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Advanced Bow-tie Risk Assessment for

Root Cause Analysis

Youngnam Noh

Department of Safety Engineering Graduate School of Industry

Pukyong National University

Abstract

In chemical plants that handle toxic and hazardous materials under various
operating conditions, Toxic and hazardous materials are highly likely to cause
serious industrial accidents, such as fires, explosions, and toxic material leaks.
In order to prevent serious industrial accidents, it 1S necessary to
systematically analyze the large and small accidents that have occurred and
find the root cause to prevent serious industrial accidents.

Currently, under Articles 54, 55, 57, and 73 of the Enforcement Rules of the
Industrial Safety and Health Act, all employers are obliged to report and
investigate the cause of accidents and plan to prevent recurrence. The disaster
investigation table in attached Form 30 of the Enforcement Rules is not
enough to prevent serious industrial accidents by analyzing the cause of
accidents and establishing measures to prevent recurrence of accidents due to

unclear analysis method and guidance. Therefore, many companies have
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established measures to analyze causes and prevent recurrence through several
accident cause analysis techniques.

These day, many Korean companies use simple techniques such as 4M
(Man, Machine, Method, Material), and 5-Why, and large and global companies
use techniques such as Taproot, Systematic Cause Analysis Technology
(SCAT) and Apollo to analyze the root cause.

This study look into the functions of various root cause techniques, and
found that most fundamental cause analysis techniques focused on the
consequence of accidents. Therefore, it is lacked education to prevent
recurrence of accidents due to poor cause and consequence relationship. I
proposed a new method of combining the Bow—-Tie technique, which is a risk
assessment technique, and the 5 why cause analysis technique, so that the
relationship between the cause and consequence of the accident can be easily

identified through new technique.
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2.4 Apollo 718
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2.5 Bow-tie 1847714
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3.2 ‘I HAAL Aol £2EHTY
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ANX = HVAC 7Hs T Al 1ol gk shoto] A i’ 7F Ao
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4M Cause Corrective action
- Improper-DES Setting(Fault - Reinspection of all DCS setting.
M Close) Change to Fault Open position
an Inadequate inspection after Set_up the regular inspection o
installation F oS

- _Lack of risk identification for

- Conduct risk assessment and tr

M&Chlne HVAC shut down aining for HVAC shut down
- Full of chemical inside vessel - Develop the HVAC shut down pr
1 ocedure (drain the vessel)
Material

- Lack of inspection process
after installation

No procedure or checklist for H
VAC shut down

Method

Develop the DCS inspection pr
ocedure
- Develop the checklist for HVAC
shut down
In case of HVAC shut down,
drain the vessel
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Rupture Disc burst

on process line

HVAC was shut down

Liquid themal expansion occurred due to

high temp. = Room air heated pipe line == Move to High Temperature

QOver pressure 5.7 bar

Bottom valve closed === DCS automatically closed the valve === Vendor incorrectly set up the DCS === Lack of verification procedure

Chemical was not drained after cleaning __ This is normal operation process for
Full of checmical inside Vessel i cleaning

and line Cleaning step was developed based on

histoicalpractice = Potentail quality issue by residue in past

Summer season === Room temp. increased from 23.1C to 30.4C

No checklist or procedure for HVAC shut
down

¢ HVAC was shut down for maintenance === No risk assessment for HVAC shut down

High Temperature 29C

Lack of awareness from HVAC down impact
1o process

No requirement
No response to temp. alarm === No operator in that process area {
SWP for HVAC shut down was issued

Fig 7. ‘34 & B A’ ¥ 5Why
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3.3.1 4M 71§

2 Machined| A & A Ro A datstelbs wA o

e
2

sk Q12 i, “H] AFE A m A A Materialoll A & ‘7HE

71 A A}’ Methodol Al ‘AFA 28] 7kA 24 9@ 98 dwgrp A b3,
2 F2F o] WA= E Wele] g YEAd A mAATE A

Supervisor and Worker’s lack of Special Safety training to supervisor and
knowledge and skill workers
Inadequate supervision - Improve the process of worker
. ‘acceptance
No aware of carbon menoxide "~ Using ventilation fan for working area
generation in gasoline engines - Using an exhaust fan, conduct carbon
No inspection prior to using equipment ide exhaust from concrete
cutters
- Develop a checklist before using the
equipment
Using Gasoline engine machine - Using ventilation and exhaust fan
- Using a 02 detector during working
time
Poor pre work permit and risk - PRe-certification of wark permit i lssuer
assessment = tation of risk
Failure to analyze the risk of change tralnlng
when the working environment has - Create risk assessment samples for
changed frequent tasks

Fig 10. ‘A3t ea FZAL ] B 4M 719
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3.3.2 5Why 714

5Why 1€ Sate] 1%4S & 4 4MeAE 2dsd 2ad

SR 3N R ABFET A A4 ANE debeke R wa

No recognized CO emitting and potential

= Lack of control
risk

Contractors inhaled Carbon

modi e, Carbon monoxide generated — Gasoline engine driven concrete cutting saw —— No option except gasoline engine drive
CO was not measured during work = Not recognized CO fisk
Doesn't recognized CO risk during risk __ ek of knowledde
assessment with Contractor 4
Two contractors got No awareness of potential CO i Only outdoor experience. __ | 2oy of control
2 hazard
Carbon Monoxide Tool inspection was done by contractor
i i Not checked for equipment manual
Poisoning Site Tool/equipment inspection process is
not appropriate
Lack of knowledge for equipment
Not recognized for requiring enough
jemiistion Carbon monoxide was not considered at
No enough ventilation for the i
working area SWP issuer is lack o knowledge for gasoline

New hazard(vinyl tunnel + equipment) Sogine:
weren't identified
Potiential hazard was not included in SWP

Fig 11. ‘4 3ga F5AL ] @ 5Why 7149
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4M

Cause Corrective Action

Man

Lack of understanding of the risks of
loosening bolts as you drive

Machine

- No indication of loosen bolt - Markings for tightening bolts/nuts

Material

Loosen bolt after long operation Change the type of bolt and valve

Method

Reinforcement of balts every three
months

Mo guide for bolt tightening from
manufacturer
Failure to tighten the bolts periodically

Fig 14. '3t #B E3 &7 84 FEAR'0 O 4M 7|9

3.4.2 5Why 718

stk B F3 f7]8A FEARL

rie

[kl

Ajo] WB 7} 50% 7

Solvent Leak of

cylinder connection
for bottom valve

A2 A3 AMelA = &

o AFo] AT B W] 247+ FrEe

%+ e

Jejgiet st 2 AQE2 stot @

Pump operation

Max 2hrs waste operation of whole batch
process

Bolt was not fastened enough

3 ) = Pump suction vibration exist
upon past leakage inspection

Air control valve 50% opening

No vendor & intemal quide cn cylinder bolt

fastenng
No visual indication of bolt loosening
Cylinder connection bolt was not tighten by {

togue wrench Bottom valve was re-installed during start-
up

Cylinder connection bolt was
loosened

= No guideline for bolt fastening

BE B3 F718A FEALA HE 5Why 719
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