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Abstract
HIRA, or Hazard Identification and Risk Assessment, serves as a vital tool in the steel industry to mitigate

unsafe acts and conditions and prevent accidents. Given the diverse range of activities involved in steel
manufacturing, various hazards pose risks to both individuals and the environment. Unfortunately, non-
compliance with safety regulations has led to numerous fatalities. Proper education and training are imperative
to address these risks effectively. Through HIRA, potential hazards can be systematically identified and assessed,
enabling the implementation of preventive measures. This proactive approach not only enhances safety standards
but also fosters a culture of awareness and vigilance among workers. Ultimately, HIRA plays a pivotal role in
minimizing the occurrence of accidents and ensuring the well-being of personnel in the steel industry.

Introduction
In the contemporary era, Hazard Identification and Risk Assessment (HIRA) has entrenched itself as a

fundamental component within Environmental, Health, and Safety (EHS) management frameworks. Its
integration into broader safety paradigms ensures a comprehensive approach to risk mitigation. The advent of
cutting-edge technologies like artificial intelligence, data analytics, and machine learning has substantially

augmented the precision and efficacy of HIRA processes.

HIRA serves as a cornerstone in safety management systems across diverse
industries, symbolizing a proactive stance towards accident prevention. In sectors like
steel manufacturing, where operational success hinges on safety, HIRA plays a pivotal
role. It involves meticulously identifying and evaluating risks and hazards associated

with various activities, thus bringing them within acceptable tolerance levels.

The historical evolution of HIRA wirrors the broader trajectory of safety
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practices, underscoring a growing recognition of the imperative to systematically
identify and address potential hazards. This article delves into the historical narrative
of HIRA, tracing its origins, pivotal wmilestones, and its profound influence on

contemporary safety protocols

2. Overall Plant Process

Welcome to a one-of-a-kind establishment, where premium steel products meet
expertise tailored to suit your business needs. At Xyz Shoppe, we offer more than just
high-quality steel; our comprehensive services include financial solutions and advanced
processing facilities for value -added products. Since its inception in 2007, Xyz Shoppe
has revolutionized the retail landscape with its network of stores operating on a
franchise model. These outlets, managed by our dedicated channel partners, cater
divectly to individual customers and small to wmedium-sized enterprises (SMESs)
nationwide. What sets Xyz Shoppe apart is its accessibility. With approximately 400
outlets spread across the country, including semi-urban and rural areas, we ensure
that our products and services are within reach of all demographics. Moreover, we are
continuously expanding, with plans to open 200 wore outlets and venture into
international markets, starting with the SAARC region. Our commitment to serving
customers extends beyond geographical boundaries, with upcoming stores in Sri Lanka
and Nepal marking the beginning of our global presence. At Xyz Shoppe, we are
dedicated to providing unparalleled steel solutions coupled with unparalleled

accessibility and convenience.
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flow diagram of the steel process plant

2.1 STEEL PRODUCTION PROCESS: FROM RAW MATERIALS TO FINISHED PRODUCTS
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process of steel manufacturing
3 TRIPLE WAGON SYSTEM: ENHANCING EFFICIENCY IN RAIL TRANSPORTATION
The wagon tippler facilitates the unloading of raw materials from train wagons without the need for

Thermo-Mechanical Treatment

mineral treatment before steel manufacturing. It accomplishes this by tipping the loaded wagons, supported

from the top and sides with clamping devices. Additional features such as track stops, wheel grippers, and

various limit switches enhance its functionality. This equipment streamlines the unloading process, ensuring

efficiency and productivity in steel production operations.
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wagon trippler

3.1 Sintering Facility

The sinter plant process involves transforming raw ore materials into small particles resembling cement
or minerals. Utilizing materials from the wagon tippler, the sinter plant converts iron ore into sinter, an ideal
material for blast furnace operations. This is achieved by blending iron ore powder, fluxes, and recycled
materials from the steel plant, resulting in a uniform, open-grained substance suitable for further processing

in the blast furnace.

Sinter plant

3.2 STEEL SMELTING CORE

Blast furnaces serve as the primary means for transforming iron ore into pig iron, a crucial intermediate in
steel production. Additionally, they find applications in processing various metals like lead and copper. The
process involves maintaining rapid combustion through pressurized air currents. By utilizing a combination of
iron ore, coke, sinter, pellets, and fluxes like limestone, pyroxenite, and quartzite, blast furnaces generate hot
metal, or liquid iron, via chemical reduction. This reduction process, facilitated by carbon monoxide, effectively
converts iron oxides present in the raw materials into elemental iron, laying the foundation for subsequent

steelmaking processes.
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STEEL SMELTING CORE

3.3 End of File (EOF)

The Electric Arc Furnace (EOF) is utilized for melting and refining steel, featuring a scrap pre-heater for
enhanced efficiency. Its operation revolves around a process that involves the injection of a combination of
submerged and atmospheric oxygen (O2) into an initial charge. This charge typically comprises hot metal (HM),
solid scrap that has been preheated, and fluxes necessary for slag formation. Through this method, the EOF

achieves the desired chemical reactions necessary for refining and producing high-quality liquid steel.
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3.4 Secondary Metallurgy Station (SMS)

Steel production begins with the extraction of iron ore, a naturally occurring compound comprising iron,
oxygen, and various minerals. These raw materials undergo conversion into steel through two distinct methods:
the blast furnace/basic oxygen furnace (BF/BOF) route and the electric arc furnace (EAF) route. In the BF/BOF
route, iron ore is processed in a blast furnace to produce pig iron, which is then refined in a basic oxygen furnace
to obtain steel. Conversely, the EAF route involves melting scrap steel in an electric arc furnace to create new
steel products.
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Secondary Metallurgy Station (SMS)

3.5 Ladle Refining Furnace (LRF)

Ladle Refining Furnaces (LRF) play a crucial role in refining molten metal by elevating its temperature and
modifying its chemical composition. By utilizing LRFs, the need for higher tap temperatures from steelmaking
furnaces is reduced, as heat losses during the refining process with traditional ladles are minimized. This allows
for more efficient and precise control over the refining process, resulting in improved quality and consistency of
the final steel products. LRFs are thus indispensable in achieving the desired properties and composition of

molten metal before it is further processed into steel products.

Ladle Refining Furnace (LRF)

3.6 Continuous Casting Machine (CCM)

Continuous casting (CC) stands as a pivotal method in steel manufacturing. During this process, liquid steel
is transferred from the ladle into a tundish, then flows into a mold. Here, it begins to solidify against the chilled
copper walls, creating a solid shell. This method offers several advantages over traditional casting methods,
including enhanced efficiency, improved product quality, and reduced energy consumption. CC plays a crucial
role in streamlining the steel production process, ensuring consistent and high-quality output for various industrial

applications.

Continuous Casting Machine (CCM)
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4 METHODOLOGY
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Risk Management and Hazard Analysis

4.1 Risk Realm

A hazard encompasses any element, circumstance, or action capable of leading to harm, encompassing risks
such as injury, illness, fatality, environmental impact, and damage to property or equipment. It can manifest as
either a tangible entity or a specific set of circumstances.

4.2Risk Recognition

Hazard Identification involves thoroughly inspecting every work setting and task to pinpoint all potential risks
inherent to the job. These settings encompass various environments such as machine workshops, laboratories,
office spaces, agricultural and horticultural sites, storage and transportation areas, maintenance grounds,
reprographics facilities, as well as lecture halls and educational spaces.

The tasks may encompass using screen-based equipment, audio and visual aids, industrial machinery,
hazardous substances, interacting with individuals, driving, handling emergencies, and engaging in construction
activities. The objective is to identify potential sources of harm within work tasks and areas.
4.3Peril Perception

The likelihood or probability that harm, such as injury, iliness, death, or damage, could result from exposure
to a hazard.

4.4Hazard Evaluation

It involves evaluating the risks linked to each identified hazard to comprehend the nature of the risk. This
encompasses understanding the potential harm, its severity, and the likelihood of occurrence.
4.5Risk Management

Taking measures to eradicate health and safety risks to the extent feasible. If elimination isn't feasible,
implementing control measures becomes necessary to mitigate risks as much as reasonably possible. A hierarchy
of controls has been devised and is outlined below to aid in choosing the most suitable risk management approach.
4.6 Risk Awareness and Evaluation (RAE)

A Hazard Identification and Risk Assessment (HIRA) is indispensable for emergency managers, providing a
structured approach to analyzing diverse hazards and their associated risks. Its significance in emergency
management lies in three key aspects:

Firstly, HIRA aids in preparing for worst-case scenarios by allowing professionals to anticipate and prioritize
potential risks, particularly those with the highest likelihood or severity.

Secondly, HIRA findings serve as a foundation for developing tailored training programs, exercises, and
contingency plans, aligning with the most realistic scenarios to enhance preparedness and response capabilities.
Lastly, HIRA contributes to optimizing resource utilization by identifying hazards unlikely to materialize in the
designated area, thereby streamlining resource allocation and conserving time and effort.
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Risk, characterized as the undesirable consequence of events, arises when multiple risk factors coincide,
potentially resulting in accidents such as fires or explosions. Risk Assessment (RA) emerges as a pivotal strategy
for elevating safety standards across hazardous industries. Despite advancements in safety systems reducing
accident rates, emerging technologies and facilities continue to face unacceptable risks. RA, a systematic safety
evaluation tool, finds particular application in high-risk sectors like chemicals, petrochemicals, pharmaceuticals,
and sea ports. It supplements existing safety mechanisms such as HAZOP, safety audits, and incident analysis by
identifying potential incidents, such as near-misses or unsafe conditions, and evaluating necessary control
measures to mitigate risks effectively.
4.7Goals of Hazard Identification and Risk Assessment
Conduct a thorough and systematic evaluation of all potential hazards related to personnel, equipment,
services, and operational procedures.
Determine the current protective measures in place to manage risks associated with identified hazards.
Recommend supplementary control measures to mitigate risks to an acceptable level.
Develop a Risk Register to facilitate ongoing monitoring of these risks, detect any alterations, and ensure the
efficacy of implemented controls.
4.8Process of Hazard Identification and Risk Assessment
Identification of Hazards:
Recognizing hazards is a pivotal aspect of Risk Analysis. Numerous tools aid in this process, including
experience, engineering standards, checklists, thorough process understanding, past equipment failures, hazard
index methods, What-if Analysis, Hazard and Operability (HAZOP) Studies, Failure Mode and Effects Analysis
(FMEA), and Preliminary Hazard Analysis (PHA). During this stage, all potential incidents are identified and
documented, utilizing techniques such as site visits, operational examinations, and review of documents like
drawings and process descriptions.
4.9Risk Assessment:
Consequence Estimation assesses the potential damage or harm resulting from specific incidents, considering
various possible outcomes. Likelihood assessment estimates the frequency or probability of incident occurrence,
drawing from historical data or modeling techniques like fault trees and event trees. Risks associated with hazards
are evaluated for their impact on personnel, facilities, and the environment, and judged against predefined criteria
to determine acceptability. Criteria include the severity of the risk, effectiveness of existing control measures,
necessary actions for risk control, and urgency of action.
Elements of a Comprehensive Risk Assessment:
Identification of contributing factors to the risk.
e Review of relevant health and safety information from authoritative sources.
e Evaluation of potential harm severity, considering various types of injuries/illnesses/damage and exposure
scenarios.
e Examination of how hazards may cause harm, including assessment of control measures and consideration
of both standard and non-standard operating conditions.
e Determination of likelihood of harm occurrence based on task frequency, environmental conditions, and
exposure duration.
e Identification of actions required to eliminate or mitigate risks, and documentation of necessary records
for risk management.
¢ Identification of additional risk factors including workplace layout, employee capabilities, work systems,
and foreseeable conditions.
Risk Mitigation:
Risk reduction involves identifying opportunities to minimize the likelihood and/or severity of accidents where
necessary. Risk Assessment combines the potential consequences and likelihood of all incident outcomes to
quantify risk. Measures to prevent, control, and mitigate risks include implementing inherently safer designs,
ensuring asset integrity, and conforming to standard practices. In many cases, risk control measures are
straightforward and involve adjustments to comply with established safety protocols.
Hierarchy of Risk Mitigation Strategies
Risk Management Measures:
e Precautionary Measures (via physical segregation or engineered configurations)
e Detection Systems (like fire and gas alarms, as well as leak detection mechanisms)
e Regulatory Controls (such as emergency shutdown protocols and regulated pressure release)
e Mitigation Strategies (encompassing firefighting procedures and passive fire safeguards)
e Emergency Preparedness (activated in case of safety barrier failures)
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4.10Major Hazard Unit Categorization
¢ Oil storage tank rupture leading to oil spillage into the sea.
e Fire or explosion incidents.
e Emergency situations during ship maneuvering.
e Collisions involving vessels or boats.
4.11Construction Phase Hazards
e Hazards Related to Machinery
e Risks Associated with Transportation
e Physical Dangers
e Storage and Handling of Dangerous Substances
4.120perational Phase Hazards
e Material-related Risks
e Hazards Associated with Handling
4.13Construction Phase Risks
Potential risks during the construction phase of the project may arise from mechanical dangers, transportation
challenges, physical hazards, and the storage and management of hazardous materials.
Mechanical Risks"
4.13.1Mechanical Risks
During the construction phase, mechanical risks stem from the moving components within machinery, notably
the belts and bolts of construction equipment, which are both hefty and pose a danger to workers. Additional
hazards include falls from heights, falling objects such as handheld tools, potential failures of scaffolding
supports, and malfunctions of electrical equipment.
4.13.2Transportation Risks
Effective planning of access and egress routes to the construction site is crucial in reducing risks, including
potential collisions involving vehicles or barges.
4.13.3Environmental Hazards
The noise and vibrations produced during the construction phase can impact the health of workers and impede
effective communication. Additionally, hot works present a significant hazard to workers alongside noise and
vibration.
5.Risk Evaluation
Consequence Estimation involves assessing the potential damage or injury that may result from specific

incidents, recognizing that a single event can lead to various outcomes. Likelihood assessment, on the other hand,
entails estimating the frequency or probability of incident occurrence. This estimation can draw from historical
incident data or utilize models like fault trees and event trees. Risks originating from hazards are then evaluated
for their acceptability in terms of personnel, facility, and environmental impact. The acceptability of the assessed

risk must be determined based on relevant criteria for the situation at hand.
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Probability
What is the probability the risk will happen?

5x5 Risk Matrix Example

Impact
How severe would the outcomes be if the risk occurred?

v

AN
>

Insignificant Minor Significant
1 2 3

5 Almost Certain Medium 5 High 1C Very high15  Extreme20  Extreme 25

4 Likely Medium 4 Medium 8 ligh 12 Very high16  Extreme 20

3 Moderate Low 3 Medium 6 Medium 9 igh 12 Very high 15
2 Unlikely Very low 2 Low 4 Medium & Medium 8
1Rare Very low 1 Very low 2 Medium 4 Medium 5

SafetyCulture

Table 5 risk matrix table

5.1 Likelihood
Likelihood, also referred to as probability, represents the likelihood of a risk occurring and is depicted on the x-axis
of the risk assessment scale. This aspect evaluates how probable it is for the risk to manifest. The risk rating levels
associated with probability encompass five categories:

Rare: Events in this category are deemed unlikely to occur and, if they do, are expected to result in minor or
negligible consequences. These events are considered highly improbable occurrences.

Unlikely: Risks categorized as unlikely have a potential to occur, although their occurrence is not anticipated as a
common scenario. They may lead to moderate consequences if they do materialize.

Moderate: Risks classified as moderate are expected to occur with some regularity and carry the potential for serious
consequences. These events are considered to have a moderate likelihood of occurrence.

Likely: Events falling into this category are almost certain to happen and are associated with major consequences.
They are considered highly probable occurrences

Almost Certain: Risks categorized as almost certain are sure to occur and are anticipated to have major
consequences. These events are considered to be inevitable outcomes.

Each of these risk rating levels provides insight into the likelihood of the risk materializing and helps in determining
the appropriate level of attention and mitigation measures required. By understanding the probability of a risk
occurring, stakeholders can effectively prioritize resources and implement preventive measures to mitigate potential

consequences.

5.1.1Severity

Referred to as severity or consequences, the Impact (y-axis) evaluates the extent of effects resulting from a hazard.
While a 5x5 risk matrix can be customized to suit organizational requirements, the following outlines the general
terms used to describe the five levels indicating the impact of the risk:

Insignificant: Events categorized as insignificant are not expected to lead to serious injuries or illnesses. Minor:
Minor events have the potential to cause injuries or illnesses, albeit to a mild extent.

Significant: Significant events may cause injuries or illnesses that necessitate medical attention but typically require

limited treatment.
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e Major: Major events can lead to irreversible injuries or illnesses that demand ongoing medical care.

e Severe: Severe events have the potential to result in fatality.
e These levels help in assessing the potential consequences of a risk, aiding in decision-making and prioritization of
risk mitigation efforts.
5.1.2Risk Matrix Calculation
Identify Risks Associated with Your Project:
Initiate your risk assessment matrix by gaining a comprehensive understanding of your project, including its scope,
budget, resources, timeline, and objectives. Utilize this information to identify potential risks. Collaborate with
your project team to identify as many risks as possible, focusing on factors such as scope changes, budget
limitations, schedule constraints, and resource allocation. Compile all identified risks into a risk register to facilitate
the matrix creation process.
5.1.3Define and Determine Project Risk Criteria:
Work with your project team and key stakeholders to establish risk criteria for evaluating each identified risk.
Ensure that two intersecting criteria are specified, encompassing the probability or likelihood of the risk occurring
and the severity or impact the risk will have.
5.1.4Analyze ldentified Risks:
After identifying and describing all potential risks, proceed to analyze them. Utilize the established risk criteria to
categorize each risk based on its severity level and probability. Many matrices assigh numerical values to criteria,
ranging from one (insignificant) to five (catastrophic) for impact and likelihood. Multiply the severity by the
likelihood to obtain a numerical value for each risk, facilitating comparison and understanding.
Prioritize Risks and Develop Action Plans:
Prioritize the identified risks and devise risk management plans to mitigate or neutralize them, categorizing risks
accordingly. Outline steps to be taken if a risk occurs and strategies to regain project momentum if needed.
6. Control Measures
6.1Level 1 Control Measures: Eliminating Hazards
The most effective control measures aim to eliminate hazards and associated risks. This can involve removing the
hazard or selecting alternative products or equipment. If elimination is not feasible, risks can be minimized through
lower control measures.
6.1.2 Level 2 Control Measures: Minimizing Risks
These measures aim to minimize risks and may involve substituting, isolating, or using engineering controls to
provide a physical solution.
6.1.3 Level 3 Control Measures:
Administrative and Personal Protective Measures Considered less effective, these control options rely on human
behavior or supervision and include implementing administrative procedures and providing personal protective
equipment (PPE) as a last resort when hazards cannot be removed or reduced by other means.
7.conclusion
The process of identifying hazards and evaluating risks is an essential component of workplace safety
management. By systematically identifying potential hazards and assessing their associated risks,
organizations can proactively mitigate the likelihood and severity of workplace incidents. This
comprehensive approach involves thorough examination and analysis of various workplace elements,

including equipment, processes, and environmental factors, to uncover potential sources of harm.
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Through risk assessment, organizations can prioritize their efforts and allocate resources effectively to

address the most critical risks. By considering factors such as the probability of occurrence and the potential
impact of each hazard, organizations can develop targeted control measures and preventive strategies to
reduce or eliminate risks. Furthermore, a proactive approach to hazard identification and risk assessment
fosters a culture of safety within the workplace, where employees are actively engaged in identifying and
addressing potential hazards. This not only enhances workplace safety but also promotes employee well-
being and productivity.

Overall, by adopting a comprehensive approach to hazard identification and risk assessment, organizations
can create safer work environments, protect their employees from harm, and ultimately, achieve greater

success in their operations.
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