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Abstract

Both the Layer of Protection Analysis (LOPA) and the Oil & Gas Producer (OGP) have mainly been used
to calculate the incident frequencies in ORA (Off-site Risk Assessment). Because the incident frequencies
in OGP are calculated under the assumption of well-equipped safety devices, they are a lot lower than
those of LOPA. Furthermore, the definition of incident event is not clear and the incident frequencies of
LOPA used in ORA are conservatively evaluated compared to other methods. In order to solve these problems,
we investigated the incident frequencies of FRED (Failure Rate of Equipment Data) and TNO Purple book
and compared them with the incident frequencies of the current domestic ORA. Following that, we adjusted
the incident events in the domestic method using LOPA incident events to reduce the gap with other methods.
In addition, because the currently-used IPLs are limited, we suggested ten IPLs (Independent Protection
Layers) for current applications and ten IPLs for future applications based on the analysis of CCPS guidelines,
FRED, and RIVM manual.

Key words: KORA(Korea Off-site Risk Assessment Supporting Tool), ORA(Off-site Risk Analysis), LOPA(Layer of Protection
Analysis), IPL(Independent Protection Layers), PFD(Probability of Failure on Demand)
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Table 1. Comparison of incident data in four methods for risk analysis

operation) 2] 7]&& AAISIAL 15 mm A7 9] LZHL
5 mm Z70] F&2 217 10°° /operation, 1,3%10°°

/(hr - operation) o= UEN QITHHSE, 2012).
Purple book¥} FRED®| ¢Hduto] thgh RIEE o4&

o ARBAIE 2 o - 5 S NS AVgeh, 1
o 2500 AR 2, 219 AL, 2008, ol

LOPA(2015) 4] 28311 9= 107" /yr2 AR}

# Incident data Frequency(/yr)
LOPA OGP RIVM(TNO Purple Book) FRED
<106 <07 0"
Pressure vessel residual|107° ~ 4 1.0x10 *(5'0 IQ +5.0%107) 6 .
1 failure (/vessel - yr)| 10-° 7.4X10 Immediately 4.0%X107° (median)
7 +10minutes entire quantity
Piping Rupture failure 107 ~ 1.0%107* | 3.0X107° | 1,0X10™° [ 1,0X107*| 8.0X107° | 5.0%10°
2 |-100m—Full Breach 10 - 75 mm)| (75~150 | 0150 |50 mm)| (50~150 | (>150
(/100m - yr) mm) mm) mm) mm)
. . . . X107 X107 X107° X107 X107 X107
3 Piping leak(10% section)|107® ~| 8,0X107%| 3.8%107% | 8,4x10°® (5<705 Ilrgn) 2(7%3120 él%oix?nﬂ (1<550 ﬁn) ?S%NII(;O (2>.1(E)')O L?rn)
-100m (/100m - yr) 107" | (50 mm) | (150 mm) [(300 mm)
mm) mm)
Atmospheric tank 1078 ~ quuld'spﬂl Rupture L1qu1d.sp111 Rupture Flammable Non flam
4 failure (/vessel * yr) | 107° outside outside
2.8%107° 3,0x107° 1.0x107* 3.0x<107°° 1.0x107° 5,0X<107*
M 1 | Actuated
5 Gasket/Packing Blowout|1072 ~ vzrllxlrls (;;li: Flange Included in 5 0x10-¢
(/Flange yr) (27) 1078 3.2X10° | 3.5%10°7 | 3.8X10° pipimg leakage frequenct :
turbine/diesel engine 1073 ~| Reciprocating | Centrifugal Leak Full bore
6 |overspeed with casing 4 3.0X107°
breach (/yr) 10 4.5%10°8 4.8x107° 5x107 X107
Third—party intervention
7 (external impact by 1072 ~ 3
Back—hoe, vehicle, etc) | 107
(/yr)
. . . 1078 ~ .
8 |Lightning strike (/yr) 10 - Calculate in complex ways
Safety valve opens 1072 ~ 5 5
_ X X
9 spuriously (/valve * yr)| 107 210 1.0x10
10 Cooling Water failure | 1 ~ _ Restrict use only in B
(/yr) 1072 explosion reators
Pump Seal Failure 107" ~ 5
X
H (/pump yr) 107 3.0710
Leak Full bore Full bore
Unloadi Loadi 1~ X107
2 o e | 107 - 32107 | 8,210 operation
(fyv) (/yv) e
Work # 25
13 BPCS Instrument Loop | 1 ~
Failure (/yr) 1072 B _ B
14|Regulator failure(/yr) 101
Small external fire 1~
15 9
(aggregate causes) (/yr)| 10 1 5X1074 8 8x10-4 B
16 Large external fire 107! ~ ’ ’
(aggregate causes) (/yr)| 107

* This table shows the differencies in frequency of incidents between ORA(Off—site Risk Assessment) and other methods,
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Table 2. Present frquencies of incidents in Off-site Risk Assessment and the frequencies suggested in this sutdy

# Incident event Frequencies used in ORA (/yr) | Frequencies suggested in this study (/yr)
1 | Pressure vessel failure(/yr) 1078 1078
2 | Piping rupture failure(/100 m * yr) 1078 1078
3 | Piping leak(/100 m * yr) 107 107
4 | Atmospheric tank failure(/yr) 1078 107°
5 | Gasket/packing blowout(/yr) 1072 107
6 | Turbine/diesel engine overspeed with breach(/yr) 107 107
7 | Third—party intervention 1072 -y
8 | Lightning strike 107 -
9 | Safety valve open spuriously(/yr) 1072 1072
10 | Cooling water failure 107 107
11 | Pump seal failure 107 -
12 | Unloading/loading hose failure(/yr) 107! 1072
13 | BPCS instrumentation loop failure 107 -
14 | Regulator failure 107! -
15 | Small external fire(/yr) 107! 1072
16 |Large external fire 1072 -
1) “~” shows the deleted incident event,

2) BPCS: Basic Process Control System; ORA: Off—site Risk Assessment,
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Table 3. The currently used independent protection layers and probability of failure on demand of layer of protection analysis

IPLs PFD

Dike 1X107

Underground drainage system 1X1072

Open vent with no valve 1x1072

Passive Fire proofing 1X107?
Blast wall / bunker 1X1073

Inherently safety design 1X107?

Flame detonation arrestor 1X107?

Gas detector and emergency shut—off valve 1x1072

Active Relief valve / rupture disc 1x1072
Basic process control system 1X107!

IPLs: Independent Protection Layers; PFD: Probability of Failure on Demand,
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Table 4. New independent protection layers applicalbe to Off-site Risk Assessment
IPLs PFD Reference
Double wall containment system X107 LOPA(CCrs. 2019)
Passive Inground tank 1107 LOPA
Loading arm 1X107? LOPA
Scattering prevention shield 1107 This study
Excess flow valve 1X1071~1X1072 FRED®SE. 2012
Safety instrumented system SIL 1, SIL 2 1X1071~1x1072 LOPA
Active Multiple mechanical pump seal system X107 LOPA
Mechanical overspeed trip on a turbine 1107 LOPA
Wheel choke + ACQCZ), Break away safety system 1X1071~1x1072 FRED
Water curtain 1107 This study

IPLs: Independent Protection Layers; ORA: Off—site Risk Assessment; PFD: Probability of Failure on Demand; SIL: Safety Integration
Level; ACQC: Automatic Clean Quick Coupler System; FRED: Failure Rate of Equipment Data,
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