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Abstract

Background and Obijective: The steel industry is one of the most hazardous process industries due to
the nature of metal melting and high heat, gases and hazardous chemicals. The high potential of process
incidents with consequences such as fire, explosion and release of toxic substances in the mentioned
industry emphasizes the importance of hazard identification as the first step in process safety risk
management. In the present research, to provide the necessary infrastructure, including a written
methodology for hazard identification and risk analysis studies as one of the most vital requirements of
Process Safety Management (PSM) and in line with PSM implementation in Mobarakeh Steel Company,
the relevant procedure was developed and to ensure its applicability, process safety hazards and their
associated incidents in one of the most hazardous units (oxygen and hydrogen unit) were identified and
analyzed using the aforementioned procedure.

Material and Methodology: The “hazard identification and process safety risk analysis” procedure was
developed in accordance with the requirements of process safety management expatiated in PSM best
practices and other relevant technical documents. The procedure includes hazard identification (HAZID)
worksheet, guide words, levels of probability of occurrence and severity of consequences, risk matrix,
implementation methodology, etc. In order to conduct the HAZID study in the oxygen and hydrogen
unit, a team including experts and experienced engineers in their relevant job fields was formed, and
after preparing the necessary arrangements such as reviewing the documents, HAZID meetings were
held according to the developed methodology, the worksheets were completed and analyzed as per the
study nodes and relevant corrective measures were also suggested.

Findings: From the total of 40 process safety incidents identified in the oxygen and hydrogen unit, 5%
had a low-risk level, 65% had a medium-risk level, 15% had a high-risk level and 15% had an extreme-
risk level. Therefore, the majority of the identified process safety risks had a medium (tolerable) risk

1- Assistant Professor, Faculty of Natural Resources and Environment, Science and Research Branch, Islamic
Azad University, Tehran, Iran.

2- Health, Safety and Environment Manager, Mobarakeh Steel Company, Esfahan, Iran.

3- Head of Safety, Occupational Health and Firefighting, Mobarakeh Steel Company, Esfahan, Iran.

4- Research Fellow, Faculty of Natural Resources and Environment, Science and Research Branch, Islamic Azad
University, Tehran, Iran. *(Corresponding Author)


mailto:Mohamad_792001@yahoo.com

level. Major Process Incidents (MPIs) with high (unacceptable) and extreme (intolerable) risk levels
also constitute 30% of all incidents. The plants of the oxygen unit had the most process incidents in
terms of the number, and gas and liquid tanks had the highest risk level of process safety incidents. In
total, 12 MPIs with high and extreme risk levels were identified.

Discussion and Conclusion: One of the key achievements of the research is the development of the
“hazard identification and process safety risk analysis” procedure in Mobarakeh Steel Company to
identify and analyze the process safety incidents and other related characteristics such as the causes and
consequences of incidents, prevention and mitigation controls, the probability of occurrence and severity
of consequences, risk level, etc. Also, the aforesaid procedure would help deliver a coherent
methodology for assessing process safety risks, provide a suitable platform for adopting corrective
measures for major risks, conduct supplementary studies, and develop and implement other mechanisms
required to meet PSM requirements.

Keywords: Risk Analysis, Process Safety Incident, Hazard Identification, Process Safety Management.
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1- Process Safety

2- Flixborough

3- Bhopal

4- Longford

5- Deepwater Horizon

6- Tianjin

7- Hazard Identification (HAZID)
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9-Process Safety Management (PSM)

10-Hazard Identification and Risk Analysis (HIRA)
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1-Quality Steel

2-Safe Steel

3-American Institute of Chemical Engineers
(AIChE)

4-Canadian Chemical Producers' Association
(CCPA)

5-European Federation of Chemical Engineering
(EFCE)
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Table 1. Process Safety Hazards Identification and Risks Analysis Worksheet in Mobarakeh Steel Company
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5-Center for Chemical Process Safety — Risk Based
Process Safety (CCPS RBPS)
6-Guidewords

1-Reforming

2-Process Safety Hazards

3-As Low As Reasonably Practicable (ALARP)
4-World Steel Safety Guidance Note — Process
Safety Management (WS PSM)
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Table 2. Process Safety HAZID Guidewords
Hazard ID Category
CH-F Flammables
CH-T Toxics
. CH-E Explosives
Chemical :
CH-C Corrosives
CH-O Oxidizers
CH-R Radioactives
PH-HF Hot Fluids
PH-CF Cold Fluids
Physical PH-P Pressure
PH-OF Open Flame
PH-E Electricity
Natural NH Environmental
Man-made MH Security
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Table 3. Description of the Probability of Occurrence Levels
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Table 4. Description of the Severity of Consequences Levels
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Table 5. Risk Matrix (Process Safety)
Severit ) Moderate . Critical
Y Low (S1) | Minor (S2) s3 Major (S4) S5
Probability (S3) (S5)
Almost Certain (P5) 5 10
Likely (P4) 4 8
Possible (P3) 3 6
Unlikely (P2) 2 4 6 8 10
Rare (P1) 1 2 3 4 5
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Table 6. Risk Acceptance Levels

Sy el S 3 o oo
High (H) oL 8-14
Medium (M) [ 3.7
Low (L) o 1-2
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3- Piping & Instrumentation Diagram
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1- Process Description
2- Process Flow Diagram
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1- Loss of Primary Containment
2- Worst-Case Scenario
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Figure 1. Frequency of Process Safety Incidents in Oxygen and Hydrogen Unit in terms of Risk Level

3- Intolerable
4- Major Process Incident (MPI)

1- As Low As Reasonably Practicable (ALARP)
2- Unacceptable
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Table 10. Process Safety Incidents with the Highest Risk Numbers (Top Three Priorities) as per Study Nodes
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Figure 2. Number of Major Process Incidents in terms of Oxygen and Hydrogen Unit HAZID Nodes
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Diagram 1. Bow-Tie Diagram for Major Process Incident No. 1 in Oxygen and Hydrogen Unit
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1-Workplace Risk Assessment and Control (WRAC)
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