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Abstract - With continuous advancements in industry, science, and technology, there is a steady increase in
the number and utilization of new chemicals. The growing societal emphasis on chemical safety management
is paralleled by an increasing public demand for robust safety measures. While various ministries at the gov-
ernment level oversee the safety management of chemical substances, the occurrence of accidents related to
chemical substances remains frequent each year due to problems such as aging facilities and careless handling.
Upon analyzing domestic chemical accident cases, incidents occurred predominantly in the sequence of leak-
age, explosion, fire, and others. The main causes of these accidents were examined, revealing facility defects
and non-compliance with safety management as the primary contributing factors. In this study, Hazard and
Operability Analysis (HAZOP) was employed to identify hazardous risk factors associated with the handling
of hydrofluoric acid in workplaces, and a risk assessment was performed using Bow-Tie method. Based on the
results of this study, it is expected to enhance safety management plans aimed at preventing chemical accidents
in workplaces dealing with similar facilities. Ultimately, these insights contribute to the development of an ad-
vanced chemical safety management system, capable of proactively preventing potential chemical accidents.
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Table 1. hydrofluoric acid leakage accidents
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No | Date of loss Area Accident substance Cause of accident Accident type

1 14.02.25 ulsan hydrofluoric acid Facility defects Leak

2 14.07.21 dangjin hydrofluoric acid, sulfuric acid, nitric acid | Non-compliance with satety standards fire

3 14.08.24 geumsan hydrofluoric acid Non-compliance with satety standards Leak

4 14.10.23 seoul hydrofluoric acid Non-compliance with satety standards Leak

5 15.09.02 | yeong cheon hydrofluoric acid nitric acid, water Non-compliance with satety standards Leak

6 15.11.16 ulsan hydrofluoric acid Facility defects -

7 16.06.04 geumsan hydrofluoric acid Facility defects Leak

8 17.05.11 yangsan hydrofluoric acid, nitric acid Facility defects Leak

9 18.04.17 ulsan hydrofluoric acid Facility defects Leak

10 20.03.06 kongju hydrofluoric acid, nitric acid Non-compliance with satety standards Leak

11 21.04.06 icheon hydrofluoric acid Non-compliance with satety standards Leak

12 22.05.02 paju hydrofluoric acid Non-compliance with satety standards Leak
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Fig. 3. Risk matrix

Table 2. Remedial Action Plan

Risk Leve
Action | Action . . 1
ittt Before| After Improvement Recommendations Action plan
Action | Action
Installation of Hydrofluoric Acid Leak Installation of Bottom Leakage Detector for the Facility
Detector Installation of Upper Gas Detector for the Facility
7 1 20 9 Establishing Countermeasures through Damage| Developing Emergency Response Plans Using Damage
Prediction Assessment Prediction Programs
Issuance of Portable Hydrofluoric Acid Issuance of Portable Hydrofluoric Acid Detectors for
Detector Each Worker
Issuance of Portable Hydrofluoric Acid Establishing Procedures for Hot Work Permit during
Detectors for Each Worker Welding Operations
3 2 15 9
Installation of Safety and Health Signs in the| Attachment of MSDS by Substance or Affixing MSDS
Workplace for Each Substance
Differential Pressure Gauge Installation and Installation of Pre- and Pf)st»Fllter Housing Dl.fferentlal
. . Pressure Gauges, Creation and Implementation of
Visual Inspection Management . .
2 3 12 9 Inspection Checklist
Establishing Measures Through Damage Development of Emergency Response Plans Using
Prediction Assessment Damage Prediction Program
. X . Installation and Integration of Hydrofluoric Acid
Detector-Linked Fire S Syst
etector-Le Ire Suppression. System Detectors and Sprinkler Systems
9 4 12 9
Establishing Measures through Damage Establishing Emergency Response Plans through Damage
Prediction Assessment Prediction Program
8 5 12 8 Installation of Spare Blower Parallel Installation of Spare Blower in the Suction Line
1 6 2 9 Placement of a Safety Valve Downstream of | Installation of a Safety Valve at the Downstream of the
the Pressure Regulator Pressure Regulator
4 7 10 g Change Management and Risk Assessment Compliance with Change Control Guidelines and
Implementation Conducting Risk Assessment
Attachment of Level Contact Sensors Attachment of Emergency Pit Interior Level Contact
Sensors
6 8 10 8
. - Enhancement of Dockyard CCTV Installation and Control
Real-time Monitoring -
Room Monitoring
Parallel Installati f Standby Submersible Pumps in th
Installation of Standby Submersible Pump aratie atlation of Stancby u.mersl ¢ ps e
Conveyance Line
5 9 10 8
Change Management and Risk Assessment Compliance with Change Control Guidelines and
Implementation Implementation of Risk Assessment
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Table 4. HAZOP Study(Node 1)

HA

Ho
of

P&ID Node. 1 Study node Transferred from IBC storage tank toihydroﬂuoric acid tank through
NO. filter housing
tareet Transferred from IBC storage tank
rofess to hydrofluoric acid tank through Design intent Tank lorry hydrofluoric acid filling
P filter housing
current risk improv X
- Recommendations
Deviation causes Consequence Safeguards ement
frequency | severity | Risk| . imber for Improvement
Periodic inspection 2 2 4
Pump and Valve Hydrofluoric acid filling operator training 3 2 6
No/ Failures delay Check valve open/closed
Less status 4 2 8
1 R
flow
Regular Pi li 3 3 9
) ) HF Acid Gas Leak, egular Pipe Sealing .and
Faulty Pipe Connection . . Internal Pressure Testing,
g . Acid Refill Delay, Low - -
Filter Housinga Pressure Gauge Installation 3 3 9
Pressure .
and Maintenance
2 2 4
More Pump Malfunction, HF Acid Overfill, Inspection, Training, 3 2 6
2 flo Valve Failure, Transfer |Cavitation, Excess Pump| Regulator and Rupture 1 Safety Valve
Pump Misoperation Discharge Pressure Disc Installations 4 3 12 Installation after
Pressure Regulator
Forklift Overturn Due . . Issuance of Heavy
Hydrofl Acid Leak 2 4 8 - -
to IBC Overloading ydrofluone Act 4 Equipment Work Permit
Fire Extinguisher Hot Work Permit
Pl Iss W 1
Pipe Welding Operation | Fire within the Process acemet‘n,. 3 5 15 3 ssuance, ‘orkp ace
3 Safety Worker Training, Safety Signage
Fire Watch Deployment Installation
Installati f
Inadequate Change nstatiation o
. . Safety and Health
Management of the | Hydrofluoric Acid Leak 2 5 10 4 . .
Transfer Pump Signs in the
i Workplace

Table 5. HAZOP Study(Node 2)

P & ID NO. Node2 Study node Moving from Discharge Line to Df)ckyard and .then to Wastewater Tank via
Submersible Pump Line
Transferring and Filling
{aroet Drocess Hydrofluoric Acid from Desien Infent Transporting Hydrogen Fluoride to the Wastewater Tank at a Flow Rate of
gt p Storage Tank to Tank Lorry en 145LPM
Process
current risk i
. . tmprove Recommendations for
Deviation causes Consequence Safeguards ment
frequency |severity | Risk | umber Improvement
Submersible Pump Standby Pump
Ifunction D Excess HF Aci k | Ei hel Install, Ch;
1 |parts of flow Malfunction Due to Xcess cid Leal mergen?y. Shelter 2 5 10 5 nstall, Cl angs?:
Inadequate Form Change |from Emergency Sump Provision Management, Risk
Management Assessment Apply
Malfunction Due to Foreign . . Roum%e Inspection, Attachment of Level
. L. HF Acid Leak from Debris Removal,
2 | More level Material Jamming in the . 2 5 10 6 Contact Sensor,
. Pump Failure Manual Pump . -
Level Switch . Live Monitoring
Operation
HF Acid Detector
Ei Installation, Portabl
Hydrogen Fluoride Detector | HF Acid Leak with mergenc?" nstaation, Fortable
3 Safety Not Installed Response Tnabilit Response Training 4 5 20 7 Detector Issuance,
PO Y and Implementation Impact Assessment
Implementation
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Table 6. HAZOP Study(Node 3)

i

-

oX,
o,

P & ID NO. Node.3 Sl s Process of Transferring and Filling Hydrofluoric Acid from Storage
Tank to Tank Lorry
Process of Transferring
target process :r:li deI::)lrr;g s?g;jg)eﬂ?r(ﬁ; Design Intent Hydrofluoric Acid Neutralization
to Tank Lorry
current risk impro
veme .
Deviation causes Consequence Safeguards nt Recommendations
1 g freque | severi | _. for Improvement
Risk | numb
necy ty
er
Section Failure Due to | Hydrofluoric Acid . . Installation of
Blower Malfunction Gas Leak’ Routine Inspection 3 4 12 8 Backup Blower
1] No/Less Routine Inspecti
pection,
Detector Install
flow - . Hydrofluoric Acid | Weld Joint Testing, etector a
Piping Connection Flaw R . . 3 4 12 9 External Impact
Gas Leak Pipe Tightness &
Assessment Setup
Pressure Tests
More | Excessive Hydrofluoric PH COIlCCI.ItI‘atIOIl Periodic pH Level
2| flow Acid Supp Changes in the Monitorin; SOl L ;
PRy Scrubber &
Untreated Gas
Main Power Supply Discharge,
Disconnection Neutralization Delay, Emergency Generator | 2 3 6 ) )
3| Safety Infeasibility
Freezing of Water | Insulation of Heater
Extreme Cold Inside the Scrubber Water Pipes 2 3 6 ) )
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Fig. 5. Risk Analysis Diagram using Bow-Tie
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