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Journal of Loss Prevention in the Process Industries

ELSEVIER

journal homepage: www.elsevier.com/locate/jlp

Process safety management lessons learned from a fire and explosion

accident caused by a liquefied petroleum gas leak in an aromatics
reforming unit in Taiwan

Fig. 1. Photograph of the accident scene.

Fig. 2. Leakage point of the LPG pipeline at 9:42.

B Source : Journal of Loss Prevention in the Process Industries 83 (2023) 105058
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Bhopal Gas Tragedy
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RBPS (Risked Based Process Safety)-CCPS

PROCESS SAFETY

MANAGEMENT SYSTEM
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1. HWIELEEFHE (Process Safety Culture Assessment, PSCA)
2. BEWH|EE (Damage Mechanism Review, DMR)

3. BEEHIE R (Hierarchy of Hazard Controls Analysis, HCA)
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C & R Construction Inc. Fisie 1+ Wisrie Aeid 40 per sens = e
Client : BOP Chemicals SILGO ' 1471271993
Filter
To shest Tall Gas
Ay ) no. 9317 () Water
Compressor m
= Cooler
Asmonia GP
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no. 9315 2
Vaporiser A
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o Hixer
R
Filter Condenser
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A5-0020
FLASH DRUM
790 meniD X 2370 mesT-T
DF : £.0 KGOMIG

- =l
REACTOR FEED HEATER
oury:asex vwwm:

MS-4008
FLASH DRUM
790 mmiD X 2370 menT-T
DP : 8.0 KG/CM2G
DT:415C f

sty bl B 07 -8 KOAALGO O - 70 €
3 L) L)
HS-4018 TT-4018182
REACTOR FEED HEATER FEED PREHEATER

DUTY : 0.96 X 106 KcalHR{NORMAL)
1.13 X 106 KealHR(MAX )

DUTY : 0.7889 X 106 KcalHR
SHELL DP : 5.0 KGICM2G DT : 415C
TUBE DP : SOKGOM2G DT : 226 C
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ERICIR/ MRS (26 )

LINE NUMBERING ’___/..-/' 48
UNE SIZE = __— | AR EIM
SERVICE — e T
LINE NUMBER — &k
INSULATION —— B R A
PIPE SPECIFICATION ——— .
[ [ BB RAE
K= XK= XXXX—=X=XXXX
PIPING SERVICES INSULATION SERVICE
Al INSTRUMENT AIR H HEAT CONSERVATION PIPE SPEC LAS! SERWICE
AU UTILITY AR L COLD SERVICE & ACOUSTIC INSULATED e ; i o e
cs10 50 CTW, UTILITY STATION
IN NITROGEN N NO INSULATION
NH HIGH PRESSURE NITROGEN P PERSONNEL PROTECTION csn 130
NM MED. PRESSURE NITROGEN S INSULATION AND STEAM TRACE Cs12 E 300
NL LOW PRESSURE NITROGEN £s13 EEL / BRONZE 50
NW 95% N245% HYDROCARBONS 014 £l o
SL LOW PRESSURE STEAM - e
M MED. PRESSURE STEAM Cs15 CARBON STEEL
cL LOW PRESSURE COND. csi6 CARBON STEEL 300
o™ MED. PRESSURE COND. cs17 GALV. STEEL 150
WC COOLING TOWER WATER SUPPLY ;: N e o
WH COOLING TOWER WATER RETURN 5510 316 L SS 50
WD MEG, POTABLE WATER (SOFT WATER) SS10A 316 LSS 150
we PROCESS WATER (SOFT WATER), DI WATER S511 316 L SS 300
] INDUSTRIAL WATER " I B
wu ULTRA PURE WATER L el 60
X ACETIC ACID / SULPHURIC ACID s815 SS TUBING
X0 POTASSIUM HYDROXIDE
HO SEAL OIL
HM HYDROCARBONS
FO FUEL OIL
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PETROCHEMICAL CORP.

(PROCUREMENT SPEC.)

RF-2 i@ T2 PROJECT

SHEETNO. 15 OF 19

PRESSURE RELIEF VALVE

Individual Specification

Requirement | Yes | No |

J PJ010
Z2M%E [TreTwe
|

1 | tem No. [ Tag No. 27| PSV-821651C 8 PSV-821661a
2 | P&ID No. 82-D71D 82-D71E
3 | Service P-82-1583-B210L-6" P-82-1611-B210L-6"
4 | Conv.,Bal d Bellows,Pilot Op. CONVENTIONAL | CONVENTIONAL
5 | Safety or Relief SAFETY RELIEF o ETY RELIEF
6 | Bonnet Type CLOSE ) s s X |cuosE
7 | Full or Semi-Nozzle FULL ks FULL
8 | Size (Inlet x Outlet) *, 3/4% X 1¥ *, 3" X 4"
9 | Connection Rati ANS| D0#KF X 150#RF (300#KF x 150#RE )
10 | Body Material # 04 3.8. V?a’;“sfg_’g
11| Bonnet Material # 304 S.S. 304 s.8.
12| Disc Material [ Nozzle Material 316 S.5. | 316 s.s. 316 s.8. | 316 s.s.
13 | Resilient Seat Seal Material ——— -—
14| Guide Material 316 S.8. 316 S5.8.
5| Rings Material 316 S.S. B p6 s.s.
16| Spring Material ALLOY STEEL \————rm=dY STEEL
17 | Bellows Material -— [ L — 1
18 | Packing Material (Non-Asbestos) - _;%ﬁ * WAE - BB | -
19 | Screwed or Bofted Cap # SCREWED — — ED o A5t
20 | Plain or Packed Lever # e EEW@HT & 1 B gt
21/ Test Gag & Plug # 58 S5 flcode) Bg Uit et £
22 | Code Basis --- ASME SECTION VIII
23 Fire or Other Basis THERMAL EXPANSION l ENTRANCE OF VOLATILE UZE'L

24

Calculation Area

E’ Selected Area
26' UV Stamp Required

1.342 SQ IN

|0riﬂc¢ Designation

* I *

1.838 SQ TN | K

Service Condition

ALEATE
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ERE - 1
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EERERIHE  ERTHEERTE
4 53 ¥ (Hazard and Operability Study,
HAZOP)si KR E T K& 53 #r (Failure
Modes and Effects Analysis, FMEA)Z %
AED M ITA -

D=2 E
SEAMR-ERD
(What-If Analysis) - 1% 3% (Checklist)%
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f+EEMAH(Major Accident Hazard)

=B CCPSiE:E O] Fl "
- API RP 754 “Process
Fﬁ A P | - 7 54 Z % 1 E Safety Performance
(Process Safety Indicators for the
. e Refining and
Incide nt) BIZEDfE Petrochemical
(Process Safety Industries”

Event)’REZMAH

Tier 3 and 4 data hold the
key to avoiding Tier 1 and
2 events

Safety and profitability go
hand in hand

(API-754: R R AERZRBEZZENER -

Process Safety Performance Indicators for Operating Discipline & Management System
the Refining & Petrochemical Industries) Porfarinaice IndiEators
I
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API-754 MAHRVmEEEH

Table D.1 - Tier 1 Process Safety Event Severity Weighting

Consequence Categories
il Direct Cost from Fire or Material Release Within Off-Site Environmental
Points Safety/Human Health * Explosion Any 1-Hr Period ® Community Impact Impact &¢
* Injury requiring treatment + Resulting in $100,000€  « Release volume 1x<Tier1 « Officially declared shelter-in- e Resulting in $100,000 £
beyond first aid to an Direct Cost Damage < TQ < 3x outside of place or public protective Acute Environmental Cost
employee, contractor, or $1,000,000. dary i (e.g., road cl ) for < < 51,000,000.
1point subcontractor. (Meets the 3 hours, or

definition of a US OSHA « Officially declared evacuation <3
recordable injury.) hours.

= Days Away From Work injury + Resulting in $1,000,000< « Release volume 3xsTierl e Officially declared shelter-in- * Resulting in $1,000,000 =

= to an employee, contractor, Direct Cost Damage < TQ < 9x outside of place or public protective Acute Environmental Cost
or subcontractor, or $10,000,000. secondary ¢ i (e.g., road closure) for > < 510,000,000, or
Injury requiring treatment 3 hours, or » Small-scale injury or
beyond first aid to a third « Officially declared evacuation >3 death of aquatic or land-
party. hours < 24 hours. based wildlife.
A fatality of an employee,  * Resulting in $10,000,000<  Release volume 9x < Tier 1 s Officially declared evacuation > ¢ Resulting in $10,000,000 <
contractor, or subcontractor, Direct Cost Damage < TQ < 27x outside of 24 hours <48 hours. Acute Environmental Cost
or $100,000,000. secondary containment. < $100,000,000, or
A hospital admission of a * Medium-scale injury or Ti e r_ 2
third party. death of aquatic or land-

based wildlife.

Multiple fatalities of * Resulting in 2 * Release volume 2 27xTier 1 » Officially declared evacuation > e Resulting in >
employees, contractors, or $100,000,000 of direct TQ outside of secondary 48 hours. $100,000,000 of Acute
subcontractors, or cost damages. containment. Environmental Costs, or T M 1
Multiple hospital admission » large-scale injury or I e r_
of third parties, or death of aquatic or land-
A fatality of a third party. based wildlife
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Onion theory

9. Community
Emergency Response

8. Plant Emergency
Response

6. Physical
Containment (Bunds)

5. Physical
Protection (Relief Devices)

4 Safety
Instrumented System

3. Alarms &
Operator Intervention

2. Basic Process
Control System

1. Process
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Bow-tie analysis(38%45/WYR45 72 #7,BTA)
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