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£ At M= LPG(Liquefied Petroleum Gas) 215714l thal] HAZOP(Hazard and Operability), LOPA(Layer of
Protection Analysis) 2! SIL(Safety Integrity Level) $187d F71715& &8381, =5l LPG U714 5 AFardAiA|
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Abstract — The methods which decrease the accident hazards of LPG(Liquefied Petroleum Gas) terminal on the basis
of butane & propane storage tanks by applying HAZOP(Hazard and Operability), LOPA(Layer of Protection Analysis)
and SIL(Safety Integrity Level) are suggested. The accident scenarios were derived by analyzing latent risks through the
HAZOP. The scenarios which would have the big damage effect in accidents were selected and then LOPA was assessed
by analyzing IPL(Independent Protection Layer) about the correspond accident scenarios. The improved methods were
proposed on the basis of level of SIF(Safety Instrumented Functions) as a IPL considering satisfied condition of risk tol-
erance criteria(1.0x10"%%/y). In addition, The proposed IPLs were basis on the economic analysis. The effect of SIF as a IPL
considering the changes of accident frequency was studied in case of the accident scenarios derived from the concerned
process.
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Fig. 1. Incident rates in different phases of plants taken from [1].
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Table 1. HAZOP Work Sheet taken from [2]

Unit No : Date :
DWGNo: Design Intent :
Node :
. Safety Risk Recomma
Deviation Cause Consequence Guards Rank ndation
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Fig. 2. Concept of LOPA taken from [3].
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Fig. 3. Examples of SIS elements taken from [4].
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Fig. 4. Safety Integrity Level taken from [4].
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Table 2. Summary of HAZOP Scenario

Deviation HAZOP Scenario LOPA Scenario
High Flow -Even though different
Low Level Butane deviation in Hazop
High Level Refrigeration scenario, in case that
T-4001 i
Low Pressure Tank cause and consequence
High Pressure -20 Scenarios of scenario is same,
External Fire LOPA scenarions are
High Flow Butane Tank selected by considering
Low Level (T-6201A) only one deviation.
High Level - 8 Scenarios
T-6201A/BLow Pressure - T-4001: 15
High Pressure ~ Propane Tank  * T-6201A:5
High Temperature (T-6201B) - T-6201B: 6
External Fire - 9 Scenarios
Table 3. HAZOP work sheet
Deviation Cause consequence Safety Guard
ESV-4002A
. PV-4003 Full | Decause Feed flow PV-4001
High increase, T-4001A Butane
Level open by tank Level increase & PSV-4001A~E
malfunction pressure increase PAHH-4004A
LAHH-4003A
Butane  while butane is unloading, VRV-4001A/B Pump
Low  Liquid excess vacuum of butane tank & compressor stop
Level shipmentby (T-4001A)and potential by PALL-4010
P-4101A  for tank rupture leakage PC-4002A

Korean Chem. Eng. Res., Vol. 53, No. 4, August, 2015

-9

B

3-4. LOPA % SIFS| £=sH

WA, e dEA e g0 T4001A00 thalA= 3 20719
HAZOP AU Q. = 15705 A4 3slo] LOPAS 418t om, 3
AR A(T-6201A)) tslA= 5 87112] HAZOP Au2] 2
= 58 478l LOPAS WA8koith mdh, 25t 343w
A(T-6201B)ell thali A= & 970 e] Alutel @ 5 6715 478k

LOPAZ F-Al&19ic},
B Ao A= LOPAY SHWEAIZF(IPL) 5 AT ES oF
F2 AT AR T AL A NS A7 oy E u‘%}iﬁl

< (Mitigation IPL)?] W75, ZWE v -§ 5 &8k 211,
Aol S5 7 oA 535S AIS (Prevent IPL)?! BPCS(Basic
Process Control System), -2} 71| %] (Operator Intervention), SIS 5-1]
FH& 7 LOPARA S 33Tt

A, FehdE A2 T-4001A0] el F 15719
LOPA AlUE] 2 5 1717} Y835]87]=(Risk Tolerance Criteria)S
Holuton, Fek7-8 A 4% A (T-6201A)°] thal A= & 5702
LOPA AU 2 F 2717} 188 87|55 Blofwtth, gt =t
TBAGEA(T6201B)°] X = F 6712] LOPA Au2] & % 2
M7 9838715S oW, ol& g e ® YA (Risk
Reduction)th &S HE3FSIt)

TR Table 4= 5= E LOPA] U]gt oAl 5 BT},

LOPA?] IPLEA Z &% SIFS] PFD(Probability of Failure on
Demand)ztel] tlaliA+= v 1383} 0] FTA(Fault Tree Analysis)E
o]-g-3to] #4133t

Table 4. LOPA spreadsheet of Incident Scenario No.2 for T-4001A

Scenario. Scenario Title: Level increase of butane Node No.1
No 2. tank(T-4001A) by PV-4003 malfunction ’
L. . Frequency
Date Description Probability (per year)
Level increase of Butane
Consequence  tank(T-4001A) due to feed
Description/  increase, and potential for
Category tank overpressure, leakage,
rupture
Risk Tolerance Acti ired
Criteria etion require <1.0x10°%
Tolerable
(Frequency)
o PV-4003 full open by 01
Initiating Event malfunction 1.0x10
Frequency of
Unmitigated 1.0x10°1
Consequence
PV-4001 (BPCS) 1.0x10°!
PAHH-4004A 1.0x10!
Independent ESV-4002A (SIF) 2.60x10°2
Protection C-4303 (SIF 576310
Layers . (SIF) )
C-4301A/B (SIF) 1.08x10?
PSV-4001A~E 1.0x10°%2
Total PFD for all 09
IPLs 1.62x10
Frequency of
Mitigated 10
Consequence 1.62x10
(per year)
Risk Tolerance
Criteria Met? YES
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Table 5. Risk Reduction of Incident Scenario 14 for T-4001A/B/C

Before Risk After Risk After Risk
Sector Reduction Reduction Reduction
(CASE 1) (CASE?2)
Risk Tolerance Criteria <Ix10% <Ix10% <1x10%
Initiating Event 1.0x10°! 1.0x100! 1.0x10°1
PC-4002A 1.0x100! 1.0x100! 1.0x10°1
VRV-4001A/B 1.0x10 1.0x10 1.0x102
IPL PAL (New) 1.0x100!
igﬁ;";?iﬁfg NoActive  N/A 848x10%
Total PFD for all IPLs (A)  1.0x10°% 1.0x10%  8.48x10"
Frequency of Mitigated 1.0x10% 1.0x107% 8.48%10%8
Consequence (B)
Risk Tolerance Criteria Met? NO YES YES
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Table 6. Risk Reduction of Incident Scenario 2&4 for T-6201A

Before Risk After Risk After Risk
Sector Reduction Reduction Reduction
(CASE1)  (CASE2)
Risk Tolerance Criteria <1x10%  <1x10% <1x10%
Initiating Event 1.0x10°"  1.0x10°%! 1.0x10!
LAL-6201B 1.0x109  1.0x10! 1.0x10°"!
LAL-6203 1.0x10°%! 1.0x10°"!
1.4x102
Add
-LT ]
IPL Interlock -Test 3.6x10
System (SIF) Period
Add
-LT 1.1x10°%
-ESV
Total PFD for all IPLs 14x10%  3.6x10% 1.1x10%
Frequency of Mitigated 1 4x10% 3.6x10° 1.1x10%
Consequence
Risk Tolerance Criteria Met? NO YES YES
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Fig. 12. Risk Reduction Cost Review of Scenario for T-6201A.
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Table 7. Risk Reduction of Incident Scenario 2&4 for T-6201B
. After Risk After Risk
Sector BI:efZLect}iz(;ik Reduction Reduction
(CASE 1) (CASE2)
Risk Tolerance Criteria <1x10%  <1x10% <I1x10°%
Initiating Event 1.0x10°0 1,010 1.0x10!
LAL-6202B 1.0x10°"  1.0x100"! 1.0x10°!
LAL-6204 1.0x100! 1.0x10°!
1.4x107%
Add
IPL fntertock =T 36510
System Period
(SIF)
Add
-LT 1.1x10%
-ESV
Total PFD for all IPLs 1.4x10%  3.6x10% 1.1x10°%
Frequency of Mitigated 14x10 3.6x10° 11x10°%
Consequence
Risk Tolerance Criteria Met? NO YES YES
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