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Ao A Fk 918 wlw o] oz AeEd FdL2 SMR(single mixed
refrigerant process) &7 3} DMR (dual mixed refrigerant
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Risk assessment (5.4)
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sad Risk analysis (5.4.3) |k and
consultation review (5.6)
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M Risk treatment (5.5) >
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A5 A FE s 24

o Qe sk e SIFEHE dste] o dxt Fado] Mask vl
EE v}, wrebq w9l per platform year, per FPSO year, per
explosion area year o= YERHTH F8o HlT= UAntAo® &
W% (leak frequency =& release frequency)$ A3} &E (ignition

probability) o] o= FdHv. &, vige] W, uiEe A7, 7=

=]
WE BE B NEES AN 9% WFE AeE 5 U
F2 wMEe e FES WA AL 1SS dFgoE ARG 5 9

T}, HSE (Health and safety executive), OGP (International
Association of Oil and Gas Producers), UKOOA (UK Offshore
Operators Association) = 7| 3|FZHEA WAYsH Alq19o] 7| E5&
Hgo R F&
. & 5o 7tAe FEe A9, OGP AEE wdor w@staa
ThATY BT TR FEH
T AUt

OGP¢ 7% Risk Assessment Data Directory (RADD) Process
Release Frequency®he ARoIA sl¢kat §49 &4 AnlE ddow
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W Steel pipe, flange, manual valve, process vessel &5 167}4] 2]
el i rE RIEE A4S 4 Qltk. RADD Process Release
Frequency+ 1992 F-¢ 2006 9] UK  HSE  release
database (HCRD)E 7IWte 2 AHRE 7Fgate] Al¥star vk FE0]
WS A9 AA Al 7R FEske] Algskal T Full release
dHolA FEo] A AFelA shut—downolut
blow—down o % F&°] AjHAY A =do] ngdd w7tA &
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Zo] WA= AnY AV dEol A9 F 0 A9 FE Wk

T3k OGP2] RADD Ignition Probabilityol A+ UKOOAZSQ] Ignition
Probability Review, Model Development and Look—Up Correlations
g 7teste] A3k #2ES AAlskaL Qlth. RADD Ignition Probability &=
OGP RADD Process Release Frequency?] zero pressure release®
At BE FE 7l Aloliel AE 7bssitk. RADD  Ignition
Probability= 57 33} (Immediate ignition) ¥} A 73} (Delayed
ignition) = E5 ez H3} FES Ardn. 574 Hi= rEd
FA 2 FEH FA Hslsl= Aolal AA A3t 7FA $(flammable
vapor cloud )°o] AL FEH AAZFYH A7t "HolA Q= A3t
9 (ignition source) ol 2Jaf Hstsi= Ao ofnlgitt. o] A5+ F 30
A Al AldEle s At vk A3 AdEles SYSIE
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STEY. BT AYEAE AT ¥
Wrgstkrl  fletel HZele A F% 0 BAbe] AARRASE
(Computational Fluid Dynamics)©] #+ &% 1L 3tk FLACS, CFX,
STAR-CDx siFEHE B9 v& 9 FES Aadst=d AHgss &
AR o 8F AT E o] o] o Alo]t}[4]

Lt & W FxoA wAskeE FAF W HHS BAbekE -9
+ PHAST AZE oy TNT = (TNT equivalency method) ©]
&84 4 9tk DNV GLE| PHAST:= shsh ¥4 b 7o AFgH+=

ATESO|R FE RAL B AL U E aerg Adsttd 2E A

o

2] S

§3 5 SITh INT Gape 7hae Zus Auety] Sad Agd >
9lom[13] Az 7h~9) A#E TNTe| dAwow Afsje] Turg 1
Abshe Wpelth e shae] AFe 4 (D dd FEE TNTe A

W =em¢H:/Hrur (1)
emeH o 217} B0 0%, Ak 7429 4% (), A 7hA9)
o] AEgd dadki/ke), TNTE &9 A= Aad kl/kg ol 3
sy,

11 e K



2
ﬂ
2
I
T
1—‘
o
&
&)
N
—I—l
)

U (
[0}

A Al

w919 Abe g B B2 A9l HE Absw Wl A

N
m{m
H
~
9
o
I
A
&
o
A\

8 te 2 9] 38 ThsetA ke wels

AA Mg s fd Ao B FAsH "ok FE S¥Ee] & Tk

g 2 999 38 Vs dYelloF ok dwt

Aor Hib 9dds F7ted wol= VS FE RkolA s =

gttt a8 Ve F8 Wk A9 245 (failure probability) O %

G ASSHE A 3 B, FHel 8N FxEe uF
y

earolebal 7P 5 AtH[14].

ek FGZHES] AHE FxE fist H $3 F7F Ao 10-4
per year® W HlLo) st H ke A7)E AAbstoh, 1ear

B9 8¢ 57 2ust 4% blast wall®l

=
bzl o] AAE (safety gap)®] =% & F3to] 2 Ad=

e EF owEERY E geke o] A e Es
exceedance diagrame] A &E&HET. F% Hgte] o
exceedance diagrame 18]|W XF2 Fd 9t Y& 74 i 1l
(accumulated frequency)”} €t} = s
QoA we Fto] WAgst= Fdk A
et o] e Ayt et B ¢ Qle B HE Alvelel] A
125 Haix 2d=Z= Yehd =

)
. .
Hep 29 45 Ay E Y exceedance diagramol A2 EHHIEE =0

a7

_

Hlo]| t] 3l exceedance diagram©

A

Tehe MANTIE T AR W A WAAIE B A
el 97 Habs A uEely] mie] wiete] 277} Aopasw

frequency= @ S71ES &0 4 it

12 ___;rx_-l! _CI.'II_ ]--ll 3



Frequency({per yr)

>

107

0.45

Overpressure(barg)

19 4. Exceedance diagram®] <.

13



A 8 A LNG-FPSO

LNG-FPSO+ FLNG (Floating LNG)2t11% &8 ok 7FA 7 oA
LNG, LPG, condensate, oil 5 AAitst= Auloltt, LNG-FPSO+ 3
F 7o " HEAE =T LNGE vt ¥aAR 3T
T A s 2]

LNG-FPSO¥¢] 7 (topside) #82> F74 LNG EHES} #o] 7tA
AeA LNGE AAarstes 98 a7He &9 4=
LNG-FPSO°|A A& 4 Q&= ¥4 2A 8 ¥4, A= 34,
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Catcher Separation  rg.ra Removal System System i
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Aol B TS FalA LPGZE AAtE o AAe] A= 4 Qi
LNG-FPSOE Tz o= F&3td A 9 AA=z Ve F
e 2 e ¥ REY ATH(living quarter) = 7 %o 3l

T EEd IA %Y EE(inlet facility module), Ax8 E&

32

—

(pretreatment), % &%, d3n%E, 7] A 2E(power
generation module), A7} B& (flare module) 522 A%} o] ¥
o % ethylene glycol(MEG) AA R& (MEG regeneration module),
e EE, NGL % % 28 34 s° 7k =+ Qv a8x
LNG-FPSO¥¢] A& oA AAtE LNG, LPG, condensate &=
Aot WA SA S
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A9 A q3FF

Sil ZHYH 95 S35t 371 Foly sl 43 wEst. dAvt
A5 Yo 160% o3tz WZHA|7]7] fleliA s WulE dFA7I= 4=
71 oA E Au|fof st} 83 a¢ew 4 Y= -9
<(Joule—Thomson) ®WHE Fa et W Yzhen}, o] g} o] Wzhe
W= AA7FAe dudEhs 53 dAVMARRYH 98 St 19
6> SMR ¥73o] AE&¥ HA7IA Astygelr] HA7FATE ojdA
e A5 BHofT 7} 214 (Cooling curve) ©] th.
50
Heat flow(kW) |
0
0 10000 20000 30000 60000 70000
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-150 4
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Cold Composite
9 6. AATEA Askg o] Wz FA4.

oje} 2 s &3] VTl W2 A3 FAo] JTEe] gtk
ANty gol T A Al 7R E7FE 5 ok Cascade cycle
2 e SYHE W) AlolE s FI sAH R HAVMAE WA=
TAolt o] ¥4 =49 #= A Aolek 713 Alel 5= (constant

temperature) ©] FAHT= AES o] £33t H|7F4 A (irreversible) $F
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AR AHE Folv= ¥Aoltt. 3] ¥4 (mixed refrigerant
cycle) > 72 ©&3lrisl AAE 36t YR ALEsh= 3ol

oh 239w FHo fgEAQL o= SMR, DMR, C3—MR(propane

precooled mixed refrigerant process) & 73°|t}. Expansion—based

processv AAu WES Wuj2 AFE-3to] turbo—expanderol X ¢S

3RS WRAA AAAE AN Tl AFE

S0 o AN 2t 5SS Fgstd % 13 o] vERd 4 b
[16]. 3% 1o wW=w LNG-FPSO #A3d%= SMR, N2(nitrogen)

expander, DMR &749o] 7} = ojr}c},

% 1. 3% LNG =24 Ee]| A8 7lsst Al 3742 v,

N2
C3—MR Cascade SMR DMR
expander

Thermal efficiency High Medium Medium Low High
Specific power

12.2 14.1 14.5 16.5 12.5
kW/(ton LNG/day)
Equipment count Medium High Low Medium Medium
Hydrocarbon

) Large Large Medium None Medium

refrigerant storage
Reliability High High High High High
Specific capital

Medium Medium Low High Medium
investment
Suitability for FPSO Medium Low High High High
Availability High High High Medium High
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Refrigerant mixture P
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rlo

Aud A3 F, 2 AFelA v didew dAs 3F

oItk SMR +74& stute] &3 Wul Alo]Eo]

7taE AEA7]= FAolth SMR A ollA AR

= 23 Wl duty oz A wgh ogl T2y Re Sow
2

78 SMR ¥4 9 F4<& RolF#Erh SMR 242 ¢t=7), W
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A7IAE ot 160%2e AR PZAZth. 4l DMR ¥4+
Shell DMR &7 3 APCI DMR &4 “s°] 3tk DMR &7delA A7}
27} precooling ¥+ AWHA Alo]Z ] H-$, liquefaction AFe]Zeol H]
3 A om FAL Ao W7t AFE-E . Precooling Aol &9 W
e 2 IR Feaow FAHET 181 liquefaction ARolEeol&=
A, v, og T PR o] Wizt AREETH

DMR 4% &7 Aolgs &8s gt doltt. vy, DMR &
3 7tAE BAe] S8 AREHE CduAe E4s Eola
cooling curve &9 F =49 A By dAsHA FAE7] A& W
) Aol E5 7 ViR el skelth

W MFeld By, C3-MRE DMR 34 % vz /e 1
i C3-MR 342 S LNG ZHECNA 7P @o] 2ol= FAo|th
& precooling Wl2 X 23S AFE-SFIL liquefaction A}

ARG R

oH

=

Tl

2

flo

C3—MR

ojFZ 3 Wl

ok

o
ulhl

I
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A 10 A kA oA A

(escalation) & A8k AFA Y (living quarter) ol 7heliA= 8=

Hastd & vk kA olAAY Y] e A Al ZHHolth AR

FEE 7R Ak THEstete] ThAaRe AVIE AAaAE g SUth

=AE AdE 3 FHEFE =82 AdE gEste] 99 AolE

=4 F Qv vA"er EEI BE Aole Wl ¥XFE flame

acceleration®] EYFlo] A= AS WA F Qlth. Flame
=

=
acceleration®] 374 An| =S ueg} BAYsE A =& 2

= =] =
& % ek
Safety Gap Safety Gap
Process S Process
Module G Module

a7 9. AstE A EEe <kd o)A A,

21 % ,«»ﬂ 2 E_] '51* w
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B o AFgAE V€ AFE viEo® SMR O d3tEF A3 DMR
styds Rdgst & B84 Ak 21s st ¥ 21S

aF3lth. Venkatarathnam[17]= SMR, DMR ¥ el <=
Exergy analysis)= Z-&sto] 34 HAgE 13ys vf vy &
g Aol AA 34 2He AP e® SMR 57483 DMR
mageith & ATelA AHEE ¥ sFEE 19 7, 89

vEllth st FFe] BEARE 98] Aspen HYSYS V8.8&

M e 12
2
i&‘

(i
M X
flo

~

AFgslR 3 EA A AlAtel:=  Peng—Robinson(PR) A WA2s
AF-&-3FSl T}
AR A3E dvlgo® Matlab AT EooA A

&8 F (Genetic  Algorithm) = A3kl SMR, DMR 3%
HAgstn AGzA T FHIRAS ZEIALh T HHIE
AgE7] flsiA HYSYSSE MATLABS  dsste]l  AbgaRoitt
MATABS] 3 dag]Folr HA3s vigE 46t o]& HYSYS
dgstel A3}E Al MATLABo] ¢glojsole WAle=w HAs &
AFatgiet. BA¢FE A3 AFTIA aEsbe dUAE
= Ze® k. aga HAs veE Jdue 9 g,
+d #% aga 2A4e AREsEith SMR, DMR 374 ¢ HA 5=
AsA 22 1070, 14709 HA 3t W7 ARSEQITE B3 EE

Aeks aElato] AokxS AASIAUTHITI. HA Sl HL&® Aok

AL E 2004 F1R 5 gl

22 f—'! £ 1_]|



%2, 93 el Aok 24,

Minimum temperature approach in heat exchangers 3.0 K

Feed (natural gas) operating pressure 65 bar
Pressure drop in heat exchangers O bar
Adiabatic efficiency of compressors 80 %
Precooling temperature 240 K
oo a3ty @ Ege & YA 58 (production
capacity) & #<tstol SMR, DMR &4l disid &4 Edde i<
Aststoith Edele 5iE dde £ F UAs HL E9 9
385 gujsttt. wEbA WHEE dd" EdJY N5 7 ovlEd
22 A4S Fdse 7 Y 53E SHEV ARk Ui 34 S
Agsta ok A4 = k. AT AMEEHE AT 3.6
MTPAS LNGE AAtetthal 7Hg8k3lal DMR &4 shue] 4357
Edcle] 3.6 MTPAE Aatsh= 472 1.8MTPAE “gAtslk= F 719
Efle] WH=E dAd=Ho Sl ASE FESITh & m=EelA
EfRle] FE 7T VEE AF7dM ARHE UAE Fudts
EHle] FRHA wE Aolth. Steam turbines THYORE AlESh=

B 4 571 Hdl =99 Algte]l vk AR gas turbine=
AFE3tE A9 offshoreoll Al AFEE 4 SQl& gas turbinel FH/H7}
S o] Q7] Wil FHo E=o] AgE o] v 17lal SMR 3748
Atz oz IMTPAS] LNGE AAtst2= 4719 A3 EgRlo]
WygHow ddyoe A3y yde FATHT JPESITHL]. W, &
wiroME Qg TRl wE I s vluskr] flEiA
el A= 22olA] %= 1.8MTPA X 2 E#Ql SMR 345 F71=
EARSATE Aol A ARRE AstE e FRE Adstd % 33 #vh
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i 3. FW QY HIEY tide] s A3 ¥A4=.
Capacity per Number of
Process
train (MTPA) trains
SMR 0.9 4
SMR 1.8 2
DMR 1.8 2
DMR 3.6 1

A 2 A FF AuEZ 29

37 AR el Ao
o5 FASH] AsiA & dQst JHolth B =ieAeE FEY §A
of o] AAH An] el AHFEol W BIHFLTL FEF
(opening) & &3 FE¥

BEhrae) ol et S

-

A

Walea A3 AN s FY Bue A21E Lotok B
b add AEAA wAG EAA S B9 gue 27F
2 g g F A e

oL

ol
k%)
12
ok
&
v
k=)
i)
2

T
(i
gl
K3
2
rr
okl

@, ke dgow A W A7) F4o] ode 4FY] W 29

o
(@)
o
(@)
>
)
::OLL
>
rlr
in
&
fu
)
2
ol
ol
2
i
)
ol
ol
&
ro,
=
Hﬂ
)
mlm
)
[
ol
ol
2

t}h dld Jo|x= =T 9 ZF# 9 &4 Zd (product stream)S W
O

5me| Zole] slo]zeta 7Hy skt
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A 1% 71 7] 27 4

Inlet

Diverter Vane Type

Mist Extractor

1 __Vapor
EI* Outlet

Two-phase

Inlet > 1
— Downcomer

Liquid Qutlet
a9 100 A9 71 E¢71[18].

FA8 71N By 7] (vertical separator) = 7} 81t}
A 719 Fe7l= ZIA ST 71 EeleA A AREE T, vt
WA (footprint) ©] #3833 7] #2]7] (horizontal separator) E.t} %}
et £33y 7] BEE7] R LNG-FPSO2 N3ty e =353

3 oggeanh 19 108 AwA £49 Helrld g nolE

7]

M
&

7]

L S
ot 1%

N
rlr

710 Bg719] a71E F4387] Yl AAv] (slenderness ratio) & 3
[18], WHF 5 Al (retention time)> 1% [19], &3 7] +2]7]
o] A o] ulE (liquid leveD) & 30%etal 7Hg 8kl th,

340 wEA FAY Vo Fe7]e A7) ilEe e 42 EQ

o 7k Had 5 FUhErh 3 SMR F4°] DMR 4Rt £

95 . f,ﬂ k._l 1_'_” l-jll_ =)



g 719 #e719 Arl9 AME Y o] Atk A& & 5 Utk o
= B 7 #AasAY SMR 3489 A & e EdcleA A
g sk Wl el <Fo] ¢ =7] wjstolt.
E 4547 79 2e7] 27 D QY 4.
SMR SMR DMR DMR
0.9MTPA X 1.8MTPA 1.8MTPA 3.6MTPA
4 trains X 2 trains X 2 trains X 1 train
Vessel
4.55 5.73 3.67 4.62
diameter (m)
Vessel
13.6 17.2 11.0 13.9
height (m)
Slenderness
3.00 3.00 3.00 3.00
ratio
Hydrocarbon
inventory 3.84E+04 7.67E+04 2.09E+04 4.18E+04
(kg)
26 L |



A 23 Plate fin Snd7] 7] 3

719 11. Plate fin @137 [18].

2 ATFoA = LNG 9wy =, plate fin Q7|5 AFE-stobar 7}
ottt &F vl plate fin k7= 7P IHES 2 A7
wEel LNG-FPSOeA Abg-sh7]el 2 ghstet[1]. Bt Spi
heat exchanger (SWHE) &H9 duslr|e} 2¢ ATz gor
wer)e] 7] AA}E 7hs skt

Plate fin @371 HAo] %<2l plate Ato]Atole] g HAS
7] flel veFs e fino] At o] A= FHIE o] FoA
Auwst7] = ddE cold box®E A Eo] glow, Ui+ te &
=E50] B3l wabEo] Sl

g

[eZ]

AW 7] Aspen HYSYS V8.85 &&3ate] A3d dwdhy] wds
TAFSE ¥ Aspen Exchanger Design Rating V8.82 AF&3lo] %7] 4
AAE FFeAth dugr]e 27 AAgE 3ot AFE-g A
2 3 59 Zv. I9lx dush|e V] AAR EE%t Ay £
63 Zth SMR ¥

48 LNG 9udty] st dAdzbasle] dusho]
27 . .H =T



AHE A vk DMR ¥ 4-& precooling @A 9} liquefaction ©A2] D

gro] Mz the

Ausltr|oA WA} o]o wle}l precooling THA o A

AFg-3F= plate fin Y1 87]= warm mixed refrigerant (WMR) < w 3

7], liquefaction WA A4] AFE-3}+= plate fin @ ¥7]+= cold mixed

refrigerant (CMR) € 3t7|2}al sk 27|skSlHh & 62 2 &
AolA E#I] vt AT E dustr] ] Jiast /IMED 2] ¢kl
S/t s BojEt
3 5. Plate fin Qg7 AA Aok =1[18].
Design Restriction Maximum Value
ASME Design Pressure 6900 kPa
Maximum Length 7600 mm
Maximum Width 1100 mm
Maximum Height 1400 mm
¥ 6. Plate fin dw37]e] 77 @ e F4 A},
DMR DMR
DMR DMR
Plat fin SMR SMR 1.8MTPA 1.8MTA
3.6MTA  3.6MTPA
heat 0.9MTPA  1.8MTPA X 2 X 2
X1 X1
exchanger X 4 trains X 2 trains trains trains
train WMR  train CMR
WMR CMR
Core length
7600 7600 7520 7440 7550 7570
(mm)
Core width
1100 1100 1090 1030 1090 1100
(mm)
Number of
layers per 164 163 152 135 151 159
exchanger
Core depth
1390 1380 1280 1140 1280 1340
(height) (mm)
Number of
7 14 7 10 14 16
exchanger
Hydrocarbon 3.85E 8.70E+ 6.12E+ 6.59E+ 1.18E+ 1.41E+
inventory (kg) +03 03 03 03 04 04

28



A 3% volz A7 273

API RP 14E[20]& ®&3strart 2% do|x ] A7]5 Aitsts W
He At ot 283 Fo] X YR E 2= vl Aal] Ao o)
et 58 FE5e @A Ad. AA 9
%2 60 ft/s, 71419 A% HA F52 3ft/sol Hul #52 156ft/7h
ANk vk ZIAleL A9} eE -9 erosional velocityE
AAFEle] erosional velocity PO 2 #4528 At A A
thoo] W, HA #F52 10ft/sE A st Ak & ATl HA #
%, #Hdl %, erosional velocity®] W$l Wl #5& Zte o]z
A4 T M A2 2712 34 9] gol=E AAESI

#4S AASE dells Aspen HYSYS AZESE AME-3koith
Aspen HYSYS V8.82] pipe segmentZ ARE3lo] do]lx o] %53}
erosional velocityE AlAtsto] AAlo] &5t o, # AFolA+=
gpo]szof ok kHAstel 9 Ao A FAIE ¢ vk 7h
gttt
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Al 32 FE AL FY

Zuks AU 22 A5y ¢ElAs Zuke] felo] = Baga

o F& AU LE Aol sttt # AFelA = gakyt Hdske] Ag,
147k A Z (flammable mass)7F H W 7F = AEjolA A3ttty st
o gske) SAvF Astad e EE dvkdetal 7R sklth wheba] &
ATodM = e AU Ao g FE AU el A9 Tt
9ot 2 AdE s AYsh] falM s FEel EAske A A

:
2
12
ok
o
=
—z
1o
s
oty
&
DX
2
o,
$E
O
E
o
~
Ho
e}
>
i
Q,
1
2

stk 27 AA @AM = e sk BB A7 FAH L

2 AMA dA doerm 4 3 Frle] ddd WHE V|EoR A

olojA] rEo] WA AR ¢AxAL AFar] Qa4 4 17
b TN rEo] WAs: AN @ X Agse] FE Aue

Fostdrh. nYbs FAY AMEANA FEHE wahFid Fe



3tk SMR 383 DMR ¥4l tis)A

SEER S E

DY TS

?_

SFaL
Mgt Avs a9 12-1, 12-29F 2k 7 19

o
=
oA Wzt AMztgor wdH T ubs 7S vEhiE o]

Tanekel
ozt 7}

= AUges HFHoz ARIsNY. T3 FAS
Astdla, T3 A7+ 99 AEFS 7= 30mm,

200mmzt 7HA s HER o7 ©
W el 7 g
. Goid box -
: V-2
|
| 6 :
I §
|
I
I
]
|
|
I
]
|
: 13
]
: r
i 5
I
I
1
]
|
|
I
' :
5 i 1
_UVC _Go PS. 3 A :
-1 4 0 4 i
1 2 :
¥ L1 MNatural gas
Compressor  Partial ,  feed
condenser :
Refrigerant mixture : :
1

A

1% 12-1.SMR 349 18 7Fs 793

31
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"R
X
N
s
‘_Iryl
B
JI
Jlo
—_
N
t i
i :
B o M
© ,m %O
= Ho Ey
v <
= =
= 2
< o7
N
Ho
(uf
[ w
=
o

B

]
P

11

1

Total
scenario
76
40
80
41
: 1_'_” o],

]

19
0
0
1

Explosion
scenarios
per train

2

4

4

Inventories
per train
14
14

32

Number
of trains

9
1.8
.8
.6

Capacity
per train
(MTPA)

0

1

3

SMR
SMR
DMR
DMR

Process




82 aestrh 9 Avees] P e wigre] A7), e
W, PO U BE EU NS AN @ Wk 9 5 oA
W ATeAE 9 MEES welsa gt

BErad EFE FER A Bwe] Aot WEE At
7] A 2 A sk A, St % so]ze] AdE 3
B, EAA (lange) A FEo] WARTRL YAt AFFA=IA

o] FEY RIS o]z, EWA, WE T oM YY) wEoltt
]

C2A, FEE "dbeadd A dojus, 52 At ofd A

o] o] Aol 77| wiel, A3 28 3% &Eto] wpo]ZL Y

AFEIT LNG-FPSO9] stz gel Add A3t &S Artetr] 98
= OGPOA Algshis A3} Alvtel e 5 offshore process gas large
moduleE A&ttt o] A3t Augles B+ 4 ol 2:EE 7K
M Z1A7F 2717 2 AGFENE 3 EEOA @3t FEH
© Alyg] el dldsttk. OGP Ignition Frequency oA & %3@} = —Lr%]
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AHskA otk HAdH O AS, F52 1.6m/s, TF2 A5, O
719l  <et¥ %=+ F(stable—night with moderate clouds and

light/moderate wind) 2t 7Fgstith. 28la 1854 JR= 7 A
=

el oo gt A FE, Sk 24 2ds diYsid. 8
A 23S 3% 149 HYSYSY ¥4 2y daE wgeR ¢

gO
o

a8l PJEE T ARE vgeR FEo] dojus 3 ANE
PHASTo|A 2 slolth. PHASTOA A¥she &4 Ful 27
7HA 2 57T ©]= pressure vessel, atmospheric storage tank,
standalones, long pipelines |t} = A9 F 2 FH7F o<l o
3 ds 2dsks dHeld skl wlEel Atmospheric
storage tanki= A ¢J3F3I T} Long pipelines B39 A9, o] o]
o7} vpo]z A AL 300H] ol A-felvt A87Fsetr] wol A9
SFSith. Standalones E¥12 3 9l 3hA| o] Atz A48k EHlo]
7] wiizell FAgst mdojty, 1 A3 2 =Feol|A = pressure vessel
2 FE BEES A

Pressure vessel E®o|A= U 7HA] &7F¢ % (discharge) %W
2l Z leak WS A&} Catastrophic ruptures 48 €771 &
Aoy = (crack) &2 18] fAEAL] JWED HAA7l Be W&
. Leak 2922 9 &7]¢
. Leak B2H9] & A3+

FE A FF weo] debd 4 Stk Fixed duration ARE-AR7F
=]
-

o
=
oz
|o

—

t short pipe 29 H$, AA7} FEEHE= 49 line rupture?] 29
Irt 7Fsst7] Wzl hole sizeol w& FH kS AALE 4 gl
mepa 2 Ao FolZ g ElA| A FEo] WS BEE
leak R oz tjAste] HAFEITE  Leak EQ‘E‘Oﬂ/\i orifice
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diameter% 30mm, 100mm, 200mm= WH3}A|7|HA 5 L7155 FA}
shlvh. Zb sbel 7)ol dhelfA FEol HAE u, FE FIFH = A
7+e PHASTS] report %, discharge summaryollA 213ttt +=
H e ro #4F AxE PHASTO late explosion reportell A
flammable mass®] Hth7t == AAE =4skeitt. TNT @3l o
29 Flammable mass7} HWi7} € of, d3p7F @Astd Fdk v}glo]

FHe7b ¥ FHdo] g
Al 3% Fd A AL

AALE flammable mass® H W gte ¥lg o2 TNT d3HS 2843
of Zwtw Qld WA= Hoks AAtslth T #sE Axks 9130
flammable massell -&3h= TNTE AZS Absigivt. 183 70m
of th-&3t= scaled distanceE AlAFSE §- @l scaled distance©l A

TNTe ot & seks Attt
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Al 47 AT 2% B B9

Minimum temperature approac

4 27149 -, HYSYSe]

approach 3° C9 A|dxAS =53+ Lk, 1831 DMR ¥
AAksEZ] el 2

dF719 oA AanZE Ao & FACAAY oA

SMR &7del Bl3lA 3.6MTPAS LNG=

ot m
S
>,
X,
|o

o =
rl
o
32
o
E=)
=
=
S
o
S
o
S
o
0]
—~
=
o
=
o)

2 AMEEE B]E Y (specific power) 9 FElE el
99} #th. Specific powere= dtFol 1&2 LNGE AJitst7]

kYA
ar

21

gt oyA e gor gty Aeld N3 a&S JEhls Hde®

AFSETE o9 9Fo] FS4E g8o] w2 ZlolZE DMR 3749
a89] SMR 3742 N3 a&Ht}; Hoa s 4 it
% 8. I3} ¥ HZAslel A},
SMR SMR DMR DMR
0.9 MTPA 1.8 MTPA 1.8 MTPA 3.6 MTPA
X 4 trains X 2 trains X 2 trains X 1 train
MR maximum 46.9 46.9 48.6 48.6

operating pressure (bar)

Minimum temperature
approach (°C)

Compressor power

consumption (MW) 135 135

3.01, 3.08 3.01, 3.08

3.03, 3.33, 3.03, 3.33,
3.05, 3.11 3.05, 3.11

102

102
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E 9. A3 34 =,

Liquefaction Cycle Specific power [kw/(ton/day) ]
DMR 10.30
SMR 13.66

A 2 A Traing Mg ©@E Za 937

—=— SMR 0.9 MTPA X 4 trains SMR 1.8 MTPA X 2 trains
0.00005
0.00004
2
=, 0.00003
o
c
=
g 0.00002
¥
[ .
0.00001
O ‘\____
0 0.2 04 0.6 0.8 1
Overpressure(barg)

2% 13-1. SMR #74 %] exceedance diagram.
oo DMR 36 MTPA X 1 train - = & =DMR 1.8 MTPA X 2 trans
0.000C5

. 0.oooc4

o)

2

=, 0.00003

W

c

g g.0o0ocz2

3 0.

'

0.000C1 A
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¥ 11. SMR¥ DMR&A2 &4 =7 2

Process

Release point

SMR 1.8MTPA DMR 1.8MTPA

X 2 trains X 2 trains

MR Separator at

MR Separator . .
liquefaction cycle

Temperature (K)
Pressure (bar)
N2 Fraction(mass)
C1 Fraction(mass)
C2 Fraction (mass)
C3 Fraction (mass)
nC4 Fraction (mass)
Hole size (mm)
Release rate (kg/s)
Inventory (kg)
Density
Flammable mass (kg)

Overpressure (barg)

305 240
46.9 48.7
0.02 0.03
0.12 0.32
0.26 0.36
0.58 0.29
0.02 0.00
200 200
1.16E+03 1.05E+03
7.67E+04 1.34E+04
435 398
4.09E+04 8.92E+03
0.827 0.295
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Abstract

Effect of liquefaction process

selection on explosion risk of
LNG—FPSO

Minho Chae
Naval Architecture and Ocean Engineering
The Graduate School

Seoul National University

A liquefied natural gas floating production, storage and offloading
(LNG—FPSO), called as also floating liquefied natural gas (FLNG) is
a worldwide interesting issue recently, because Natural gas is
recognized as a viable source of energy in the era of transition from
fossil fuels to renewable energy. When handling light hydrocarbon
such as natural gas in a LNG FPSO, explosion risk should be
evaluated and managed properly. In particular, liquefaction process
is exposed to high explosion risk due to large liquefied inventory of
light hydrocarbon and high operating pressure. In previous
researches, risk analysis of offshore installation have been focused
on evaluation and modification of selected processes by changing
layout and minor modification of process conditions. The objective
of this paper is evaluate explosion risk inherently by studying the
effect of a liquefaction process selection on the explosion risk. The
explosion risks of single mixed refrigerant process (SMR) and dual
mixed refrigerant process (DMR) were estimated. In this paper,

four cases of liquefaction process including the number of trains
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were established. Process modeling, simulation, inventory modeling
and definition of release scenarios were performed to establish
explosion scenarios. Based on explosion scenarios, explosion
frequencies were calculated from historic data. Also, explosion
overpressures as consequences of explosion were calculated. As a
result, SMR process has higher explosion risk than DMR process.
The research shows that the number of process equipment and
composition of refrigerant operating at high pressure are important
variables that effect explosion risk of liquefaction processes.
Therefore, selecting a liquefaction process with lower equipment
count and lighter composition of refrigerant reduces explosion risk

inherently.

Keywords : Explosion risk analysis, LNG—-FPSO, FLNG,
Liquefaction process, SMR, DMR, Safety gap
Student Number : 2014—-20648
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