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Costing of Safety investments for the storage tanks in LNG receiving
terminal using Risk Matrix

Ko Jae-Sun, Kim Hyo
Department of Chemical Engineering University of Seoul
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2.1 Fire and Explosion IndexZ& o] €& ] A7 "z OO

[ Select Pertinent Process Unit |

¥
[ Determine Material Factor 4}‘————\

A 2 L 4
Calculate I'1 General Calculate I'2 Special
Process Hazard Factor Process Hazard Factor
1 ]
¥
Petoernine Process UNIT
FFactor '1#]°2 = '3
L ]

Calculate Toss
Control Credit o
Factor = C =(C =C.

Determine FF & E]l = F3 =
Material Factor

L 2
[ Determine Area of Exposure I
Y

Determine Replacement Value

in Exposure
Determine

Y
[ Determine Base MPPD }4—-— Damage

¥ Factor
L[ Determine Actual MPPD |
¥
| Determine MPPD ]

[ Determine 131 ]

Fig. 1. Procedure for calculating the Fire & Explosion Index.

22 LNGAA7|A |3 2 AvtAEQ FALAN

Table 1. Facilities present of Pyeong-Taeg LNG receiving terminal

TE | e | AREA | AYEE | 2ggE | 78] | $E5 ()
20 18 2,016

o 2 16 22

Table 2. General process introduction for LNG receiving terminal

I3 EA A A =1(100,000m”) o] Rl Mg 13 HITE AED 1S0ES A

(Pumping Process) |718}7] R IYHI 202 ISkg/em’, -160% ZHAOE B,

AA7183A | FE pdsle] AgslaA 718 7](Low Pressure Open Rack Vaporizer)
(Low Evaporation [o] &&38ldd LNGZ 7|38A7&= FAoE AYr|slzle 1dd AHelsd
Process) & A ELE 3thrl QL.
FTLIRAAEIIE 3UEA U7 AR A & de FEHE 12,000
Nm’ol® E& & 7}A4bel: 10kg/em?, 50K 0| Th.

ZWtagE7)
(BOG Compressor)
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23.1 SJERA

Table 3. Risk analysis by Fire & Explosion Index and loss prevention calibration factors

FHAYE
AREF A A H(FY) EFTZHEF)
Total Penalty FI = 1.0 Total Penalty | F2=39
992 A 9 & 2| $(F3) F3 =Fl x F2 =10 x 39 =39
A 8} E kx| 4 F3(3.9) x MF*(21) = 81.9
TR BE(C EAAHC2) H 8} 2 2)(C3)
0.8228 0.8561 0.6281
SR AZASE = Cl x C2 x C3 = 0.4424
B &R 21m
F & EI x 0.84 x 0.3048
=EXFY AATtA
c FE5E 21,229,000 Y
=kl 858,000 MY
A 22,087,000 ¢4
EAAF
D TP A YA F(F3)3.99 ERAFMF)21E 0§81 0.66
Fig. 204 8.
B **7] ¥ o3 oj A A (MPPD)
C (total) x D 14,577,0008 9
F AR A AT 0.4424
G A A o3 &4 A5 (MPPD)
D xG 6,449,000 &
x2S I UF(MPDO)
H HT 709
A A MPDOZ o] & Fig 304 28 HAa : 40Y
o 1209

*MF : Material Factor
**MPPD : Maximum Probable Property Damage
***MPDO : Maxium Probable Days Outrage
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Fig. 2. Dow Fire and Explosion Index: Fig. 3. Dow Fire and Explosion Index:
Damage Factor® Maximum Probable Days Outage(G)

2.4 Risk MatrixZ o] &3 ot Extu] g9 A4

FHAGBI I A5 APLASo] RANYL W 5 FAo|HE 5 B (acceptable)d
e 9P s BEAE 23 AAdNr sE 98 8 2 (unacceptable)S A Aok @t
a3y Syt 5219 OSHAU EPA od A= FHo] BA YA gt o]z
2t FArEo] A st GAER wet GEA AAEH7] gEo|tt. AT ehH FAbo)
Wt 2448 3t7] e dEALES AAsted 28 v gs Y FE A5
7y ot B =M E AAnAgade g wgulse vg) AEE n# st o
ZRE AFAHE AdstAn, Al FANIES JE AEE FFLE Urol A 3
AR AW EA, 87 E4, v &&d, Fdds 5 Alnaly o8 712 YHE st
o ZAANERZ FA3 AuAaHg&ozr Yetdozy HFHoz AEAHS Hugst
g njgoz ANt Fiage] HHE AT FANEE AR F e HHE A
Al &t ot

24.1 AN T

ATEPNEE FAH et olINES Anst AANE R FE F Us 7
SAEMDE 122 ANSAD. Tdle 49 95 AW 9PaLY oj@NES) AL
I3 =8 ST thre] Uk ot
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Table 4. Frequencies & severities from potential risk for accidents.

H 5 AR S A E(HA5), **M : million
_ . . 24
+2 | 10E+2 238)/F 7 SioM | X"H | AEH 2377 151-180
+1 | 10E+1 13)/9 6 $1M ;ij}; ij; 332 121-150
0 1 134 5 $SI0E+5 | A4 4 Zfﬁ 91-120
-1 | 10E-1 mf/;f% 4 $10E+4 ;}E 3; 332 61-90
2 | 10B2 |, Ogjlg% 3 $10E+3 j’;; jgfg jggﬁl 31-60
3 | 10E-3 10}3/;_3}% 2 $10E+2 ji jgﬁig jggg 1-30
-4 | 10E-4 10‘33/3}% 1 $10 ?2 j‘;_“ ;‘;ﬂ. 0

)¢arle FAA 48 84258 109 AFPY2 Yerd g

242 An9s AT

Amedgest 2 geje] ge Andddge ENz Auss AEE sIeE
Ttk B eRAE He34e) B4o B An 24¥HE AW
YFBOE AY ABEH, 83, A P2 PES QUH FHS Tableds)

g0 AT

243 ¥EADZ AUl ed e Alm &4 2D A Exn]E A A AL

FW BRAFELATA BT e S2ATAAQRO AND ARE S22 )
2A A dlolE¥lo] A8 T&E AT Table 7oA 1992WRE 20017bX19] 10 zke)
12,196 701 2) XA Eo gt +& Ala & A9

Table 5. The number of gas accidents within domestic chemical facilities.

d 92 | 93 94 | 95 9 | 97 | 98 | 99 | 00 | o1 g
Tl 9 24 | 345 | 299 | 219 | 111 | 21 13 13 846
A

AAS | 989 | 1,024 | 1,046 | 1,144 | 1,202 | 1,251 | 1,319 | 1,392 | 1,420 | 1,409 | 12,196
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Table 6. Example calculation for safety investment costs from the risk matrix

At | & AL
& 157 A, F42
ul g4 45F $10E+4
gA4e4 455 =53/ 717
Fadds 453 Ha 70Y(X 3)
AR b e A 0.44% EAFANHARE 3)
5 3 2
23 AANALD /1 (ARAAExAS)
* YT
9% 846/(12,196x10) 10E-2/facilities
year
AAAE x A4
Hl = (-2)x(0.44) -1.66
10E-2 x 10E+0.44 10E-1.66
(B s+ A Ak s+ A T S+ F AL F)
}SZ-]’E 1] > Cl 4 4
(10" + 107 + 10° + 10* + 10* = 10,130,000 | 7.0056
) HE x AZE = F-1.66) x $(7.0056) = 5.3456
‘?4 .@ 3.3450
10 | s221615
3. 38

£ dToME LNG A7 A4y F A8 duld glojA f84E 53817 94
A] Fire & Explosion IndexE 223 A3 X2 e ATE 8192 M ozt ¥
AEZ YElgor, AR 3] B3 Fo vAe dAAgE dssaTed LNGH A9
792N AE3A9 ER = 3.6 Wem’Zte B&3td AAe A 37.8m  54.6mzA 8hA)
EnAgg AR A =507 2imE S Uk B AT LA Fo E4AE
AAFE o] &3t AN FEFALFE 7049, = Ve vEeF Al G FA)
Aol dAGE AAA &4 «dFE £ vk wEkd AFE v o2 JERE Risk
Matrixol| A A4 A3 QPAF20]8-2 dE 29 83 89wt A =2 JEph

ool A AHE ulel Fo] FF ojeidt AETLS AA Zidelyt Ve AFAHoR ¥H
He AEEEY Bud § gla, A Ak Az e REE FAAE & U
AdPE FEoZA, siXHo R fa] AJdEe A #2 BHop 2R dARNsE 2
F AFHoZ W £ Aok webx 4 Ao 4 i vEart wsAln 99
Fa FEE 1estd geAd 71Ee] BAE & v

p

2 oy

-~
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