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* Abstract ' 

This study is a benchmarking exercise aimed at identifying the variation in the practice - within the South 

African process industry - of three process safety management (PSM) elements, namely: Management of 

Change (MOC), Emergency Preparedness Program (EPP), and Process Safety Incident Investigation 

(PSII) programs. Structured questionnaires were developed for each of the three PSM elements, and 

sent to over 180 process plants. Typically, the study experienced a low response rate. 

However, data were gathered from a total of 39 process facilities which include chemical, 

pharmaceutical, gas, petrochemical, metal extraction, and processing plants. Observed, is a wide 

variance in the practice of the PSM elements among the industry. Juxtaposed against international 

standards, the industry practice is some degrees lower than international benchmarks. Nonetheless, 

there is a positive attitude to PSM among the sampled facilities. Recommendations were made for the 

industry stakeholders. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

The fallout of dioxin caused by a runaway reaction at Seveso, Italy, in 1976, and the 1984 disaster of 

Bhopal, India, led to major changes in safety laws all over the world. Government and industrial entities 

devoted major efforts toward risk reduction and hazard control. Also, interest in the organisation's culture 

for safety has grown in the wake of a number of high profile incidents, including the Clapham Junction rail 

disaster (Hidden, 1989) and the Piper Alpha disaster in the North Sea (Cullen, 1990). In 1993, South 

African government enacted the Occupational Health and Safety Act 85 (85/1993) and the corollary 

regulations; to provide for the health and safety of persons at work and for the health and safety of 

persons in connection with the use of plant and machinery; the protection of persons other than persons 

at work against hazards to health and safety arising out of or in connection with the activities of persons 

at work. 

For a developing country, South Africa has an unusually large chemical industry which is of substantial 

economic significance. However, the industry is responsible for a range of highly hazardous operations 

as well as the production and use of a wide range of dangerous substances. These industrial activities 

pose serious risks to workers, the public, and the environment. It is for these reasons that the industry is 

subject to special regulatory measures and a relatively high level of inspection and control. 

Companies' management in the last decade, has widely agreed on the importance of the implementation 

and certification of structured management systems, such as quality management systems, 

environmental management systems, and recently, occupational health and safety (OH&S) management 

systems (Arezes and Miguel, 2003). The positive impact of introducing occupational safety and health 

(OSH) management systems at the organisational level, both on the reduction of hazards and risks and 

on productivity, is now recognized by governments, employers and workers alike (ILO, 2001). 

Most organisations in the global process industry including South African manufacturers, integrated their 

systems for safety. However, their safety programs are strictly compliance-oriented. Consequently, 

technical requirements mandated by regulations and industry standards are too narrowly focused and 
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lack the momentum for continuous improvement. Solutions for individual safety problems become short-

term, merely addressing symptoms rather than causes (Stephen & Yu, 2000). 

Until the late seventies, process industry world-wide still used numbers of fatalities and injuries as 

parameters for measuring safety performance (Keren, 2003). In South African process and chemical 

industries this reactive approach (which involves counting fatality rate, recordable incidents, etc) has, for 

many years predominated as the practical way for reducing accident losses. Although, major progress (in 

terms of reduction in industrial fatality rate) was accomplished since the seventies, (Keren, 2003); this 

approach has many shortcomings. The most serious is that it permits many fatalities and injuries to occur 

in order to evaluate needs and priorities of safety improvement measures. 

However, organisations, academicians, and legislators world-wide, realized that since the number of 

catastrophic incidents is becoming low, the numbers of fatalities and injuries are not reasonable 

indicators for measurement of safety performance. The absence of a very unlikely event is not, of itself, a 

sufficient indicator of good safety management (EPSC, 1996). Injuries, illnesses, and losses should be 

measured, but they should only be part of the bottom line of safety performance, and as such, they are 

not good as a feedback for safety management. 

Thus, there is a need for a systems approach to measuring industrial safety, health and environment 

(SHE) performance. An approach which measures "leading factors" (i.e. SHE management elements) 

and not trailing "factors" (fatality rate, recordable incidents, etc). South African process industry is 

recently realising this reality. Major milestones in this trend are the formation of National Occupational 

Safety Association, NOSA's Management By Objectives (MBO) with five-star grading; and the adoption 

of Responsible Care® by major players in the process industry. It was realised that in today's international 

business environment where non-tariff barriers to trade are becoming increasingly real for South African 

companies, Responsible Care® initiative is a strategy for survival and growth (CAIA, 2007). 

Although, Responsible Care® requires members' commitment to a set of business ethics which are 

characterised by doing what is right rather than only what is legally required; it is not known to have a 

comprehensive, independent safety management system specifically developed for process industry. 

NOSA's documents on the other hand, are generally strong in addressing traditional occupational health 

and safety management issues, but very weak in areas often considered central to safety management 
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system. The system addresses and measures compliance-based items more strongly than management 

system items (ILO, 1998). 

American OSHA Process Safety Management (PSM) and the EPA's Risk Management Program (RMP) 

regulations provide a virile and dynamic baselines and framework for development of systemic SHE 

programs and procedures in the process industry (OSHA, 1992 and EPA, 1996). OSHA PSM system 

itself is performance-based. Thus safety management practices often vary among process facilities and it 

is of course, difficult to claim with certainty what is meant by regulatory compliance, even in developed 

countries, (West er a/, 1998). Therefore, there is a critical need to determine for a particular industry, the 

PSM benchmarks or Recognized and Generally Accepted Good Engineering Practices (RAGAGEP). 

1.2 Statement of the Problem 

In the globalised world of the 21st century, business success is becoming increasingly judged on the 

ability to maintain balance among the triple bottom line dictates of sustainability namely, economic 

vitality, environmental integrity, and social equity (Sasol, 2001). For South African manufacturers to 

maintain an edge in the global business competition, they need to adopt a safety management system 

that is internationally acceptable. National Occupational Safety Association, NOSA's Management-Based 

Objective (MBO) Five Star SHE system, is the most widely adopted local SHE management audit 

system; while the ISO's generic standards (ISO 9001 and ISO 14001), OHSAS and OSHA standards are 

used by some companies with global outlook. 

From the background, we see that the NOSA being a compliance-oriented safety system is defective in 

core areas. With NOSA's system, safety measures that address different types of hazards and exposures 

are managed and executed by separate staff, often under different technical disciplines. These different 

groups of people may use different safety management and analysis techniques, leading to contradictory 

approaches and actions in different parts of the organisation. Such inconsistency inhibits safety 

communication and hinders the process of internal learning throughout the organisation. This problem is 

particularly magnified in multi-site organisations where a common safety language has not been 

developed. In a compliance-oriented safety management system, safety is also not integrated throughout 

the organisation. Instead, it is isolated in the hands of safety professionals and functional managers who 

assume all the responsibilities for safety. Unfortunately, these safety professionals and functional 

managers cannot identify and resolve all the safety problems themselves. 
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Using IMOSA's system, a mine or process factory for example could maintain a Five-star rating year after 

year without making any changes (McEndoo, 2007). Conversely, using international safety system such 

as OSHA PSM requires a steady improvement to retain compliance, and making it more suitable for 

facilitation of internal and external benchmarking. 

The adoption of integrated systems like OSHA helps process industry improve their organisation and the 

internal order of doing things. However, due to the performance-based nature of OSHA PSM regulatory 

requirements, there is a wide variation in the developed PSM programs and practices, (Keren, 2003). 

Thus, PSM practices often vary and it is of course, difficult to claim with certainty what is meant by 

regulatory compliance, even in the developed countries, (West et al, 998). Therefore, there is a critical 

need to determine the industry PSM benchmarks or Recognized and Generally Accepted Good 

Engineering Practices (RAGAGEP). 

On the international plane, benchmarking of PSM elements is mostly conducted among facilities, in 

individual plants. But neither the questionnaires, results nor the reports are available to the general 

public, (Keren, 2003). It becomes necessary to investigate and benchmark the variation in the practice of 

process safety management among the South African process industry. 

1.3 General Aim of the Study 

This study is a benchmarking exercise aimed at identifying the best practice (within the South African 

process industry) of three PSM elements, namely- Management of Change (MOC), Emergency 

Preparedness and Response (EPP), and Process Safety Incident Investigation (PSII) programs. 

1.4 Specific Objectives of the Study 

• Extraction of the requirements for three PSM elements - management of change (MOC), 

Emergency Preparedness Program (EPP), and Process Safety Incident Investigation (PSII) - as 

contained in OSHA and other PSM handbooks. 

• Decomposition of the three PSM elements into various measurable and auditable categories and 

subcategories. 

• Investigation of diversity in the practices of the three PSM elements among sampled South 

African process facilities 
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• Benchmarking of PSM practice among sampled South African process facilities against 

international PSM standards 

• Recommendations for future policy development of benchmarks for the various subcategories of 

the PSM elements 

1.5 Significance of the Study 

Benchmarking is the search for best practices that will lead to superior performance (Camp, 1989). It is 

also a structured discipline for analyzing a process system to find improvement opportunities (Bergman 

and Klefsjo, 1994). Benchmarking of PSM elements helps to determine whether the efforts invested by 

companies toward safety improvement lead to the desired results. The outcomes of this study will 

facilitate the measurement, and audit of PSM elements in the South African process industry. 

Benchmarking can help establish PSM best practice by assisting enterprises to analyze, compare, and 

improve what they do. It also helps to determine the areas that will lead to major reduction of losses and 

reduction in the number of incidents. 

1.6 Scope of the Study 

This work studies the variance in the practice of process safety in the South African process industry. 

The scope of this work is limited to plants and facilities whose activity or combination of activities includes 

use, storage, manufacturing, handling, or the on-site movement of hazardous chemicals. This list does 

not include certain types of facilities, such as retail facilities, where hazardous chemicals would normally 

be present in small containers; oil or gas well drilling or servicing operations; or normally unoccupied 

remote plants or facilities. 

1.7 Limitations 

Major limitation to this study is the low response rate. It has not been possible to conclude on the reasons 

for missing responses. Probably, it is due to the suspicious attitude of the respondents to the survey. A 

common excuse given by some sampled facilities was that they received excessive similar 

questionnaires including regulatory surveys. 

1.8 Definitions of Terms 

In this study, the following terms have the meanings hereby assigned to them: 
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• Accident: An incident involving a single injury and/or minor property damage (AlChE, 1993). 

• Audit: A systematic, independent, and documented process for obtaining evidence and 

evaluating it objectively to determine the extent to which defined criteria are fulfilled. This does 

not necessarily mean an independent external audit (an auditor or auditors from outside the 

organisation) {ILO, 2001). 

• Benchmarking: a structured discipline for analyzing a process to find improvement opportunities 

(Bergman and Klefsjo, 1994). 

• Change /modifications: A temporary or permanent substitution, alteration, replacement (not in 

kind), modification by addition or deletion of critical process equipment, applicable codes, 

process control, catalysts or chemicals, feed stocks, operating limits, mechanical procedures, 

electrical procedures, safety procedures, emergency response equipment from the present 

configuration of the critical process equipment, procedures, or operating limits. 

• Contractor: A person or an organisation providing services to an employer at the employer's 

worksite in accordance with agreed specifications, terms, and conditions. 

• Emergency Change: Any change to equipment, procedures, raw materials or chemical 

additives, facilities, or process parameters such that the time required for a normal MOC 

procedure would result in unreasonable risk to personnel, the environment, or equipment, or a 

significant production loss (OSHA, 1992) 

• Facility: means the buildings, containers or equipment which contain a process (OSHA, 1992) 

• Failure Modes and Effects Analysis (FMEA): a systematic, tabular method for evaluating and 

documenting the causes and effects of known types of component failures (AlChE, 1993). 

• Hazard: An inherent physical or chemical characteristic that has the potential for causing harm to 

people, property, or the environment. In this study, it is the combination of a hazardous material, 

an operating environment, and certain unplanned events that could result in an accident (AlChE, 

1993). 

• Hazard and Operability (HAZOP): a systematic method in which process hazards and potential 

operating problems are identified, using a series of guide words to investigate process deviations 

(AlChE, 1993). 

• Hazard assessment: A systematic evaluation of hazards [ILO, 2001). 

• Hazardous chemical: means a substance possessing toxic, reactive, flammable, or explosive 

properties (OSHA, 1992). 
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• Hot work: means work involving electric or gas welding, cutting, brazing, or similar flame or 

spark-producing operations (OSHA, 1992) 

• Incident: An unplanned event which has the potential for undesirable consequences (AlChE, 

1993). 

• Major accident: an incident involving multiple injuries, a fatality, and/or extensive property 

damage (AlChE, 1993). 

• Management of change (MOC): Application of management principles to a temporary or 

permanent substitution, alteration, replacement (not in kind), modification by addition or deletion 

of critical process equipment, applicable codes, process control, catalysts or chemicals, feed 

stocks, operating limits, mechanical procedures, electrical procedures, safety procedures, 

emergency response equipment from the present configuration of the critical process equipment, 

procedures, or operating limits (AlChE, 1993). 

• Near-miss incident: An unplanned sequence of events that could have caused harm or loss if 

conditions were different or were allowed to progress, but actually did not ((AlChE, 1993). 

• OSH management system: A set of interrelated or interacting elements to establish 

occupational safety and health policy and objectives, and to achieve those objectives {ILO, 

2001). 

• Normally unoccupied remote facility: means a facility which is operated, maintained, or 

serviced by employees who visit the facility only periodically to check its operation and to perform 

necessary operating or maintenance tasks. No employees are permanently stationed at the 

facility. Facilities meeting this definition are not contiguous with, and must be geographically 

remote from all other buildings, processes or persons (OSHA, 1992). 

• Process: means any activity involving hazardous chemicals including any use, storage, 

manufacturing, handling, or the on-site movement of such chemicals, or combination of these 

activities. For purposes of this definition, any group of vessels which are interconnected and 

separate vessels which are located such that a hazardous chemical could be involved in a 

potential release shall be considered a single process (OSHA, 1992). 

• Process safety: the protection of people and property from episodic and catastrophic incidents 

that may result from unplanned or expected deviations in process conditions (AlChE, 1993). 

• Process safety auditing: A formal review that identifies process hazards relative to established 

standards; for example examining plant and equipment, often using a checklist or audit guide 

(AlChE, 1993). 
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• Process safety management (PSM): an application of management systems to the 

identification, understanding, and control of process hazards to prevent process-related incidents 

and injuries (AlChE, 1993). 

• Process safety management (PSM) system: comprehensive sets of policies, procedures, and 

practices designed to ensure that barriers to episodic incidents are in place, and in use, and 

effective (AlChE, 1993). 

• Replacement in kind (RIK) ("like for like"): a replacement which satisfies the design 

specification. 

• Risk: the combination of the expected frequency (events/year) and consequence (effects/event) 

of a single accident or a group of accidents (AlChE, 1993). 

• Risk assessment: The process of evaluating the risks to safety and health arising from hazards 

at work {ILO, 2001). 

• Risk management: the application of management policies, procedures, and practices to the 

tasks of analyzing, assessing, and controlling risk in order to protect employees, the general 

public, the environment, and company assets (AlChE, 1993). 

• Root causes: management system failures, such as faulty design or inadequate training, which 

led to an unsafe act or condition that resulted in an incident; underlying cause. If the root causes 

were removed, the particular incident would not have occurred (AlChE, 1993). 

• Standard: any established measure of extent, quantity, quality, or value. Any type, model, or 

example for comparison; or a criterion of excellence (AlChE, 1993). 

• What-if analysis: a brainstorming approach in which group of experienced people familiar with 

the subject process, ask questions or voice concerns about possible undesired events (AlChE, 

1993). 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Historical Overview of Industrial Safety Practice 

Industrial safety movements had their beginnings in Europe. By the middle of the 19th century, efforts to 

improve unacceptable conditions brought about by the industrial revolution were made both by 

governments and trade guilds or trade unions. By the time the organized safety movement started in 

North America, it already had a considerable body of safety literature to draw from. In Germany, in 

particular, excellently illustrated books were available, dealing with the hazards involved in a wide range 

of industrial occupations, activities and outlining safety measures to be taken for their control (Heinrich, 

1959). 

2.1.1 Evolution of Industrial Safety in UK 

The concept of the safety of employees goes back to the start of Industrial Revolution in Britain. 

However, with the scale-up of plant sizes in the 1950s and 1960s, new safety concerns were recognized; 

it was not only the slips, trips, falls and similar events but also the process events. So was developed the 

concept of Safety and Loss Prevention (IChemE, 1960). By the 1960s it was recognized that there were 

other more insidious hazards associated with process plants. These were hazards which affected the 

health of the employee. Finally, in the 1970s there was a clear recognition that industry could also 

adversely affect the environment, not only locally, but globally. Now many companies use the acronym 

SHE (safety, health and environment) for those activities - tasks undertaken to safeguard the 

environment, employees' health and safety - not as separate units but as one entity (Crawley and 

Ashton, 2002). 

2.1.2 Evolution of Industrial Safety in US 

With no workmen's compensation laws, all states in US used to handle industrial injuries under the 

common law, which gave defences to the management of industry that almost ensured that they would 

not have to pay for accidents. The passage of workmen's compensation laws in 1911 marked the 

beginning of the first era in industrial safety management (Petersen, 1975). Petersen identified six eras in 
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