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Abstract - This research was for the analysis of gas industries and 12 hazard
evaluation techniques for the industries, and present the selection guideline of the
techniques using 6 factors affecting them. 4 indexes & consequences of incidents into 8
characteristics. Also, combining the indexes with the selection procedure in flowchart
format could reduce improper techniques and present alternatives. Also, it is used as

guidelines to get safety improvement plan to gas comnpanies.
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G NS HEste Aol AAAEA e B
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Q) ¢tAA FE AA S, v dY A
AL, AAAEQD PR A S A FAAY
HH7t 718 AAd dE guidelined Ad3tz
2} gtk WA LPG, LNG, EAZFE S8 333}
e 7ka AlY 34 ¥ Ml AJde dhotsla,
1&g 12709 FAAEAN Hh 1EE

43819 guidelined AAIFA}L gt
Il. ol 25X ujA

2.1. LPG/ING 33| F£Ald

7FAE 7 Aol A#EA FFET) s
Ay FF2AAY, 723 H, staqar), A
&7l AEZA, tAFR, staddFHy] T oA
7} A7 gFgoh AYUIA, 2Adr)A, A
BrIA Y HAEE FX R 715 Table 1.7
Z2th LNG AAAAES ddug stgdu), A
Fea, 87t 4E57), Qe 4], 23 H
=z a% 71EUiE A FEE 4 Yok

1) 8948 (Unloading arm)

3719 LNG 39 48] (Loading arm)$} 179l
NG #54dug AZ3a LNG H&9] o]¢d
ZE o839 S99 AFPAR o9 Bg
3 LNGE ol4stA "}

2) A7# A (Storage Tank)
LNG A3"gae 5 S3YE 949 H
-162CY 44 LNGE 959 2E2H¥ Husl
7] g BAZ PR gtk B& dnlgE ]
2k P Wz AZ)Eulst b)) Fol itk

3) 227k~ 9F&71(Boil-off gas compressor)
Z7tA dEZE AL A LNGZ H

uigel SR 2 RE AYHE Fo o3
wE 7tAE GEsIAE AdAE

ol {u
g

4) A Y3l An](Re-liquified gas)

Ferte 4F7H 4FY FUAsE

=

LNGSH &3t A3} A7) Hul2x, AL
ol INGSt ddHog &xry & FUrta9)
guPe Fa $25o] 23 WZz ol AL}

5) 22 H= :

A7 MBFOoZT LNGE T332 98 2
X BEZE B3 oF 80kg/erd] 1nYOE HET
o} 23 HEZE A PZ9) ZHE TAHY
i, BEol FY uigel: FEIF AXHo]
Aow, FYPviBez H4dd LNGE F=Z 3
e B39 48 g9 AFEAE AL & 7
3712 olgdrt

6) 1 7]3}7)(Open rack vaporizer)

71871 LNGY 7l18tE 93 #52
ste 44 JlEre Adzla da A
e 98 olgdts d4dy
aA FEEoh

o] &’
u- A
71879 2&H=2

Table 1. Equipments and function of static
pressure base.
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7hE AT s ) wale] o 245 A
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Indicator) 3t 7tad i) A el
FEBEA 3 AY7] &dFSe HA, 4o A
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1) ¢+RX 7 E(Safety Review)

%, 284 FoM 71ea E J‘%&%.-f’v:ﬂ
7t 34 B #d A5e ¥ Ei =3
tAGel FAHE FAdln 311@3}“
71 el

o
99 &

) AU 2E ¥4 (Checklist Analysis)
AaG2Ex 7|1F Ao " de] Y
Hi QEHE B29F7] Y8 A5 ALEE

3) 2d3 9149 S5 (Relative Ranking)
2o fE T3 38 T EAsle A
ANE] Al FiHA $F €9 E AT T

4) 4] 98 A (Preliminary Hazard Analysis,
PHA)

PHAS F24& 93¢ 93 Ao} 9

ol UFell ZHALHAE 1§ == v EL H
e Aold)
5) What-If ¥£2J(What-If Analysis)

What-if #4491 24& 98t ee Ase
248 + U Ade AYA nee wr
Aoz, A @A, DA @A, e4 Wi, 33
9 #3 FA4 42 F 9t 99 @y =
A7h £3E,

6) What-If/Checklist ¥4

TR0l 2 BFAM 2AY &+ de Al
259 d¥tHd F3E st Alm g3ge
PP oz H7F F, safeguardso] A-LdE
Ag AAsE Ao] HEF o).

7) HAZOP
Analysis)
HAZOP 242 A9 &A= 98 84
Eolvt T4 &S AsANE F sl &4
Aol EAAE AAHoz HAFI S8 Z
Fopo]l ARVEZ HE FASY 84S A
dHoz Hrtsle 7)Yolt)

¥4 (Hazard and Operability
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8) wAse] 2 H3EA(Falure Modes and Effects
Analysis, FMEA)

FMEA® EXH& TH

(failure)?t S 7}5Aido

gsE Zoloh

9 A7t AFE FAM(Human Reliability
Analysis, HRA)

Z4A, FA/BS staff, 712 2 plant
el A A 43S e 24ES AAY

o2 Hitste 71golt.

10) °)4 E2) 24(Fault Tree Analysis, FTA)
A9zl B4 Polw, i Axge] @
& EHste] dy|A B Ao dold &
e RE 7Hed PEES e EMle

ol .

11) A3 E2] 2X4(Event Tree Analysis, ETA)
Event treets Z7|A1A 0 25E &93d 3
FT A7g JYPse Aoy FAIY F A

Z ¢l (inductive) 48 o} t}.

12) 99-23} B4(Cause~Consequence Analysis,

CCA)
FTA¢ ETAE E%8 719eg, 435=
Ao ¢ UEE AFgssted A

23. BALE HoPIY Mo G832 X
A
2 3% HE(Hazard Evaluation, 24938 o

7h71del AR e Jledeld, gy WMFE
of oAb A FFE v F Ut o
6712 22L& B4AE0 7Y A4 19
sHobrd gaagolch

D a7e 71 % 53

2) 7 A9 %

3) AT Fdel AHE 7t Are F¥

4) 4 e 54

5) 4 H1del &AA
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T 1) gaHdul(A4/<13h ,
| WA IR Gindex B-2) ! - %?_! . Physical(ﬂﬂl’), Mechanical(‘),
| 1 1 < Human(@)

BRGNS WY N
T 2) A A v (storage tanks and etc.)
| a9 ows B ] - 99 : Chemical(Q), Electrical(®),
Physical{®), Mechanical(@®),
Human(®)
3) Pump A ¥](loading pumps and ect.)

- €9l : Electrical(Q), Physical(@),

Mechanical(@) »
. . L. 4) & Adu) 2 o3} du(d3 &£ A7)
Fig. 1. Making decision process for - 9l : Physical(®), Mechanical(@)
selection of HE technique.
‘.é_'i"." Fovare ;"‘:—g §-§ :;.;% i—-::: —

"
it

LY
'!ig

¢

i
!
i
)
”‘i
pHH

Fig. 2. PFD of facilities for storing LPG/LNG
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Fig. 3. The traditional application of the HE
technique.

33. HE 7144 549 &el

2AE Relative Ranking® Preliminary Hazard
Analysis 719 & Ad AL 75 10714 7]
_ € 432 W Human Reliability Analysis 71%
) 74°, k| ﬁvarﬁ’l Human SAclgt 357
H 2ol ¢5 Al8o] AAAYS & = gk

34. 7 SX3} Hxlo] /Y =l

AT 2HL FA 879 FFoln=E Table
2.9 .9} 3te). FMEA, HAZOP, WI/CL9] 7] ]
usoz AH4d 4 ov, uid B 2
3 AR, dne 8F Al me 1271A) 9
71HE Bopdz 84 4 Utk

Table 2. Typical selection of HE technique
for motivation and types of results

Internal safety
improvement tool

Regulation
(SMS, PSM etc.)

FMEA or HAZOP or
What-If/Checklist

All of HE techniques

Table 39] index& FZXAEL W, SMS =
14 A4 o =3 A TF Hd4S
&M E SR, CL, RR 719 €5 A 4e 3
AU A ALAE 5 ot
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Table 3. Classification ofl HE technique for the
purpose of Ranking Action Items.

Usually does not May Usually does
Safety Review  |PHA FMEA, HAZOP,
Checklist Analysis| What-If FTA, ETA, CCA
Relative Ranking | What-If/Checklist {HRA

35. HE 71 M™ 2 g oA 23 ¥
- AF gl A E4E A8, Fig. L
o oAt 23 FAEL o83t J|WE HAs
A ok AL 2R L &3 2ol Iy

D AT 53 B3A9 348 £399 @4

Relative Ranking® Preliminary Hazard
Analysis 71l A9 = et

2) 47 B3 57

A 879 HFo2AH SMS HuME
24 st7) Y% RHolth

3 LA FE A £ da yHe <

SMS E3A A% & JIAE HsiM g5
71¥e] Abg, ol 7o &89 F 7HA HRte
2 A4 & glon, B A TAE AH
2 AA A @t - .‘

4) HE 97} 7193} oA 249 B vz B4

Uzog  FPo] ¥ FMEA, HAZOP,
WI/CLE A% YoA 718 F, 47149 dEHQ
Adule] EAz HE 719 54& vla £439
714 A% 9% e SA7EY 2%E F
3 o2 2o AME mEIYY 22 A
qegde vAE AR, £ AFdME <l
O 14, (@)= 2d, (@« 3HoE FsrE
Bo] 891, Table 49} Table 58 FAlo} AH4-3}
o M2 FFHe Adu] 4 X 71y 54’9 A
FE& Aitstd FAastdth

> 33} Adu} (AF/3H9)
- 9191 : Physical(2), Mechanical(3), Human(2)
- SR : (2X3)+(3X2)+(2X1) =
(+Action items)
- CL : 2X2)+(3X3)+(2X2) = 17
- WI: 2X2)+(3X2+(2X2) =
- HRA : 2X0)+(3X0)+(2X3) = 6
- ETA/FTA : (2X2)+(3X3)+(2X3) = 19

» A& AH|(storage tanks and etc.)
- ¢ : Chemical(l), Electrical(2), Physical(2),
Mechanical(3), Human(2)
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7bEs AR A e FANEAd B AR e B aF

- SR © (1X3)+(2X2)+(2X3)+(3X2)+(2X1)
= 21 (+Action items)
= CL @ (I1X3)+(2X2)+(2X2)+(3X3)+(2X2)

HRA : (IX0)+@BXN+(3X0) =0
ETA/FTA : (1X2)+(3X2)+(3X2) = 14

= 24 » 2% d)(condenser) ¥ o3} AH|(filter)
- WI @ (I1X3)+(2X2)+(2X2)+(3X2)+(2X2) (A3} 2 o3
=21 - 942 : Physical(2), Mechanical(3)

- HRA : (I1X0)+(2X0)+(2X0)+(3X0)+(2X3) - SR : (2X3)+(3X2) = 12 (+Action items)
=6 - CL : (2X2)+(3X3) = 13
- ETA/FTA : (1X3)+(2X2)+(2X2)+(3X3) - WI: (2X2)+(3X2) = 10
+(2X3) = 26 - HRA : 2X0)+(3X0) = 0

ETA/FTA : (2X2)+(3X3) = 13

» Pump A ¥l(loading pumps and etc.)

~ €Ql: Electrical(1), Physical(3), Mechanical(3) A7 YA BE AF AR 4L 19

- SR : (1X2)+(3X3)+(3X2)=16 &l g 7tx9) 7P E AAY £ 9lon, By A
(+Action items) Aol AAAL HAL 3] D =29 F9

-~ CL : (1X2)+(3X2)+(3X3) = 17 AFHHE Eole Welx 8 E 4 ok

- WI @ (1X2)+(3X2)+(3X2) = 14

Table 4. Example of HE technique index for characteristic of process.

3 BEA . Electrical . . . . Biological
HE B2 Chemical (+ static) Physical |Electronic |Mechanical | Computer (+ toxic) Human
SR ® ® ® O ® @] O O
CL o L) @ ® ® il 1] @
WI o i) © ® ® @ O ®
HRA o
FTA/ETA o O ) @ L ] o
Table 5. Example of index for characteristics of equipments and processes.
=4 . Electrical . .| Mecha- Biological
T3 % Chemical . Physical | Electronic . Computer . Human
Anl/7]7] (+ static) nical (+ toxic)
%?_]/éil]— o} o = oo] - oo] 37 o_]o = 00] i alo (+] Ko} 3l ol o 3
SAIAFaH M| ZH A9 (A |4 (A9 | LA | A7 L || g | A |9 | 2 | QA | A
& il ® o o D O @
23 "—‘.’i} Q| D o
FAAEH | 0 ® | O ® ! O
o I FE}) O @ O
713k O | O ®
4 | ¥ T ® O
g | ¥Adg (O | @ | O o i o o ®
oJuy =5 Cle |0 i) @ o0
e A% Cle | ® | © e o ®
Ql/31y @ i) ® T e
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TR 9A 2 A7 EFH4 we FEII,
Zt Grl71el diste 87k Y EAe=
sl A7 did FAHolu Adulo] thd index$t
fgste] A3 7|He AFE & A=RE §
Ht.

AR, 1Y AAC A4S vAE 84
S8 Abgo] ABFIHAY EAHFE JEE A
g £ U5E s dAEA HAHE AAFHA
o},

=g 71y MAd ¢S vHEs 845
EAQE #A8n, 4F EHH 578 A
2 pEsA A 2o 4A H2E F
JEE YLt B AFE Bu adyes @
gatm, A7 AL gusy] YMdEe A
dFolM e A+ dnE £33 APEN 27H
o, A& index FA4E A BH ZF 2
24, ARyt 283 g23d  Hojop g}
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