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Abstract : In the chemical process industries, accidents have a high potential and large effects on catastrophic results. Therefore the safety
management for accident prevention plays a crucial role to guarantee the process safety. For these reasons, many systematic methods for
safety management system have been widely employed in the fields of chemical processes. PSM (Process safety management) is one of most
representative methods. The audit system, which is one of PSM system components, evaluates the performance of PMS system. However,
most existing safety audit systems are not systematic and these are performed based on knowledges and experiences of various specialist.
Moreover, the safety audit is only performed based on each independent technical component. So, the results of safety audit are not a
quantitative index but only a series of commentaries. Finally, it is very difficult to obtain the comparison with other plants or industries.

In this study, the novel systematic method and index-based accident database of auditing safety management systems for quantitative
assessment are proposed. First, the elements of safety audit replace technical methods to categories of accident database. The F-N curve of
each category for accident database is employed to derive the index for quantitative assessment. The Accidental Factor Risk Index (AFRI) is
suggested for evaluating the effect of each element in accident database and safety audit system. The safety audit can be modified according
to the proposed index.
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Table 1. The hierarchy of PSM™™®

Explicit Goals Objectives

Well-defined Scope

Clear-cut Desired Outputs

Consideration of Alternative Achievement Mechanisms
Well-defined Inputs and Resource Requirements
Identification of Needed Tools and Training

Planning

Strong Sponsorship

Clear Lines of Authority

Organizing || Explicit Assignments of Roles and Responsibilities
Formal Procedures

Internal Coordination and Communication

Detailed Work Plans
Implementing | Specific Milestones for Accomplishments
Initiation Mechanisms

Performance Standards and Measurement Methods
Checks and Balances

Performance Measurement and Reporting
Controlling || Internal Reviews /Audit Mechanisms

Variance Procedures

Corrective Action Mechanisms

Procedure Renewal and Reauthorization
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Fig. 1. The system flow of PSM,
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Table 2, The auditing items in the fields of process equipments

Items Contents

—

. High-pressure facilities
management

General inspection and testing of pressure vessels
and pressure relief devices

2. Hazardous and toxic
materials management

Storage facilities, transport facilities, pollutant
treatment facilities, disposal facilities, etc.

3. Process and systems
management

Process operating procedures based on the the
safety systems

4. Fire-fighting equipment | Fire-fighting facilities and processes, financial

Management management (insurance), etc.
5. Electrical and utility Power transformers, power cables, circuit
management breakers, etc.

6. Mechanical and piping
management

Inspection purposes, the causes of deterioration,
periodic inspection and test time, etc.

7. Automated facility

Control room, control systems, sensors, etc.
management,

8. Storage and loading
facilities management

Facility inspections, facility operation, indoor
storage facilities, etc.

Table 3. The auditing items in the fields of system managements

Items Contents

. Chief Executive Officer,
and organization

Roles, activities, self-auditing, research
development activities and support

2. Information management | Access to information, drawings and various
system safety information technology, etc.

3. Partners and work Supplier selection, supplier management, special
permit work permits, etc

b

Change management and
operations

Checklist including the operation required
information, change management procedures, etc

Training planning, evaluation of education,

5. Education and training feebback procedures, etc.

6. Safety assessment and
diagnosis

Safety plan, safety assessment, safety assessment
techniques, etc.

2

. Accident Investigation

Accident investigation team management
management

8. Emergency action and
planning

Emergency alarm systems, emergency training,
and citizen promoting
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Table 4. The types of accidents in MARS
Industry Type
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Type of Effect

Type of Measures
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Fig. 3. The causes of process accidents,
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Table 5. The number of accidents based on injuries,

N(The # of injuries) The number of accidents Ratio(%)
N=>1 864 19.8
N=>10 107 2.45
N=>100 15 0.344
N=>1000 1 0.023

Table 6. The results of AFRI in facilities

Category # of Acc. | # of injury AFRI Weight
Reactor/Separator 334 5967 1.123 30.1%
Storage or bomb 334 10236 1.302 34.9%

Piping 172 532 0.310 8.3%
Heat Exchanger 203 2045 0.752 20.2%
Safety devices 48 109 0.245 6.6%

Total 1091 18889 3.732 100%

Table 7. The results of AFRI in activities

Category # of Acc. | # of injury AFRI Weight
Production 872 14675 0.770 24.6%
Storage/Transport 471 17743 1.570 50.1%
Maintenance 291 1092 0.271 8.6%
Abandonment 185 268 0.523 16.7%
Total 1409 33778 100%
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Fig. 7. The results of PSM based on a proposed method,
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