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Abstract : The risk is expressed as consequence of damage multiplied by likelihood of failure. The installation of a protective system
reduces the risk by reducing the likelihood of failure at the facility. Also, the protective system has different effects on the likelihood of failure
according to the proof test cycle. However, when assessing risks in the Off-site Risk Assessment (ORA) system, the variation in risk was not
reflected according to the proof test cycle of protective system. This study was conducted to examine the need for proof test and the
importance of cycle setting by applying periodic proof test of the protective system to ORA. The results showed that the likelihood of failure
and the risk increased with longer proof test cycle. The risk of a two-yearly proof test was eight times greater than that of a three-month cycle.
From the results, the protective system needs periodic proof test. Untested protective system for a long term cannot be reliable because it is
more likely to be failed state when it is called upon to operate. In order to reduce the risk to an acceptable level, it is effective to differently set
the proof test cycle according to the priority. This study suggested a more systematic and accurate risk analysis standard than ORA. This
standard is expected to enable an acceptable level of risk management by systematically setting the priority and proof test cycle of the
protective system. It is also expected to contribute to securing the safety of chemical facilities and at the same time, will lead to the
development of the ORA system.
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Table 1. Chemical information

Explosion
Chemical ~ CAS No. State ~————— Toxicity
LEL UEL
Toluene o o ERPG-2
(100%) 108-88-3 L 1.1% 7.1% (300 ppm)

Flash point Ignition point Boiling point ~ Vapor pressure  Corrosivity
6T 480C 111°C 21.98 mmHg (20C)  none

Table 2. List and specification of device

; Pressure
Device Chemical State Connecnpn
information  Degioned  Operating
Tank Toluene 100A4”)
(TK-101)  (100%) L stss W ATM
Temp. Volume(m' i
s ) Material ~ DeSign

Designed  Operating  Designed  Operating standard

60C AMB 28 252 STS304 KS

TANK LORRY
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o
¢
a
r— g
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GD—-101 T
TK—101 ® Fi
Loy T
|
[P 4[;@;.»@)_0
<
Scenario section
P—101
Fig. 1. P&ID and scenario section,
47



Zlo

. Z
(=

=

0@

ol . ZIXY
= IAolt). HFER AHL Table 13} Zron,
S 85 9 AL Tale 261 2, TN
% 9 Ahfele 7R Fig 13} 2tk AU 7ke
FoAdFE7HY e 242 St s oY 1L
g AN AFRAE FHOR JYS EHATEH B
NZFAHA 28 7IA 2 A9t o|= 1A A+
7]3_0; /\]._II_H]—AH /\] ;(}-E]—E] 2 olL— :[LZ_]‘% 7]
2 AR Aot

oL

= 7
=
=
=
[e)

AN N

Sk

2.3 AfndA

Aol eFH 71e] ALTAI Y] 0= Fofe] ALTLALE]
QoF tfre] AfAIGE| @2 JrEgTE F|9fo] ARILA]
e o= AG87] = vl SOl Hdigo] o4 -
oy /& - FEE o] AR ¢ 3o vR|= FIF
HA7E Rl A5 Wokar, tiete] AlA U =
Zloto] AtaAgE|eETE FAHoR WA THsAdo]

3 Aol el uA ol ARIY HiA|

HA = ARLAIGE S Foll A Gk Hel7E Hhel AbaL
AYge|es Zatcpl0 B ool zh AlmALeE| 2.9]
7} 72 Table 37} 2},

AEH 2HEs ABAT A9 g A 4
i, EAAES e U 5ol B2 AF AHE 9
n|gteh T3 tioke] ARAIUR] oA rEwk A
R FEE A= MY 2 A uidEZ(100A)9]
20%91 20AR2 APREG Y, =ZAZFS H]T QD
sk 3o $E7INEAL 71(APT 581)0] w2 Aylug

Mol ueh HEA SR e AgE Tefstel 3
o ARt gPacle SRl g os_a

r{m

vjtol| A =4 E54o] FEE o SHEE HSEA £
Table 3, Evaluation condition of scenario
Scenario
Worst Alternative

ERPG-2
5 KW/m’(40 s)

Toxic concentration

Thermal radiation

Endpoint

Explosive 1 osi

psi

overpressure

Wind speed 1.5 m/s 1 year average
Weather Temperate 25C 1 year average
conditions Humidity 50% 1 year average

stability F D

Surface curvature Urban or country

Leak temp. Operation temperate
Leak point Surface leak Leak height
Leakage Maximum Realistic leakage
Leak duration 10 min Realistic duration
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Table 4, PFD of active IPL
Division IPL

Contents PFD

Detector and Immediate detection
Al shut-off valve and action at leak 1.0OE-01

Relief valve/  Prevent from exceeding

Active A2 Rupture disc specified overpressure 1OOE-02
IPL - -
A3 Basic process Basic process 1.00E-01
control system control system
A4 Other active Other active protection  1.00E-01
protection
Table 5. PFD of passive IPL
Division IPL Contents PFD
. Reduces the frequency of large
Pl Dike consequences of a tank overfill 1.00E-02
Undergronud
. Reduces the frequency of large
P2 drainage consequences of a tank overfill 1.00E-02
system
g Open vent y
P-3 (@o valve) Prevents overpressure 1.00E-02
Passive P-4 Fire proofing Reduces rate of heat input  1.00E-02
IPL
P5 Blast Reduces the frequency of lgrge 1.00E-03
wall/bunker consequency of an explosion
Inherently Reduce the consequences
P-6 safety design associated with a scenario 1.00E-02
P.7 Flame Eliminate the potential for 1.00E-02
arrestor flashback
Other passive . .
P-8 Other passive protection  1.00E-01

protection
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Table 6. Results of consequence distance
PFDavg :L;L + % + AT, + P @) Scenario
g Worst Alternative
Temperature AMB AMB
AR A)(7)2 HSA|AH ] Ag HAE-Eo] ul¢- Pressure ATM ATM
o Aoout A-8-Fct uebs B A|AE 9] PFDavg Volume (kg) 22,595 22,595
9]_ —3].]%]— /gu]gl A]-j_! Elc}/lg 1;1_] = ]:]—.%jq. Zth_ Chemical Toluene Toluene
State L L
AT Leak hole (mm) - 20
PFDavg =—2’°— ®) Leak rate (kg/s) 37.66 1.46
X Consequence 134 9.0
ARTEMRNIE = S[Z7]Ab9] W « PFDave]]  (9) Dianee (M T ot 70 26
Table 7. Results of frequency for alternative scenario
. Frequency of initiating event (FIE) . . .
Division o) Quantity PFD of passive PFD of active Subtotal
I-1 Pressure vessel failure 1.00E-06 0 - - -
12 Piping rupture/100 m 1.00E-05 1 - 1.00E-01 [A-1] 1.00E-06
I3 Piping leak/100 m 1.00E-03 1 - 1.00E-01 [A-1] 1.00E-04
14  Atmosphere tank failure 1.00E-03 1 1.00E-02 [P-3] - 1.00E-05
I-5  Gasket/Packing blowout 1.00E-02 8 1.00E-01 [A-1] - 8.00E-03
I-6 Turbine/Diesel engine overspeed with casing breach 1.00E-04 0 - - -
I-7  Third-party intervention 1.00E-02 0 - - -
1-8 Lightning strike 1.00E-03 0 - - -
19 Safety valve open(failure) 1.00E-02 0 - - -
I-10  Cooling water failure 1.00E-01 0 - - -
I-11  Pump seal failure 1.00E-01 0 - - -
I-12  Unloading/Loading hose failure 1.00E-01 0 - - -
I-13  BPCS Instrument loop failure 1.00E-01 0 - - -
I-14  Regulator failure 1.00E-01 0 - - -
I-15  Small external fire 1.00E-01 1 1.00E-02 [P-7] - 1.00E-03
I-16  Large external fire 1.00E-02 0 - - -
Frequency = >[(Fregency of initiating event x quantity) x (passive PFD) x (active PFD)] 9.11E-03
50 J. Korean Soc. Saf., Vol. 32, No. 6, 2017
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Table 8. Failure rate resulted from different sources®*?
Division Protection system Failure rate (M) Source Comment
A-1 Detector 31.51E-06/h 2.76E-01/yr OREDA® Fire & Gas detectors, Hydrocarbon gas
P-3 Open vent (no valve) 7.88E-06/h 6.90E-02/yr Valves, Unknown
P-7 Flame arrestor 3.40E-06/h 2.98E-02/yr TSTA™ Flame arrestor
Table 9. Comparison according to test of protection system
Protection system ORA
Division FIE Quantity
Division PFD Subtotal
12 1.00E-05 1 [A-1] 1.00E-01 1.00E-06
I3 1.00E-03 1 [A-1] 1.00E-01 1.00E-04
14 1.00E-03 1 [P-3] 1.00E-02 1.00E-05
15 1.00E-02 8 [A-1] 1.00E-01 8.00E-03
I-15 1.00E-01 1 [P-7] 1.00E-02 1.00E-03
Frequency - 9.11E-03
Risk - 4.56E-02
Considering Test of protection system
Failure Cycle (T, y1)
Division rate 0.25 0.5 0.75 1 2 3 4
Ay PFDavg  Subtotal PFDavg Subtotal PFDavg Subtotal PFDavg Subtotal PFDavg Subtotal PFDavg Subtotal PFDavg Subtotal
12 2.76E-01 3.45E-02 3.45E-07 6.90E-02 6.90E-07 1.04E-01 1.04E-06 1.38E-01 1.38E-06 2.76E-01 2.76E-06 4.14E-01 4.14E-06 5.52E-01 5.52E-06
13 2.76E-01 3.45E-02 3.45E-05 690E-02 6.90E-05 1.04E-01 1.04E-04 1.38E-01 1.38E-04 2.76E-01 2.76E-04 4.14E-01 4.14E-04 5.52E-01 5.52E-04
1-4 6.90E-02 8.63E-03 8.63E-06 1.73E-02 1.73E-05 2.59E-02 2.59E-05 3.45E-02 3.45E-05 6.90E-02 6.90E-05 1.04E-01 1.04E-04 1.38E-01 1.38E-04
I-5 2.76E-01 3.45E-02 2.76E-03 6.90E-02 5.52E-03 1.04E-01 828E-03 1.38E-01 1.10E-02 2.76E-01 221E-02 4.14E-01 3.31E-02 5.52E-01 4.42E-02
I-15 298E-02 3.72E-03 3.72E-04 745E-03 7.45E-04 1.12E-02 1.12E-03 1.49E-02 1.49E-03 2.98E-02 2.98E-03 4.47E-02 4.47E-03 5.96E-02 5.96E-03
Frequency - - 3.18E-03 - 6.35E-03 - 9.53E-03 - 1.27E-02 - 2.54E-02 - 3.81E-02 - 5.08E-02
Risk - - 1.59E-02 - 3.18E-02 - 4.76E-02 - 6.35-02 - 1.27E-01 - 1.91E-01 - 2.54E-01
Table 10. Comparison according to differential test cycle
Casel Case2 Case3 Case4 Case5
Division FIE Quantity
Cycle Subtotal Cycle Subtotal Cycle Subtotal Cycle Subtotal Cycle Subtotal
12 1.00E-05 1 6.90E-07 1.04E-06 1.38E-06 2.76E-06 4.14E-06
I-3 1.00E-03 1 0.5 6.90E-05 0.75 1.04E-04 1 1.38E-04 2 2.76E-04 3 4.14E-04
1-4 1.00E-03 1 1.73E-05 2.59E-05 3.45E-05 6.90E-05 1.04E-04
I-5 1.00E-02 8 2.76E-03 2.76E-03 2.76E-03 2.76E-03 2.76E-03
025 — 025 —— 025 ———— 025 —— 025 —
I-15 1.00E-01 1 3.72E-04 3.72E-04 3.72E-04 3.72E-04 3.72E-04
Frequency - 3.22E-03 - 3.26E-03 - 3.31E-03 - 3.48E-03 - 3.65E-03
Risk - 1.61E-02 - 1.63E-02 - 1.65E-02 - 1.74E-02 - 1.83E-02
shRerM atE| x|, M3 K6%, 20174 51
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