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Abstract

A safety management system is a systematic and continuous management process based on proactive identification of hazards, and
analyses of their risk. Implementing a safety management system is the most efficient way of allocating resources for safety, since it
not only improves working conditions, but also positively influences employees’ attitudes and behaviors with regards safety,
consequently improving the safety climate. A petrochemical plant is a high-risk, high-energy plant with potential risks of fire,
explosion and poisoning. To meet the market challenges, chemical plants need to provide safer plant operation. Safety design
approach is used to ensure the safety during the design stage, which satisfies the safety during the plant operation. Through this
study, in order to achieve the goal, the analysis contents in several sets of hydrogenation unit of HAZOP analysis reports of the
petrochemical plant are summarized and accordingly, the intrinsic safety engineering design method for the petrochemical plant is
put forward then. This new design method solves a few problems existing in the current HAZOP analysis when considering the
design, construction, empirical knowledge, etc. In addition to the previous traditional method, a database is made and managed in-
order to guide safety engineering design and realize the intrinsic safety for the plant. The intrinsic safety for the petrochemical plant
uses technological measures to eliminate or control risks and to prevent accidents, in-order to avoid damage and losses. Hence the
application of this method is easy to identify problems in design in-order to avoid omissions and errors and makes up for the lack of
analysis and design experience to improve the design efficiency.
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I. INTRODUCTION

Safety as a particular science can be claimed to have emerged in relation to social ambitions for increased safety and security —
developing, experimenting and testing practical methods, tools and models with the aim of understanding and managing unwanted
actions or events.However, being ‘‘applied’” in nature does not mean that safety science is philosophy-free. All knowledge claims
about safety are based on some form of foundational assumptions, rationality and logics. The ‘science’ part of ‘safety science’ seeks
to ensure rigorousness of theories and methods for research, while providing credibility for the field and the community of people
contributing to the domain.

A. Background and Scope

Different approaches have been followed during the last decades to evaluate safety design at process plants. The acknowledgement of
industrial installations as complex systems in the early 1980s resulted in a paradigm shift that pointed to Systems Thinking theory as
the most suitable tool to deal with the problem. This approach continues to be widely supported by many authors.

Risk analysis methodologies and safety management systems head the list of methods that point in this direction, but they
normally require important plant resources. As a consequence, their use is frequently restricted to especially dangerous processes
often driven by compliance with legal requirements.

The petrochemical industry is highly risk industry with involve chemical reaction, hazardous material, flammable explosion
and any other risk that are can occur to the staff or the contractor for the company while doing their job. As we know, management
level is the important section that manages the entire activity for the company whether in business sector or other sector such as
health, safety and welfare for the workers. In safety matters, normally health and safety Centre will manage the whole safety thing for
their staff and activity. Before other safety method to be taken it must be start with planning for safety system to analyze what is the
risk and action to be taken or to provide the workers from the injuries. Through this study | hope that we can know that all activity in
the petrochemical industry is under control with health and safety management to be taken by the company. This also can help us to
know more about the industry.

Petroleum refineries and petrochemical industries handle large quantities of highly hazardous chemicals often at extreme
conditions of temperature and pressure. Any mis-operation is prone to be a source of disaster causing heavy financial losses as well

as casualties.
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The literature has recognized that implementing a safety management system is the most efficient way of allocating
resources for safety, since it not only improves working conditions, but also positively influences employees’ attitudes and behavior
with regards safety, consequently improving the safety climate. The safety climate and the safety management system are considered
basic components of the firm’s safety culture in various models.

The intrinsic safety for the petrochemical plant is to use technological measures to eliminate or control risks and to prevent
accidents, so that it can avoid damage and losses. In order to achieve the goal, the analysis contents in several sets of hydrogenation
unit of HAZOP analysis reports of the petrochemical plant are summarized. According to it, the intrinsic safety engineering design
method for the petrochemical plant is put forward then.

An inherently safer design is one that avoids hazards instead of controlling them, particularly by reducing the amount of
dangerous substances and the number of hazardous operations in a chemical plant (Hendershot, 2010). Methods should not focus on
evaluating the safety of a proposed design. Instead, they should emphasize the synthesis of an inherently safer plant, and thus a more
secure plant. The safety of a chemical process can be achieved through internal (inherent) and external means. Inherent safety (Kletz
& Amyotte, 2010) is related to the intrinsic properties of the process; e.g. the use of sa fer chemicals and operations. The essence of
inherent safety is to avoid and remove hazards rather than to control them by added-on protective systems.

Several accident analyses indicate that the contribution of design to accidents is significant in many area of engineering e.g.
infrastructure, aviation, railway, and nuclear Industries (Kinnersley & Roelen, 2007; Lopez, Love, Edwards, & Davis, 2010; Love,
Lopez, Edwards, & Goh, 2011). They claimed that about 50-90% of the accidents and incidents are caused by errors during the
design stage. In the CPI, the research on design error has been largely neglected (Bourrier, 2005; Busbhy, 1998). Only a few statistical
data or lessons learnt have been presented (Hale, Kirwan, & Kjellen, 2007a; Taylor, 2007a). In fact, in 1970s, many designers
refused to accept the term of ‘design error’ (Taylor, 2007b). This situation is nowadays changed when design quality control and
design review are well accepted and a common practice in a design project. However, many of design firms are reluctance to discuss
the errors due to legal aspects, company image, and personal reasons. It is generally accepted that even the designers have given their
best, there are still considerable gaps in design to be improved. Therefore, it is been suggested that more studies should be done in
this area to enhance and share the specific design knowledge (Hale, Kirwan, & Kjellen, 2007b). Our previous technical analysis of
major accidents in the CPl (Kidam, Hurme, & Hassim, 2010) found that the design related errors are the main contributors to
accidents. A detailed study on the contribution of design to accidents is still lacking. The goal of this paper is to identify the most
critical design errors contributing to accidents. Also the link of root causes of design error to the plant design activities during the
design lifecycle is studied. To disseminate the findings, a list of point-to-look and accident ranking is created. This design
information helps the process developer and designer to focus on the critical design errors at the specific plant design phases.

B. System safety and the benefits of safety management systems

A Safety Management System (SMS) is a formal, top-down business-like approach to managing safety risk that is built on basic
system safety principles. This section describes those principles, outlines the differences between SMS and traditional approaches to
safety, and details the benefits to be gained from SMS implementation.

System Safety and SMS System safety is the application of engineering and management principles, criteria, and techniques
to achieve an acceptable level of safety throughout all phases of a system. Achieving this definition of system safety is the primary
objective of SMS. A well-structured SMS provides a systematic, explicit, and comprehensive process for managing risks. This
process includes goal setting, planning, documentation, and regular evaluation of performance to ensure that goals are being met.
SMS includes several key system safety principles as shown below:

— Management commitment to safety - Because the attitudes and actions of management can significantly influence the entire
staff, it is therefore critical that these leaders commit to the success of an SMS implementation.

— Proactive identification of hazards - Early identification and reporting of hazards can save a significant amount of time and
resources down the road.

— Actions taken to manage risks - A system must be in place to determine logical approaches to counteract known risks to safe
operation.

— Evaluation of safety actions - An ongoing evaluation of the impacts of risk management actions is necessary to determine if
further remedial activities are required.

C. Terms and definitions

— Hazard: Means, a source or a situation with a potential for harm in terms of human injury or ill-health, damage to property,
damage to the environment, or a combination of these.

— Incident: Means an unplanned event which has the potential to lead to Accident.

— Risk: Means the combination of the likelihood and consequence of a specified hazardous event occurring.

— Risk assessment: Means the overall process of estimating the magnitude of risk and deciding whether or not the risk is
tolerable. It also includes the process of recognizing that a hazard exists and defining its characteristics.

— Risk control: Means the overall process of developing, implementing and maintaining the safety procedures and risk control
measures. It also includes the review of the safety procedures and risk control measures.
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— Hazard Analysis: A thorough, organized and systematic approach used to identify, evaluate and control hazards by the
application of one or more internationally recognized techniques/methodologies. Checklists, “What-if” Checklists, Failure
Mode and Effect Analysis (FMEA), Fault Tree Analysis, and HAZOPS are examples of accepted hazard analysis techniques.

— Hazardous Chemicals/Substances: Substances and chemicals used, handled or stored in a factory, which are toxic, corrosive
or flammable.

— HAZOP- Hazard and Operability Study: A formal procedure or technique of systematically investigating each element of a
system for all potential deviations from design conditions. Deviations are critically analyzed for effects of potential problems
and the consequences of failure reviewed, and safeguards assessed for adequacy.

Il. CASE STUDY

In the topic under consideration, if the design is conducted with the theory of intrinsic safety, such as simplification, substitution and
minimality, the appropriate measures can be taken to control or eliminate risks in the very early stage. The potential risks in the plant
can be identified by application of HAZOP analysis method, and then the HAZOP analysis results can be utilized by the enterprise to
take effective measures to eliminate or control them. Application of this method may improve the efficiency of safety design and will
be important for the intrinsic safety production.
The Intrinsic safety Design Method for the Petrochemical Plant

The intrinsic safety design method for the petrochemical plant mainly includes:

(1) Risk analysis of HAZOP

(2) Accumulation of experience in risk analysis, operation and emergency treatment

(3) Combination of design, operation, security and relevant experience

(4) Database management

A. Risk Analysis of HAZOP
In the HAZOP analysis process, the process units or equipment are taken as the nodes, and then the process (state) parameters of each
node on normal operation conditions are taken as the standard values to analyze the deviations of the running process (state)
parameters. The analysis for all reasons causing certain variations and harmful consequences are studied .The room for
improvements and measures will be suggested based on the existing safe-guards. On one hand, the potential risk factors in the
primary stage of design of the plant can be identified by application of HAZOP analysis method. On the other hand, some
suggestions and measures are provided to eliminate and control them [4-10]. Hazard and Operability Analysis (HAZOP) module
interface of the major accident prevention information system (APIS) is shown in Figure 2. This system was developed
independently by the National Foundation Research Laboratory of Fault Prevention and Hazardous Chemicals Production System of
Beijing University of Chemical Technology.
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Figure 1: Hazard and Operability Analysis (HAZOP) Module Interface Of The Major Accident Prevention Information System (APIS)

B. The Work flow and Instructions for HAZOP
(1) Node selection: According to the PID (Piping and Instrumentation Diagram) chart, the chairman of HAZOP analysis group
classifies process flow chart as different nodes, and then develops discussion to each node.
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(2) Design purpose: The design purpose of each node is presented to HAZOP group by process experts, and then the parameter

of each node is discussed.

(3) Risk identification: The deviation of process parameters which is refer to normal operation condition is analyzed and
discussed. Always the start -working time and service time are put as the critical state of each node. Risk is caused by losing

security measures.

(4) Analysis of existing measures: All reasons for leading to deviation are classified and discussed, meanwhile all possible
consequences including health, safety and environment are discussed and written. Those deviations that are not directly
relevant to safety but may have significant influence on operation and products of the plant also need to be written.

(5) Suggestions and Notes: The typical suggestions are direct at those that are in high probability of reasons, leading to major
consequences and without security measures, even leading to unaccepted risks and significant operation problems. Others
are suggested to add additional information to check whether there are potential risks.
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Figure 2: HAZOP Analysis Procedure Flowchart

C. Accumulation of Experience in Risk Analysis, Production Operation and Emergency Treatment

In a typical Hydrogenation unit, the hydro-refining reactor is the most important equipment. In this HAZOP analysis, a report was
made by listing out the reasons for resulting in low temperature, the possible consequences and the existing security measures. The
improvements and suggestions were reported based on the analysis results. The hidden safe danger of the hydro-refining reactor can
be identified effectively by application of the analysis results. Meanwhile, the corresponding measures for the engineering design in
practice are provided, which significantly improve the intrinsic safety of the plant, as shown in Table 3.1

EQUIPMENT: Hydro-refining reactorR2001

PARAMETER: Temperature
GUIDE WORD: Low

Table 1: HAZOP Analysis Report with Design Suggestions

REASONS

CONSEQUENCES SAFEGAURDS

DESIGN

SUGGESTIONS | 5,6GESTIONS

1. The inlet temperature of hydro-
refining reactor R2001 is low, or
there is a failure of the
temperature of the control valve of
the mixture of hydrogen gas and
oil that leads to low temperature.

2. The flux of the mixture of
hydrogen gas and oil is Large.

3. The partial pressure of
hydrogen gas is low or the
Proportion between hydrogen gas
and oil is high.

4. The activity of catalyst was low.

The effect of

refining will be

poor, and the

pressure drop of bed will

' The temperature
increase.

outlet, reactor
and surface
are all provided;

provided.

These results in cracking
catalyst poisoning,
reducing working

indicators of inlet,

The control valve of | increased.
cold hydrogen gas is

1. All the parameters
that lead to high
temperature

of the reactor inlet
should be
determined, and

bed | The monitoring the effect should be

frequency of calculated by
heavy metal difying all th
should be | o A

Parameters.

2. The proportion
of the hydrogen gas
and oil, and the effect
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The Stacking density of catalyst
was small. Deactivation occurs
because of heavy metal poisoning.

life, declining the
product quality and then
shortening the

operation cycle.

on the
temperature of
reactor inlet and
bed should be
5. The components of raw Calculated.

materials are heavy or with water.

D. Combination of Design, Operation, Security and Relevant Experience
In this Journal, the equipment of the units is classified according to their functions in the process units by proper summarization of
the obtained HAZOP analysis reports. An engineering design database is established via a software programming by application of
HAZOP analysis.

The HAZOP analysis and engineering design are combined in order to keep an orderly management on analysis and design
experience in this similar process and design experience can be searched easily and correctly with the database. For a meaningful
situation, it is required that the database can be updated in case of the missing of experience and important information.

E. Database Management

The main aim of this study is to produce an intrinsic safety engineering design for this plant. Hence, a visual database management
interface is programmed which acts as a help for the engineering design data for HAZOP analysis, in-order to keep a safe, orderly
safety management system. The data can be inputted, modified, searched and deleted to perfect the database. Then the information
and experience which provide a theoretical guidance for analysts and designers can be shared.For instance, in Figure 3.3 if the "poor
ammonia liquid buffer tank™ is selected, the corresponding HAZOP analysis results will be shown on the right of the "HAZOP
analysis results of hydrogenation unit”. For future analysis, one can search the design suggestions of HAZOP analysis with the help
of the database.

Application of the method is not only easy to identify problems in design to avoid omissions and errors, but also make up
for the lack of analysis and design experience to improve the design efficiency. It provides a guiding idea and practical method for
the intrinsic safety design of the petrochemical plant.Taking the case regarding automobile safety in roads also we can use HAZOP
analysis. The table regarding the HAZOP report is given below.

Figure 3:

The Database Management Interface Of The Hydrogenation Unit
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Table 2: HAZOP in Vehicle Safety

Parameter Guideword Possible Consequences Action Safeguard
Causes
-ABS brake system
Too fast Vehicle Skids  when _Slow down
Car speed Rushing application of emergency -Safety belt
brake
- Air bag
- Frequently check the
Car Tvre No thread Tire too old, often car tires and change if
y speeding and | Car skids Go Slow necessary
Less thread | emergency break
- Have spare tire
Window Low . . Cannot see the road and Do not drive unt_ll -Use the Defroster
o Rain, mist . Clarity is .
visibility Very low accident occurs . option.
obtained.
-Stop car -Change the bulb as
. Dim . Cannot see the road "Go to  nearest soon as possible
Car light . Car Bulb is damaged. . garage '
No light properly at night.
-Use emergency
. -Go slow
signal

I11. CONCLUSION

The Petrochemical industry is facing increasing challenges to improve performance and to reduce cost, while enhancing the operation
safety and efficiency. Safety design approach is widely used to assess safety during the process design, while considering the plant
lifecycle activities. The study demonstrated the validity and reliability of the perceived intrinsic safety management design approach
and thereby an implementation of a safety system and developing a valid and reliable measure of safety management systems across
diverse sectors.

The operationalization of the safety management system concept allows this method to be introduced into broader models,
analyzing antecedents and consequences of this system. Thus, it would be possible to study the relation between the safety
management system and individuals’ attitudes and behaviors at the global, organizational level, assessing whether the management
system is indeed an antecedent of the firm’s safety climate.

The intrinsic safety makes up for the lack of analysis and design experience to improve the design efficiency. The Contents
of the HAZOP analysis reports- fed into database in-order to keep a safe and orderly management. Application of this method is easy
to identify problems in design stage. This method makes up for the lack of analysis and design experience and improves design
efficiency. Also Potential risks in the design stage are eliminated by HAZOP analysis.Therefore, the safety factor has to be included
in any planning for petrochemical industry in addition to the economics.
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