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Propulsion plant

Steam turbine engine

Duel fuel diesel engine

Diesel engine with
religuefaction plant

Gas combined cycle

Plant configuration

Low pressure
turbine

Reduction

High pressure turbine

Auxiliary
boiler

10 CPuM—

y Main -
A engine

BOG
To cargo Reliquefaction
tank plant
VIWan oo
f engine

Exhaust gas|
economizer | §

Reduction gear

Steam turbine

Advantages

*Most LNG ships adopt and
reliability is high

+100% of BOG can be fired
during voyage

«Fuel efficiency is belter
+BOG can be used as fuel

+Fuel efficiency is better
+The cargo parl and engine part
can be separated

+ Fuel cost is better compared
with that of the steam turbine
engine

Disadvantages

+Fuel efficiency is low

impossible

+Exclusive BOG burning is

+BOG can not be fired at a

«Heavy fuel ol consumption
is high
+Electric power for driving

+High quality fue! oil is required
* Dual fuel burning is impossible

low output reliquefaction plant is required

Initial A
Economy investment 100 108 105 104

Fuel effi- o .

ciency (fuel) 100 (BOG + HFO) 67 (BOG + HFO) 85 (HFO) 79 (BOG or Gas Oil)
Dis- COz 100 (87) 66 77 73
charge NOx 4(3) 100 ag 10
gases S0x 67 (0) 43 100 0

LNG Carrier Cargo Handling System Al

{Note) Numerals in parentheses are those in the case of BOG exclusive combustion

1.0 (@) LNG 2 > h—DEEHES AT L

ternatives

Cryostar' s Product Matrix

Gas Engine

) Steam Turbine Dual Fuel Diesel + Gas Turbine

Drive .
Engine
Conventional EcoBOT Religuefaction

H/D Compressor YES YES YES YES YES
L(D Compressor, Var. speed Fixed Speed
single stage
L/D Compressor, YES YES
2-stage
L/D Compressor
4 stage YES
EcoRe YES
BO/WU Heaters YES (2} YES (2) YES (2) YES (2}
H/D Gas Heater Altern. (1) Altern. (T Altern. (1) YES (1) Altern. (1)
L/D Heater Altern. (1) Altern. (0 Altern. (1) Altern. (1)
LNG Vaporizer YES YES YES YES YES
Forcing YES YES YES YES
Vaporizer
Mist Separator YES (YES) (YES)

MHRIJ
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WeBsinA 1 EEKREIZ BT 2 il

ENGINE COMPARTMENT

E1.1 (a) SEL£MEZ LNG Zfifite

M ENGINE COMPARTMENT *

A semi-pressurized/fully refrigerated LPG/NH3 carrier

E1.1 (b) HREgdi (1)

MHRI) 145



engine
compartment
L =i

| n 1

o No. 83 7o. 83T hio. 4
- SR L .03 [ENO. 4R £
compartment  tank 7 | € tank 3 |€ tank 5| €

A semi-pressurized/fully refrigerated LPG/ethylene carrier

B1.1 (d) HREffe (2)
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ENGINE
COMPARTMENT

B1.1 () TELAER LNG Ediftita
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water ballast

[

b T

insulation

cargo tank

double hull secondary barrier

tongue 1

e T-primary
secondary — | insulation box
insulation box d

T _/

|
[
] water baliast

sliding tongue

primary barrier
fixed tongue sliding tongue
<t—— tank interior

primary insulation box

detail of tongue
arrangement

1.3 (b) HREATLIAKEVY

MHRI) 149



9% NICKEL
STEEL PRIMARY
BARRIER

POLYURETHANE
INSULATION

—INNER HULL

SPRAY SHIELD

| — SUPPORTING
SKIRT

independent self-supporting spherical tank (type B)

1.3 (c ) LNG:Efikia
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1.3 (d) AZ4A T2 (LPG)
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1
—— liquid-tight
¢ bulkhead T
T | s
_ - (‘;._ stoe! bulkhead
insulation tank plating -—-1[ \ ( i
s | _j_- fibrous glass
| i Xl N
fb e S .
CARGO RIS s /\
TANK f i
plywood 5 | N
scab splice —§y__| r L
N
. PVC foam N .- wood ground
Detail (a) wedge —| |\ [ILLL_LF#A ’
apmet
| face pl 5
secondary barrier .{| |/ &
\\H\ 3’ back plywood
g |
; \ N
Dstail (b) balsa wood & [ N
X it ) \ N
/AANAANA (RAM ANUEANULRARNRNRNNNRN ) | L=
pe
waler bailast j B
(a) sides
tace plywood
secondary barrier
plywood balsa wood
scab fpiqoe tank plating
! balsa pad
= o0
z D& 1
[ L §
mastic / : A /
" PVC foam wedge back plywood ]
wood ground
inner bottom plating
(b) bottom

1.3 (e) ABA THsI®A20Y) (3—FEED
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egualizing

pipe(s)
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AN nozzies
X hY

¢
|

- :
f“§$:rsmay 2
-
[

[

W.B.

A

LI \‘ \ J
: Aliws| drain
L Al s
he A ;‘1 »
. /- | skirt
: y: !
- 4
- _ /"’_,..-
fi':fgg #~ J water ballast

N

D.B. insulation

1.3 (f) BaA TuIBE Y

MHRI)
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Pressure vessel

Insulati
No secondary il

barrier required Water ballast

Hold space

& e,

Water ballast

Pressure — |

vessel

Horizontal Horizontal

cylinders

cylinders
Mo secondary

barrier required

space

B 1.3 (g) CHA THIEE B
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Gas tanker
LPG LPG LPG
Chlorine LEG LEG
LEG/LPG/chemical gas LNG
Fully pressurized ships Semi-pressurized ships Fully refrigerated ships
—  Spherical tanks — Spherical tanks —  Spherical tanks
— Cylindrical tanks —1 Cylindrical tanks — Membrane tanks
= Lobe tanks L1 Semi-membrane tanks

Independent tank
] (type A)

= integral tanks

K1.3 () AREUHA—DEA THESUIZEREY. EYMoRiR. EEFERASHL
HSEMIE R T LOBEHRZRE&L-70vIE
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Cargo temperature -10°C Between —10 °C
at atmospheric and above and -55°C Below -55 °C
pressure
No secondary Hull may act as the Separate
barrier required secondary barrier secondary barrier,
where required
Basic tank type
Integral Tank type not normally allowed
Membrane Complete secondary barrier
Semi-membrane Complete secondary barrier
Independent
Type A Complete secondary barrier
Type B Partial secondary barrier
Type C No secondary barrier required
Internal insulation
Type 1 Complete secondary barrier
Type 2 Complete secondary barrier is incorporated

MHRIJ
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Summer
Load Line
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B5 or
115m

B/5or
11.5m

CARGO TANK

L

P
1
| Nowhere closer to the
ship's shell than 760 mm
BM5

B1.3 (j) BERRIGICEDICHA—TIVIDNE

760 mm

Lo

‘.

A\

CARGO TANK

)

4

t BASor2m

7

1.3.4 (a) #EEHHMK 26, 2PG, 3G IZE DK H—TE VI DME

MHRI)
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BSorii5m

N '

Summer
Load Line

Summer
l Load Line |

i
a
|

3

e

B/S oriiom

1.3.4 (b) #2Y DEARBEDEKBREDE

|
| 13122 or5m
}
|
|

|
!
|
I
|
r
I

|
|
I

“L" and “B” are as defined in
Reg. 3 of the Load Line Convention

E1.3.5 (a) ESHBEOHEERKRE
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Ships should be capable of surviving defined damage with the flooding assumpfions 1o the extent
determined by the ship's type according to the following standards:

1G Sustain damage anywhere in its length

2G Sustain damage anywhere in its length except Sustain damage
involving either of the bulkheads bounding a anywhere in its length
machinery space located aft

2PG Sustain damage anywhere in its length except involving transverse bulkheads spaced
further apart than the longitudinal extent of damage

3G Sustain damage anywhere in its length Sustain damage anywhere in its length
except involving transverse bulheads except involving transverse bulkheads
spaced further apart than the longitudinal spaced further apart than the longitudinal
extent of damage and except damage extent of damage
involving machinery space located aft

150 m or more in length

125 m or more in length

[1.3.5 (b) HREHRE

Manifold

T ;
= il
e oum s 0] C)

Compressor
ki Interstage
3 cooler
L
. N e et £
¥ £ S ate

1 Booster pumps

Heater

Separator

et
<

P\

— Condenser

U e to vent mast
]

% R oo 7

Receliver

H'

<t

||
o

-
.
A

H1.4 (a) 2291 E530EYHICEEDEEE

MHRI) 159



Never ... Always ...

E1.4 b) Hh—ITR—ROEEKL
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Safety valve
Temperature sensor
Pressure sensor
Temperature sensor 2 £
= =
seawater X 2
supply . ! T ~
o Temperature
SEnsors
f[ s 3
1 Heater by-pass ‘,
Cargo liquid Cargo liquid
from booster ashore
pump discharge

K1.4 (d h—TJe—%—

seawater
—

out

MHRI)
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vant mast

ventilation line

=]

Y

0

fV///a(// LTI 7777777777

pipeline vaporizer tank
section

spring-ioaded
relief valve

1.4 (e) EHVI—T LR TLOBIEE
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valve
=

outlst

WeBsinA 1 EEKREIZ BT 2 il

> SO
pilot valve

setlers ........

pilot vailve
/

i
‘r-"'“—--\
- ] \ - =/
L R
valve
inlet

B1.4 (f) h—TF2200RE))—IFH#
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spring

lil‘iﬂ!‘ﬁﬂli

,!Jadtll_.rll‘l

inlet

1.4 (g RTYTEHEI)—JF#

MHRIJ
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PUMPS l

DISPLACEMENT| KINE‘_I‘__ECJ

| RECIPROCATING [RroTARY] |cENTRIFUGAL

B1.41KRTE4T

ventilation line

SPECIAL

i EDUCTOR

vapour line
spray line
e pray
loading line

expansion bellows \E l -
“s

- S W
safety relief valves\i\ stripping line
sample tubes 3 gg %ﬂ §G T

A A N S C[,?\

pump sump
cargo tank

1.4.2 (a) A—TE2 29 DIRAL TENILTDERER

discharge line
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Jile

iz (N Mm\
Ol D

Cargo tank system No. 1 X Cargo tank system No. 2

1 Liquid line
2 Vapour line
3 Drain line

E1.4.2 (b) h—IJEEDBIIER
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1
ST 74
<z 3

. shatft
I
I
|
intermediate piece
e gland packing
N 7 ™ bearing
N 7
: /
7
%
ball

|
-

N

1.4.2 (c) R—JLNILTDHI

MHRI)
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shaft

(LIS STI IS EF

gate

-

Gate valve

7
|

Lrierrme®

TN

-
v

P
Aginim

seat

d

Globe valve Butterfly valve

®1.4.2 (d) 7— M, T0—TH, N2T5314F0OH
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ReBsiHE 1

condenser

cold

refr

1

igeran

gas

rafrigerant
gas cooler

X 1.5.2 FEARDOAHEY A U ILDBI

169
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O—

oil pump

air compressor

MHRIJ

\

(to almospherae)

cargo system
crossover

1 burner
L
cooler andfor
\/ T dryer c H D' l
/{\ Le mm = cmenay
; ' check hose or
" demister valves connecting
]
" —sprayers
oxygen analyser
€<————— gas-safe space ——= <——— gas-dangerous area =
saawater oullet
water seal

1.6 (a) FFEHRARE DR T LOBIEEE
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¥ i,
(pi ) T

INSTRUMENT i eos

AR INLET i \[ I

—b§

FUEL Q1L
IMLET

F.O.
CONTR.

SEA
WATER -
INLET

SEA WATER DRAIN

1.6 (b) FEEHRAREELRT L

VEMT 7O
ATHIOSPHERE

INERY
GAS TO

CONS.

[P

MHRI)

171



Nitrogen generator schematic

1.6 (c) LNG 2> h—DERRELAT L

Electric Motor Room
‘See lllustration 5.3.1a
e E
Passirg Through SR
Pamsae Way (S) L o 5! Bl g
as Necessary ae Lo

Ho 1 Return (Mainy J[ - 1
. Mo Retum (Stand-by) J[ - 1 o
Mo 2 Supply (Stand-by) ||I |
| - N Mool Supply (Maing . J - o -
: il E e e i

\/

Mo.1 Cargo
Tank

I/ \\

! L

\/

No.3 Cargo
Tank

J’/ \'\

No.5 Cofferdam No.4 Cofferdam MNo.3 Cofferdam No.2 Cofferdam No.1 Cofferdam

K1.7.4ING22oHA—DaT77F LD )a—)L E—2—
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air purge zero gas span gas
(air)
l{ sensor for
catalytic combustion
instrument
butane
549 Sus 840 anaiysis Sas pump
J{’ flowmetar
o 8 /Q@fma( exhaust
ilter dp switch tlowmeter
NO| [NC
solenoid Cparaiag
valves —= it 0L/ I7 L7 [ 01/ [I7R
S1 COM | Sz Sa Sa Ss Sg Sy Sw Sav
flame _» [ ] ] m i i i) i
arrestors max. N = 36
air for
purging
sample gas

Instrumentation range: 0 to 100% LEL

1.8 EEARAEMRATLOT7AO—E

PN ((GSA™ (GSA™

N o W
I |

FEAHD FEAN ! | (to vent mast)
PIC I !
53] -
ﬂl& I : fan

* [

\ — 3 A R =S i - bufer tank heat exchanger
= iy i
7burner|7 I

Engine-room . 1
Cargo area I_ . _rft_rggen__l
@ local pansal

/& /g /& /&
% control-room panel =
U compressor
Pl Pressure indicator

PIC = Pressure indicator control

GSA = Gas switch and alarm Crigy tanid
PSAH <= Pressure swiich alarm (high)

PSAHL =  Pressure switch alarm (high and low)

HSV = Safety valve (locally set)

1.10(a) LNG R4 LA JER#k L VBEREEY
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E1.10 (b): LN6 HDa>FLyH—
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B 5 it

-
-

TEFBsHIE 1 © EBDKHE

B1.10(c) LNG LD 3> FLyH—
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+30°C

@—§? C [ D) %ﬁﬂ@w

" BO Heater B

WS

G\

° o

2

\, P

B1.10 (d) FE&EMIT:BOGA LD a>TLyH—ITk>TEMSh. 20/30° C
[CINESNTHLEIRA S—DRB AR E L THEEISELN S,
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M2
Compressbr

To GCU Resenycir
M2  frem  Gas  boosting

Heat
w Exchanger < :Zh
!r‘ L Liguid Separator

- Bl

~BO Heater —
|
s

BOG Comprassor

'
Ny >
Pre cooler

Vaporizer

B1.11 (a) #ESXTLMABIG AHRMBEL =y b &FIC ING EIZTESE S h
-BERETS VR
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e N
airlock Electric motor
room
D gas-safe
space
Deck area O %
gas-dangerous - L
zone
O Compressor room
{gas-dangerous space)
condenser
(. /

---:| Grease or oil

1.11 (b) TYFN\VADOERE L PREEEY OKEEEDH
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)
D

14 f
ol
-8~
¢

Electric motor room

Compressor room
Eoooed  Protective screen
F Electric fan
—@— 3Swing check valve
E1.11 (¢) TYFNIRAOBTEE

MHRI)
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Vapour from Compressor

cargo tank z; b

a d: Condensar
s e &
g TEFTXTARY —a Seawater
Tank r__'_ Receiver
t
| c

Expansion valve

log Pressurs /

Enthalpy

E1.11 (d) BEREBEFEETS2ILERTA7ILDOTE) THE
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Vapour
suction

IFBsHIE 1 EEDKEITBT S i

________ d e
expansion =Tt
liquid retum valve | receiver

intercooler

log Pressure
(absolute)

t

@[ @

—_—

Enthalpy

E1.11 (e) PRIMENRTE 2 RERBREIAIILERTIIILDE) THRE

L PG Compressor

R 22 Compressor

A
&

Tank

O

i

]

i H
L

T

¢

@

LPG - P — 1 R22 = Sea

CONDENSER| | _ g _ _ _ | CONDENSER | | — water
I | T
|
1 | 1

5 1 | :
e
Receiver ! & R22

! : Receiver

MHRI)
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BOG FEED

COOLING
WATER -

B1.11 () RERMGLINGEBRIETS
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cargo
vapour

®

7 lub. oil 7 lub. oif
heater heater
for cargo for R22
compressor compressor L
B e
glycal giycol heater cargo
pump vaporizer

LI = levelindicator
TT = Temperature transmitter
TC = temperature control

E1.11.10 ) a—)L - e—42—4l

MHRI)
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flow fimiting device

i IS E é local control vaive "S

air inlet filter @)

L=
liquid separator I %
1 %
? I filter pressure
f \ cooler

compressor $

PAL = Pressure alarm {low)
PSL = Pressure switch (low)

F1.12 (a) SEXRSEM IR T L

Loading arm

ERC Emergency Release

Systern (ERS)

ESD valve Qcioc
(ship marifald valvel) or bolted flange

Loading arm MOW E2D0 walves
atbase of each arm {in leading line)

E1.12(b) REEMS AT L
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Manual trips 1 Stop gas fuel
IGC code 5.6.4 | COMpressors
= IC5 65613
@
Fusible links
(tanks & manifolds) I Stop vapour return
IGC code 5.6.4 COMPrassors
IC5 56813
Cargo tank over fill 3 I— E Stop cargo pumps
stage 2 il IGC 5613
1GC code 12.3.1
Stop religuefaction
[ ————————— | SYSLEm Compressors
1 Trip from shore system |—'1 /GC 5.6.1.3
[ = |
Close manifald valves
——————————— IGC 5.6.3 56117
|r Electrical power failure }5—
ke —————————-— | T |
L1 Signal o shore system )
[ Cargo valve | A e —————
: motive power failure |
————————— -

Example of ESD-1 logic

E1.12 (c) LNG # > H—DESD AT L

)

Prassura
swiitch

Air regulator P—

,%‘ walwe

| it X

B1.12 (d) |REZXESD ) >Y

dump vahe

Sdenoid opsrated

Hose
coupling

Fressure
gauge
Test valve

o | D Siemal Red Dol
[ —+ shig ta share
4-channel mulhiplex data
2 + shawe o ship
3 —* h shar
ESD- | walt bee conloct Sup o L
4 ¥ shawe o ship
5 — Spare/digited 551 ship to share
& - Spore/digitel 551 shawe ta ship

CHE | ML modem signal 1200 boud

CHZ | Hoflne telephane = watsu T53 format only supported
TH2 | Termmal public lelephons oudic signal

CH4 | Terminal PARY {internal] telephone audie signal

MHRI) 185



Shore connectar (mole)

ESD-1 Connection Pin | Telephone Connection
I
ESD-1 ship — shore > InterPhane or Holline Telephone
. 3
ESD-1 share — ship p PABX Telephone
5
s Public Telephone

1.12 (f) SXFERAED Y oAy 52—

- A =
== pe=
NPSH =
- AR
maximum o
d theoretical
suction lift =
= e permissible
suction lift
. = atmospheric pressure
b
o —— * — — P — — —t it —r
=
— A — it =g L - — =~ o
water

2.0 (@) WLVviAAY Tk
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. atrospheric pressure

e e NPSH

liquid propane

——
——

2.0 (b) WLVAHNY FEH

propeliant

suction line

suction

B20 (c) TH#Y%—
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i

propeliant

propeliant eductor
pump

[+-]
Q

D
(=]
A

40 1

Pumping capacity in m3/h

20 4

T T L T T T T T T

2 4 6 8 10 12 14 16 18 20 22
Height of liquid surface above eductor in metres

o

®2.0 (d T4V 5 —DEE
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1 —<¢
A X
3 —¢

e ——

Fmpﬁ'lam discharge line
ine
eductor
\
check valve

1and2 cargo liquid lines
3 overboard line
4 from main fire pump or emergency fire pump

Disconnectable pipes are used at the cargo side and flexible hoses are used at the water side

20 (e) EINDUVRTFLDAR—R
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electric motor

outiet — 3

N/n

cargo tank dome

discharge line

liquid surface

-1‘;,_"" shaft

((_ j «#— 3-stage pump
~

pump sump

B2.0 (f) Ta4a—TFTozIR>T (1)
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seal
pressure thrust
chamber bearing

double mechanical
seal

intermediate bearing

shaft

3-stage pump
housing

B20 (g Ta4a—TozILRVT (2)

MHRI) 191



dome

cable

__e&ectric
e}
41l motor

0

pump

S R
tank botiom

T NN, PR pS! | 7] Al
:

T

5 electric
motor
pump

-
tank bottom

2.0 (h) BRIKFRY TDH
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Differential pressure A P (bar)

14

13

12

11

10

IFBsHIE 1 EEDKEITBT S i

~

L 3 T 1 T ¥ L] ¥ 1
500 600 700 800 900 1000 1100 1200 1300
Cargo density (kg/m°)
Example:

Cargo: ammonia

Temperature: —30 °C
Pressure: 0.2 bar gauge
Density: 678 kglm3
Setting: AP = 7.6 bar

2.0 (i) EEELEREORERF

MHRI)
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Head

(mic)
150

140+
1301
1201

1101

1004100

90+
80
70
60+
501
40
301
201

104

]
(%)

80-

607
50+
40
30
20

104

HP
100

point

Pump efficiency ny

/

4

fe pump

motor

power consumption

A}

[
NPSH__|

il

40

118G
——

100
Flow rate Q (m°/h)

NPSH
(mic)

1.0
0.8
0.6
0.4
0.2

2.0 () REMGET 4 —T oz )LiIRY TR



Back pressure (kg/cm?)

HP

IFBsHIE 1 EEDKEITBT S i

8G=1.0

-k
w

i
n
P

—
-

SG=0.82

ik
o
i

150 1
]00}

50 1

SG=07
SG=06
SG=05 \

HP (8G =1.0)
~HP (5G =0.82)

//—_ HP (G =0.7)
“HP (SG =0.6)
/’///f—"’f" “HP (5G=0.5)

100 200 300
Flow rate Q (m“/h)

2.0 (k) BRALETFONDBREDLEDENCEL DR Tk

MHRI)
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{mlc)

Hi
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== 3

1]] 2(]

Tank No. 1 Tank No. 2

System
characteristic

for2
(singly)

1+2

Q (m/h)

2.0 () ¥1T:EEx I 5 R TD LR T LFFIE



10

Tank No. 1

IFBsHIE 1 EEDKEITBT S i

3

i ;

booster

D—
ii&i:
Tank No. 2

System
/ characteristic

L
o

Q (m¥/n)

20 m T—RE—FKRTEZEHELT HHEDEITELRT SR TOUR

T LT

MHRI)
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booster pump

P

[ S ]
—>

—
g seawater
s W e e
N
cargo heater

12
1 Liquid line

2 Vapour line
3 Drain line

B228 h—TE—4—¢&T—RE2—RY TORRRER

wHICHEYER
15 LEAET

i SECTIONS

3.9 VU uERY
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+20

-20

40

Methane vapour - 60

temperature T

- 80

-120

-140

-160

15 14 13 12 11 10 09 08 07 06 05

Density of Methane vapour
Density of Air

Ratio =

(Density of air assumed to be 1.27 kg/m3 at 15C)

[5.1.2 (a) ZREAZ VERDEE

Heater
N
| ] Silica
R22 gel
afterdrier

Condensed
Water

B5.1.2 (b) ZREE
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Dryer

l X
/I

/000000

[s]
o

o © o o e

OOOO o

(=]

o oo

© o
o [e]
o ° (o] o o
o ° © N
(o] o o o ° o o
A 7

5.1.2 (c) BEKR&EARTEMAL
AP OKBEREBLT D102, 2209 EEEVRTLADITIZEENS
KREZRFLSED LS. FVIVRNFTEKDERN-20° COLE, FEEHARIC
YYHZ 5,
AR—ZDPN—THATHELIGAEDKKDBEREZRYBKRL =HIZ, 229
LREERERTLADHREZTRITIEVDLANILETRLESES LS. ERT
HIT7DHRBTBERET-4 CLT 5,
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P W vapour
I r *%F—d*~j]
/[ \\ Y
vaporizer
P S S | B }.-_._-’_j/
D liquid
argo tank V
c
liquid X X vapour
crossover crossover

B5.1.3 (a) KILEEDHIEE

.

b
J
]
™%

vent header

inert gas header
reliquefied LPG header

_{] J vapour header j
)_j j liquid header {[‘ j

j{ reliquetaction LPG LPG
. = 5 vaporizar haater
(3
£ X i g
w 1]
8
o
5
o
>
a

Ry W
R Yy N

vapour inert gas
compressor generalor

5
= 2 4
Y
.
X

= = LPG liquid

air blowar

5.1.3 (b) BEEOMCOERKEFALEA—TE2IDIN—D

MHRI)
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202

LNG Vaperfzer

|

i

i

-

o]
o o
o] o o

o ° o

o g © o
o

o o
(o]

o
o ° o o o

= A\

OOO

\\o

Y

B15.1.3 (c) FEMAREAZVHREBERT BHART v Tk
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vent header

inart gas header

reliquelied LPG header

vapour header

\_Al\_ruu‘s_‘?:?_“

A W ) W

Egﬂ_’ww‘%ﬂ

3 J
55 Eji 5
} % ¥ han

kamamawa

=l
2 5
=]
> vapour Inert gas
compressor general tor
cargo tank
e —<H><

air blower

J g

liquid header

P W N N
gy
a8 V
—
N
/“\_f\_‘f’\_‘

Pl
A
I X0 g
o

5. 1.4(a) BEENDCDRKERTDODRY ZFMALELD—TE Y ORE
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. =
Tanks lechnigue Membrane tanks Spherical ﬁnks
Dwration (h) : 48 130
Stripping - heating 30 30
Inerting 12 to 20 12
Gassing 40 to 60
Cooling-down
Quantity of LNG required for 750 2300
tanks cooling down (m3)

B5.1.4 (b) 130000m* LNG :EMDHE & T DEH

MHRIJ
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/== . .

. H/D Compressors may
L~ | be used to control
Tank Pressures, by
gas return to shore

\ / tanks

5.1.5(@ HDa>vFLyH—IZ & BFiEH
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vent header

inert gas header

reliquefied LPG header

J J vapour header

_j j ﬁ liquid header
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I W, I W

o1 52{

Pusehod

cargo fank

& |

XE_WW_%H
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<

liquid crossover
vapour crossover

%

5.1.5 (b) ZRDE

venl header

&

i §
Y& Y

X:
s

i LPG LPG
reliquataction vaporizer heater
1 vapour inert gas
compressor generator

—— PG liquid

----- LPG vapour

air blewer

DS DFEH

inert gas header

reliquefied LPG header

T

_J vapour header

R Sy W W

J j liquid header

o\ -

El
] \JL{\_;{?__“
=

g N

J )
J L
X

=

reliquefaction

vapos

| ipi

LPG

LPG
eater

rossover

Pranss

=Y

liquid crossover

3]
.

vapour ineri gas H
Ll
LPG liquid
air blower
""" LPG vapour
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Filling timit (%)
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MEDIUM: propylene oxide

821 TANK SAFETY VALVE SET POINT: 3.4 bar gauge

80 70 60 50 40 30 20 10
Loading temperature (°C)

B5.1.5 (d BRIETOELVORKFTERE ($mE)

MHRIJ
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Cargo: PROPANE
with 2.5 mole % ethane
in liquid phase

Max. filling limit x = gk x 98%
.

o = density of cargo at relief pressure and temperature
di. = density of cargo at loading pressure and temperature

Relief pressure: 0.25 kp/cm? gauge

98 A
9
E
= e — ——— — e m——— "
£ 971 A
= E
5 |
[ |
= i
96 1 i
0 0.05 0.1 0.15 0.2 0.25
Tank pressure at loading (kp!t:.m;2 gauge)
45 45 —44 -43 42 41 40
Cargo temperature (°C)
Example:
Loading pressure = 0.08 kplcm2 gauge

Loading temperature = —44°C
Maximum filling limit:  87.25%

B5.1.5 (e) FA/NRVORKRFERBE (£5FX)
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L/D B/O Heater
f& Boiler
Mist SeparatorIJ
2 Vapentzer
Boll-oiff Gas Mode -~ :
Forcing Vapouriser
Balance to
LD Compressers for required
famis drive power
B.0, Gas by bunlker ofl
e

5.2 HEkD BOG E— FIZH (T 5 LNG :EA D FITE AR
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vent headsr
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L@Tﬂ
LEFﬂ

Inert gas header

reliquefied LPG header

vapour headar

]

R T, W, T

liquid header

— P
|
L W W

>
i

E A
£}

cargo fank

-

s LPG liquid

5.2 (a) HHRETORMEAE

LPG vapour

" LPG LPG
jg § - 5 reliquefaction vaporizer heater
g g
y A s w
: :
5 <
-] 3
g g
= g .
vapou! inaert gas
compressor ganaratcr

air blower

L

MHRI)
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FROPANE (CaHs) with 2.5 mole % ethane in liquid phase
R22 compressor 50/100% capacity

Cargo compressor 100% capacity

tzr*l

N
Pressure p
g —

________ //
e I Al W 2 e cargo / — S
cargo tank compressor Ahg

Enthalpy h

Refrigerating effect:

QO = g ﬁha
where mg is the suction mass

Example:
Given: Suction pressure of the cargo compressor: 2.1 kpfcm2 gauge
Seawater temperature: 20 °C
Found: Refrigerating effect = 450, 000 kcal/h

Power consumption of cargo compressor

Power consumption of R22 compressor } Total 320 kW

52 (b) hRAy—Fa1z=y M1 &@H-YDRENREFEREN (1)
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- A
&~
7
y= F -~ - 400
-~
rz‘oo > -~
“4/ - - (R22 + propane)
)
W T & s
‘@aﬁ / OG—‘:--———————_-—————-———)! %
T <
PR L 300 §
\\‘—‘B& < | B
oy A E
cd : F]
7 .
s ] ! 5
ol ~ ' .
F7 | L 200 2
- ! S
-~ 1 | 2
1
!
; L 100
i =
i e
1
i
| -0
!
A :
I
= 800,000 !
% i
1
£ !
8 ‘ G
', °~ (CaH
= 600,000 1 (CaHg)
5 ‘
% 1
g E
8 ARMSEI R e :
~ 400,000 -
2 I
3 :
@
& ’
£ 200,000 :
e ' 1
-:: L}
E 50% _' R22 100% |
o ¥ l - - . =
0 1 2 3

Suction pressure of cargo compressor (kpl/cm2 gauge)

E5.2 (¢) hAT7—Fa1z=y MM BHEYDAENREFEAEN ()
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Cooling-down time (hours)

Cargo compressor 100%

R22 compressor 100/50%
3 UNITS IN OPERATION
A £ i
160 - ”@s ?
~ £ ]
/‘S‘G$ 5’,5; g
(2 o, o
o = ]
140 < = [« =
\’00 R - 1200
o
PSSR e e e W
4 M
120 ' - 1000
E ;\:' -------------------- =
100 1 ! - 800
I
]
5 %< s
i e e %
B0 - : ST }s00
i =2g uc\
i ——
601 L 400
SrEOCSR IR | G YE ;
40 - 4
! R22 100% __
b . 5
4 )
i |
cLiees : i , —
0 ~10 -20 -30 -40
Cargo temperature (°C)

Cargo to be cooled from —10 °C to —20 °C

Example: Given
Seawater temperature [t (seawater)]: 20 °C

Found Time required for cocling = 46 — 18 = 28 hours
Power consumption of cascade units:
cargo temperature is -10 °C = 1060 kW

cargo temperature is -20 °C = 890 kW

B5.2 (d) A/ aiiesEERd R

Power consumption for all 3 cascade uniis (kW)
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vent header

inert gas header

reliquafied LPG header

vapour headsr

3
-:l liquid header 4B

NP
R NS s U

5
g

0 g W
A
L e N

Y A

3

3 — =TTt
=)
s pe——
" v
>}
o
<

——

liquid crossover

Vapour crossove

blow:

]
l\_f\_fL<

g s

io ¥

5.3 (b) ZRDRY HY DFEEDFEES L

216 MHRIJ



IFBsHIE 1 EEDKEITBT S i

If no Vapour
return, it is an
ABNORMAL
OPERATION
Gasified LNG
vapours from
Vapounser
replaces  the UNLOADING A

Tank Volume
1106 Vepertaer

F o -
Vaeuum would

OCEUr i ekt wo

Temperalure must be as low as possiale |

. 5.3.1(a) EEMSDEKDRY HY/IELOEEDERS L
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Bischarging e

Gas return from shore to
maintain dropping
pressures

B53.1(b) BEENGDHRORY HY DHEDHERES L
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Vapour header vapour from
- p\ =t another
w cargo tank
Stripping fine  _ jiquid ashore or
to deck storage tank
Ford Aft

sump may
be fitted

B5.3.3 MEIZLHEBH—TRIFDRE
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The High-duty
compressors
circulate the gas,
and the heaters \_
warm it up

N F

541 (@ F34 FyXJOHEIZING HRZERHD
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Before Drydock

52°500 kg/h

30°000 m3/h

e r

E5410b) HaYFTLyH—HINGHA—TZ2BERSE. E—2—TERHD
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vent headar

inert gas header

i

reliquefied LPG header

J

J vapour headsr 2

:[ liquid header _j- j
e

A0 W N

J
JJ

) )
D@ i ¥ X % V reliquafaction LPQ LPG

]
s e

| w

o
5]
2 3

T e E H

o vapour inert gas
cargo tank compressor generalor
1L
air blower

B542 (@ h—T%2 29 OFFEHIL
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Mitrogen/1GG

[ 5.4.2(b)
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vent header %—D %_G
)
J

-
inerl gas header :l
} reliquefiad LPG headaer J :]
] J vapour header j j
:] ﬁ liquid header ‘J L -j )
~ ~

L g W

reliquefaction

;
IDX
e 1] X

LPG
vaporizer

LPG
heater

liquid crossover
vapour crossaver

vapour
compressar

oo oo oln

cargo lank

inert gas
generator

]

2

e @ [N071 gas
e i
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BEFORE | AFTER
ATrim 0 G
B Sounding 7.0 0.09
C Corr. Sounding r.oz2 0.1
O Temp. of liguid °C =10 -15
E Temp. of vapour °C 0 -5
F Tank pressure kp/cm? 2.4 2.2
= Full tank volume m? 124317 124317
*Hliguid wol m? 12331 1.2
K Shrnkage factor 0.995017 | D.993589
L COrr. Liguid volume H*K m? 1231.89 1.2
* M Yol. red. Fact. (tab. 54) 1.069 1.086
MY olumeatls®C L*M m? 1316.89 1.29
F Density (15°C) tf m? 0.508 0.508
(2 Liguid mass N*P t 665.95 Go
R Yapour Volume >-H m? 10.07 1241 97
= shrinkage factor 0.99925 0.999141
T Cour. Vap. Vol. R*S m? 10.06 124091
U Volume at 0°C, 1 atm. m? 33.44 395616
Y density of vap_=Maol wt J )
22.414 kg/m* 1.9674 + 1 9674
W mass of vapour U™ kg 66 83
Xtotal mass (Weight in vacuo) Q1+ 669.046 B.441

xEP-

¥ Total Wtin air L011ye 667597 B.423

MHRIJ
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CARGO CALCULATION SHEET (GAS)
LOADING/DISCHARGING

GRADE: BEFORE AFTER
A Trim
B Sounding
;Un] C Corrected sounding
% D Temperature of liquid °C
Iﬂfi E Temperature of vapour °C
F Tank pressure
G Full tank volume m°
H Liquid volume m®
K Shrinkage factor
L Corrected liquid volume (Hx K) m®
fé}- M Volume reduction factor (see table 54B)"
. N Volume at 15 °C {(Lx M) m®
P Density {at 15 °C) kg/m®
@ Liguid mass (Nx F) ky
R Vapour volume (G- H) m3
5 Shrinkage facior
§ T Corrected vapour volume (Bx X) m°
§ﬁ U Velume at 0 °C, 1 atm,* me
V Density of vapour ( a;;k:‘j ) Kg/m®
W Mass of vapour (Ux V) kg
= X Total mass (Weight in vacuo) {(Q + W)
R |V Totalweight n air (1)
TOTAL LOADED/DISCHARGED in vacuo i
of in air L
Notes:

" M: Table 54B of Paetroloum Measurement Tables is only applicable to saturated hydrocarbons, e.9. propane and butane
o Ty (F1am. 273 = -
u Tx__ﬁﬁ‘_l X il (1am. = 1.033 kp/om? = 1.013 bar)

6.0 (b) EMEES—F (HR)
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H H H
Methane Ethane
(CHa) {(C2He)

H H
H (:3 c (}3 H
H H

H
Propane
(CaHg)

H H H H H H H
H H H H I‘-I H

n-Butane —_—C——
(CaHo) b A

(“normal” chain) H
iso-Butane
(CaH10)

(“branched” chain)

8.1 (a) FAMRILKFEEDS FHEE
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| Ny
H
Ethylene Propylene
(C2Hg) (CaHe)
H H H H H H
Cl: (ls—'C/ \C——(II-———C—C/
| & W =%
H H
Butylene Butadiene
(C4Hsg) (CaHe)
H\H—— C—H H
rd
C—C——C—¢C
H/ \ H

8.1 (b) FRAMRALKFREDSFHEE
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N,

H—C——ClI ==

| H / \H
H
Methyl chloride Viny! chloride monomer (VCM)
(CHaCl) (CH2CHCI)

A 1S
M | N

2N
v |

H

Ethylene oxide Propylene oxide
(C2H40) (CaHeO)

8.1 (c) EEHREDSFHEE
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ABSOLUTE PRESSURE
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— Any pressure above atmospheric

i

Gauge pressure

Variable atmospheric pressure

Barometric
pressure

Vacuum or
a negative gauge pressure

Absolute zero pressure or perfect vacuum

8.2 (a) HEEHE

MHRI)
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LIQUEFIED GAS — INHIBITOR INFORMATION FORM

To be completed before loading an inhibited cargo

SHIP DATE
PORT & BERTH.....o % TIME ...
1. CORRECT TECHNICAL NAME OF CARGO. i

2. CORRECT TECHNICAL NAME OF

INHIBITOR
3. AMOUNT OF INHIBITOR ADDED..............
4. DATE ADDED S OO S S s e s ST

5. EXPECTED LIFETIME OF INHIBITOR

6. ANY TEMPERATURE LIMITATIONS
AFFECTING INHIBITOR e A

7. ACTION TO BE TAKEN IF VOYAGE
EXCEEDS EFFECTIVE LIFETIME OF
INETBETOR o inimssinh o N e o TR e S S e

IF ABOVE INFORMATION NOT SUPPLIED, CARGO SHOULD BE REFUSED
(IMCO Codes 18.1.2)

FOR SHIP.....ommimpmommaspmmmss FOR SHORE.........
(Signed) (Signed)

B18.2 (b) i&ILAHRMFF DIEHREX
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bar At Atm. ps.i. mmHg Wg Pa
(kplcm®) {mmH20)

1 bar = 1 1.020 0.0869 14.50 750.1 10197 100 000

1 At. (kp/em®) = 0.9807 1 0.9678 14.22 7358 10000 98 067

1 Atm. (760 mmHg) = 10133 1.033 1 14.70 760 10333 101325

1 p.sl. (Ibfin?) = 0.068895 0.070 31 0.068 05 1 51.71 703.1 6895

1 mmHg (Torr) = 0.001333 0,001 360 0.001316 0,019 34 1 13.60 133.3

1 mmwater column (Wg) = 0.9807x 107* 1x107* 0.8678x% 107 0.001 422 0.073 56 1 9.807

Tbe basal unit in the S.I. system fs the pascal (Pa) = 1 N/m? = 10 bar
1 kp/em® (1 AL) is called & “technical atmosphere', while 1 Atm. (760 mmHg} is called a ‘physical atmosphere’
mmHg = millimetre of mercury column

8.2 (c) ENESL

Latent heat of
fua;ion or of | Latent heatof !
Sensible solidification Sensible I vaporization or : Super
heat X o heat | of condensation | heat
1
' 3 | |
! ' ! [
| ' | |
i L l |
1 | | i
[ |
1 1 1 i
G| 100°C ! : i ,
e |
2 l
©
@ I
£ !
5 :
g :
|
i
|
ol
> -
4 _1

Heat (joule/kilogram) (J/kg) ———
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(8.2 (d) #ENRE (CRE/R)

Qc'@
T .\"\(\g
&
b 4
; Solid Vapour
8
[
3
o
o
@
>
D {1 T . L

Temperature (1) ———

.... agas (A) can be liquefied by removal of heat and/or pressurizing ....

8.2 (e) BENRE (EN/BE)
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Pressure, P

PxV = constant

volume
scale

L

Volume, V
termperature is constant
prassure

8.2 (g BEKKIZTOVLTORLSILOER
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Volume, V
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v
T = constant
volume
scale
A L
Temperature, T

temperaturs
pressure is constant

X 8.2 (h) BESKEIZODLTOI v ILILOEE
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U\
£
2+ A
B B
r— ,/
J"
l" ’-
o
& L
4/’
/”‘
1,1
7/"
”—’
B
T T T T T T T T T 2=
—273.15 °C —100 °C 0-°C 100 °C Temperature
r T T T Y T T T T T Y T L =
oK 100 K 17315 K 273,15 K 373.15 K

The line between A and B is the result of a real experiment.
The line between B and C is an expectad continuation of the line AB.

The point C is the intersection of the expected line and the temperature scale in degrees Celsius.
Start the absolute temperature scale at this point.

8.2 (i) YvILLDZEAICKEEEMFOoNT- THEXERE] DX

THERMAL QUANTITIES
Quantity Dimensions Derived Units
Enthalpy MIL2T? joule
Entropy ML’T’6" joule/K®
Gas Constant R I £ joule/kgm- K°
Internal Energy ML’T? joule
Specific Heat L’T?0! joule/kgm-K°
Temperature 0 K°
Thermal Conductivity MLT36! watt/meter- K°
Thermal Diffusivity 121! meter?/sec
Heat Transfer Coefficient MT 26! watt/meter’- K°

238  MHRIJ
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EMERGENCY PROCEDURES

STOF GAS SUPPLY. Do not extinguish flame until gas or liquid supply has been shut off, to avoid
possibility of explosive re-igrition. Extinguish with dry powder, halon or carbon dioxide. Caol tanks and
surrounding areas with water spray.

Liguid DO NOT DELAY. Flood eye cently with clean fresh water. Force eye open if necessary. Continue

in eye washing for at [2ast 15 minutes. Obtain medical advice or assistance as soon as possible.

Liquid DO NOT DELAY. Remove contaminated clothing. Handle patient gantly. Do not rub affected area. Flood

an skin affected area with water. Continue washing for at least 15 minutes. Immerse frost-bitten area in warm
water until thawed, Obtain medical advice or assistance as soon as possible,

Vapour REMOVE WVICTIM TO FRESH AIR. Rernove contaminated clothing. If breathing has stopped or is weak or

inhaled irreqular, give mouth to mouth/nose resuscitation or oxygen, as necessary. Guard against self-injury if

ol victim is confused or anaesthetised. Be alert to possibility of victim mlmung and then choking. Obtain
medical advice or assistance as soon as possible,

STHIET[EN  STOP THE FLOW. Avaid contact with liquid or vapour, Extinguish sources of ignition. Flood with large
% amounts of water 1o disperse the spill, and o prevent brittle fracture. Inform port authorities or
coastguard of spill.

Health Data 11V 600 ppm Odour threshold 5000 ppm

but may B stenched for easler detection

Effect ON EYES Tissue damage due to frost-bite. Personal protection
of ON SKIN Tissue damage due to frost-bite, Splash-resistant suit, goggles or face shield,
liquid gloves and boots.

BY SKIN ABSORPTION Nothing known,

BY INGESTION Slight systemic effect,

Effect ON EYES Cold vapour could possibly cause
,n,f froct-bite,

vapour ON SKIN Cold vapour could possibly cause
frost-bite,

WHEN INHALED

Acute effect

Asphyxiation at high concentrations; headaches,
dizziness and drowsiness,

Chronic effect

May act as a narcotic,

9.0 (@ A2>® IS h—TF—2L—F
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Fire and Explosion Data

Flashpeint -G0°C.

Auto-ignition Temperature
n-butane 365°C iso-butane 460°C.

Flammable Limits
1.5-9% by volume.

Chemical Data

Formula C4H
n-butane CH3CH;CHZCH,
iso-butane CHyCHICHZICH;.

Reactivity Data
Water, fresh or salt Insoluble. No

dangerous reaction. May form solid
hydrates,

Air Mo reaction.

Physical Data

Boiling Point at
Atmaospheric Pressure
n-butane at -0.5°C
iso-butane at -12°C.

Vapour Pressure Bar (A)
1.04 at -4°C.

Specific Gravity 0.58 at 20°C,

Conditions of Carriage

Nermal Carriage Condition
Pressurised. Fully refrigerated.

Ship Type 2G/2PG.

Independent Tank required No.

Materials of Construction

Unsuitable Certain plastics.

Explosion Hazards

Vapour can form a flammable
micture with air which, if ignited,
may release explosive force causing
stractural damage,

Chemical Family Hydrocarbon
{saturated, alipnatic).

Other liquids or gases
Dangerous reaction possible with
chlorine.

Coefficient of Cubic Expansion
0.002 per °C at 15°C.

Freezing Point
n-butane at -138°C
iso-butane at -160°C.

Relative Vapour Density
2.0.

Control of Vapour within

Cargo Tank

Oeygen content of tank to be
maintained at not more than 2% by
volume,

Maolecular Weight 58.12Kg/Kmole.
Enthalpy (KI/Kg) Not available.

Latent Heat of Vaporisation
(KiKg)
384.8 at -0.5%C 365.5 an 20°C.

Electrostatic Generation

Vapour Detection
Fammalble.

Gauging Closed, indirect or
restricted.

Suitable Mild steel, stainless steel, most normal metals.

9.0 (b) AR2>®D IS h—TTF—2L—F
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r (kcal/kg)

130

126

122 1

118 1

114

110 A

106

102

98 A

94 -

90 -

P (kg/cm?)

20 -180 -170 -160
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Methane
 Ethane

Propane

Butane

Ethylene

Propylene

Butylene

Butadiene/isoprene

Ammonia

VCM

Ethylene oxide

Propylene oxide

Chiorine (dry)

Flammable Toxic Polymerizable
=
4
v
v
v
4
4
4 v
v 7
4 4 4
v/ v '
v 4
v

10 &L R DfEkRtE:
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Liguefied gas

Methane

Ethane

Propane

n-Butane

i-Butane

Ethylens

Propylene
c-Butylene (butene-1)
B-Butylene {butene-2)
Butadiene

Isoprene

VCM

Ethylene oxide
Propylene oxide
Ammonia

Chilorine

Flashpoint {°C)

-175
-125
-105
-80

76

-150
~180

-80

-80

-50

-18
37

-57

WeBsinA 1 EEKREIZ BT 2 il

Flammable range
{% by volume in air)

5.3-14
3.1-125
2.1-95
1.8-85
1.8-85
3-32
2-11.1
1.6-9.3
1.8-8.8
2-12.6
1-9.7
4-33
3-100
2.8-37
16-25

Non-flammable

B10.1 (b) RIEHFREDSIKHET—4

595

510

468

363

500

453

458

440

465

418

220

472

429

465

615

Auto-ignition
temperature (°C)

MHRI)
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Moo= 035 | Methane | Ethano | Propane | Buane | Ethyens | Propyiene | Buylns | 2o | Ammania | VoM | Soigr | ProRrene | Ciie
Magnesium 4 ' 4

Meroury 's 4 o 4 s
Zinc v 's
Copper v 4 v o

Aluminium / ' 4 14 v 4
Mild steel o+ L4

Stainless stesl s

Iron T4 L

PTFE 4

PVC td
Polythens 4 s 7 s s
Ethanol Fs
Methano! ra

Nots: Reference should be made to the data sheets in Appendix 1 to the ICS Tanker Safety Guide (Liquefied Gas) for details of chemical reactivity.

7 = reactive
E10.4 (a) HLHREDORIEHE
Mathane | Ethars | Propana | Butne | Ehylene | Propyians | Bujens | Bui2ciene vou | Efiwens| Fropiiena C‘(‘m‘,"’ mr Onygen | Gabon| e
Methane %
Ethane ®
Propane *®
Butane ®
Ethylone ®
Propylene ®
Butylene ®
Butadiene/isoprena ® t ® L]
Ammenia = " ® ® L]
e x ® ®
Ethylane oxide = % ®
Propylene oxide L]
Chiarine (dy) ® " ® ® ® ® ® ® * * ®
Watsr vapour % n %
Oxygen ] ® *®
Carbon dioide ®
A » x| =

Note: Raference should be made to the Data Sheets in Appendix 1 to the ICS Tanker Safely Guide (Liquefied Gas)

& = incompatible

B110.4 (b) &iLHREOBEMM%E
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v

' péop front 'caFgo p‘ap'»ing' ' co'mp'res'sor ho'useY

airsupply /-
b 0 4

)

glycol
cooler =

seawater
pump

PAL = Pressure alarm (low)
TAL = Temperature alarm {low)
Pdl = Pressure differential indicator

B15.0 BAER T L—HRY TEh—TEBEDRINRT L
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a b - d e f g h
a 58 ©
5y (3§ | ¢ e
Product name 5 t S |8 8 Special requirements
a8 & M 5 QD
SRR AR
s 2 & E 3= 2 4
5|5 |S5)|88§ § |3
Acetsldehyde 1089 %Sé ~ Jirert |F+T| ¢ | 14.43,14.4.4,17.41,17.6.1
Ammonia, anhydrous 1005 %Sé —_ — T (& 14.4.2,1443,144.4,17.2.1,17.13
Butadiene 1002801 — | — | F | R |17.22,1742,17.43,17.6,178
2G/
Butane 1011 2PG — - F R
Butane-propane 1011/) 2G/ E R
mixtures 1978 | 2PG - o
2G/
Butylenes 1012 PG - - F R
Chlorine 1017 | 1G Yes Dry jii I 14.4,17.3.2,17.41,175,17.7,17.9,17.14
Diethy ether* 1156 | 250 | — linert [F+T| € | 14.4.2,1.4.3,17.2:6,17.31,17.6 1,17.10,17.11,17.15
Dimethylamine 1032 |26/ | _ | — |F+T| C | 14421443, 1444,17.21
Ethane 1961 | 2G - — F R
Ethyl chloride w037 [ 251~ |~ [F+T| R
Ethylene 1038 | 2G - — F R
. 1442, 1443,144.4,1446,17,2.2,17.3.2,17.41,
Ethylene oxide 1040 ( 1G Yes flinert |[F+T | C 1755, 17.6.1,17.16
Ethylene oxide-propy-
lene oxide mixtures with 26/
ethylene oxide content | 2983 PG — Inert |F+T | C (14.4.3,17.3.1,17.4.1,17.6.1,17.10,17.11,17.20
of not mare than 30%
by weight
* 2G/
Isoprene 1218 PG - - F R [14.43,178. 17.10,17.12
Isopropylamine® 1221 gS(/S — — F+7 &€ 144.2,14.4.3,17.2.4,17.10,17.11 17.12,17.17
Methane (LNG) 1972 | 2G - - F C
Methyl acetylene- 2G/
propadiene mixtures 1060 2P| T - E o, [k
Methyl bromide 1062 | 1G Yes - F+T | C |14.4,1723,17.3.2,17.4.1,175,17.9
Methy! chloride 1063 %E{{; =<3 — |F+T| C (17.23
11,1712,
S i) g% N e T 1442,1443,1444,17.2.0,173.1, 17.10,17 12
Nitrogen 2040 | 3G - - (0] 17.19
Propane 1978 %E’é - - E R

* This cargo is covered also by the IBC Code.

19.0 (a) (IGC3—F) - HEEHOBE
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a b € da e f g h
3 x =
5% |§ % £
Product name 1 w5 g & § Specisl requirements
s -
£l g |8EIRE |3 |,
= & v |8 3 £
- s | s [E8% (3
5 5 | 2§ |8 E-‘E S |8
2G/
Propylane 1077 PG = F R
Prapylene oxide® 1280 | 280 | — linert [F+T| ¢ [14.4.3,17.3.1,17.41,17.61,17.10, 17.11,17.20
Refrigerant gases
(see notes) ol ol -y F 3 L 2
Sulphur dioxide 1079 | 1G Yes Dry T C |14.4,17.32,17.4.1,175,17.7,17.9
Vinyl chloride 1086 %Sé — - F+T | C |1442,1443,17,22,17.23,12.3.1.17.6,17.21
Vinyl ethyl ether® 1302 2G/ - inert l[F+7| ¢ 14,.4.2,14.4.3,17.22,17.31,17.6.1,17.8,17.10,17.11,
2PG 17.15
Vinylidene chloride® 1303 ggé - Inert |F+T | R |14.4.2,144.3,17.25,17.61,17.8,17.10,17.11

* This cargo Is covered also by the |BC Cade,

Explanatory notes to the summary of minimum reguirements

UN Numbers

Vapour detection

Gauging — types
permitted {column g)

Retrigerant gases

The UN numbers as listed in the table of
chapter 19 are intended for information only.

F

required (column f)

Flammable vapour detection

Toxic vapour detection

Oxvyagen analyser

Fiammable and toxic vapour detection

Indirect or closed, as described in
13.2.2.1 and .2

Indirect, or closed, as described in
13.2.21,.2and .3

Indirect, closed or restricted, as
described in 13,.2.2.1, .2, .3 and .4

Non-toxic and non-flammable gases
such as:

dichloredifluoromethane {1028)
dichloremonofluoromethane {1029)
dichlorotetrafluoroethane (1958)
monochlorodifluoromethane (1018)
monochlorotetrafluoroethane (1021)

monochlorotrifluoromethane (1022)

Unless otherwise specified, gas mixtures containing less than 5% total acetylenes
may be transported with no further requirements than those provided for the major
components.

E19.0 (b)

(IGC a—

<)

- XEEHOHE WS
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Product Independent tank Control of vapour space Speclal
name UN rumber Ship type type Crequired within cargo tanks Vapout dataction Gauging raquirements
No specific Mo specific Chapter 2 No specific chaptsr Chapter 9, Chapter 13, Chapter 13, Chapter 14,
chapter chapter Ship survival Environmental control Instrumentation Instrumentation Parsannel
capability and protection
location of
cargo tanks Chapter 17,
Special
requiremants

219.0 (c) IGCOa—FE9REDHSLLEET HE
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instructor com right ik here to bring up
frft Fiarioe weges ond ool offeh o

LEIL Reocbont

Purt oo s
o @eteT O Shace
LTy

Sowny  On/TFF
——

(ki Here v

Kitrogen Borties Mriharnod oerrier Nty Merhamad ted Mertuna
"-'"-"-"\J —— ; g T e

(ick ond @y to commed

Methanod mpecton for purmp Benadie CDRDOCTION

AR/ —=IVFASRTFLYZAL—E—DRY)—23y b
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RELIQUEFACTION SYSTEM — COMPRESSOR ROOM

CEW rﬂhﬁm}uﬁmffmiar d.dm :
open or shut

ATy —FVIalL—43—0DRYY)—2day b

RELIQUEFACTION SYSTEM
MONITORING & OPERATION PANEL IN COMPRESSOR ROOM

RELIQ COMPRESSOR HO. 1 MOHITORING PAHEL

BBRILERNARIL T 2AL—EF—DRY)—ay b
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Compressor sucion
femperature &
prEssure

o  High Dusty Corryprensce Mo

N TR —— s
| ! & rrwl gside vEie pusEee il
e inrm a wraa

L Chigk here to octivode 50
amefgency shuidown

il By

RO

@ Chachaeps pre ssss s
R

@ Diechaigs (gL

Aux. Lube, Oil pump
k YtartStop/ Autn
=S @.ﬁ—'— ranirals
ALl B ]
e S e
P )
L

ok o T
Masm T ar e oy Epwimer

e wrme

N ]

el e
P OssusH N
Eiogere Fyoiem

Lomprassor dischorge

lemperaiure & presiure
——

Fresh woter
codlig jFuimg
opirols

Labe mil witlwirs

ING # > HA—DDCS HD A T Ly H—/IRILDARY )= ay b
3.4  COMPRESSOR PANEL

ik hete bo display Compressor
stort/slop conlroly snd goeges

WDayvIFLyyg—=
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SEMZCR LOCATION CARGD TANK NOS CARGD TAME MO 4

1 | CARGO ThHK UPRERAMPOUE SRACE [ i LI
1 | CARGOD TANK UPPER WIDOLE- T5% =R |5EE= )
3 | CARGD TAh MIDTLE 6% R To6 0 T
4 |CARGD TANH MIDOLE LOWER- 60% AL __.IE_ e
& | CARGH ThRe LOATR- BOTTEM HEL 45 [1ELE]E 5 &l
& | CARGO TANK ECUR TOR ARG PORT | i e | nm fg | 0o f
7 | EARGD Tank EJUATOR RING STED | nim po 1 ko | nm =
8 | CARGO TANK EDLATOR ARG AFT L om e (e Lim o
# | CARGD Ta ke BOUATOR RIGE FLRD [ i je O [T [ i e
0 | ARG Th ki RO BORT Bl MeE AL i |2
11 | CARGD TANHK HOLD STED BULKHEAD
3 [ TR0 TA kM LD BAFT B EHEAD | i po
13 [CARGD TANS HOLD FOAD BULKHEAD T INEES [ T RS
18 | ARG TANK HOLD FOUNDATION DECK] [ g B0 [ 00 | [ 0o | 'iITi_T]'t
15 | CARGO TANK HOLD OFYE Fap Mim k2 | i e [ ES [T

& | CARGD T4 HOLD COUBLE BOTTOM nio TG | nim fe 11 = nm;c

[T
R R

DCS SBEBEM/SRILDRZ)—2ay b
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7. Inert Gas and Nitrogen Distribution Systern | 1=/ F= prameien

T [y L0 - LR 5 M’I. S
v N | - -I' is -

Inedt Gas | Nitrogen Generstor Sysism

Sowbber totding
plant indicafors

16 bfower start/stop

ING 2 > HA—DDCS 16 BELUBRVATLDARAY ) —r3y b

Cosgo fonk relief volve Torns red
when tank prassure aucasds MARYS

11. Tonk dome No.1

(Hick hete in
canieid pos

Prassuee
biddup he

Liguatl Line

Oinly Mosusl Yalve oo be
opei pl=d fiom e panel

Wydrmdic ¥olve — Con
undy be opevetad from CCR
o Corgo Sysiem

ING 2> h—DE I F—LDRY )= 3y b
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Coanpressor Start/Stop
controls

Coroo Tank Mo. 3 Went Most

Corgo Tank Mo. 4

INGZoh—DLZal—4E2—h—T425 &
ALy —EDRYY—2 a3y b
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