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Examining Alternatives to Traditional Accident Causation Models in the 

Offshore Oil and Gas Industry 

Abstract 

Several recent studies assert that in complex systems, mishaps often result from non-linear interactions 

between very normal behaviors. These interactions gradually shift the system to a point at which safety 

is compromised. Exploring such a paradigm can shine a light on the reasons behind the failure of current 

safety models. This paper attempts to assess accident causation theory and complexity and systems 

thinking in the offshore oil and gas industry. Additionally, the lack of a theoretical basis to deal with 

complex socio-technical environments has been a common theme, so this paper further seeks out patterns 

that emerge after-the-fact, which could help to identify relevant theories. The paper recommends chaos 

theory and resilience engineering as alternative theoretical foundations for safety frameworks in the 

offshore oil and gas industry. 

Key words: Safety, offshore O&G industry, accident causation theory, socio-technical interface, 

complexity, chaos theory, resilience engineering 

 

1. Introduction 

In recent years, accidents in complex socio-technical environments have been given 

considerable attention by safety researchers and analysts. In the last few decades, major 

accidents have occurred with alarming impacts on oil and gas (O&G) exploration and 

the production industry with a large numbers of fatalities. The Worldwide Offshore 

Accident Databank (WOAD) investigated major accidents from 1970 to 2007; there 

were a total of 553 accidents resulting in a total of 2171 fatalities (OGP, 2010). Many 

authors associate these disasters with failure of different approaches to safety systems 

in O&G operations. Table (1) is a timeline of selected major accidents in the global 

O&G industry; these are clear examples of large-scale failures: 
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Table (1) Timeline of selected major accidents in the global O&G industry 

Year Incident Fatalities Reference 

2005 Texas City, explosion on refinery 

isomerisation unit 

15 (Baker et al., 2007), 

(BP, 2005) 

2005 A fire destroyed the Mumbai High 

North processing platform off India's 

west coast. 

22 (Ramchandran, 2005) 

2007 The Usumacinta rig collided with the 

Kab-101 platform off the coast of 

Mexico 

22 (Duddu, 2014) 

2009 Nigeria, pipeline explosion 100 (Adedoja et al, 2016) 

2009 Jaipur, explosion in gasoline storage 

area 

12 (Blanchard et al, 

2010) 

2010 Congo, gasoline road tanker overturned 230 (Blanchard et al, 

2010) 

2010 Explosion and fire on Transocean Ltd.'s 

drilling rig Deepwater Horizon licensed 

to BP 

11 (BP, 2010) 

 

Due to declining production from shallow waters, oil exploration has moved towards 

exploring deeper waters (Skogdalen et al., 2011). In the US, for instance, the 

department of the Interior’s Minerals Management Service (MMS) estimated that 56 

billion barrels of oil equivalent are contained in the deep water regions of the Gulf of 

Mexico (GoM) (MMS, 2004). Even after the Macondo blowout in April 2010 in the 

GoM, the US continues to be highly dependent on offshore drilling in the outer 

continental shelf including in deep waters; as the National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling reported (BP, 2010). These have 

been stressed by Donald Trump soon after his inauguration as president in January 2017 

with his commitment to steer the USA away from reliance on foreign oil 

(Whitehouse.gov., 2017). 

Drilling in deep water means an extensive use of floating production systems. 

Operations in such an environment suggests that safety will become more important in 

order to mitigate mishap risks. Studies of accidents revealed different areas of concern. 
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The Health and Safety Executive (HSE, 2008), for example, emphasises the importance 

of human factors in reducing mishap risks. Other authors highlight aspects of 

organizational behaviour such as safety culture (Cooper and Phillips, 2004, Cox and 

Cheyne, 2000) and safety climate (Neal et al., 2000, Zohar and Luria, 2005). Whereas 

safety management literature focuses on organizational processes and measurement 

approaches (Vinnem et al., 2010, Kennedy and Kirwan, 1998), it is, nevertheless, clear 

that understanding the nature of accidents in complex industrial systems depends on 

understanding the interaction of technical, human, social, organizational, managerial 

and environmental factors (Gordon, 1998, Mohaghegh, 2007).  

The HSE (2012) defined ‘‘major accident’’ in the offshore O&G industry as an out of 

control accident that has the potential to cause five or more fatalities. The failure of one 

or more of the system’s safety barriers causes these accidents. Reason (1997) explains 

that technical managers (in O&G companies) think of safety in terms of LTIF (lost-

time injuries per million man hours) as the centre of their attention. In most cases 

managers blame human factors (e.g. operators training, communication etc.) around 90 

percent of the time. The writer explains that human factors includes their physical, 

mental and perceptual state; furthermore, the way each individual interacts with their 

environment and the task in hand is different. Given the range of human involvement 

in the socio-technical environment, front-line operators are usually considered the 

prime reason for accidents.  

Several studies (e.g. Dekker, 2011, Bellamy et al., 2008) assert that in complex systems, 

mishaps often result from non-linear interactions between very normal behaviours. 

These interactions gradually shift the system to a point at which safety is compromised. 

Exploring such a paradigm can shine a light on the reasons behind the failure of current 

safety models. Accordingly, relevant frameworks could be developed to address the 

problem appropriately. Therefore, this paper attempts to assess accident causation 

theory and complexity and systems thinking in the offshore O&G industry. 

Additionally, the lack of a theoretical basis to deal with complex socio-technical 

environments has been a common theme in various studies (Mohaghegh, 2007, Dekker, 

2011). Thus, this paper will look for patterns that emerge after-the-fact, which could 

help to identify relevant theories. 

2.1 Accident Causation Theory 
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It is clear that safety is closely entwined with other concepts such as accident, risk, and 

hazards. We agree with Dekker’s view that safety is “something an organization does” 

and that “people have to create safety through practice at all levels of an organization” 

(Dekker, 2006, p. xi) rather than simply an attempt by an organization to create a ‘state’ 

of low mishap risk or, in other words, the “freedom from conditions of unacceptable 

mishap risk”. Ameziane (2016) helpfully develops this definition by stating that: 

Since organisations adapt/adjust their functioning to achieve goals, safety should be seen as a 

state where the performance variability produced by a system under conditions that are 

variable, prevents the drift towards a hazardous situation. From this definition, it comes that 

(1) performance variability deals with what can go wrong/right, (2) produced means 

something the system does, and (3) prevents the drift indicates that it doesn’t allow the system 

to go beyond certain margins that may lead to negative outcomes. In other words, the systems 

always succeed. It is clearly meant that such conditions include both opportunities and threats 

and that the performance in question may be a success or a failure … the risk is the likelihood 

that people do not succeed; in other words, the drift toward hazardous cases occurs. 

(Ameziane, 2016, p. 21). 

 

System safety, accordingly, is the anticipation of potential problems and choosing 

appropriate responses, through the use of designed safety mechanisms applied 

according to a safety order of precedence (Ericson, 2011). In the O&G industry for 

example, the managing of well integrity is one of the most common risks in offshore 

operations (Skogdalen et al., 2011). It could be defined as the application of prepared 

technical, operational and organizational barriers to reduce risk of unexpected release 

of formation fluids throughout the wells’ life cycle. Not maintaining sufficient well 

integrity could lead to Loss of Well Control (LWC), which could cause a disaster. The 

Macondo blowout, in fact, is an example of the well integrity dilemma. 

Accident causation theory is a statement of cause-effect relations between the elements 

of an organization within specified boundary assumptions and constraints (Mohaghegh 

et al., 2009). It is a linear path approach where various components on lower levels 

cause events on higher levels. Thus, mishaps are the result of a number of ‘agents’ 

(component parts) not being controlled adequately. Heinrich’s (1931) domino model of 

accident and Swiss cheese model are a prime example of this theory. This approach is 

still at the heart of widely used risk analysis tools and system safety models. 

Probabilistic Risk Assessment (PRA) is one of these tools that has been proven to be 

of help to cope with technical system risk scenarios successfully (Mohaghegh, 2007) 
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though Leveson (2011) persuasively argues that it is not valid for complex 

sociotechnical systems. 

The variations in using risk analysis practices are considerable.  They depend on 

numerous factors such as the industry sector, environment, size of the project, and the 

stage in the project life cycle. Buchan (1994) indicates the five most commonly used 

steps in risk management, which are identification, estimation, evaluation, response, 

and monitoring. While Raftery (1994) identified risk elimination, transfer, retention 

and/or reduction as the main techniques used to respond to risk, in (1999) Baker et al. 

conducted a survey identifying the most successful risk response techniques within the 

O&G industry. This included 12 oil and gas companies and concluded that risk 

reduction as a response to assessed risks is most commonly used. Deep water operations 

particularly encounter several challenges such as: huge costs, complex casing 

programs, high pressures, high temperatures, difficult formations, uncertain seismic 

activity, and lack of experienced personnel. These challenges are discussed elaborately 

in several studies (e.g. Addison et al., 2010, Ragan et al., 2010, Rich et al., 2010). 

One concern with accident causation theory is specifying the boundaries of the system 

‘‘level of causality”, that is, the end point of the causal chain. Socio-technical 

organizations are open systems that interact with the environment; therefore it is hard 

to define the boundaries clearly. Another challenge is to address changes in the 

environment and how organizations respond (adapt) to it. The linear path approach 

might be able to trace the broken components, but its ability to reflect the complex 

interactions between these components are rather inadequate. For these reasons (and 

many others that are not presented in this paper) researchers are searching for new 

theories to cope with the dynamic and complex nature of socio-technical environments. 

Therefore, complexity and a systems thinking approach will be explored next as an 

option for safety in O&G production systems. 

2.2 Complexity and Systems Thinking Approach 

Safety approaches have developed with the size and complexity of industrial systems. 

However, so far organisations seem to be unable to foresee their vulnerabilities until 

mishap occurs. Many researchers described accidents as ‘fundamentally surprising’ 

(Woods et al., 1994, Rochlin, 1999, Perrow, 2002). Perrow (1999), stresses that 
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accidents are inevitable in complex socio-technical systems.1 Hollnagel et al. (2006), 

argue that effective safety management cannot be based on hindsight. On the other 

hand, many experts disagree and assert that serious accidents can be prevented by 

properly managed organizational processes and practices (Antonsen et al, 2017), 

(Tappura et al, 2017). This discussion has led to developing the concept of “High 

Reliability Organizations” (HROs) (Rochlin et al., 1987, Weick et al., 1999, Roberts 

and Bea, 2001).  Both philosophies are compelling and backed by evidence for different 

cases. In the last two decades, more than 40 frameworks of  Human Reliability Analysis 

(HRA)  have been developed (Mohaghegh, 2007). 

The literature on complexity and systems thinking, however, emphasizes the emergent 

nature of accidents in socio-technical organizations (e.g. Hollnagel et al., 2011). 

Leveson defines emergence as “the idea that at a given level of complexity, some 

properties characteristic of that level (emergent at that level) are irreducible” (Leveson, 

2011, p. 63). 

The emergent property arises from non-linear interactions between multiple 

components across complex socio-technical systems (Leveson, 2004, Hollnagel et al., 

2011). Moreover, behaviours implicated in accidents often represent normal, everyday 

behaviour which, in themselves, offer little indication of impending accidents; it is the 

interaction between behaviours and the ensuing emergent properties that create 

accidents as opposed to the behaviours themselves (Salmon et al., 2012). Large 

organizations, as Bella (1997) emphasizes, are complex systems, which frequently 

adapt to changes. The non-linear interactions aim to carry out different goals and their 

emergent outcomes can be understood by focusing on the “whole” rather than the 

“parts”.  

The recent efforts on organizational safety frameworks attempt to tackle the 

multidisciplinary dynamic nature of organizational interactions. These interactions can 

affect systems’ reliability by pushing it closer to safety boundaries. Leveson, however, 

argues that confusing safety and reliability must be avoided given that the two are 

distinct. Thus, on the one hand, a system can be reliable but unsafe and on the other, a 

system can be safe but unreliable. “Reliability in engineering is defined as the 

                                                             

1 By Socio-technical system is meant the personnel as well as the systems and machines 
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probability that something satisfies its specified behavioral requirements over time and 

under given conditions – that is, it does not fail” (Leveson, 2011, pp. 7, 11). 

 

Reason (1997) aids our understanding of safety by  distinguishing between 3 different 

levels of safety frameworks:  

1- Technical system model: which is the most popular and focuses on 

technical system risk assessment such as Probabilistic Risk Assessment (PRA). 

On this front, technical models have been able to cope with technical system 

risk scenarios successfully (Mohaghegh et al., 2009), (Yang, X., Haugen, S., 

2016). 

2- Human model: which is the study of human nature causes, and 

probability of human actions in the design and operation of systems and 

processes. Human behaviour is an outcome of non-linear interactions and can 

affect reliability through countless interrelated ways. 

3- Organization model: the studies on this model vary from the safety 

management system (SMS), to organizational culture and climate. The SMS 

relates mainly to quality management where safety is viewed as a quality 

problem, whereas safety culture accounts for the shared perception of 

employees regarding organizational safety practices (Zohar, 2000, Neal and 

Griffin, 2006). However, it is difficult to establish a relationship between safety 

climate and major hazard risk (Vinnem et al., 2010). 

This is an enlightening typology in that it enables analysis to focus on 3 distinct areas 

where safety issues are vital thereby potentially improving the implementation of safety 

measures. Relatedly, Rasmussen’s (1997) developed a risk management framework 

illustrating how various system levels interact. According to the model each level is 

involved in safety management via process control, through laws, rules, and/or 

instructions. Figure 1 shows Rasmussen’s (1997) framework in addition to giving an 

example of the relevant research literature at each level.   

 



8 

 

[Type here] 

 

 

Figure 1: Rasmussen (1997) framework alongside related research areas. 

Taking into consideration these different approaches, mishaps obviously cannot be 

attributed to the failure of static learner processes.  A multidisciplinary approach that 

links a set of human and organizational factors (HOFs) to existing probabilistic risk 

analysis (PRA) models is a natural evolution, which is a promising development. This, 

in fact, is the focus of several studies on safety systems in the O&G industry (Goh et 

al., 2010, Dekker, 2011). Another example of these efforts is Socio-Technical Risk 

Analysis (SoTeRiA) (Mohaghegh et al., 2009), (Van der Westhuizen, Stanz, 2017). The 

model is based on integrating the technical system risk models with the social (safety 

culture and safety climate) and structural (safety practices) aspects of safety prediction 

models. These efforts, however, and many more are still fairly new and short of 

sufficient empirical evidence. Dekker’s Drift Into Failure (DIF) approach is an attempt 

to understand the mechanism by which organizations move closer to their safety 

boundaries. Awareness of drifting forces toward safety boundaries could help in 

defining systems’ variability and help managers to take rational decisions globally as 

well as locally. DIF is an interesting approach; therefore it will be explored further in 

the following section. 
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2.3 Drift Into Failure (DIF) Model 

Based on systems thinking, Dekker introduced the Drift Into Failure (DIF) model. 

Dekker disagrees with the linear ‘Newtonian’ basic model by emphasizing that “we do 

not live in a Newtonian universe any longer - if we ever did” (Dekker, 2011). Complex 

systems, in his view, consist of a huge number of diverse parts that have a multitude of 

relationships, interactions, and interdependencies. These components together create 

adaptive behaviour to interact with their environment. It is their interdependency and 

interaction that can yield novel large events.  This is the reason that in a complex system 

“local action can have global results”. Decision-makers are usually rational locally, 

however, their decisions always affect the global (system-wide) events. This 

understanding was behind the development of the DIF model, which we believe 

provides powerful insights in regard to complex socio-technical systems. 

Drift into failure is one of the patterns that are visible after the fact. Complex systems 

gradually adapt to the environment, which eventually leads them across the boundary 

of safe performance. However, this sliding is difficult to detect without the occurrence 

of a mishap. The main idea is to use the knowledge (after the fact) of these broken 

components to understand complex systems. The DIF model outlines five key 

characteristics of drift:  

 Scarcity and competition: reflects on competing with other organizations under 

the pressure of having limited resources. 

  Decrementalism or small steps: refers to gradual accumulation of decisions 

(locally) driven by different system components that lead to unsafe practices. 

 Sensitive dependence on initial conditions: in a complex system small changes 

in initial conditions (with time) can lead to dramatic changes in system 

behaviour (butterfly effect).  

 Unruly technologies: capture the gap between the technology - as designed - 

and our use of it in a certain context. Any deviation from the designed 

configuration (e.g. scheduled maintenance) can lead to malfunctioning of that 

operational system. How a piece of technology is envisaged to operate is often 

very different to how it actually operates in different contexts. 
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 Contribution of the protective structure: this includes regulatory arrangements, 

safety committees, international and cross-industry collaboration, and quality 

review etc. that are designed to ensure that systems, technologies and operations 

stay safe. 

These characteristics in hindsight help to see how decisions and actions build up a 

particular path to safety boundaries.  This slide is invisible from inside the organization, 

however an outsider perspective is important to prevent this drift from becoming a 

failure. Dekker (2011) suggests that we must engage with theories that can illuminate 

complexity. Complexity and systems thinking theory deviate from “hunting for yet 

another broken component up and down the organizational ladder”, and encourages 

interpretation of the history of the accident in a different light. It is for these reasons 

that we believe that the DIF model is a helpful approach in building up knowledge of 

accident causation and improvements in safety design as it is based on complexity and 

systems thinking, and shifts the paradigm towards the seeking out of the interacting 

system components. 

3.1 Oil & Gas Industry as Complex Socio-Technical System in Drift 

Walker et al. (2009) suggest that ‘any practical instantiation of social and technical 

elements engaged in purposeful goal directed behaviour’ represents a socio-technical 

system. In this sense, O&G companies (and Energy organizations at large) represent a 

socio-technical system; social (i.e. employees), and technical (e.g. drilling machines) 

elements combine for the purpose of extracting crude oil and process it to be used in 

many aspects of a civil community. O&G organizations are therefore socio-technical 

systems in nature but are they complex or chaotic? 

Cilliers (1998) outlines the characteristics of complex systems as follows: (1) Open 

systems, (2) where each of the components that make up the system are ignorant of the 

behaviour of the system as a whole. (3) The system as a whole is complex (not 

components themselves) and (4) do not operate in a state of equilibrium. (5) The 

interactions within complex systems are non-linear (6) and have history or path 

dependence. 
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Given these characteristics, Table 2 gives examples from the oil and gas industry that 

matches these criteria. Salmon et al. (2012) use a similar table to illustrate that road 

transport systems are complex systems. 

Table 2 Oil and gas industry as a complex system. (Salmon et al, 2012) 

Complex System 

Characteristic 
Hypothesis Example 

Open systems 

Open systems get affected by 

their environment and also 

affect the environment in return 

Energy companies push for 

drilling equipment that could 

access wells in very deep water. 

In return these companies, 

naturally, lay their plans based 

on what is feasible 

(technologically) at the present. 

Ignorance of components 

Components that make up the 

oil refineries are ignorant of the 

behaviour of the oil production 

system as a whole. 

Operators usually are aware of 

their actions on the task in hand 

(the local effects) but not on the 

global effects on the overall 

system. 

System Vs. Component 

complexity 

The overall oil production 

system is complex, however its 

component parts are 

complicated but they are not 

complex. 

The oil rigs are fairly 

complicated (not complex) to 

assemble and install. Whereas, 

the whole oil production system 

cannot be taken apart nor 

described fully. 

Continuous inputs from 

components 

Oil production systems are 

dependent upon continuous 

inputs from component parts in 

order to keep functioning 

While drilling there are many 

tests (e.g. pressure and 

temperature) that must be 

maintained to carry out the task 

successfully  

Path dependence 

Historical data (managers 

decisions and operators actions) 

influences the system current 

state. 

Knowledge management is an 

essential part of energy 

companies. Such an approach 

learns from historical projects to 

improve current/future projects. 
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Non-linear interactions 

Interactions between the oil 

production system component 

parts are non-linear. 

A pickup truck that was left 

running led to the BP Texas 

City refinery disaster in 2005, 

which killed 15 and injured over 

170 persons. 

 

Building on table 2, the O&G organisations are complex systems. As to whether it is 

chaotic or not, Thietart and Forgues (1995) draw attention to some similarities between 

chaotic systems and organisations. 2  However, the evidence was not sufficient to 

conclude that it is chaotic. The dissimilarities between socio-technical organisations 

and chaos will be discussed later on. 

In order to understand the safety challenges in the offshore O&G industry this paper 

uses the DIF model. By applying the 5 characteristics of DIF we could assess if O&G 

organisations are sliding closer to mishap risks. Table 3 tests those factors in the O&G 

industry by giving examples illustrating each feature. 

Table 3 Benchmarking Dekker’s 5 characteristics of system drift in offshore oil 

and gas companies. (Dekker, 2011) 

Characteristics of System in Drift Examples form O&G Companies 

Scarcity and competition 

Oil and natural gas are rare resources; 

therefore, companies (and countries as 

well) compete in the discovery of new 

wells (upstream exploration) and extract 

it (downstream production). 

Decrementalism 

Downstream operations encounter 

several challenges, such as schedule 

pressure, complex casing programs, high 

pressures and temperatures, difficult 

formations, and lack of experienced 

                                                             

2 Low dimensional Chaos 
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personnel. Engineering, managerial 

mistakes, or major workovers, can cost 

tens of millions of dollars (Addison et al., 

2010).  

Sensitive dependence on initial 

conditions 

The GoM wells are more than 3000 m, 

shut-in pressures of more than 690 bars, 

bottom hole temperatures higher than 

195 °C, in addition to a narrow drilling 

margin. Under such conditions, 

maintaining control of the well is a real 

challenge where a small mistake could 

lead to unwelcome consequences.  

Unruly technologies 

Skogdalen et al. (2011) noticed that 

oilrigs are “engineered and designed to 

have inherent flaws; they cannot be built 

as intended and they are difficult to 

operate and maintain. While they may 

have the requisite strength or capacity, 

they lack the required durability, 

serviceability and compatibility”  

Contribution of the protective structure 

Following  the Macondo rig  blowout in 

the Gulf of Mexico, the United States has 

adopted the ‘API RP 75’ as a mandatory 

component for energy companies that 

work there (Laskar et al., 2011). 

 

Proving that an oil organization is a system in drift is important for the following 

reasons: 

1- To highlight that their ability to detect deviations in their safety management 

plans is difficult; therefore, managers should be vigilant of their weaknesses. 
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2- Understand the nature of accidents and risks 

3- Shift their attention to the way the system works as a whole and understand the 

relationships between the components behaviours within it. 

4- Monitor on safety boundaries and system performance variability 

These points might not solve the problem of safety; however, being aware of them is 

definitely part of the solution. It is a great help to make sense of how small changes can 

affect the overall system, and focus on the global behaviour pattern.  

After exploring both accident causation theory and contemporary system thinking; the 

next section will evaluate their use in the O&G industry. The evaluation will be 

accompanied by an example from the industry. The Deepwater Horizon accident in the 

Gulf of Mexico (GoM) 2010 is a good example to use to discuss the competence of 

each approach. 

3.2 Deepwater Horizon Disaster in the Gulf of Mexico 

Reviewing recent studies on safety, a number of researchers are highly critical of the 

accident causation theory whereby things are broken into parts in order  to identify and 

resolve the problem (Hollnagel et al., 2011, Mohaghegh, 2007). In complex socio-

technical organizations the overall system performance and the interactions between its 

parts, rather than the performance of the parts themselves are of interest. This is why 

reductionist methods fail in such organizations. Nonetheless, such frameworks are 

currently alive and well in the oil industry.  

Taking the example of the BP oil spill in the Gulf of Mexico 2010. The ‘Transocean 

Deepwater Horizon’ Mobile Offshore Drilling Rig Unit (MODU) was 43 days 

overbudget on April 20, 2010; with costs exceeding the budget plan by $40 million 

dollars (Skogdalen et al., 2011). On that evening, failure to maintain well integrity led 

to the Loss of Well Control (LWC). The escape of hydrocarbons from the well onto 

Transocean’s Deepwater Horizon led to explosions and fire on the rig. The major 

accident killed 11 people and injured 17. The rig sank after 36 hours and the 

hydrocarbons continued to flow from the reservoir for 87 days (BP, 2010).  

In their investigation report, BP published figure 2 as a part of their accident analysis. 

The figure is clearly an illustration of Reason's Swiss cheese model, which relies on 

Heinrich’s (1931) cause-effect domino model. This example is shown to highlight that: 
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 Accident causation theory is still used in large energy companies. 

 This linear path approach had failed to predict/prevent the accident. 

When comparing the results of this report (Deepwater Horizon Accident Investigation 

Report, 2010) with the BP Texas City refinery accident report in (2005) the areas of 

concern are similar - if not the same. Both reports indicated areas such as corporate 

oversight, organizational safety culture, and human factors (lack of training, 

motivational leadership, etc.) as causes. However, after 5 years, the organization had a 

different accident with the same root causes. This demonstrates the frailty of accident 

causation theory frameworks to: 

 Identify and control sources of mishap risks 

 Adequately address the social part of the puzzle (since it was to blame again). 

 Describe the system as a whole and the relations between micro and macro and 

distinguish the interaction between components’ behaviours 

 Convey the emergent nature of accidents 

This emergent nature is shown, perhaps incongruously, in figure 2 where the explosion 

happened just before the last safety barrier. This fact, of course, cannot be anticipated 

at the time as the Swiss Cheese model cannot anticipate the emergent properties of a 

system. 
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Figure 2 BP Barriers Breached and the Relationships of Barriers to the Critical Factors.  

Source: Deepwater Horizon Accident Investigation Report (2010). 

Davies (2004) explains that there is a specific level of complexity where a system 

cannot be explained nor controlled by upward causation. In large organizations, the 

macro (system as a whole) property could not be traced back to a single factor or simple 

‘cause and effect’ relation. Ignorance of the role of these interactions between 

components in accidents leads to inappropriate countermeasures, which merely treats 

front line behaviours (Salmon et al., 2012). However, the causal model views accidents 

as the result of an inadequate control over system agents. Therefore it fails to foresee 

mishap risks and the emergent property of it. The linear approach is, in addition, is 

oblivious to the relationship between micro and macro properties (Holland, 1998, 

Bedau, 2003).  

Gilbert et al. (2007, pp. 972-973) assert that “One of the most salient questions is 

whether the incumbent authorities still hold that they are the only ones authorized to 

define approaches and policies in this domain or whether, on the contrary, they admit 

that they can henceforth put safety issues to debate and thereby possibly help to bridge 

the gap between discourse on risk-control and actual risk-management. This would 

mean that, collectively, our societies agreed not to lie to themselves about safety 

issues”. 

 

Many others have gone further to emphasise the absence of approaches that could deal 

with complex socio-technical systems. Dekker (2011, p. 238) states, “We have no well-

developed theories for understanding how such complexity develops. And … when 

such complexity fails, we still use simple linear, componential ideas as if those will 

help us understand what went wrong”. In his view the growth of complexity has got 

ahead of our understanding of how complex systems work and fail. Hollnagel et al. 

(2003), draws attention to the problem of guidance and control of human factors that 

have traditionally been viewed as the reason for accidents. Additionally, Mohaghegh 

(2007) confirms the absence of a comprehensive theory that explains accidents in a 

complex socio-technical environment. Therefore, a paradigm shift toward complexity 
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and systems thinking is required. This, in addition, creates a need for models of safety 

that go well beyond what the traditional approaches can provide.  

Although many have made the call for a systems approach, it has not penetrated safety 

research, practice or policy in any meaningful manner. Following the long tradition of 

accident analysis, investigators in the O&G industry are still looking at components in 

isolation, which assumes that inserting a new component into the system will produce 

a safety benefit.  

The example of Deepwater Horizon affirms the emergent nature of accidents. The O&G 

organization, thus, could be unaware of their sliding closer to safety boundaries; which 

was predicted by Dekker’s model. The importance of the DIF model lies in moving 

accident analysis from a ‘hunt for the broken component’ to a ‘hunt for the interacting 

system components’ mentality. Such models force a departure from the notion that 

components are ‘fixed’ towards continual vigilance for complex system drift (Salmon 

et al., 2012). 

This paper acknowledges the importance of shifting the paradigm from linear accident 

causation theory to non-linear approaches. Therefore, instead of looking for root causes, 

we attempt to identify patterns that emerge after accidents. The aim here is to learn as 

much as we can from an accident by looking for global relations and trends in the socio-

technical system. 

3.3 What can we learn?  

In the case of absence of comprehensive theory (as discussed above), focusing on facts 

that emerge after any major event seems rational. Searching for facts after accidents 

can help in identifying a pattern that could help us to understand how a complex system 

works/fails. This guides us towards adopting a new approach/theory of analyzing 

accidents. Based on the findings of this paper and many studies on safety, the following 

points were noted from many accidents:  

 Old models (accident causation analysis) failed to explain mishaps in complex 

socio-technical organizations. This is clear by examining frameworks that have 

been developed and still used in the industry. 



18 

 

[Type here] 

 

 Accidents are emergent; they are ruled by non-linear interactions between 

multiple components across complex socio-technical systems.  

 Some form of human-related factors account for 80%-90% of all causes of 

industrial accidents in all phases of a system’s life cycle (planning/design, 

construction, operation, maintenance, and management). According to Reason 

(1997), controlling social factors, including the perceptual, physical and mental 

capabilities of people, cause each individual to interact differently with their 

environment and the task in hand. The equipment, system design, and above all 

the organizational characteristics have a decisive influence on safety- related 

behaviour at work. 

 The behaviour of the system as a whole and interaction between behaviours 

rather than components themselves are of interest in order to understand how a 

complex system works/fails. 

 Integration/calibration of different parties at various levels (e.g. Rasmussen 

(1997) framework) is essential to address the problem. 

 Many proposed methods still lack sufficient theoretical basis and/or empirical 

evidence. 

 Managerial decisions might seem rational at the time but after-the-fact they 

clearly contributed to the accident.  

Perrow’s normal accident theory argues that accidents are inevitable in complex socio-

technical systems (Perrow, 1984). However, to be of practical value, this paper attempts 

to examine these points to establish patterns that emerge after mishaps. So far, normal 

accident investigation uses the facts after the accidents with the aim of finding broken 

components. Here, the idea is to shift the focus from broken parts to identify trends and 

patterns that emerge after accidents in order to understand the socio-technical system. 

Looking at mishaps from this point of view will offer new ideas that could provide a 

robust basis for understanding safety in O&G organizations. 

Based on the former observations, there are some similarities that emerge between the 

socio-technical system and chaotic systems. Contrary to accident causation theory, 

chaos theory challenges causality and a quasi-mechanistic view of organizations. It 

provides a new paradigm where two apparently opposing visions of management - 

quasi-mechanistic on one hand, unexpected and disorderly on the other hand - can be 



19 

 

[Type here] 

 

reconciled. The concept of human error is elusive, it does not take into account what 

the system does every day (Hollnagel, 2005). Chaos theory could be the missing link 

to develop frameworks for complex socio-technical environment. Therefore, further 

research should follow to assess the potential of chaos theory in offshore industry 

safety. In the next section, the paper will outline some of the similarities between 

chaotic systems and socio-technical systems. 

3.4 Chaos Theory and Complex Socio-Technical Systems 

Since accident investigations of offshore mishaps frequently point towards the social 

and organizational factors, relevant theories could be of use to improve/develop safety 

models. This paper finds that literature on chaos (chaos theory) could form the 

foundation for safety frameworks in complex socio-technical systems. The similarities 

between organizations and chaotic systems were explored by a number of researchers 

(see Thietart and Forgues (1995) as an example). Chaos theory is generally well 

explored in the natural sciences; however, it needs to be further researched in social 

sciences.  There are great similarities between socio-technical systems and the complex 

behaviour of ‘counteracting influences’ in chaotic systems (Alshammari et al 2016). 

Oil and gas organizations are similar to chaotic systems in the following respects:  

 Both are nonlinear dynamic systems subject to forces of stability (e.g. Safety 

management system (SMS), Integrated operations (IO) and forces of instability 

(e.g. human factors, environment), which push them toward chaos or accidents.  

 Sensitivity to initial conditions, that is, a small change in one variable has an 

unpredictably large impact on the system. Additionally, within chaos theory, 

many argue for linearization of the chaotic system to make the link between 

cause and effect more direct and easier to deal with. 

 Progressive and continuous small changes of the relationships between 

organizational components leads in a discreet manner, to an unstable state 

(events). This has been a common theme in many cases, where small errors have 

led to major disasters (e.g. Texas City explosion in 2005). This point is also 

shared with the DIF model (system thinking) in analyzing an accident.  

 Time irreversibility where it is unlikely that the same action, taken twice, will 

lead to the same result is a well-observed phenomenon in chaos theory. Hence, 

the actions that produced excellent results previously might lead to failure in the 
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future. This explains why using cause-effect models does not work in O&G 

production accident analysis. Even after hunting for the broken components and 

trying to fix them, accidents still happen. In addition, the sense of emergent and 

the novelty of each accident is conveyed. In a chaotic system, not only are the 

results unpredictable but also - even in the case where actions are based on 

similar past experiences - results are different. 

Chaos theory can help with the unpredictability of the environment of the O&G 

industry. It can force the organization to explore diverse modes of operation to generate 

multiple responses. Developing these responses, on the one hand, will shift the 

paradigm from hunting for broken components to thinking instead of the overall 

system. It shifts the rationality from local (individual, department) to the overall system. 

This helps to increase the system ability to survive and resist mishaps by choosing the 

best response to stay within safety boundaries. Organisations should estimate the 

dimension of their chaos, the higher the dimensionality of the system the greater the 

amount of data that will be needed for the triplestore assistant. Therefore, this paper 

recommends that the qualitative properties of chaos theory could provide several 

interesting insights on how O&G organizations function. 

3.5 Resilience Engineering 

In 2006, Hollnagel et al. introduced the concept of Resilience Engineering (RE) to 

overcome the limitations of existing approaches to system safety and risk assessment: 

“safety is created through proactive resilience rather than reactive barriers and 

defences”. This is a rapidly expanding field and space restricts us to providing only 

summary remarks. Resilience engineering relies on the system’s ability to anticipate 

surprises and adapt to potential failures. Several scholars have studied this paradigm 

shift of viewing accident modelling and safety management systems. Studies were 

conducted at railways, nuclear power plants, aviation, and in the petroleum industry. 

It provides many tools and precepts to overcome the hitherto lack of practical tools to 

implement the DIF model. Of particular importance is the Functional Resonance 

Analysis Method (FRAM) for modelling non-trivial sociotechnical systems developed 

by Hollnagel (2012). FRAM is intended to address issues that traditional methods 

miss. For example, it is not unusual for safety investigators who use root cause 

analysis (RCA) to land on human error as a cause. This is because there is no stop 
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rule in RCA, and the linear and cause–effect thinking it relies on seeks a ‘‘cause’’ 

rather than causes. By contrast, FRAM develops undirected diagrams that show how 

couplings can occur in multiple ways (Nemeth, 2012, p. 117). 

 

Following Hollnagel, Ameziane (2016) delineates four system abilities or 

“cornerstones” of RE, that is, the ability to respond, to monitor, to anticipate, and to 

learn which characterise the resilience of a system. If these abilities are known and 

increased, it will make the system As High Resilient As Possible (AHRAP). 

 

4. Conclusions 

By viewing the history of accidents in the offshore O&G sector, it is clear that 

Newtonian models are not able to deal with the complexity in such an industry. This 

failure has been highlighted by many studies. Practically, using cause-effect analysis 

model leads to the recurrent hunting for broken components to fix. Areas such as 

organizational culture, human reliability, and safety indicators are the concern. It is 

clear that the same components are still to blame in different accidents across the 

industry especially those that have to deal with the social side of the system.  

On the theoretical level, accident causation theory has had some success stories on the 

technical side of complex systems. For example, PRA is widely used but it fails to grasp 

the social aspects of the socio-technical system. In addition, it fails to describe the 

relationships between the component parts and the overall system relations. Finally, the 

degree of complexity is disregarded as well as the emergent nature of accidents.  

By contrast, as we noted earlier, the Drift into Failure model, based on complexity and 

systems thinking, shifts the paradigm towards the seeking out of the interacting system 

components. It helps, also, to understand why accident causation theory fails to deal 

with the complexity of socio-technical systems. In addition, it draws attention to the 

system slide towards safety boundaries. However, embracing DIF models may not be 

possible due to the lack of practical tools to implement it. Furthermore, researchers 

emphasize the lack of an alternative comprehensive theory to deal with complexity in 

the socio-technical system. Hence, this paper recommends chaos theory and resilience 

engineering as theoretical foundations for safety frameworks in the offshore O&G 

industry.  
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There are several similarities between nondeterministic chaotic systems and resilience 

engineering with counteracting forces and O&G organizations. These meeting points 

are promising and worth further exploration. However, in the social context, chaos 

theory is not fully understood. Therefore, additional studies should be carried out to 

assess its suitability for socio-technical systems. Another challenge remains to 

transform the natural science legacy of understanding chaotic systems to a social 

science framework. By contrast, resilience engineering potentially enables the ability 

to respond to regular and irregular threats in a robust, yet flexible manner; the ability 

to monitor what is going on, including its own performance; the ability to anticipate 

risks (risk events) and opportunities and the ability to learn from experience. As such, 

it is a powerful alternative to the traditional accident causation model. 
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