € w <
HL o o) _._._O_LLPS|M
™M Q o w° o KIr
g 5 | 9 o
~ < <
¥ <




138

#KOMAC

A S
T n RO
i o
!
do | o oF .
Kl zr [\ 5 gw
u| oD £
m mo Py m.m
< R H_._._ %m
o' (%]
_m__".u__.ﬂ
T
1 % <
XF or
I X
K0 o —
_ Ol o ol Pl —
K = H o H_._Hm__._n _
30 & ujo % nl % MWH T H K
S I y Emé MO§EM oW |® W
=S P i oo w I oy s " L NI
% oF oK Al | ™ H T Y kB - k|8 oS Bl
= |k = — N = > 1ol H & _, KU s 1ol qQ K o
0 KK = N K| -1 P :._rxﬁe_ oK 5 ©l|l= ok Iy -
OL ?.._A Ll_A?_.A ._O._ 40 o . ._O.__I.q IFOO _/l_
- n ol ] ~ ._OL — — _|_._O b ob A._ﬁ ) ._O|_ — _— ._OL
) ol % e W | g K o - o
N T ~ §L_._L._|xﬂo ||_A3=_H..r=__ o 00| X I N -~
on = or|—, & |/ 9 od | < 0 K | o0 ] =) <0
aom|+u_on__AW\oOm_§|ﬂ|m| m_/lﬂo__u_#m_ob |x|__/|gew.mﬂo_uw_._nwur
g_ot_x__r_m__ﬁﬂumo%zo_ mou:_ezi____ﬂwn@nrxﬁﬂéw__&
.m-woMxOyhmrA_émM %éﬂgjmmgq/___o_ﬂm 3
QWOM _ ._.ﬂ_/M_/ D_.o|_MH7.__._ Mé.ro_.;ou_'mM o &% =
ne(ﬂ@%aoxoxwhaomummwﬁmﬁwLm_.ﬂol_ﬁo_u@xmﬁﬁemw:ut.&._.l9
mﬁﬂu_._xﬁﬂ_/owm%féﬂ_n_ﬁM_o_EH&SWD%MfEHHE ﬂﬂu.m
o xﬂggomomxmm*Te_anEoA <7 Ny r|T Dy 8
.AEOLA_I 2=.__=._H +AU|._I._H__ _AC_A
< < o o o LxMomuxﬂW ﬂuA_gooD_L__
R - Snltwa®g
¥p] oV o o W
LN
LN = "
LN




P KOMAC Page

42002 TN WA AHSE A

My R | S B
Q@ e&co Project
=3 | 3%
Mz eI g
Au | Myt

[n

56

== =
5|0 HYFOM XS BEZ T

HEA=X]?

LH, 8AHE =4 1 o|Z &t
o o OUEEE= HEi7F S5}
57 | HESHA =H|EO A1, X[X]|

|, SHEA AZEO UeH,
+= H2E 8l LH; 0|50 =X 7t
HAI_X|?

=Fde i g744% A0l LH

T — 71 2 I:1C>-I
Y HUZE0 HAR2Y 7HE

58
2 (Dry Disconnection Coupling,

DDC)O| HM|&ZE|A=X|?

12
00
o
40

+HHUT TR AOl9 LH,

—
59 | E#HE @2 Ro= HES T
S

60 | FIXIStY AL, |z ’”E*P._

=F Aol v =hA 2| A=

61 | (Ship's emergency fire control plan)

0| HIX|E| /UeX|?
- =ZHSMAEAZTL (International
shore connection)?t 38 & A =X|?

LH, 912 97T 2% X0 A
63 | =11 20| Y CHE Mo

HE HISASK ol




P KOMAC Page 140
AANOE2 XXM HFE o8 Mkl
O E&CO TAAE FUY AT W28 TR Project | 244 OFHI|Z THARY
24 PartD: LH, ¥& 0|& OIO|E (LH; fuel Transfer Data)
el E LH, HHEY AE2E U Y3 (Agreed starting temperature and pressure of
LH>)
2ol =2 EF2: O m3J Tones H
A x| A{H}F 1.0 Ad}
?--E— TTI [ | H 1T '— "1 HI_T'_
(Receiving Vessel) | (Bunkering Vessel)
LH, HEYI A 2= °C/°F
2
H, GEHI AR g ofem
bar, psi
LH, =3 HHEY 758 PQU
* PQU: Physical Quantity Unit
2| E LH, HHY = YU(Agreed bunker operations of LH,)
2ol =2 EF2: 0 m3J Tones H
of = EH of = EH
No.1 No.2
2tolE O|F =& PQU
2
HUBS oI AR e ofem”
bar, psi
PQU
O|SAIHEZE a
per hour
PQU
ZCHOlSH
per hour
PQU
Topping up &
per hour
2
RIS orem’
bar, psi




#KOMAC

Page

) E&CO = °rb Project | £AMH OHN7|Z HLAIY
o|El LH, ¢=& x| S X|2&(Agreed maximum and minimum)
|y X a
T H| 2
(Maximum) (Minimum)
kg/cm?,
42 5 o e
bar, psi
kg/cm?,
LH, A=Ay o s
bar, psi
LH, 2% °C
LH, 2% 3 Filling limit %

mot

OlEl LH, HHIY/2Y HFHEH SAZEY (Agreed simultaneous LH, bunker / Oil

bunker operations)

2 HWHEY YOl 2 HEo| MAZAEFE Z-d5{Of oLt
_ _ 3|0t oMY E{0| g
Oil bunkering =g L , ,
(Receiving Vessel) | (Bunkering Vessel) (Terminal)

gl LH, 87 /ztE A

operations)

b
A6

Y (Agreed simultaneous LH; bunker / Cargo

ol AY

P

(Receiving Vessel)

R

(Bunkering Vessel)

E{o|'d

(Terminal)




#KOMAC

Q@ eaco

e

gz 31

434y oHes X

O L.

Ny

Page

Project | &

LH, HHZ/SEEY H[$t (Restrictions in LH, bunker / Cargo operations)

o

P,

(Receiving Vessel)

R

(Bunkering Vessel)

E{o|'d

(Terminal)




143

#KOMAC

M (Declaration)

2E FEO RZE BEAE

= Tdg A0|H, MAz

~ A
(|

ol
ofr

0

Al ST O A E2[=5 otZlaL T

=
=

Hio

EO|l'2
(Terminal)

=
(Bunkering Vessel)

HtE M ZAT|E (Record of repetitive checks)

3
wv
L-S
ar <
=2
K -5
F 5
o
3

m_ﬂ”_.._u

=l

1 T N N ~| = | | mo| T

| O | |+ —

= (ElS|2 | |&E|FT|D

Zl2| 8| Ol | | T

mo | fo | & | N = |~ | 80| H0 |80

oM< iEdEdE b




144

#KOMAC

HA2|AE (After LH; fuel Transfer Check-list)

e
[=]
T

Part E: LH, ¥1& 0|&

2.5

!

of %ol £lojof o

.
o
T

LH2¥ 2 O|&2HY Of

g
H Z
= g . I
~d N w
< < x
ul
H < < <
oOfF ar
o
RF ar
F
Y K ol ® 11 g ol
L B =T R e S T
K ol =S H = & o~ | TK g
RO D BN o o | B
(0.1 =) I =l ofl U < =
B ~ A4 oF m = _ G+ O
= I = R E=Y= o
2 qfiFS=g 3% BEes
T 3 [N i R 0
m F T T =m0 U mo wo | N0
S L e - R
T Sl L ok o ME B H TR
PR |8 83 5% Do T T
e I ol N O IO = s
._O._ < LN O I~ 0 o
HL © O O O © )

M (Declaration)

r

Ct.

EO|'g
(Terminal)

o
T
(Bunkering Vessel)

3
v
L-S
ar <
=2
RF S
>
F 5
]
3

V|~ ~| ~

[ mun“mm

S|l | ©.=

T zieglglE

o | Ao | & |

SR




145

#KOMAC

A2 (MH) 8HE H3E2E

3

ZH4| HI32|AE (Planning Stage Check-list)

g|C
2!

Part A: 4|

= N2z

3.1

b

ot, =2H X

ol A=A 2z £[0fof

N
~

2 YAy

MH ¢

AE =
—

— X|"HEl MH bunkering /Xl

r
=l

X

<

bunkering vessel

<
H E3
o I
H o
Ho w
_u__ [a (o
=.._
ofF =T
o =
¥ ool
=
S I+ T8 w ol A A KM Zoar ol o
N o] = I+ 0 » rﬂ rﬂ m E| {|o m_=u_
I Y X X 0 ]
n o T ny T M =
N E S YolgTE |m°
o _. T = gl o) o - M _ 80 .
— s i = 1 U — o
o |K = K 3 =N 100 100 _m._“_._ 9 ol o 3l
= Y& KT < = N
ol |go KM oF ol RO o - r+ g0 Of = od | ok o K
B Jur 4o ~[go K | 2 of o Jop M o o@r|g o
_ OF oJjur 4o . = ol Bl B! TR |
7 I o 0~ | o go oo ol REOKE S o I
Wos s e BRI K w0 Sy X g0 o
1o ol o < I-| Do o |T0 R T ol & XF ajo
T T 8|0 ol 8|F w0 ol| T oW o = o”l F:O o< T X
._HOH ~— [QV] o < LN O N~




146

Hl

ar

<d
ol

u|
™

ok ar
i <

+ =

alo

od
or

el

?

ol
— .

F

=]
2!

O BiX|7F Sl E[ A=A

a0
K

IH
Klo

ol
ar
8o

LHo
K

0

10

?

ol

A =

L

—

(Ilumination)0| E|

x| ZH|

Ni|

£
K

40
Okl

ull

ol
oI
.._m_
joll
Kr

| =l A

X[?
X|?

—
—
—
—

4

1]
Tl

8

10

#KOMAC

Eo|g
(Terminal)

(Bunkering Vessel)

Off rchef
(Receiving Vessel)

=1
S

X2l SE (For registration involved representatives in the

Xl 27A
=

:

UA=A[?
i
=t
—

—

b

-
[

(Name)

il

=
[=]

15
=R (Date)

AlZt (Time)

O

A=l
planning)




147

#KOMAC

Part B: A& Z SA| %Y HAZ|AE (Planned Simultaneous Activities Check-

list)

3.2

ot

ZO| AE[Z] 0| 2t=ZE[0{0}

A Ha &

Al
=

ol

LH-&

=
—

oF ok oF ok
RO RO RO RO

W._ A/ Al A/ A/

- H H H H
10 10 110 10
© © © ©

]| x

i < ~ <

ok 3T

i1 =

o

X
F0 OH 0 KO ul Wo o | & E O e

_ X<k |oT K|l_&T K

S W |z |_ ouE _ uloJ
~ o L OF |2 0ol BRI B O o
o A s _ Ko &r | 3T I
oo @ g0 . 0|80 KT - KH

g0 | ap |0 o | M oloy _ K

RO Zlzn <o | o < K M

= N B o o L

= — .r H - 1o

m.“ ny L0 %n_v_m Mm o_m T L:__ Wlol — %._ ol
1 < 2T o o

o) mMe&ﬂomem/w_mA_onEfmﬁo
E_l_ln_._mﬁzl:_m__mom__mWol_LuWW
Eﬁo_aéuﬂ_amﬁwyumﬂm@ﬂ_ﬂ
ol w0 m < &m Lo Mz T K s
T =l =l B e T
T ® BT Ko on|ml B |<F fn ol ml

._HO“__ M~ o] (@] m




148

#KOMAC

Part C: AIHO|SCHA H|A2|AE (Pre Transfer Check-list)

3.3

ohCt.

ZO| AZE[Z] HOf| 2t=E[O{OF

N
o

— X|"HEl MH bunkering /Xl

r
=l

X

fo
<

Bunkering vessel

r
o
oF ar
o =
=
+ =
T N L L L S I R I ol
n H 4l 0 1ol © ™ol = [ o <
I - S B - - R T I P 2 I
Wl = ST I ol S Ao =3 ~ . ol
A_ . = 2 K OL = L O . _A__| ~N _._._._ o~
=) = JJ | — KO~ <X K ~ o] K
m = |[K ph = 4 K I N R L E o 1l
0l T 1o T O< r U " — T r 100
2 =k |TF S SNk 2 30 5%
= — = H « < = vl KO Yl <
= _ ol oo < <4 ol
ol |T™ K K = w M |H K |OF £ oOF © | Br oF i <k
™~ A | KM il - 0 _
or | o4 = — wo|_ Ju|rm — 71|10 | ®o M = -
Eagyd < g Ula | Hwo W2y o3 o8 ol
ol = ol moop|_ O o<k | TR gr
= %o ol FHENAR KK RTINS oK oo
< o Bl ORT o < | o= o & ol w1 | A o3| _ o 35U
o ~. | Ol U H O X 4 ni0 < MH
L] ~ |D0 w0 o)/ T 80K ® K MF RO ol| ¥k Pl UM " R~ [KF T O
H K R|T ® of|m o (@ o<k T M of |[<F R ol F0 K |<F 10 %
10f — N ™M < LN O N~ © o
HL (V] (V] (V] (@V] (V] (V] (V] (V] (@V]




149

#KOMAC

ofl &l :_M W ol
< Rr 0 ur N~
3 < K.
hl_ w 3 > o = K uo pE B
o 2 ¢ .. 8 3 EIR T KT
S 50 EQ |0 . A 8l of "
S S & & 38 T o RI O T KI K- ol
u| [
[a'd [a'd
I < < <
ofF ar
nn =
RF ar
I =
ol X OH W mIM H M oK oK J mlM < K A oK @ K
T OoF . ol I Ol o wr B H H & - ™ Eo
— M1 SO wl o s S R0 ol _ K _
=3 oo g K ARy |(md |[HpS | |5
WH_ _II.H o w = N R TF - _._._._o 80 - o — _n_._ & | ofl
S TR T < N W o X S _ jwmw & Kl
w |w Xy |2HA s S A e D L L
e R < o H _ ol . e 54 _ = o<
3 m ] ol = < = X0 & = mJs oK ol = =yl
ol o K _ 2 o = o o p| Y o L ST
ol ' mk - uyr o T ol K o a3 .- K N KM= =X
_ N T A oo o _l_ < y ) E Ol Br mo 0 K |9 o
S T e ppm &M s SIS E
Ko< ol o R R~ g L
ol R & FF K o w Jd <0 B wr | K PO o o X(RE O
®ORMC or {F 80 < 41 B2 D Ul I B K| I N|R of K |[Jr ol o<k N
._O._ (@) — Al o <t LN O
HL (qp] (e8] (qp] (e8] (e8] (qp] (e8]




150

H|

£10

ud

w0

10

A ofof

CEa

Ul

Kk

jr

Ao
oll
Ofu

No lock

O
R0

0o

Kr

O
R0

0o

Kr

O
R0

0o

Kr

u|
™

R

o
ro

ar
A

<

<+

or
<

alo

od

Joir

FXEZE B E|O] A=K7

CtC
[=e)

HHE

ol
Br
K
oK
ol

t

—

B
il

2| o

2t

s X[EAO
A2 (MSDS)7h  HIX[E A=

HAl

L

—

=X[?

7|

24
X|?

7t

1ol

—

Jod
K
_I|_
il
Klo
o/
ofl
ol
J
o<

(Powered

Emergency Release Coupling,

PERO)O| &X| &[0 WEA HSkE=

0] HAE E|gomn

= ol

<
ol KIr

=

(=}

A=A

2 ZAEE,

]

7

=

1ol

Tl

37

38
40

43

44

45

46

#KOMAC




151

#KOMAC

ol -
o RO w S w
£} T L g S
mo l = .m
RC| T 2 4
uj o
I <
oF T
o =i
RF ol
=
KM R0 & wof ueﬂﬂﬂ KO Lo of H K~ & of [T
. WH an 1 KO K o0 R . K ©© jol O
H |8 pr (¥ = |2 | |& |k gD O M
o M zu ol 100 = R ™ N = 0 % ~ T i
G| _ i 1|l Wr ol =T = R [ T 10l o S - Hu
G = %0 mo4 R = <0 | Ty X AW
Ko V225 1o R o~ | KT ou o |3 o KON Ao
= K |2 ou & g0 = ol | o <] ) K |z o e T
ol | [T K PR R ® T & | =~ Al joF © o % 2 mo 3k
T 1| 1o - L O Y K | = —2 v =2 o= B
W im ¥ jmH e 0 gom KA B |5 IF o2 ifn ) kW O ™ = Ol
° A|_+o@ |~w|u|_n7.___o|_._|m|§x 7ﬁlem _n_u__/l.w M0 K p o~
S R X W OB " B Wm0 S mﬂ.m_ﬂm 3z g E N
= = | K ol H x| — K . |& T T T
B ) W_o%%HOAxWXv.wW JA.I_w_____A_._ol_L__MAHmIM
ulJ R N Ol ~ |X ™ o T W TR | & KF Add oz N o HH
M H [F0 HoXol |[<(k<FB T H |SKRDO (610 S H [KFoT < LW | H D K
{of N~ © o o — Al ™M <
HL < < <t LN LN LN LN LN




#KOMAC

Q@ eaco

-1>
>
e
Hu
-1
=
=
oF
M
o
e
Rl
Ho
ojo

Page

Project

rE
fot

dok
ro
=
olo

rx 4>
T A%

rx oy
= Ho

o<

H HAHE =A 178 Oio|= 2t
L DHLI%EE MEH7r QUS|
1, MHESHA FH|E[O A1, X[X|
EIEH 2HrEHI HAEO Ao,
= H2AE S MH 0|50 X7t
HAI_x|7

it
J”H

56

HTT — 71

HY LB EO) AAREY S

3 MET FRAE A0l MH

2 (Dry Disconnection Coupling,
DDO)O| MSEIA=AI?

57

= deta Sede MOIQI MH

58

59

derol Hig 2hA 22| A=
(Ship's emergency fire control plan)
Of HIX[E A=X|?

60

=ZHSMAEAZTL (International

61

shore connection)?t 38 & A=X|?
MH 92 HHE 25 20| A%
Tlo 2H0 e CHE MEHY o

HE HISASK ol

[n

12
00
o

40




P KOMAC Page 153

ANOIE XXM HF2 OIKoL Xithk
) E&CO T28E FUY EHT P28 AN Project | 244 OFHI|Z THARY

34 Part D: MH ¥9& 0|%& G|O|E{ (MH fuel Transfer Data)

olE MH HAHY AZ2E 9 o3 (Agreed starting temperature and pressure of

gtolEl = TR O m3[O Tones ]
A X| A HF 1.0 AHF
?"E‘ TTI (e | HI1T = " HI_T'_
(Receiving Vessel) | (Bunkering Vessel)
MH G293 A% 2E “C/F
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* PQU : Physical Quantity Unit
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5.5.2 Product purge gases injection line

Before the loading/unloading, air shall be first replaced with N2, after that N2 shall be replaced with H2

according to the method given in Annex D. A gas detector shall be used for confirming the completion of
the replacement.

At the end of the loading/unloading operation, first H2 or He shall be used to displace the product, and
then the purge gases shall be replaced by nitrogen. The purge gases and/or nitrogen injection line shall
be connected to the product line of the ship’s manifold piping or jetty piping.

<32 1> ISO/DIS 24132:2021(E) — 5.5.2 Product purge gases injection line
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5.5.5 Vapour recovery lines

Vapour recovery lines, if required by local or national standards and regulations or the owner, may be
installed from the leak detection port of product swivels to the return gas line in order to recover minor
leaking gas through the primary seal and to avoid pressurizing of a chamber between the primary and
secondary seals. A check valve shall be installed between the vapour recovery line and return gas line.

<12l 2> ISO/DIS 24132:2021€ - 5.5.5 Vapour recovery lines
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5.5.9 Drain connection
Drain connections may be provided by the owners’ requirement to rapidly evacuate the remaining LH2

in the piping.
<3 3> [SO/DIS 24132:2021€ — 5.5.9 Drain connection
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5.5.10 Vacuum insulation

If a vacuum insulated double wall structure is adopted, the following functions shall be installed to

maintain adequate vacuum pressure of loading arm:

at the vacuum area which has weak points such as bellows, vacuum pressure shall be monitored

at all times to confirm that suitable heat insulation performance is satisfied;

easy;

the vacuum monitoring device, such as a vacuum gauge, shall be installed to make maintenance

NOTE This monitoring may be substituted by measurement of the outer surface temperature, which is dependent

on the vacuum pressure in the vacuum insulated Space.

movement of the loading arm;

the release of pressure shall be installed;

the connection ports for vacuuming shall be installed at each vacuum area;

the surface of each connection port for vacuuming shall be covered with consideration of the
to avoid damage at the outer pipe because of the pressure increase at vacuum area, parts that enable

the direction of the connection ports for easy vacuum operation shall be approved by the owner.

<8l 4> ISO/DIS 24132:2021€ — 5.5.10 Vacuum insulation
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5.6 Welding

Welds on pressure containing parts shall be carried out by a qualified operator using approved welding
procedures in accordance with ASME Boiler and Pressure Vessel Code Section IX, or local or national

standards and regulations.

<3 5> ISO/DIS 24132:2021€ — 5.6 Welding
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6 Safety systems

6.1 General

The function of the emergency shutdown (ESD) system is to safely stop and isolate the transfer of liquid
and vapour between the ship and shore. Typically, this system may be activated by the following:

— fire or gas detection

— tank high level or abnormal pressure
— ship’s drift

— electric power failure on shore

— amanual signal

[t shall result in the tripping of transfer pumps on both ship or shore as applicable, and the timed closure
of ESD valves on the ship and shore to reduce hydraulic surge in the transfer lines to acceptable limits.

The function of the emergency release system (ERS) is to protect the transfer arms and to minimize the
spillage of LH2 by quick disconnection in the case of the ship drifting out of its operating envelope. The
ERS consists of a powered emergency release coupling (PERC), isolating valves to minimize loss of
product when the PERC parts, and sensors to monitor transfer arm angle. The ERS is activated
automatically or manually. Initiation of the ERS shall result in the simultaneous closing of ERS isolating
valves, PERC separation, and the transfer arms withdrawing clear of the ship’s structure and adjacent
arms, preventing the arms from being damaged.

The ship and shore monitoring and activation systems shall be linked to ensure the coordinated operation
of both ESD and ERS functions on the ship and ashore.

Electro Magnetic Compatibility (EMC) for electrical and electronic components that are part of the safety
system shall be taken into consideration.

<12 6> ISO/DIS 24132:2021€ - 6 Safety systems ~ 6.1 General
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7 Connection with the ship

7.1 General

The connection of the arm to the ship shall be adequately heat insulated against ambient temperature to
avoid producing liquefied oxygen and to minimize heat in leak e.g. bayonet connection.

The interface between the transfer arm and ship’s manifold flange shall be met.
An example of a form of specific requirements by the owner is given in Table A.10.

The connection of the arm to the ship can be achieved by the following means:
- bolted flange according to a standard specified by the owner;
—manual coupler (manual QCDC);

— hydraulic coupler (hydraulic QCDC).

Aligning and centring devices shall be furnished for each diameter of flanges to which a QCDC shall
connect.

Seals and flange surface finishing shall be compatible with the LH2 carrier manifold.

Gaskets, depending on their type, shall be in accordance with local or national standards and regulations,
or specified by the owner.

<& 7> 1SO/DIS 24132:2021(E) — 7. Connection with the ship ~ 7.1 General
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7.2 Design of QCDC

The strength of the QCDC shall be based on the combination of the internal design pressure and the
maximum design equivalent load, LCA, which is based on the combination of the most stringent arm
attitude and external axial, bending moment and shear loads on the manifold flange.

The following minimum safety factors in Table 2 shall be used to design for maximum design equivalent
loads:

a) load factor (safety factor) a (SFa) x LCA + PL (see NOTE 2 in 6.4.2) against structural failure and
separation;

b) load factor (safety factor) b (SFb) x LCA + PL (see NOTE 2 in 6.4.2) against leakage and permanent
deformation.

When loading combinations are different from Table A.15, an appropriate safety factor shall be selected.

The safety factors shall be calculated allowing for the orientation in which the minimum number of
connecting clamps will be in tension due to the bending moment only.

The coupler shall remain leak tight when at least one of the connecting clamps fails at the maximum
design equivalent load plus at least operating pressure.

<18l 8> ISO/DIS 24132:2021(E) - 7.2 Design of QCDC
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7.3 QCDC system
Flange rating and diameter shall be as specified in Table A.10.

The QCDC shall be provided with a mechanical or hydraulic locking device to prevent inadvertent release
due to human error, pressure or vibration. Activation of this device should be clearly visible by a method
approved by the owner.

Connection and disconnection operations of a hydraulically operated QCDC shall be possible both from
the transfer arm control panel at the jetty platform and also at the local control station, which is typically
a portable or pendant control panel.

Alock sequence completion indicator to confirm locked condition shall be provided.

For a hydraulically operated QCDC, an interlock shall be provided to prevent opening during product
transfer, or when there is pressure in the arm, or ERS ready of the arm.

Hydraulically operated QCDC clamps shall operate simultaneously with equal forces and shall not
overstress the mating ship manifold flanges.

In the event of the loss of hydraulic pressure, the hydraulically operated QCDC and any associated
hydraulically operated product valves shall remain “as is.” A manual release shall be provided.

For a hydraulically operated QCDC, the operating time range should be [10 s to 15 s] (see Table A.10). For
clamp safety reasons, the operating time shall not be less than the specified minimum.

The QCDC shall be capable of disconnection under the maximum manifold loads, including specified ice
build-up.

Manual couplers shall not require extension bars on the clamp/release lever, which are not part of the
original design.

Lubrication of all moving parts shall be possible without dismantling the coupler.

<32 9> ISO/DIS 24132:2021(E) - 7.3 QCDC system
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7.4 Flange cover

The connection flange shall be provided with a flange cover to prevent the ingress of any foreign matter,
water or moisture. The cover may not need to be designed to withstand the transfer arm operating

pressure.

The cover shall have tapped hole and be fitted with a plug to enable the fitting of a bleed valve or pressure
relief port for depressurization before removal.

Handles shall be provided on the flange cover to facilitate installation and removal by hand. A davit may
be needed depending on the weight of the cover.

<18l 10> ISO/DIS 24132:2021(E) - 7.4 Flange cover
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FAFUME HAHY I”E Eot
2. 20f U T2
2.1. 240
Abb. Description
AIAA The American Institute of Aeronautics and Astronautics
ALARP As Low As Reasonably Practicable
BOG Boil-off Gas
C&E Cause and Effect
CBM Cubic Meter
CGA Compressed Gas Association
DPI Differential Pressure Indicator
ERC Emergency Release Coupling
ESD Emergency Shutdown
FGSS Fuel Gas Supply System
FI Frequency Index
FSA Formal Safety Assessment
GH2 Gaseous Hydrogen
G/T Gross Tonnage
HAZID Hazard Identification
HAZOP Hazard and Operability
1/0 Input/Output
IMO International Maritime Organization
LH2 Liquid Hydrogen
LI Level Indicator
MFV Multi-function Valve
MH Metal Hydride
P&ID Piping and Instrumentation Diagram
PCV Pressure Control Valve
PFD Process Flow Diagram
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Pl Pressure Indicator

PTS Port to Ship

PSD Process Shutdown

PSV Pressure Safety Valve

RI Risk Index

SAE Society of Automotive Engineers
SI Severity Index

SME Subject Matter Expert

SOC State of Charge

S/S Stainless Steel

STS Ship to Ship

TCV Temperature Control Valve
TI Temperature Indicator
TTS Truck to Ship

XV Shut-off Valve

22. dnzd

2 HAZOP ETAMO|A AtT8F 28 Ol xt2= Cteap ZC)

rir

[1] Revised Guidelines for Formal Safety Assessment (FSA) for Use in the IMO Rule-making
Process, MSC-MEPC.2/Circ.12/Rev.2, April 2018

[2] HAZOP (Hazard & Operability) Guidelines, GL-0006-E, KR, 2019

[3] Gas as a Marine Fuel Safety Guidelines — Bunkering Ver. 2.0, SGMF, FP07-01, March 2017
[4] LNG Bunkering Guidelines, IACS Rec. 142, June 2016

[5] Bunkering System P&IDs, B500-SNP-KOR-PRO-DWG-01~27, E&CO, Apr 2022

[6] Bunkering System C&E Chart, B500-SNP-KOR-PRO-TAB-02, E&CQO, Apr 2022

[7] Bunkering System 1/O List, B500-SNP-KOR-INS-LST-02, E&CO, Apr 2022

[8] G/T 700T Research Vessel Design Basis, KOMAC, Jun 2021

[9] G/T 700T Research Vessel General Arrangement, KOMAC, Jun 2021
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[10]3.9K Chemical Tanker Design Basis, KOMAC, Jul 2021

[11]3.9K Chemical Tanker General Arrangement, KOMAC, Feb 2021
[12]12K Slab Carrier Design Basis, KOMAC, Jul 2021

[13]12K Slab Carrier General Arrangement, KOMAC, Jun 2021
[14]11,800TEU Container Ship Design Basis, KOMAC, Jul 2021
[15]1,800TEU Container Ship General Arrangement, KOMAC, Jun 2021
[16]G/T 260T Car Carrier Design Basis, KOMAC, Jul 2021

[17]1G/T 260T Car Carrier General Arrangement, KOMAC, Jun 2021
[18]GH2, LH2, MH Equipment Specifications, E&CO, Jul 2021
[19]GH2, LH2, MH PFD, E&CO, Jul 2021

[20]GH2, LH2, MH System Block Diagram, E&CQO, Jul 2021
[21]GH2 Bunkering Operation Manual, E&CO, Jul 2021

[22]LH2 Bunkering Operation Manual, E&CO, Jul 2021

[23]MH Bunkering Operation Manual, E&CQO, Jul 2021
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A A of ZYHEE 2 A
AMDZDE DBto] HAE X+E ZEotnt 2FE Y= 8L HAE X0 /A X
DL e MMM (Safeguards)e Sl ABEE ZAAZE £ UEsX, ZLSICHH
HEE H2AZ = Us FHHY AWEXE MAISIOOF Btot 24 S =20 Chet
=97t 28 %, Ch2 Lo Cfst HAZOP 2412 ghe Zdsict

HAZOP Introduction

L 2

' I
HAZOP Workshop Configuration
+ To agree to system nodes/operation modes ‘ Select a Node |
+ To agree to personal organization and roles ¥

+ To agree to guidewords and worksheets
+ To agree to risk types
+ To agree to risk matrix/acceptance criteria

‘ Description of Design Intent |<—

N ! / ‘ Apply Guide Words |
- N ¥
HAZOP Discussion | Cause of Deviation  |e
+ To identify hazards or hazardous events ¥
* To identify potential causes/consequences ‘ Cause Frequency |
+ To identify existing safety measures ¥
+ To propose additional safety actions R
\ J ‘ Consequence of Deviation |
) ¥ . ¥
Risk Indexing ‘ Consequence Severity |
« To decide Frequency Indices *
* To decide Severity Indices ‘ Existing Safeguards |

\ ! J *

( ) ‘ Recommendation |

HAZOP Workshop Closing ¥
p .’ . ‘ Next Guide Word I—
HAZOP Workshop Follow—up L.
*  To review HAZOP worksheets ‘ Next Node I_
« To complete HAZOP worksheets
a3 4-2. HAZOP ¥ HEX%}
4.3. HAZOP Guideword
HAZOP 93& AAXfo| =o|2 FWsln mutMoz ZHsy| 980 Tast AL HAZOP

S|
CHAH A|AHEIS] RE L0 CHsH Guideword(EZ=O)E A2 £ RUCL Guideworde= LA
e @At el A ANE =9oI8t7| It HEEMN ZHEEFE = JUSD, GuidewordE
SHMOZ AMESH =0|E XA £ QUL HAZOP MM FZ AESIE GuidewordOfl=
FE(Flow)", "2Z(Temperature)’, "= (Pressure)’, "T2l(Level)” &2 3 =7t 1, 0
SHHFZ0 O wMS HYN/ G MEHZE EAT = U= Guideword?! "No”, “Less”,

“More" “"Reverse’Z O|R20{X U2M, Of2ff HE 4-1°| Guideword OJA|E HES| HH /X TH510]
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& X| (Frequency index, FI)
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I
rlo

B 4-20] 2=l Hiet ZCh

2t
2|
= HAZOP ®{3& HOTEIISS =22t 2T &o/E AN Z2E=ULL

T
0;

I K]

n

Likely to occur during the short-time operation of target system (e.g., likely to
5 Frequent y 9 p get sy (eg y

occur once per month, etc.)

Likely to occur during the long-time operation of target system
4 Probable )

(e.g., likely to occur once per year, etc.)

. Likely to occur over the lifetime operation of target system

3 Occasional )

(e.g., likely to occur once per decades, etc.)

Unlikely but possible to occur in many systems similar to the target system
2 Rare (e.g., it has occurred in the related companies.)

Unlikely to occur in many systems similar to the target system
1 Improbable ) ) ) ) ]

(e.g., no experience in the related companies or industries, etc.)

4.5.2. MZt= X|$= (Severity index, SI)

HAZOP %{3& ¢t &0 FEZ7Ho| o5 AlHE 2t A e HALH0| Q5 Zdst
Atd datol MAEE Z7F5H7| @5t offe| # 4-32F Z0| M4k =FZ A 7HX|=
HFol5t 0 o Yots X|+=2 Fo5tRALE MA4: HFo 442 ' 4-30| 2HE Hiet Zon,
oIF, =tg, Ao Cist Fgez Zizh FEE[0] UCE 2 e s iAo 7t
HASICHD TR = X[ HAZOP f3&2 Tdste sQ HOTZ7ME2 =22t %5
SolE HN ZEERUCE

H 4-3. M2t X Hol

Definition (Effects on)

““

1 Slight Slight injuries (first-aid Slight effect (immediate Slight damage (immediate
9 needed) restoration available) repair)
2 Minor Minor injuries (outpatient Minor local effect (short- Minor local damage (local
treatment needed) term restoration needed) repair available)
Severe injuries . Severe local damage
3 Maior hosoitalizati Sever local effect (mid- |
]] (hospitalization term restoration needed) (externa support '
needed/permanent needed/partial operation
JULY 2022 9



Definition (Effects on)

““

disability) available)
4 Critical Single fatality or multiple Extensive effect (long-term | Extensive damage
severe injuries restoration needed) (operation unavailable)
. o Massive effect (almost
5 Catastrophic | Multiple fatalities ) assw('ee ect (@lmos Total loss
impossible to be restored)

4.5.3. Y9 & X3 (Risk index, RI)
e K|+e HOM Z2EE YR Xt 4= X+=E g5ty ZFECC AEE 2=
ldaao ofsf HES fdk X527t FOEH HEAHoz 49| E= SRS E/tE
= ACL &, 4 fgeart 7= e X+& Huge2M, HAZOP HOHE7IE2 O
fleas £ A0l E0F O fle +£01 =1, MaEtA o feles 20t o HEs
d4E % Tt QF & =X Tofe = AUCH

e VIE X|£(Risk index) = ZMEIZ X|4=(Fl) X MZE X|Z=(S))
454. fld= HEEX 5 f[HE ER
= HAZOP 20N HMEot el EEA U HE BI/V|ES E 4-42f ZCh ?dE
ESAL SHHE K49t MZE X+E2 ZHel ZAPEHE AUE XSS Pl
22N, 888 fld=: 24 =8 Al BO| AEE= 7|#O0[CH

H 4-4. ?/dE EEA G 2[HE +F 72
Severity Index
1 2 3 4 5
FI Frequency - - - — -
Slight Minor Major Critical Catastrophic

5 Frequent

4 Probable

3 Occasional

2 Rare

1 Improbable
= HAZOP =4 2flgk ¥/t= =doiYE HIXS o2 =Zofe] fldk: 7oA EO|

10
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ME8L|1 AE ALARP(As low as reasonably practicable) ®%0f a2t LA
%

Ct. ALARP

IME ?lgde =22 34 M 7tXZ2 F2ot=0H, d&E=7F fig: B9, ALARP ?gk:

|27 JIY¥E £F (Intolerable risk level): /&= X|£=7} 100 =12, B 4-4°
FoA Ao SiYoich siY e Es ™AIHSl Y=t HYY = gle=
=2 FELEM, YNl fHEZE RF7| ot FIHECQ AHEX|GE =0, 2A
HE, AR 7t 28 B BHE, EA 2 FAES L3t §)7F FHH EFHe=E
27 EC

#2|7ls 1”8 E +F (Manageable or ALARP risk level): IE &= X|=7t 40 Z=1} 10.0
O|StE, & 4-49| Lzt FH0| SiYICt T fIEra Es A Y=
JI2HoR =& Ittt =FELE 2 = UCL CHE ge[Ho|n HE8Xel HHe=
7test dXe fYEE ECb O XFEE LEH50oF diCf Yoz, H|E
2880 3% 7|F0] |1 =0, odxf Y dA2E L6 F7F AFEXE FL
4% FYEE HEL ¥2 = As fEE: da 2ot HES 2d Al s
HEZX HEE A¥Y += Uht

2AN7ts fI"8E £F (Negligible risk level): 1B = X|7F 40 O|stZ, B 4-4°
ZEAM Fdo sfigsiCt sy Eas E= ™AL ¥Rt FE5| ROt
oHE-Eo] MAES| =EEO ULt = = JUCH MEtA, fE: MES fI6h =7t
CHEZAX|ZL Ha Tt
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[G/T 200T
car carrier]

[1,800TEU
container vessel]

[G/T 700T
research vessel]

Ship to ship

Truck to ship

Port to ship
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NO2CARGO || NOAGARGO
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UPPER DEG

Length (O.A))
Breadth

Depth / Draft

Hydrogen Storage Tank

Bunkering Capacity

B 5-2. 10K 2 H7E Mo Fo X[ 8

TANK 1 TANK

N
P

[

Jim
i

129.90m

22.00m

11.80m / 5.80m

5,000m3 per tank, IMO Type-C tank

Liquid hydrogen: 293m3/h @ 6barg, -244°C
Gaseous hydrogen: 50m3/h @ 350barg, -33°C
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Vent mast ;"[ \_Bunkering
Station

12! 5-2. G/T 700T Research Vessel (7| X|$4)

E 5-3. 70053 $AMBAZAM F2 KI$ Y 53
Breadth 10.80m
Depth / Draft 6.75m / 4.15m
Hydrogen Storage Tank 150m? per tank, IMO Type-C, 2 sets

Tank Pressure (Design / Operating) 450barg / 350barg

Tank Design Temperature 45°C
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12! 5-3. 1,800TEU Container Vessel (AX|52)

E 5-4.1,800TEU ZHO|L{MHe| o X[+ 5 EH

Length (O.A)) 172.20m

Depth / Draft 14.30m / 8.50m

Hydrogen Storage Tank 260m? per tank, IMO Type-C, 3 sets

Tank Pressure (Design / Operating) 9barg / 6barg

Tank Design Temperature -253°C
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CYLINDER
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Vent mast

BOTTOM PLAN

”hl—!
PV AN N PR TRV VAR AP AR AT i
N T m O]

"
L@

D=4
CYLINDER
2l 5-4. G/T 260T Car Carrier (LML)
B 5-5.260E3 XI=Mo| F8 X+ U EH
Length (O.A)) 45.20m
Breadth 8.00m
Depth / Draft 2.50m / 1.50m

Hydrogen Storage Tank

0.82m? per tank, 104 sets

Tank Operating Pressure / Temp.

64barg / 25°C
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5.2. HAZOP Lt
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DX =FMENG/T 200T car carrier) 3 MM 2= AM8H1,800TEU container
=
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Yoot ot MAXML=z HZoH7| IOl
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s ee Eol el 1o Capa: 188 =3 o 1340 oy
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i
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En

o

R ]
[S] Metal l-l_y_drlde Lﬁ X
e =

I

O = LE_“ T
L g p- 0
|11 Bunkering Ao oal” [ed| =0 [6] LH2 Receiving—
: R | " ok oot of ] ——
|Tank System B it Shipe e |
o3 {4} et — =
__- ﬂ;[_';ﬂu'-l:! ‘:; E __)&“ LFLL =L | SEE WY A28 UN i
G- ] 6&3*' ;}.:iﬁ ogé!'x-] B
V- =1 ) 4P TO SHP GHIARQ/UH meo | o |
Lo = - PROCESS FLOW DUGRAM =)
¥ I H ] 3 I v T 0 ¥ 0 T T T . - T » h‘%'l&%-‘—

L= 1 (Bunkering tank system): Ast=AZS X

o
TR, AN HEHE 2ot AT AILH

L E 2 (Re-condenser): st MZ H3 Sl HIZHOM O|F & XAXCZE J|3tk|&

Mg 7] S22 LEAFIX @ MASHAA HIAZ =l EEs AN

12

T 22 SSotot.

=E 3 (HP pump): HP pump®t HeaterE 0|85t &= A 2= =S X O5t0] 7|H|
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S DML FEMEY GEREER SZoCh @AM HE IS5 2IeZ O|EE
Fa9eE 129 Z2|F HAS & ussS Sl 7|=E0 SS2ECH 7|
FXIMEIO| AL Heater?t Buffer YANA &

T MO = Mixing® 7|M $£2Z
Control valveE Solf Z42st0] S26HCH BHH x4 FEME0] AL 2% X OE

f/ot Mixing §10| Buffer 35 AX|X| 10 HE A= I oHCL

LE 4 (GH, receiving ship): G/T 700T Research vessel2M A0z H
MufoRRE DeI(H4AS BILOH AT) 150m* 8O DYUI|X +2HI 2740
HMARE 45°C B HA L™ 450barg2 NE =, FGSS %

= d

Sl &3 350barg?
A8t FFMEto|tt. g 35 Y E &

T Y ZE A

rx
AT
<2

XISt Vent mastE & =AU=E HiESHC

LE 5 (Metal hydride receiving ship): G/T 200T Car carrier2M 2%z HHIY
MEtlo2HE DIATHLEAE ZFZHO0F O 0.82m3 22| 1047H2] Metal hydride
cylinder®l M& =, FGSSE Sl 2L 64barg U 2T 25°Co UZRZE AETHE

SEIMEoICE WAY HY A

hydride cylinder®] 22 YHBIH QX|A|Z{OF 3l1, PI2 BZ &Y £ Muh 28
Z 0t gk Al MEfof| K|St Vent mastE S +AAZE HIESHCL

LE 6 (LH, receiving ship): 1,800TEU Container vesselZN =20z HHEY
x

MEro 2 RE AN SAE IO Ah 260m° 8O AN SA B3 Ho| MALE

-253°C S AAYH 9barg2 MY Z, FGSSE &3l YH 6barg?| HRZ ArE3dt=
TFHYOICE P2 S5 XY E= MY 28 T Y 2 Al A= AKXl Vent
mastS SO +LURE HIE S
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7. 21}

7.1. ¢

% 67§2] NodeOll CHEH HAZOP 2AS E3) TEE OHMA ZHE Z1p 3 OHMA SHaS Qo)
Lt F7b QHMZA AFES EUMO| 7|20, = HAZOP £A4o| ZE ZAIse
HOMETIS =o| 8L HIEHOZ ZME Zioz RE MEIIESO| BlojE =i B
AYE|QICH SAMBETIME HHZ0| THS HAZOP 24 Z1t & 8074 L& AlLt2|27}
AlHE|QID, 2 AlLtE|R9] Q¥E |42 FME oz HWIISIRCH 0| & ALARP =Zo| 9/
ALzl ol 22 713 20| 397, BAZFsE #£Fo| QBALtE|E 41740
SOIE|QD, Q& AlLt|0] Cis] HoALEe R HAIE OFM xX|2 AN AlAH 2K M
DE AREIS M2|ste Z{0| HRRZEISICY,

No. of Hazardous scenarios

39
40
30
20
10
0 M Intolerable risk ALARP ® Negligible risk

e AlLiE[RSs B B2 EF00 9

AP FAo| Shots

oo

L BEmE AMAEHEH 2 729 ZCh &7t
& AlLI2[2E YA Aot HiQF Z0| AYHE|X] i JHY B2

(o]
o
IEAILt2[27F AMHE L E+&= ‘Node 1: Bunkering tank system'Z2M ALARP =& 67§ %

FAZISS =& 1570 Z&E5to & 21702 leAlLg| 7t A E = ALt
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M Intolerable risk ALARP m Negligible risk

m -
L2 16 15
©
c 14
o
w 12
vy 10
3 10 9 9
o
5 8 A
N - : z
== 6 .J .J :
S 4 ) 3
o
2
Z 0 0 (1] (1] 0 (4]
0 A A— — A A— A—

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6

a8 7-2. £E 8 Q¥UE 4 H@

M

7.2. A 55 8 HdMUE

=

M, HAHY Y o HE Mef XE =
YA HE
Backpressure§2 112{5l0{, Top spray2tHAE Liquid fillinge§22 =¥ 13
4 ] \EI:p:r return % Vapor header 2tQ! 2| ZE U Forcing vaporizerE S8t W3 &
H 81 EE
5 1 8.0 Inertgas £ 7|8 FE3| HAHZ AS HHY HXAM W FA
6 ] a0 XM20M 858 2==2 A7 21510 212 2EX[0o| oatet 2 HHES =TS
H|Z [Quoted from WS|4 AMEH2uHEM X|E A]
7 1 6.0 |ESD % Trip =5 &% 9 & XK ¢Ho|E
8 1 6.0 C&E Chart ¥HI0|E
9 1 6.0 MAMe| YEIIAE I QIEE AMIO|E (I/0 list X C&E Chart)
10 1 9.0 MI0AM 273t ME ME L A 8 (34 AE 5)
11 1 6.0 | Pre-cooling BAIE HFZ EXIA0] FHIEH2ZE HA|
12 1 6.0 | MERHO| WME Gas detector(?l%l, /) HE
13 ] o0 Heroh ojH|t HH|E 0| 8% W U FHAME sH(ex. DE FHIILAE =TT H
’ 2 3 HIFEEX §)
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ﬂMﬂ ennenee

EE(AIAAS)0M 3185t THES| 723 AHE

15 : SH2E We 9 Moot THHI] M8 (ex. vacuum jacketing or noncombustible
material with a vapor-tlght outer covering)

16 1 PSV FETh Isolation valveOl= Mechanical Interlock AX%|

- 1 AR|SATE U MEHZ H2lP Q247 Y= BE BUK Y FYB0s YHESY
H E2xg A

18 1 AH+=20lM OrthoH|ES &HU5I0, 2T X EHY =¥

19 1 W3 psv FCHetQlo] HZE|E PSV-0403A, PSV-0400A 2iQIEC| HE H2| HE

20 1 M3 " 9 37|18 12{F Sampling point BX| 91X HE

21 1 M3 Ao 2t AL Loading Limito] [HE XX

22 1 371 & S7I2FEH YEE €30| B0 HEI} Us|X| REE HHES T HI

23 1 Ei3 L BOG Management i 12

24 1 Grounding, Earthing H&
HES HXIE YoM ALY Lol o2 YIROIM TtASE X 2E 5F

25 1 HIE 7tA I a0 MY HE HE HR(ex. 429 SE7F 1% 0|0 E Oo|=0f
=2 B2E)

26 2 Oil free EtY 2%%7| HE

27 2 6.0 @ Fa/85x EYUA N2 EA 3 (22 AT X ESD EHE §)

28 2 6.0 Hy M3 HIE kA ZX|7] ARSI 2 FY HX

29 2 6.0 | DPITSS St AY LA

30 ) A2 £HE ST Re-condenser T ZEE WH Gl Th WHO| Hof g of &
E

31 2 Re-condenser ¥ HECH HHE 2T74E Ha

32 2 LIT-2152A, 2153A(DWG-08, 8, G)Remote =0l I AEH HE HE

33 3 YHa, DHFL, dHFL EHY Uz EXE TS| BA

34 3 WA HAHY 2rQar HPp HI= 2lel 271 2 Mo AT WEE ZAX|SH, A
271 Dead leg0f| 10|= #ES W

24
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ANNEX A. HAZOP Worksheet

System Node 1. Bunkering Tank Systems (B500-SNP-KOR-PRO-DWG-06, 07)

T I 0 0 S

No/Less Flow

* PI-0052A, 0054A & SofjA BiE ; *HAY Y M, gAY Y # de
(Liquid Line] PCV-051A SUEY % High Low 253 22 HE XY =0l
iquid Line] g . -
; OSZZA(DWG 06,5, C) W * HAHY 27t * PI-0053A, 0055A High High 20 | 10 Y oY dol ¥ =a oAF
COTET e Hm e EZ(DWG-06, 5, C) (Low Low % High ’ ’ % YWy oce My 2g o
QxtFoz gl 2 = HAHY etelo] fA HE
High &2 7| 29)
* Pump Electrical Protection A|28 X8
P 3 o Sais
[Liquid Line] PCV e ere Ko + PI-0052A, 0054A © ESHA] HHZH 22y * Backpressure 52 112{5t0, Top
2 | 0550A(DWG-06, 4, C) #= | S —— SUHZ 2 High, Low 212 23t 30 10 3 spray 2tQI®Z S Liquid filing 522 +d
oxzoz uz gAY S g 9 High Low &3 & Ty
s * PI-BOSTA, PI-BOS0A & S3 T+ @2
, *BOG 2|F&7t a1 of g
[Vapor Return Line] XV- L ax 3 o A SLUEY 9 2B EE5(DWG-22 6, B, 8, * Vapor return % Vapor header 2+2! &2|
3| 000ADWG-06,4,0 BE | Lo T T B) 40 | 10 4 | 4= % Forcing vaporizer 8 S8 93 Y
XEOoZ CHa| e71s S5 Aol NERTEL =) = ox| A
oxgoz &yl B * W= &39] Full vacuum & ALCl= /A HE
Bkl
4 Hxge g * A & Xt * AtohE 20K 9 A dxX|E 30 | 10 - *HDAE 1 BE
s *Inert gas £= 37|18 & MAY A
Y AN W FA
ZHO] Inert gas = 37|00 | * ¥HY 27t e
5 | o3t 2ews 9 uin * I A « 742 L ZC0| Strainer & 40 | 20 | 80 *H2UM SHE 22ES N
wn W an ° S i Sfstcl 18 B ofalet v M
TR 6 .
o < =02 ®3 [Quoted from AUzp=2
A2 XIFAM)
, | ‘ED L Trip AE &8 X 5 =X
LS
6 | ESD Z& *YAHY B 20 | 30 | 60 8 | *C&E Chart YH|0|E
° * Aol gate|AE 9 oIHE G0
(/O list X C&E Chart)
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SAFTMY WY JYE W}

e 1 1 ) ) S NN

* B2 27
@ne Bt * ey A M2 MY
aFN U He FHYof * R 9 =3 HE AR * Liquid line % M27t~2tel2 Mt
7 | olgh diE % |3 mpEo] | ¢ M =E0| ofsh ZXt = o 30 | 30 | 9.0 10 * Enclosed space & S1tdte 7tAzole
2 Aa L= HAF RFH| MK 2AF 93 * MY Schedule THOIZ AE =wn Me
e 2 2 s, gy AA 24 9 . ol 1ol ol Mg
« Bpxj/EE QY CIES TEel By C g3
¢ g
* YA 27t 1 * Pre-cooling EAHS 78 MO * ChYet 2E # 0|25 Zget
qe azmo| M2 wH * R =Y THH2Z YAl Hi2S Y 8 HE
e Yz
8 o ST M2 w50 o3 HYR *EA o e YUY RUHE Tt 20 | 30 | 60
b2 o % Leak Sy mH, A 24 9 » * dEE 0| e Gas detector(fIXl, 7H=) * Bellows % Expansion Loop X&
4, BH, 4N &4 fd
g1 * Flange connection ot EZE0| H&
L EM/EY 9y C
* Hgret ojxet BHIE o888 L R
13| FEARY slex BE FHIIAE mEvt
22 o XFEERT] 5)
=AY 27t *ug 78 el 22 R R0
B8R, oI5, He Uy * iR Y 371 S0l AE, £ 5% 40
9 | A Hsea)2 ST +2 *HE B0 ofsh ARt * 3 HR Y 2UEY s 30 | 30 | 90 95% Hi 20| LHAIFS oM =
wH —tv‘-io’, Qfl, ﬁﬁl =4 9d 1 * BEAIAA )0 M 5183h= MEQ| 7t22l | AF8E[O{OF BT . . .

* Br/EE e At * CGA_G-5.4 Pneumatic testing with a
mixture of at least 10% helium in an inert
gas or 5% to 10% hydrogen in an inert
gas.

2|2E ¥H 45 ¥H9| * 328 ¢E ol Hust oEy Mg
10 | €5 90| e %S * e A5 27t 40 | 10 15 | (ex. vacuum jacketing or noncombustible
27t material with a vapor-tight outer covering)
1" | g4= 1% * YHY 27t * 2t g3 g = 20 M3 ‘ - ‘
More Flow
*PI-0052A, 0054A & SoliAf Hif 2t 42
2UHY 9 High, Low 43}
H o 2 (g2l Mo O gl A A * P i i a2l _
, | BE Hol 2F (8748 *EHZ oE o 2y PI-0053A, 0056A High High E8(DWG- | | . DA #s HE
EE)] * i EYY 45 06,5, C) (Low Low % High High &
g7 E8)
*HE 2 dE 2UHE Tt

Reverse Flow
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<>

Existing Safeguards -ﬂn“
PCV-0550A (DWG-06, 4,
1 e BECEIEL RPN *BE 2o DU Tt ‘10-
ok

Less Temperature

SOt @t

oo

*BOG IICh A4 * et UM Al 3 pSVs E Sl HiE * PSV &t Isolation valve Ol = Mechanical
1| 83 o &Y 20 | 20 16

A3 R AY 4S * A 22 2UHY Jts Interlock & X|

* U2 Ul 2 phase flow ¥4 * ORI ATE BB MEjR ZH2|E 87t
2 | BjE s A Its = 0teh Ll Al pSV E Sof HiE 20 | 20 17 | A= BE YA A FHE=

- a0 M U o A =S gXE A

*BOG ItCt & * HH|=A0|M Ortho HIES EQIsto], 2Y
3 | Ortho %29 HE &3 - 10 | 10 18 ST =7 <

BEERTER-E U 9 WY Y

*BOG w4 57 *oiEY Pxol EhY C ¥a Mg
4 | o sy QUERTERIE P + 8% AME psvs BA HA|E 20 | 20 * DAY #16 BE

SN Y EH oFE Y |+ W2 9 we 8Xo SRLFA AT

* Ch=8 Jxo| EtQ ¢ 83 XML

©BOG YME St fou mRel HE C 93 B8 * B3 psy ZEtetelo| AZEE PSV-
5 | ¥3 9% I /Y N * Mg Ao wat 82 ALE PV x 20 | 10 19 o

= E R E ol e 0403A, PSV-0400A 2tQI50| Ee 22| HE

2 30| M|

No/Less Level

* HE Startup & 9T EHA

Lo * B3 A g A7|2 DTS i

[CERTE =St A sas * 2l Sfolx| 4xg S0 dY A 2718 2242 sampling

Y 27 point HX| X HE

RSN
More Level

* Cold vapor ©f #go] oot J& 2ol A
HEoh ZX| ZE(ex. Liquid air formation)
*HHO| M2 We X5 XE ZE o

* M2 Ao et 82 AlLE Psv x
2 30 4%

* OHE|AA HI| THAF O e * 1|C- ~ = * Mg Ao et A At i
R Ara FO YWY S Y LIC-0150A, 0151A(DWG-06, 2, D)E 20 | 10 21 = Ao matd A Loading [BHRME 7R 7H H8MUY
A E3t High, Low Y2 I 2fEAQ(%| Limit off 2 =y

" 1303. GEAO XY EHZ]
1. 40 Pk PeE HMelsta, 2
SHEYANE CHE YBXAZKZEH

2xg

* Overfill protection M| &
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SAFTMY WY JYE W}

e 0 0 N )

_

XSS &S Al FHAITHE
£ DoEERYATL
st

No/Less Pressure

1 4HM s Ex

More Pressure

1| BiE EE g3 psv %e | ¢ oHiR EE Y3 24 20 | 30 ‘ 60 22
El ofgd Ak M x| 2k ALE]
5 | w3 o= o g9 M E R *da ol wat 8 ALE PSV x 20 | 10 2
* ICh BOG &Y 2 &30 €x|
3 | 8= Aol 2F & *UA fAZ Qe HE nbd 20 | 10
Etc.
* HHE NG 2uHd
ing O 2 Ol3s} e T .
Ha Al UHaa 0% * Hammering 22 Qlot ¥ Liquid Max: 10m/s
1 =5t S 7R &= * NG CHH| 22 2= - 24 * Grounding, Earthing & - Vapor Max: 40m/s
° * Static charge % L 2HEN 52 B AMSa U
LHF20 XMt Velocity HE
Bz 9! &30 SR
© M BOK AL SATHA AL, 80K
Jha K| O:HE K:LQ_T [EN S
- $AE HAR X - ~ |4RE i AHZ(AIAA)
HAZ Z7|2 K « Bpxj/mE QY * HES HX|E i A" Lol o2 * AIAA G095: The oxygen content in the
- 5 et =
_Zoj2 maz K . 3ol 27 @ Ao fIKOIM 725 O RE £ vented purge gas should be less than 1%
2 Has 442 X8 S a3 SR A BT - 25 | HIE JRA L M0l MY HIE HE by volume before the GH2 is introduced.
- BiE T s AZp==> =g, B . )
* X &E, K&A[ZH = | hal HQ(ex. M40 SEI 1% O|2O| & O|F 0 | * CGA_G-5.4: Systems shall be purged with
‘ s = A A = . P .
S8 #oJt 4B won Fa 2Y) an inert gas to eliminate oxygen/air before
hydrogen is admitted. Residual oxygen
24, 37, 28 Aadt
shall be reduced to less than 1%.
LSOl THE
30
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System Node 2. BOG Re-condenser (B500-SNP-KOR-PRO-DWG-08)

e 2 1 1 ) S N

No/Less Flow

XCV-2550A(DWG-08, 3, C) | * &=7| &4
; X N E © . * Recycle e 9! 2ol Mx| 40 | 20 @ 80
Ue QEFO o5t B * Re-condensing &7}

* Recycle HE A 2tol AX|

* PI-2051A(DWG-08, 2, B), PI-

AT 2 2053A(DWG-08, 3, BYE S¢ll High High,
, | Xv-0502a0WG-06, 8 ©) «wsia w3 o A Low Low £ 40 | 20 |80
93 BoG HiEEE B ore oo oo = .
* Re-condensing 27} * PIC-2050A(DWG-08, 1, C), PIC-
2052A(DWG-08, 3, O)F &3H High, Low
EEl

* Recycle HE A 2tol AX|

* PI-2055A, PIC2054A(DWG-08, 7, B)S
o &3l High, Low 28 3 High High, Low
3 | 9% 227 % BE %43 | * Re-condensing 7} e TR 20 | 10 26 | *Oilfree €2 ¥%7| A=
ow =&

* EE 2 set, one standby
* ZE DPl HX|

[=
= orx ol na g

Y luznsupyeage D022 EN 20 | 10

ys

»7 *ea/de Y Al Mal BA +F (2E
* A 2 2oR £ Aeh 9 ESD HE §)

s Gas Cooler(DWG-08, 9, D) 29 ol 20 | 30 | 60 - * Fa g3 HEO Jkx AX7| EX|sto]

i 2 89 7

* Re-condensing 45X 3}

29 | *DPITES &% A¢ ZXl

P

* Recycle Cooler & &%t

Recycle cooler HEH XCV- war yH 2t =
= -

6 2556A(DWG-08, 1, G) © oo w3t 2ot 3.0 20 6.0 * HIDALE #26 BE

oxysoz o gy c

* YHI| 2L BOG B2 27t

Re-condenser & PCV-
7 2554A(DWG-08, 6, H) * Re-condensing &7} * BOG Treatment system 0|& 3.0 20 6.0

oxgoz &yl
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e 1 1 1 ) S N

More Flow

Excessive BOG 24 9!

fni=t
=]

-
0
11}
[
i3
0z
ol

* U] MEH XCV-2550A(DWG-08, 3, C)
9 A= Mol

* Re-condenser £t PCV-2554A(DWG-
08 6, HE S AKX+ R £

* BOG Treatment system O|&

Reverse Flow

More Temperature

He ALY 33 2712

* TI-2254A(DWG-08, 8, D)E & =

2LEY 7ts

o
o

condenser o 49| =F

treatment 2 R

* PIC-2060A(DWG-08, 6, G)& &%t High

sol ol ¢ HE HE

1 * Re-condensing s X ot N 30 10 * HIALE #26 BE
Gas Cooler &2 27 9°s *1G-2200A(DWG-08, 2, HE S8t 25 =
stel 7ts
0] BAESA 28 * T1-2252A(DWG-08, 5, C) High High
= = = " o
2 a5 - * Re-condensing 45 X3t Eg 30 | 10 * HDALE #26 BE
b * TIC-2253A(DWG-08, 5, C) High 23
No/Less Level
* M ZFE &% Re-condenser HE *LIT 4£0| Field Mounted 2 H7|&.
*BOG 7t27h HP HE - 30 | 7EZ we 9 o wso| xof W off | ol We
Re-condenser 2| 49| =H * LIT-2152A, 2153A(DWG-08, 8, G)= . .
1 _ gtelez oy 20 | 20 e * Residence time 13
A . Sl ARAE Local & 7ts
CHP HI &4 * Re-condenser 9! F/ZEh We 27X
31 -
More Level
XV-2501A(DWG-08, 7, H) * PIC-2051A(DWG-08, 6, GE &7 2
: 1% 5§22 Q% Re- * K =209 BOG SUHY 20 | 20 » * LIT-2152A, 2153A(DWG-08, 8, G)Remote

bl

EE]
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No/Less Pressure

* LIT-2152A, 2153A(DWG-08, 8, G)Z

S HE Local =9 7ts

1| BOG %7 MO|2F S | *Re-condensing M5 3} o e e ) 30 | 10
* PIC-2060A(DWG-08, 6, G)E S8t High

oz

0x
or

i . * Re-condensin

LH2 Feed B 2t3 X{3} N N 9
2 | ML st 30 | 10
*BOG 7t~ 97

=

More Pressure

Etc.
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System Node 3. HP Pump (B500-SNP-KOR-PRO-DWG-09, 11, 13)

e 2 1 1 ) S N

No/Less Flow

1 | Feed BZ DEDWG-06) | * AE WHY 27} *Feed B 2T) 20 | 10 -
*HMI Ol A B2 22 DL Ef (Pl
POV-0SS1A, OSS2ADWG- | oo oy 0052A, 0054A; DWG-06, 5, D) 3}0]
= .
2 |06504s exger | T O UH+4 5E ol U oY 30 | 20 | 60
olst £y | e * 1@ Al PI-00S3A(DWG-06, 5, OF
S5l ESD &E
PCV-0550A ~Z2|0| LA ore Kot
3 | HEES ¥EOWG-07,40) | | R iR Y BLUHE Jts 30 | 10
s
CE] ©
3 *YESL DNFL, AN ss HAHY
RroiEiZ XQX}E Dié‘lz)" %A'
XV-AS03A(DWG-21, 7, D) N N * YEpast dnlpac) WY S e
4 e o THPEE 33 R ot Aol SloLix| ore 30 | 10 oy W2 2teldt Hp BE 2telo
= 0F SA 2ol B 34 | 271 20| AE weE Mxsto,
K| 4=27t Dead leg Off 10| 4&s X
XV-3501A(DWG-09, 2, G), N
o0 (gﬂsoa Ol)ﬂ “HP HI 1 TPIC-30STADWG-09,2, A 88 @3 | 1 L lock Hhes
. 5
e ETEEEEE L gmes wiy wrt 2UE, Low 2, Low Low shudown | o0 | 20 | 89 3% 7 BE Sertinteriodc 23
2
6 c Strai Qv *HP HZ % * DPIT(Differential Pressure Indicator 20 20
one strainer =& ©otman WY 27} Transmitter) DWG-09, 1, )&/ =) : :
* PIC-3054A(DWG-09, 9, B)E 53 ¢
| WP HEZ aF BUE” 9 High High(350bar) ESD
7 | xwv-3503A9, B) e B | ?;;E—I?—A %;E‘ 29t e gnnia 30 | 20 | 60
ENEE! x5
* XV-3510A & &3 Ze

* ¥7HY 45 Mokz7h

s oHen £F

* TIC-525T1A(DWG-11, 4, C), TI-

=
HP Vaporizer(DWG-11 5252A(DWG-11, 6, O S8 2& ZX * OifxA/2E|2 YE B2 Al Ha| =X
s aporizer( ) . 2312 A8 28 ooz ( == Ux| 20 | 20 % Ar+a/222 YUH =Y Al M2l BR
At * 22|12 YH Y39 HE A =8 (82 K¢ A ESD FHE §)

A+ RY 7

ZER| 7| AK|E
222 UE Z2Y T
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Reverse Flow

HP HE E5 X Wo 5 |+

i)
IH

* Hi 24Ol PSV3404A, PSV3405A (Set:

30 1.0
370barg)Zt 2 2 22| US.

Il
or or

=
]
¥
Hr
i

EH2l(rapidly) *
lea WZBH 2T Al (HP-
101 27, HP-102

2EHHEO)) LIBIX| H= Ol

EE 502 58

~

.
oz
N
o
e
N

*HIge ol xpohEe dXE 10 | 10

Less Temperature

*[PSV SCH HiZH BiE B
1 | [PSV 2T psv €3 Ahay/Ea A 9 Ma 5% 20 | 20 37 | * EHEX AlSOIR HELR s EHET HE B Ze
* SpR/ =
* Design basis 0ff (128, Metal Hydride
[HP Vaporizer £ & TCV- * =34 Metal Hydride &2/ MM 64barg 25°C 2| =7Ho=2 Z5E
o
38

]

5553A(DWG-11, 5, C) = * TI5252A L-Low Temp PSD Action 22 *TI-5152A fE * Design basis Off 28, YHpAE
Hoefz oot gxsa |« Y2 YASSH) S5+ PCV5551A 7t Close &. Hlof 2% 3= MPV-101 0l XEEO{Z! 350barg,
25 %2 2 ofo| 4 M 25°CQl =49k B 285 0f -33°C2
Mol = £3M ¥az 3F

3.0 10

u
i) om
T

=
=
3

More Temperature
*HHE HH L H 22 29 % pauD o
=X 27| 4E

* RH AIARO CHSHAL L LL H, HH %]
BI| HE

* B2 LS Bubble A1
1 BYs uE HEN 28 cHp B

*HP

*TIC-3250A2, )& S8l High Z& %
High High shut down

10

for

20 20

ok
I3

o ofn
>
o oz

No/Less Level

Solaz

00

9
oo

More Level

1

S0l g ’ ‘ ‘ ’

No/Less Pressure
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e 1 1 ) ) S NN

* HAHYBEH) 45 Mot
1 HP = Mo 2F * ZE%H SOC(State of Charge) * 2xHP Pump 30 | 20 | 6.0
2y =27t
2 | 7IEf No/Less Flow &= -
* NPSHr(Net Positive Suction Head
3 - 39 | required)& 12{%t ZH|(Re-condenser X
HP H@) BiX D
More Pressure
* HEF LH TFQF AHAD
UERTEICICTTESS e e e
1 *HjE IR, A £ E - * HDAE #17 BE
(DWG-09, 2, G) " =
* A, B
« atol x|l
R TR MY 2telo] psv Hx|g
oY AL S8 v sch. E=
2 | HP HZ X0 2F *HiE ORE, e £ E 30 | 20 | 6.0 *HDAG 1, #2 HE
= Tube thk 4
* obx, T
* MFV-3550A (8, A) €2
L = el g ) = 2tol 9 Hzof psv EX|E
PHI EX = &Ct «HIm A « ofE ZAS E& BjE Sch, =
3 | 53 ! Bz &4 o4 AME & H2t Scl 30 | 20 R0 BTN 41,42 AE
WH(EE ERC) § Y * R I, A R E Tube thk 7|4
* A, B *XV-3510A & St 7Y
*oHiE U oY MY
* IHII AAb
Hz 24
4 | HP Vaporizer 2t&l = HHY 27 30 | 20 | 6.0
* HiE ObE, A £F
* o, B
Etc.
1 HP HZ= 23 Ppulsation * ALY * Damper % Buffer §3 MX| ‘ ‘ ‘ - ‘ ‘
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System Node 4. GH2 Receiving System (B500-SNP-KOR-PRO-DWG-16, 17, 18, 19)

Consequences Existing Safeguards nn“
No/Less Flow
P PI-9050A, 9051A(DWG 15,5:);:‘
00518, 0052B(DWG-17, 4, B)Z 54,
1| 220l oy P ¢ s S 20 | 20
Cor an L High Al 22 ZHE, High High & Al
LEH T TE £SD Q%
s HAHY 27 * PI-9050A, 9051A(DWG-16,5, B), PI-
2 | ESD R (R2ES) A &Y 00518, 0052B(DWG-17, 4, B)E &3f, 30 | 20 | 6.0
g = 5 High Al 23 Zt&
_ * PI-9050A, 9051A(DWG-165, B), PI-
2ol e, MEY ws, +4 YAHY 27
~ N 00518, 0052B(DWG-17, 4, B)E &¢H, Low
3 A HE #E SA =M ) 3.0 1.0
Low EE
o 2| (XHo AlA £ oF A L
YR U3 §) Y b F s Hjers 2N X
* ERC(Emergency Release Coupling)2| H-&
=4 YAHY 27t ol%
I M 2 W DY a0 Hus * AHEA B AH0|MO| FR, Ko
4 | BA O N _ 20 | 30 | 60 _
bR, S RSN %3 (3 21O, 25, %Y 55
Whipping 5 STALR SEFGH0] 2H|0|MOjA
D2 EE(SAE J2601)0] 2t e =H
S4 9 271 « ADAFSH Hx
5 | WE ZXE E3 LA :9; EAOLx 20 | 30 leo HIAbE #13, #14 & * 350bar(design pressure)2| 12t
= =20AE 38 T= LH TR TE 2 . .S o x = .
SHMEA ZHK|7} HMEHSHR| sol o
ofxf, S 40 * ZbAZUX|7| AKX U Flange guard &X| SHZUN SUA7E Herenl =2 2e
o8 o AHILIO|E S/S 0| AL
2w 27} * YR QAH|LIOIE 5/5 9 B0
B R CERMEON o an L 20 | 30 a0 HM2o|A g8y oluel ¥g wod
e Se T N ORZEAOIE RER HE Y +43 40|
ShH, = ol zksh x|
Izl
4 YWHY 27}
7 | BfE O ¢ £ &5 20 | 30 | 60 * HDAE #13, #14 BE
Sh, Ze
More Flow
1 | SolAte glg
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Reverse Flow

Less Temperature

- geo Hus ws g * Butterfly = Hg Jhs of= gl

HP Vaporizer 2 TCV- *oHjE CHEX) B AY £ * TIA-7250A(DWG-13, 4, D), TIC-
1 5553A(DWG-11, 4, D) S5+ 7251A(DWG-13,6, D) &%+ 30 20 6.0
HolF 3 EH S5 2y Temperature high, low 22t
More Temperature
i _ * TIA- _ -
HP Vaporizer TCV: +soC BHE 27} TIA-7250A(DWG-13, 4, D} TIC © M Bolo] 25 =X 9 neA
1 5553A(DWG-11, 4, D) N 7251A(DWG-13,6, D)& S% 3.0 20 6.0 42
* (30 FEH =) ) S Yot Y
HojeF Temperature high, low 22h
* 2HYH2 350bar, HHLH2 450
H olool (KIAFRA
AT RECVIEE L wa e oy we e SUBRZMY TIF, BIE Deck Aol
2 | =0 mE Aol ot | M D R OXE ou * dF Aol wat 82 ALE Psvs - 5 !
e diAf S ZH 2HE fE T HX|
* 42t 8 gt X0 SR2EK HS
M3 xl E=2=13 AE
N ERTIR ey * g Ao wat 8 Al
= 3| EH MK =l -
3 | AR A B PSvs @430 MX|&
* 42t 9l Wt SXo| EREFA HS
3 UM 2E 5
4 | E7Y HiAeS S UL * Hgtet soC 2E 27t - 43 | * 3 Etelo 22 £ I 1A
&) 08 gor EE
* PI-9050A, 9051A(DWG-16,5, B), PI-
* EHT A A} _ = =3 * AXM BLOl0 Ofad gl 25 =X ofst
s | w3 msm 43 &4 00518, 0052B(DWG-17, 4, B)E &4, . w4 S erelo) ¢ 8 2= FFof oft « a4 36 mze= D8
e RE High Al €& A&, High High 22 Al e ot g8
ESD %&
No/Less Level
More Level
! SO e ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
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No/Less Pressure

* HAHYBEH) 45 Mot
1 HP = Mo *F * ZEk SOC(State of Charge) | * 2xHP Pump -
Ech
More Pressure
= apEH * PI-1050A, 1050B(DWG-18, 5, E)E S3i
4 WP HI To| 92 >3 oYy 4y high 2 &, High High ESD & . 5 * 3o etelo] 2 o R FFo| ot
* 3, 2 * g o wat 87 AME s ot g8
M L = R PSvs 3.0 HX|E
Etc.
* eRFLE A8 dYel Fe,
2l ZR7F BOf, Compatibility Of
Ot =7 28
= WY yYTt AlZo] 224
7tsdol g28 2, FI[Zt o4 ship to
* Hose bending radius £8& o
1 Aek Zk Non compatibility 9 =07 - Ship 8729l Etfdd 4E

* ®BSE AR 27}
o " - Design basis 0f| [t}
*HAY AIZhg Eol3H

80| RokE 50l &

I
2

Compatibility O CHet £40] & E%
Hoz oy

* 7| ING EHY Ao wdefat Mt
Ato|o] TA|E &3l Electric potential
2 Isolation gasket * SIRY, Z - %%‘6}7'” 6»—} =0f, gAY §f§ e
0| % Isolation gasket & H-&83}0,
TQIAO| e Amt3 S8 gk

* Isolation gasket O] & Of 20l @

TIOF Hyme B XX
; | °¢ 22 S (ex \ Dgaadta b = 7
AX|F= HiX 2HS §)
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System Node 5. MH Receiving System (B500-SNP-KOR-PRO-DWG-16, 17, 20)

T I N e

No/Less Flow

v aa w2 27} * PI-9053A, 9054A(DWG-16, 5, C), PI- * Design basis Off (23, Metal Hydride
= =
, | 2Edol srgowe s, ;A S’,af»w e aa | 00548 00SSBOWG-17,4, OF 88, 50 | 20 HH= 6dbarg 25°C ol EUCE FTE.
1) ot n e 7T | High Al 2B X5, HighHigh 242 Al | T | 7 SE2 32°C 2 AYSA KA,
1Y F2 FF ESD ME BTAZHE 33 A2t
* PI-9053A, 9054A(DWG-16, 5, C), PI-
s a wAY 27} : EE)H
00548, 0055B(DWG-17, 4, ()2 S8l
2 | ESD HE(RE) r e gy v o»ar(ng Lo ot 30 | 20 1560
‘Tt an & High Al 22 ZtE, High High 28 A|
=TT ESD X5
* PI-9053A, 9054A(DWG-16, 5, C), PI-
Eofol #e, M2 #e, |~ 2 YHY 27 00548, 0055B(DWG-17, 4, ()5 S,
3 | AA ME e A A High Al 28 %3, High High &3 Al 30 10
YR L4 5) P DY S wE ESD %S
* XEHE 2 71 MK
* ERC(Emergency Release Coupling)2| =&
* a8 27} o
* DY A4 wE - @R 9 Y A0 Hy *AteH 3T AH0ldel B2, Hetel
4 | B2 T N 20 | 30 | 60 _
* o, 2 RS Y93 Y| RO, 25, 2 §)5
* Whipping S BHAE SESH0 2HO|MOIA
I 2 EZ(SAE J2601)0 et S
ECEE e T
*a WAHY 27t UM A& (Tightness test) A&
5 | ¥E ZUXE S F4 Y e £E * F A (Leak test) = 20 | 30 | 60
* SR, B *AIAA S BEOAM 278t= TtA%
pSE=3
58
om Ho
w aa WIE 27} *UE QAHLIOIE /59 0=
e RCERE ) HNeor B2N odo ¥g wou
6 * D A LE 2.0 3.0 6.0 3|
Hj 2 o, = OFEEIAOIE Fx2 Bigh 9l s3]0
.y =
,5d SRRk
M3 = 2 Al
AU + HZ FEO M2 sch AN
e EER-E- P BN L
7 | wim me L o N 20 | 30 | 60
_ U Al (Tightness test) AlE
» o, 2w ’
! * =MAlE(Leak test) T8
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©MzIE Yses 9 oE Uz 27 22 £ 9 ojswe Y
AbS
o e E Y| ‘ ‘ ‘ 47 | * Water bath 2|9 =W
8 Wzt 23 =0 * aa HFHZ 27} -
e o as em s g2 g a0 gx g2 A *Bath ERIO) 2 224 o4 WY 2
« oy, Ey 48 *MH AZIE B 2kelof psv AX| Mt 2 & (Rolling and/or Pitching 5) E%,
=
pPSV X & 13
More Flow
Reverse Flow
MH Tt G0l offh W= * & F2(Line to FGSS)2 o | HEEE MH | S0 utet &gteh e
Sealing, Tightness &5 X3t | #lE(XV-3503B) Ee AEPO|H HE
Less Temperature
. * H{EH CHEX) B0 ZAY T * TIA-7250A(DWG-13, 4, D), TIC-
HP Vaporizer TCV-5553A - .
1 S5 7251A(DWG-13, 6, D)2 £t 2 High, | 30 | 20 | 6.0
(DWG-11, 4, D) Hol& _
MEEELE - Low ¥&
More Temperature
HP Vaporizer TCV-5553A *SOC Bt% g7+ * TIA-7250A(DWG-13, 4, D), TIC-
1 | (DWG-11,4,D) MO2F=2 | * &3 Mz HshEExol 7251A(DWG-13, 6, D) &3t & High, | 30 | 20 | 6.0
120 4 I3 %) Low &g
EH =2 ool
i S ERTE-E Y
2 | (FARY =B 2 C M 2 R onE ou - Wzt ol wet BNl SREEUK| HIB
SAL0| oot REAS)
N * EH s ofd A N
3 | =3 9% o Cad g sza;; ou - * gl et 280 2EIEK| I

No/Less Level

SolAg gl

to

More Level

SolAte 8t

oo
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Causes Consequences
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No/Less Pressure
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System Node 6. LH2 Receiving System (B500-SNP-KOR-PRO-DWG-22, 23, 24)

T I I 0 e

No/Less Flow

* PI-BOS0A(DWG-22, 8, B), PI-
N 4050B(DWG-23, 5, B) 22 Low, High
[Vapor Return line] ESD- * 57\% 27t oz ( ) Es ¢
B501(DWG-227, ), ESD- | * 72 M5 X3l N
; ( ) 1 s A CHMIOIA e AE 2 B 2 Limit 30 | 20 | 60 | 53 | *Vapor return 2012 PFD O EA|
4054B(DGW-23, 4, C) EE2 | * HH$L FF itch) 7hs
N o » switcl =l
exEd ot g "o, fH3 2R W Y ws 2UEE
7ts
* PI-B502A(DWG-22, 7, D), PI-
BOS4A(DWG-2, 8, D)E St HiZ &3
SUHY 9 243 Low, High €2
N ) * PI-4052B(DWG-23, 3, D), PI-
[Liquid Supply line] PSV- 4053B(DWG-23, 4, D) HiZ 23
B400A, BA0TA(DWG-22, 6,
2 | pas o PSV( 14008, PSV * H7Y g5 Mt DUHZ U 4 Low, High ¥ 30 | 20 Feo
o ' « WEDIAER B * PI-BOS3A(DWG-22,7, D), PI- } i :
44015;:;‘:%?"2‘3;3' 4054B(DWG-23, 4, D)S S8t 22
5
3,D) 230 olet 29 ZUEZ % High High, Low Low A
Eg
* PpSV Zh S0t 2 Ofo|A MM ol
ts

QUi ; « 3 HE 2tole 3
[Liquid Supply line & Vapor 2 MY 2ol SA © KpEREE o 4 M)

3 return line] ZiXt 2 F0f x| FF B T 20 10 *N2 HZA ¥e 9 Drain #Eo 25 4
ot N2 HE #e we « AA =X . caeaol M AMAE WO L0l LS A
drain e 2@ * o, 29y
* PI-B502A(DWG-22, 7, D), PI-
BOS4A(DWG-2, 8, D)S &%+ 2
SDUHY % H L2 84

(Liquid Supply linel * HAHY 45 Aot * Pl-4052A(DWG-23, 3, D), PI-

4 Aol ol * KA £E 4053B(DWG-23, 4, D) HiZH 248 20 | 20 | 40
* o, B9y DUHY W H L2 4

* PI-BO53A(DWG-22,7, D), Pl-
4054B(DWG-23,4, D) &3t ¥
DLEE X HH, LL Al Trip
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Existing Safeguards

* CEE O] TT €X| HE
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3|
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3
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9 High High E&
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=
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