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Abstract  

A hybrid method combining various Reliability (Fault Tree Analysis -FTA-, 

Reliability Block Diagrams -RBD-), Multi Criteria Decision Making (Analytic Hierarchy 

Process -AHP), High Reliability Organizations (HROs) and Learning from Failures (LFF) 

framework tools, has been applied to a long-established pattern of small to medium chronic 

failures in a large Oil & Gas organization. Through the Reliability techniques FTA/RBD, the 

root causes of the chronic failure pattern were identified, categorized and their 

interconnections established. The obtained root causes were then used as criteria and with the 

five principles of mindful organizing as alternatives in constructing the AHP model. 

Finally, an attempt to extract useful generic lessons from the failure causes identified by 

applying the learning from failure (LFF) principles was made, in order to obtain guidelines 

for updating existent company routines. Despite a few shortcomings, some inherent to the 

tools themselves and some related to the method intent, reasonable results were obtained 

which appear to demonstrate the applicability of the approach. 
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1. Introduction and overview of existing literature 

The research on the subject of combining various techniques in a hybrid approach to the 

analysis of systems failures is extensive. In a recent article, Stephen and Labib (2017) 

demonstrated the applicability and usefulness of combining five different analytical tools 

from the reliability and decision-making fields to an aviation failure case study. They based 

their approach on the simulation1 and synthesis aspects of modelling as defined in 

Shantikumar and Sargent (1983), where a given model converts a set of inputs into desired 

outputs which, in turn, become the input to another model. The results are then used to gain 

                                                           
1 As opposed to analytic models. 



further insight into the problem through learning from the failures analyzed. Furthermore, 

suggested adaptations to one of the basic tools used in hybrid approaches, fault tree analysis 

(FTA) have been made (Labib and Read, 2013; Ishizaka and Labib, 2014) in order to enhance 

the fault identification analysis process. Morgan, Belton, and Howick (2016) and Morgan, 

Howick, & Belton, 2017 reviewed use of hybrid OR techniques, and addressed the 

philosophical issues around their application. 

In addition, the subject of hybrid modelling and learning from failures (LFF) is 

comprehensively approached in previous studies by Labib (2014) and Yunusa-Kaltungo et al. 

(2017), where various examples of combined methodologies implementation to real life 

failure events, in the form of disasters, and a structured framework for LFF were developed. 

The approach, as demonstrated in Stephen and Labib (2017), should not be limited to major 

accidents or disasters and may be applied to minor failures. Based on a comparative analysis 

of Bhopal and Fukushima disasters, Labib (2015) stated that, in order to understand causal 

factors of man-made disasters, human, design, organizational and socio-cultural factors 

should be analyzed. The subject of the human influences, which includes organizational and 

cultural aspects, has been studied by Zapf and Reason (1994), who addressed the error 

handling process and emphasized the importance of human errors (Chen et al., 2019; Akyuz 

et al., 2018; Zhang and Tan, 2018; Zhou and Lei, 2018) and their influence in industry safety 

research and management errors (French et al., 2011), as well as the growing2 public 

attention to consequences of errors leading to major accidents. These authors (Zapf and 

Reason, 1994) referenced other researchers’ “framework of human errors” suggesting four 

main causes of human mistakes: the limited capacity for conscious thinking, a tendency to 

protect one’s feeling of competence, the criticality of the real problem and, simply, 

forgetfulness. The organizational and socio-cultural factors are contemplated by Sasou and 

Reason (1999) when they argued that errors in group processes, as it happens to working 

teams in organizations, should be treated not only in the way they occur, are detected and 

corrected (or not), but on how they are influenced by human interactions. They suggest 

taxonomy for team errors3 and analyzed how various Performance Shaping Factors (PSF)4 

influence their development.  

                                                           
2 The referenced publication dates back to 1994. Today, the word growing may safely be replaced by 
established. 
3 The paper addresses only two of the three types of errors defined by Reason (Reason J, Human errors, 
Cambridge University Press, 1990): mistakes and lapses (more related to group processes). The third kind, slips, 
errors which occur during a single individual action process and therefore less likely to be associated to team 
errors, is not considered. 



Reason (2000) also classifies the human error problem in two ways, person and 

system approaches. The first focuses on errors and procedural violations at the person level, 

related to inattention, negligence, poor motivation and other similar “aberrant mental 

processes”. The system approach looks at errors as systemic factors, assuming that humans 

are fallible and errors, even in the best organizations, are to be expected. On one hand, 

organizations adherent to the person approach tend to direct their effort towards making 

individuals less fallible; on the other, organizations following the system approach aim at 

more comprehensive management programs, targeting not only the individual but “…the 

team, the task, the workplace, and the institution as a whole”.  

The ultimate example of this last kind of organizations is given by those termed High 

Reliability Organizations (HRO). For almost two decades these organizations have been 

subject to study and two researchers in particular Weick and Sutcliffe (2008, 2015) have 

attempted to identify their distinctive features as well as providing a methodical approach to 

understand, benchmark and take advantage of them. Agwu et al (2019) proposed a 

framework for assessing, and benchmarking, organisations in terms of the degree of their 

maturity with respect to HRO principles.  In an attempt to study the applicability of HRO 

principles to safety critical projects, Saunders (2015) categorically echoed that one of the 

fundamental research studies on understanding HROs was based on comparing three original 

case studies from critical operations in the U.S. aviation industry (La Porte, 1988; Rochlin et 

al., 1987) to that in the electrical operations and power generation industry (Schulman, 1993). 

While the diversity in the modes of equipment design, operation and maintenance in all three 

case studies is undeniable (Mentes and Turan, 2018; Islam et al., 2018; Atak and Kingma, 

2011; Reiman and Oedewald, 2006; Zhang and Tan, 2018; Reiman and Oedewald, 2004), 

“they all operate in an unforgiving social and political environment, an environment rich 

with the potential for error, where the scale of consequences precludes learning through 

experimentation, and where to avoid failures in the shifting sources of vulnerability, complex 

processes are used to manage complex technology” (Weick et al., 2008). The central concept 

behind how these HROs operate is generally termed Mindful Organizing (Skjerve, A.B., 

2008; Harvey et al., 2016) and it has been suggested that its characteristic set of behavioral 

capabilities are relevant to organizations of all kinds (Vogus et al., 2014). 

Based on the outlined literature search, this work proposes to develop a method for 

identifying, categorizing and providing alternative solutions to a pattern of chronic small to 
                                                                                                                                                                                     
4 Amongst various PSFs relevant to this work’s proposed methodology are, regulations, deficiencies in 
resource/task management and excessive authority gradient. 



medium failures in a large Oil & Gas organization. Finally, it is worth mentioning that on the 

basis of a study by Paranhos et al. (2017), there exists little formal discussion of HROs theory 

and practice in relation to Oil & Gas Onshore operations, and therefore the proposed model 

may be considered a novel approach. Moreover, this work is an extension to the work on the 

High Reliability Organisation (HRO) framework proposed by Agwu etal (2019), which 

proposed a maturity grid for different types of organisations including oil and gas. 

 

2. Selection of the case study 

Like many other large organizations whose activities represent high risks to people, 

property and the environment, the organization to be analyzed next (Oil & Gas) has a very 

well structured and comprehensive system of processes to provide support to the manner in 

which business is done. For all company main processes there are definitions of policies, 

strategies and goals. For every task or combination thereof, there exist procedures, written 

instructions, standard routines and planning and scheduling methodologies. However, in spite 

of all the efforts made to predict possible negative outcomes, failures not only of physical 

assets but also, and intimately related, of processes, continue to occur. Indication exists, 

based on computerized maintenance management systems (CMMS) data and direct 

observation, of the existence of a pattern of recurrent small to medium failures along many 

years and across the company extended operations. This pattern of recurrence has a twofold 

effect on the organization’s results: on one hand has led to the occurrence of some major 

accidents and, on the other, the exertion of a negative and cumulative sort of dripping effect 

on the company’s business objectives. 

Examples of the first case include a 2014 fire and total destruction of an oil treatment 

plant. The event, although no deaths were registered and no serious permanent environmental 

damage occurred, left 14 people with minor injuries, generated estimated losses in the order 

of millions of US dollars only in compensation fees and created negative publicity to the 

company. Investigation reports issued from different sources, including the company’s 

internal memos, made clear that a series of small deviations from well-established processes 

and procedures (for instance, deficient work permit system implementation involving no or 

deficient hazard identification for a period of many months) constituted the root cause of an 

electrostatic spark that ignited the flammable atmosphere during a routine operation on a 

10,000 m3 storage tank.  Additionally, failure to thoroughly apply well-known and long-

established maintenance and integrity routines were identified, which reinforces the 

hypothesis of a pattern of neglecting small deviations accumulating over time. 



With regards to the second aspect, a tendency to coexist with or, at least tolerate, certain 

apparently “unavoidable” typical non-critical failures, appears to be strongly rooted in the 

organization’s culture. This has the effect of, in some instances, waiting until failure occurs 

(not as a maintenance strategy) when it would have been more cost-effective and safe to 

intervene preventively. As a salient example of this behavior, among many, could be 

mentioned the approach to pump rod fracturing in mechanical pumped oil wells. In this case, 

the most frequent strategy (but, once again, not as a “thought” strategy) is operating until 

failure occurs and intervention is required, instead of monitoring the evolution of probable 

degradation mechanisms like metal fatigue or corrosion attack by means, for instance, of 

pump strokes and dynamometer measures for the former and monitoring of downhole 

coupons for the latter. The basic source of failure data considered for this study is the 

enterprise resource planning software (i.e. SAP in this case) for just one of the company’s 

business units and over a two-year period. However, as the chosen business unit is quite large 

(i.e. controls more than 5000 wells); it is believed that the findings related to this business 

unit will provide a very good platform for knowledge transfer across the entire company. Full 

details of the selected failure modes, their contributions to downtime and a Pareto distribution 

are provided in Appendix A. 

In the context of the presented scenario, this work hypothesizes on the possibility of 

developing and implementing a useful, applicable model to describe, categorize, extract 

further knowledge and provide some alternative possible solutions, to the problem of the 

referred pattern of operating in an apparently accepted permanent state of chronic faults. As 

the company operations encompass an ample variety of operational modes and equipment 

types, different geographical locations and resources availability and characteristics 

(particularly human), diverse business models’ projections and expectations as well as a 

multitude of other differentiating features, the proposed model is stated from a generic 

perspective alone. No attempts are made in analyzing a specific situation of a given business 

unit and, for this reason, the approach considers causation factors of general nature5. The 

main idea is to devise a conceptual approach to the problem of developing a research based 

methodology for tackling the dangerous practice of the organizational acceptance, 

consciously or non-consciously, of operating in a non-critical, though recurrent, failure mode 

condition.  

                                                           
5 Despite this, and as a consequence of time constraints, information used for the analysis as well as personnel 
experience input, has been restricted to only one company business unit. All efforts were directed, whenever 
possible, to orient the analysis towards a generalized view of company usual practices. 



3. Method implementation 

The proposed methodology entails a combination of two reliability techniques, Fault Tree 

Analysis (FTA) and Reliability Block Diagrams (RBD) and one Multi Criteria Decision 

Making technique, the Analytical Hierarchy Process (AHP). To assist during the AHP 

implementation, the High Reliability Organizations (HRO) Mindful Organizing concept 

(Weick and Sutcliffe, 2008) was also included. As a final step, results were contextualized in 

the LFF framework (Labib, 2014). Figure 1 provides a summary of the various steps 

incorporated in the proposed framework.  

 

 
Figure 1. Method steps 

 

A first meeting was held in order to explain the basics of the FTA technique to a 

group of people from the relevant participating sectors (Asset Integrity and Maintenance 

Management, Operations, HSE, Engineering, Human Resources and Business Unit manager). 

During this meeting, possible causes of the repeated failures issue (now defined as the FTA 

Top Event) were discussed and, eventually, a complete tree analysis was assembled. 

Root causes were categorized into two groups: the first group comprising all equipment-

related root causes6, and the second including identified root causes believed to be more 

                                                           
6 This equipment-related group may also be interpreted as an “Engineering” group in comparison to the 
“managerial” part of the fault tree. 



related to managerial issues. Once all the basic events were identified and separated in the 

two categorized groups as described above, they were compared as criteria using the AHP 

methodology, one set of comparisons for each group. This step provided two weight vectors 

prioritizing the relative importance of each criterion within each group (equipment and 

management), as determined by the assembled team. It is worth commenting that people 

selected for this team included not only different backgrounds, as already stated, but also, 

they were selected as having 10 years plus working in the organization. This ensured the 

required level of expertise and mobility across various company business units over the years. 

For the implementation of the second part of the AHP method, that is, the alternative 

choices pairwise comparison, the methodology proposes to take advantage of the five core 

principles of mindful organizing (Weick and Sutcliffe, 2011) as inputs for the AHP matrices. 

These principles are considered as alternative solution paths to the repeated failures pattern, 

based on the assumption that any organization may learn from HROs methods (Weick and 

Sutcliffe, 2015).  For each previously prioritized criterion (the FTA basic events or root 

causes), the team first completed five audit questionnaires (Weick and Sutcliffe, 2008), one 

for each alternative, in order to obtain a prioritized list to help assigning comparative values 

from the relative importance scale (Labib, 2014) in the AHP alternative matrices7. As a final 

step, the three principles of LFF according to Labib (2014) were used to analyze the FTA 

root causes in order to extract generic lessons which, eventually, could be applied to enhance 

organizational routines. 

 

4. Results and discussion 

This section describes the systematic and practical implementation of the steps earlier 

described in Section 3, which led to the classification of the causal factors under two broad 

classes - equipment and management.  

 

4.1 Fault tree analysis (FTA) and reliability block diagram (RBD) 

Two main lines of reasoning were first identified as the most probable candidates to 

explain the repeated failure patterns. It was agreed that the majority of failures are either due 

                                                           
7 In other words, the AHP methodology requires assigning numeric values from 1 to 9 in the pairwise 
comparison of the alternative solutions proposed (the five HROs principles). This process is to be repeated for 
each and every one of the previously weighted criteria (the FTA root causes). To help assigning these values, 
semi-quantitative audits (10) to rank the relative importance of each HRO principle in relation to each other 
and for a given root cause, were employed. This was a long, tedious process, because in some instances it 
resulted very difficult to find consistent relationships between an alternative and a given criteria. All efforts 
were made, however, to obtain coherent results. 



to physical damage to equipment (closely related to deficiencies in design/implementation of 

the asset management strategy) or to failure to comply with medium to high level processes 

mostly related to management decisions. Although the distinction between these two first 

level causal events is somewhat arbitrary8, it is also true that an initial split in the tree 

structure is required in order to start the analysis. Consequently, these events were selected as 

the most consistent with the generalized perception of the team participants. An OR-gate was 

assigned as a connector because both causes were not considered to be acting simultaneously 

in order to reach the top event. From this point downwards, the fault tree was worked 

separately until basic events were identified. Figures 2 and 3 respectively depict the obtained 

FTA and its corresponding conversion to RBD. 

 

 
Figure 2. FTA for avoidable repeated non-catastrophic failures 

 

                                                           
8 It is clear that these events may be coupled into a single causal factor: for instance, non-achievement of 
equipment fitness for service could well be a consequence of badly taken management decisions in regard to the 
Maintenance and Integrity Strategy.  



 
Figure 3. Corresponding RBD for avoidable repeated non-catastrophic failures 

 

Equipment branch 

Outdated equipment and poorly maintained equipment were found to be the main 

causes of repeated failures which cause unfitness for service. Because, in general terms and 

under certain assumptions, the non-occurrence of one cause may compensate for the 

occurrence of the other when happening alone, an AND-gate was assigned to the connector. 

Two root causes (basic events) were identified for each one. For the case of outdated 

equipment two fundamental reasons were considered to be the most damaging: when 

equipment is operated beyond its design life (generally without retrofitting from the degraded 

condition, a not uncommon practice in mature fields) and when no capital investments are 

considered for asset renewal (i.e. reduced CAPEX strategy). With regards to maintenance 

performance, either a badly implemented maintenance strategy (e.g. no systematic 

continuous improvement approach, poor efficacy/effectiveness monitoring, deficient Early 

Equipment Management implementation, no CMMS input data quality control, no 

environmental influences gatekeeping function defined, insufficient or inadequate Condition 

Based Maintenance (CBM), excessive patch and run jobs and scarce failure finding routines, 

to name some of the identified); or deficiencies in human resources management (e.g. poor 

maintenance contractors performance, under-skilled personnel, excessive power delegated to 

trade unions, deficiently implemented performance appraisal, high turnover of personnel, 

etc.) were established as the root causes. 

 

Management branch 

The management decision making branch of the fault tree was found to be generated 

in two extremely important events: the lack of a stable, long lasting asset management policy 

and a long-held tendency to see top management performance from a production results 

perspective alone.  Asset Management policy and strategy discontinuity was determined to be 



caused by not enough visible top management support of the strategy (typical symptoms 

found include weak observable and substantiated leadership in reliability and integrity 

strategies, mild top management concrete support in asset management activities and, 

although defined and written, feeble observance of  maintenance RACI9 tables); and 

relatively frequent changes in the organization from the top10, bringing about a cascading 

effect on all other organization sectors which, undoubtedly, exerts a strong impact on the 

Maintenance & Integrity organization. Finally, the rewarding of top managers mainly from a 

production results standpoint (i.e. not seriously including integrity and reliability goals) was 

found to be caused by two root causes: the nature of the organizational culture (descriptors of 

this basic event are, for instance, a “naturally accepted” tendency to downgrade/disregard 

established procedures, poorly organized inter-sectorial communication paths, people not 

naturally system-oriented11 and a leaning to ignore small deviations until they become 

serious); and a relatively weak enforcement of the regulatory context12. 

As may be inferred from the RBD, the system is intrinsically unreliable because the 

two main blocks are in series. This implies that the reliability function will not pass through 

the system if any of the two occurs, which is consistent with the fact that the repeated failures 

pattern does happen. Through the paths inside the main tree branches, the parallel 

configuration confers the structure higher reliability, with the discontinuity in Asset 

Management implementation causal factor being considered less likely to occur than the 

firmly established corporative appraisal scheme of top management.   

 

4.2 Analytical hierarchy process (AHP) 

For this part of the analysis, the original group was divided into two sub-groups to 

work separately on both FTA Top Event causal branches. As previously referenced, two sets 

of AHP criteria matrices were solved in order to obtain vector weights for the root causes 

identified for both tree branches, termed as equipment and management. The relative 

importance scale as presented in Labib (2014) was used. Given the relative (and sensitive) 

                                                           
9 Responsible, Accountable, Consulted, Informed. 
10The importance of this factor cannot be stressed enough. Although it is clearly subject for another context, 
frequent major changes in most state partially-controlled organizations, as well as the state itself, is a strong 
disrupting agent that negatively impacts the continuity of any long-term policies.  
11 This is, in fact, an ever-present feature in most organizations. It is listed here because, in the context of this 
particular case, it is considered that this characteristic is especially strong. 
12 For many years now, regulations in asset integrity management have been implemented in the country and 
keep up their update pretty much at the same pace of international practices. However, in cultural environments 
like the ones that have defined the operational context during the last decades, a stronger presence and control 
from the state might be a necessary requirement to secure that regulations are effectively fulfilled. 



character of some of the root causes, particularly in the management branch, some 

compromise in the scoring process had to be reached to avoid delays during the technique 

implementation. In the end, however, and beyond the consistency values falling inside range, 

results appeared to be fairly coherent. For example, the importance of Organizational Culture 

(management branch) ranked tops relative to the other causes in the same branch. At the same 

time, Human Resources Issues also get the highest value in its corresponding equipment 

branch (see Tables A1.1-A2.2 in the Appendices). This correspondence was positively seen 

by the work team after regrouping for results consolidation, and appeared to convey a certain 

degree of reliability to the technique in the eyes of the participants. The general AHP 

structure for respective branches of the FTA and RBD is shown in Figure 4. 

 

 
Figure 4. AHP structures for identified root causes (a) equipment (b) management root causes 

 

For the alternative solutions options (see Appendix B) the five principles of HROs 

were employed. That is, to solve the repeated failures pattern whose root causes were 

identified through FTA/RBD analysis, the model proposed to obtain a prioritized list of these 



principles on the basis of the pairwise comparison for each root cause. To assist in the 

relative scoring on the matrices, a set of audits (Weick and Sutcliffe, 2008) was used. As 

there was no previous training in the company regarding the concepts of mindfulness on 

which these principles are based, these audits fulfilled the double purpose of helping to assign 

the scale of relative importance values, and at the same time, familiarizing people with the 

basics of how HROs operate13.  Each audit constituted a framework for assigning values that 

would provide answers to pre-determined questions which assess the predisposition of the 

organization to comply with the corresponding HRO principle. For the purpose of illustration, 

Table 1 shows an example audit for Deference to Expertise (equipment branch) as well as the 

scores allocated during this exercise. This illustration examines how well each of the 7 audit 

criteria listed in Table 1 describe a work unit, department or an entire organization. For each 

criterion, the respondents are required to individually allocate a score (typically between 1 

and 3) that best represents the situation within their organization. The scores are categorized 

as follows: 1 = not at all, 2 = to some extent and 3 = a great deal. After scoring all criteria, the 

strength or weakness of the organization is then assessed by summing all scores. A score 

greater than 14 indicates that deference to expertise is strong, scores between 8 and 14 is 

moderate while a score less than 8 suggest that the organization should be actively seeking 

ways to improve deference to expertise and capacity for mindfulness. 

 

Table 1. HRO principles audit rank for assessing the deference to expertise in your firm 

S/No. Audit Criteria 
Score 

1 2 3 
1 People are committed to doing their job well   2   
2 People respect the nature of one another's job activities   2   

3 If something out of the ordinary happens, people know who has the 
expertise to respond   2   

4 People in this organisation value expertise and experience over 
hierarchical rank 1     

5 In this organisation, the people most qualified to make decisions 
make them 1     

6 People typically "own" a problem until it is resolved 1     

7 It is generally easy to obtain expert assistance when something 
comes up that we don't know how to handle   2 

  

                                                           
13 The five principles of mindfulness, as defined by authors Weick and Sutcliffe (2008,2015) are: preoccupation 
with avoiding failure; reluctance to oversimplify things; sensitivity (attention to and involvement with) to 
operations; commitment to resilience (act fast, rebound from adverse circumstances) and deference to expertise 
(migrating decision making).  



Once all audits were completed, the next step is focused on solving the AHP alternative 

matrices and the results of which are provided in Tables 2 and 3. 

 

Table 2. AHP results 

S/No. Root Cause 
AHP Score 

Equipment Management 
1 Pre-occupation with failure 0.114 0.098 
2 Reluctance to simplify 0.076 0.335 
3 Sensitivity to operations 0.252 0.072 
4 Commitment to resilience 0.107 0.312 
5 Deference to expertise 0.450 0.182 

 

At an initial glance, the first thing that may strike as an odd result is that pre-

occupation with failure does not rank highest, even in the context that the problem to solve is 

precisely the repeated failures pattern. In spite of the apparent contradiction, there is a 

plausible explanation to this: during the last 3-5 years, the company has implemented a very 

strong safety policy which, among other things, encourages people to systematically report 

failures/mistakes, and when they happen are usually treated from a system standpoint and not 

held against the person. This safety policy has also contributed to the development of a 

favorable environment for people to talk freely about things going wrong. The two other 

salient aspects are, of course, the two best ranked possible solutions. One feasible explanation 

why people in the first group considered deference to expertise as the most important tool 

may be because they have trust in their experienced colleagues when it pertains to the failure 

of physical equipment which would seem the most logical stand to take in reality.  Without 

conscious knowledge, the group appealed to a feature that has been subject to research and 

found to be ever present in HROs regarding the expertise principle: it is termed migrating 

decision making14 and implies the “…loosening of hierarchical constraints and decisions 

migrating …in search of a person (or team) who has specific knowledge of the event.” 

(Roberts et al., 1994). Going a step forward, the second highest score associated with 

sensitivity to operations may also be associated with the previous reasoning. The group 

participants recognized the importance of closeness to operations when dealing with 

detecting developing faults or fix them after the functional failure. According to Weick and 

Sutcliffe (2015):  “…sensitivity to operations is about the work itself; about seeing what we 

are actually doing regardless of intentions, designs and plans.” 

                                                           
14 K. Weick and K. Sutcliffe in their book Managing the Unexpected. Sustained performance in a complex 
world state that “Sense making rather than decision making migrates.” 



For the management branch group, reluctance to simplify had the best rank. A 

potential explanation to this seemingly incongruent result15 might be in direct connection 

with the fact that organizational culture was the highest scored root cause. Oil and gas 

operations are fast paced, any delays may represent some cubic meters less of hydrocarbon to 

sell and, usually, this could mean a lot of money. There is a strongly rooted tendency to “go 

on producing” which often encourages an attitude of neglecting small, weak, yet very specific 

indications that some potential failure is evolving. In this context, oversimplification of 

events is not uncommon and it may take different forms. For example, using the earlier 

analogy of a pump rod’s repeated failures’ being accepted as normal because certain types of 

wells operate under conditions that “enhance corrosion and, although the well is chemically 

treated, some degradation mechanisms cannot be avoided”16. An example of not 

oversimplifying the situation would be tracing back the problem, through detailed analysis, 

up to the way rods were installed downhole and/or stored in the warehouses. Other cases of 

oversimplification and where a more thoughtful, careful approach could lead to the discovery 

of unpredicted root causes may be permanent leaking pumps or compressor piping vibrations.  

In all of these, underestimating the complexity could easily lead to severe or even 

disastrous outcomes. As Weick and Sutcliffe (2008) suggested, it is dangerous when 

observers put general labels and categorize things because people will be prone to neglecting 

hints that unexpected outcomes are evolving. In this sense, that the group has identified the 

reluctance to accept simplifications17 as the best path to addressing the repeated failure 

pattern problem, may be seen as a positive step towards the development of a solution. 

However, it must be emphasized that, according to prominent research contributions (Weick 

and Sutcliffe, 2008; 2015), all 5 items taken as alternatives in the AHP implementation, 

constitute common practices that HROs apply in their everyday operations on an equal basis 

of importance. That they are prioritized in this model originates from the fact that company 

operations are not familiarized with the concepts involved and, as a consequence, it will be 

necessary to implement these alternative solutions in sequential order18. 

                                                           
15As a first approximation, deference to expertise might appear more appealing when related to management 
decision making. 
16 When HROs encounter a condition they identify as having occurred before, this is a cause of concern rather 
than comfort (Weick and Sutcliffe, 2008). 
17 Simplification is clearly not always a shortcoming. In fact, it should be recognized that, especially in the 
context of operation by processes, the clearer the steps and interactions the better the chance of focusing on the 
target and obtaining the desired result. It is too much simplification what may hinder the analytic approach to 
uncover the causes of failures. 
18 In fact, the implementation of these practices is not trivial. They have to be learnt by the organization (which 
implies no less that a true organizational cultural learning), and in this sense, the present model greatly simplifies 



 

4.3 Learning from failures (LFF) 

The final step in the proposed method aims to extract, from the root causes identified, 

generic lessons which will be used as guidance during the revision and upgrade of existing 

dynamic routines19 (operating routines, maintenance procedures and instructions, safety 

practices, etc.). These routines, in combination with the previously analyzed HRO practices, 

are expected to provide a systematic mechanism to help mitigate the repeated failures pattern 

identified. As explained in Labib (2014), the LFF framework relies on the implementation of 

three principles: feedback from the users to designers, use of advanced analytic techniques 

and extraction of interdisciplinary lessons of general nature. In this context, it is expected that 

the proposed method takes advantage20 from the present situation of having to deal with this 

previously described operation under an apparently accepted state of chronic failure mode. 

 

Feedback to design 

As previously mentioned, two main branches in the FTA were determined to be the 

most relevant in causing the top event; an equipment or “engineering” branch and a 

management branch. For the first case, the feedback is meant to trigger a thorough revision 

and update of the asset management and maintenance strategy design and implementation. A 

point of guidance in this respect would be to frame the present risk based maintenance 

(RBM) and integrity strategies in the context of ISO 5500021. The second FTA branch is 

more problematic because of two reasons: the regulatory context root cause is external to the 

company and, therefore, not directly modifiable; and the company culture related root causes 

represent factors much more complex to address and considered to exceed the scope of this 

work. For this reason, the feedback advice would be connected to the management support of 

the asset management strategy design and implementation by means of the gradual learning 

and systematic deployment of the five HRO principles previously discussed. 

Advanced analytical tools  

Virtually all root causes identified by the use of FTA were already known to the work 

team participants. However, the application of the technique was instrumental to give order to 

                                                                                                                                                                                     
the process by considering that only by implementing one by one in order of relevance, they will readily be 
applicable.  
19 The concept of dynamic routine is taken as explained in (Labib,, 2014). 
20 In the sense of what is expressed in (Labib, 2014): “Experience with failure has proved to be more likely than 
experience with success to produce conditions for experimental learning, the driver to challenge existing 
knowledge, and the ability to extract meaningful knowledge from experience”. 
21 BS ISO 55000 Series – Asset Management. 



the analysis and, in addition; other alternatives (finally not used in the tree) were also 

recognized. The classification in two chief lines of causal factors of the top event did result in 

a novel approach and greatly helped to reach the independent root causes which, otherwise, 

could have been more difficult to unravel.  

 

Generic lessons 

As earlier mentioned in the introductory section, the company does have a well-

organized system of processes and related procedures, instructions and routines, and yet small 

to medium (usually non-critical), recurrent, avoidable equipment failures continue to occur. 

Among various other factors, some revision and improvements in practices, related 

documentation, interaction among company sectors and with third parties, communication 

paths and, in general terms, the “way to do things”, need to be enhanced. The point of this 

feature of the LFF process is to identify lessons, based on this failure pattern, that help the 

company to improve these aspects which are termed under the generic name of “dynamic 

routines”. Two groups of generic lessons were identified as adequate for the task. The first 

group is extracted from Labib (2014) and the second was custom-developed by the group. 

Table 3 provides details of both classes of generic lessons. 

 

Table 3. Generic lessons 
Generic Lessons from (Labib, 2014) Customized Generic Lessons 

• Coping with growth (only in some 

company fields, as the case of 

unconventional E&P) 

• No news is good news (to implement 

scheduled inspections and preventive 

maintenance and not letting corrective 

actions take priority) 

• Bad news bad person (avoiding people 

fearing reporting problems and 

encouraging responsible communication) 

• Legislation (not only compliance but 

being proactive in safety-related 

measures in spite of lack of updated 

regulations or regulatory control) 

• “I manage, you operate, you fix” attitude 

(a slightly modified version of the one 

suggested by Labib (2014); the aim is for 

everyone to understand that all are 

responsible for the reliable operation of 

organization assets) 

• Stronger top management leadership in 

asset management related activities (it 

could imply modification of yearly, 

bonus-related performance objectives 

weights) 

• Formalizing the continuance of medium 

to long term asset management strategy 

even in the face of large restructurings 



• Everyone’s highest priority is their own 

machine (encouraging a systematic 

approach to setting priorities in a 

consistent manner) 

• Skill levels dilemma (bringing attention 

to designers of operator requirements to 

avoid issuing complex over-standardized 

routines) 

(this may be a stretch, but it is worth 

trying) 

 

 

On the basis of these generic lessons as well as the eventual implementation of the modified 

version of the Decision Making Grid22, improvements to  the company’s structural 

(ostensive) and contents (performative) routines (Labib, 2014) are highly anticipated. 

 

5. Concluding remarks and future perspectives 

The proposed harmonised approach described in this study commenced with the 

identification of 8 root causes, using the analytical tools - FTA and RBD. These root causes 

were further categorized as pertaining to two main groupings connected in series and, 

therefore, conferring to the higher-level company’s management of the failure pattern a low 

reliability status. Furthermore, a combined input to AHP matrices of the identified root 

causes (as criteria) and the five basic principles of HROs (as alternatives) helped generate a 

ranking scheme for possible solutions, one for each of the main clusters. The introduction of 

the HRO principles and required scoring during AHP implementation was enhanced by the 

use of HROs standard audit frameworks. As a complementary measure, the LFF principles 

were then used to complement the entire process so that the generic lessons described therein 

can serve as a platform for improving the company’s dynamic routines. Despite the initially 

perceived ability of the proposed approach to successfully investigate small but chronic 

failures which are often allocated a low priority, owing to their perceived insignificant 

instantaneous effects, the following points of caution need to be considered with regards to 

individual tools: 

                                                           
22Although this work aims mainly to apply the 5 HROs principles as tools for improvement of the chronic 
failure problem, it also recognizes the importance of complementing this approach with the modified version 
(“safety version”) of the DMG as explained in (Labib, 2014). This methodology would specifically target the 
problem at hand, as it considers the recurrent nature of failure events (failure rate axis) and its impact on various 
factors as cost, environment and performance (severity axis). Because of time constraints, the subject of using 
the modified DMG and updating routines according to this model will only be commented but not developed. 



• Practically, any ranked position in the alternative solutions list of any one of five 

HRO principles might have been rationally explained and justified. This is in part 

due to the fact that, although there is a degree of quantitative reasoning in both the 

mindfulness assessment audits and the AHP relative scale, they are basically general 

nature concepts, prone to subjective interpretations. Additionally, the method forces 

prioritization of the principles when, in reality, none of them is more relevant than 

others. For instance, the marginally second best alternative solution for the 

managerial branch (commitment to resilience) classifies as a principle of 

containment rather than anticipation which may account for the forced nature of the 

proposed method of attempting to prioritize the otherwise equally weighted HRO 

principles. 

• In spite of the referred subjectivities, it is not unreasonable that the best scored 

alternative solution for the “equipment” branch of the fault tree pertains to what are 

termed as principles of containment and, on the other hand, the best rated 

“management” alternative solution belongs to the principles of anticipation23. The 

equipment part of the tree can be thought of as the “physical” part; all that happens 

here is related to the direct failure to function of physical assets. The selection of the 

expertise HRO principle is seen (by the group participants) not only as someone 

knowing how to detect a system failure but as someone who is prepared for 

reactively solving the problem, after the unexpected event (the failure) occurred. The 

other half of the fault tree may be interpreted as the “system” part, where event 

interconnections are more related to processes, communication and decision making. 

By choosing a principle of anticipation, the group appears to be thinking more of 

plans, procedures and practices aimed at preventing the failure. 

• FTA has been criticized on the basis of the following two fundamental assumptions 

that may not always represent reality; (a) all events have equal weights and (b) there 

is always the existence of interdependence of events.  

Despite these perceived frailties, the authors believe that this harmonised approach and 

the incorporation of a highly experienced cross-functional plant team provides a holistic 

insight to the practical understanding of often neglected but consequential small chronic 

failures, which may offer various realistic action plans that could minimise future occurrence. 

                                                           
23 Preoccupation with Failure, Reluctance to Simplification and Sensitivity to Operations are grouped as 
Anticipation Principles. Commitment to Resilience and Deference to Expertise is categorized as Containment 
Principles (Vogus et al., 2014). 



In order to further enhance the robustness and confidence levels of the proposed approach, 

the following future lines of research thoughts may be useful: 

• Resource availability and time constraints restricted the CMMS failure data used for 

this study to just one business unit. Based on the size of the analysed organisation’s 

operations, we feel that the repetition of a similar exercise within extended time 

periods and comprising all business units would provide better statistically relevant 

data that may be capable of representing the entire oil and gas E&P onshore sector 

on a regional scale. 

• An enhanced FTA approach that incorporates crisis tree analysis (CTA) and the 

revolving gate concept presented in Ishizaka and Labib (2014) should be explored 

for categorising the problem on the basis of active basic events. This may account 

for the interdependence issues often encountered with conventional FTA approaches.   

Based on the observation that this study represented an introduction to HRO principles 

for most of the group participants, it may be worthwhile to develop a methodological 

approach for identifying, training employees and implementing HRO practices in oil and gas 

exploration and production (E&P)24. Such a methodology should also have a detailed 

evaluation of cost-effectiveness embodied in its core. 
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Appendices 
 

Appendix A: Case study failure modes distribution and analysis 

 
Table A1: SAP failure modes and corresponding equipment over 2 years 

Equipment/process Failure mode Failures in 2 years 
Pump Leaking seal 1496 
Filter Clogged 1400 
Small electric motor Excessive vibration 1360 
Instrumentation Abnormal reading 1160 
Pump rod Fatigue 993 
Small bore piping Excessive vibration 890 
Water injection line Temporary repair (not replaced) 824 
Electrical terminal Overtorque 769 
Connector Dirty 700 
Data compilation program Incomplete 650 
Switch Dirty 612 
Flowline Temporary repair (not replaced) 496 
Trunkline Temporary repair (not replaced) 450 
Right of way inspection Incomplete 422 
Motor fan Misalignment 392 
Water injection line Corrosion 354 
Small electric motor Overheating 320 
KPI reporting Incomplete 299 



PSV leaking closed 245 
PRDs survey Incomplete 201 
Gearbox Poor lubrication 189 
Lubrication plan Incomplete 170 
WO revision/uploading Incomplete 155 
Pump rod CO2 corrosion 143 
Plant housekeeping report Incomplete 139 
Pump rod Coupling misalignment 122 
SSV Failure to close 106 
Gearbox Missing teeth 98 
SSV Override to manual 86 
CMMS maintenance plan Incomplete 77 

 

 

 

 

 

 

 

 

 

 

 

 

Table A2: Ranked failure modes over 2 years (Pareto analysis) 
Equipment/process Failure mode 2-year Failures  %Failures Cummulative 
Pump Leaking seal 1496 9.9 9.9 
Filter Clogged 1400 9.2 19.1 
Small electric motor Excessive vibration 1360 9.0 28.1 
Instrumentation Abnormal reading 1160 7.7 35.7 
Pump rod Fatigue 993 6.6 42.3 
Small bore piping Excessive vibration 890 5.9 48.2 
Water injection line Temporary repair (not replaced) 824 5.4 53.6 
Electrical terminal Overtorque 769 5.1 58.7 
Connector Dirty 700 4.6 63.3 
Data compilation program Incomplete 650 4.3 67.6 
Switch Dirty 612 4.0 71.6 
Flowline Temporary repair (not replaced) 496 3.3 74.9 
Trunkline Temporary repair (not replaced) 450 3.0 77.9 
Right of way inspection Incomplete 422 2.8 80.6 
Motor fan Misalignment 392 2.6 83.2 
Water injection line Corrosion 354 2.3 85.6 
Small electric motor Overheating 320 2.1 87.7 
KPI reporting Incomplete 299 2.0 89.7 
PSV leaking closed 245 1.6 91.3 
PRDs survey Incomplete 201 1.3 92.6 
Gearbox Poor lubrication 189 1.2 93.8 
Lubrication plan Incomplete 170 1.1 95.0 
WO revision/uploading Incomplete 155 1.0 96.0 
Pump rod CO2 corrosion 143 0.9 96.9 



Plant housekeeping report Incomplete 139 0.9 97.8 
Pump rod Coupling misalignment 122 0.8 98.7 
SSV Failure to close 106 0.7 99.4 
Gearbox Missing teeth 98 0.6 100.0 
SSV Override to manual 86 0.6 100.6 
CMMS maintenance plan Incomplete 77 0.5 101.1 

 

 

 

 
 

Figure A1: Pareto distribution of failure modes over 2 years 

 

 

 

 

 

 



 

 

 

 

 

 

 

Appendix B1: Criteria matrices for FTA identified root causes 

 
Table B1.1: Equipment root causes matrix 

Normalized "C" Matrix     

  E1 E2 E3 E4 
Criteria weights 

(W) 

  

Consistency Index 

E1 0.071 0.025 0.083 0.085 0.066 CI 0.07648 

E2 0.214 0.075 0.083 0.061 0.108 
 E3 0.357 0.375 0.417 0.427 0.394 Random Index 

E4 0.357 0.525 0.417 0.427 0.431 RI 0.9 

  

  

Consistency Ratio 

CR 0.08498 
 

Table B1.2: Management root causes matrix 
Normalized "C" Matrix     

  M1 M2 M3 M4 
Criteria weights        

(W) 

  

Consistency Index 

M1 0.083 0.031 0.132 0.063 0.077 CI 0.08769 

M2 0.417 0.156 0.132 0.313 0.254 
 

M3 0.417 0.781 0.662 0.563 0.606 Random Index 

M4 0.083 0.031 0.074 0.063 0.063 RI 0.9 

  

  

Consistency Ratio 

CR 0.09744 
 
 

Appendix B2: Example alternative solutions matrices for HROs principles 

 
Table B2.1: HROs alternative (equipment) for criteria: deficiently implemented maintenance strategy 

Normalized "C" Matrix Design alternative priorities 
(P)   A1 A2 A3 A4 A5 

A1 0.1 0.2 0.1 0.2 0.1 0.1 

A2 0.0 0.1 0.1 0.0 0.1 0.1 



A3 0.3 0.3 0.3 0.3 0.2 0.3 

A4 0.1 0.1 0.1 0.1 0.1 0.1 
A5 0.5 0.4 0.5 0.3 0.5 0.4 

 

 

 

 

"C" Matrix 
 

p vector 
 

Ws                
(C x p)   

Consistency 
vector 

A1 1.000 3.000 0.333 2.000 0.250 
 

0.100 
 

0.7   5 

A2 0.333 1.000 0.200 0.500 0.167 
 

0.100 
 

0.3   5 
A3 3.000 5.000 1.000 4.000 0.500 

 
0.300 

 
1.5   5 

A4 0.500 2.000 0.250 1.000 0.250 
 

0.100 
 

0.4   5 
A5 4.000 6.000 2.000 4.000 1.000 

 
0.400 

 
2.2   5 

            CI = 0.0279877   5 𝝀𝝀 

RI = 1.12 
 

5 n 

CR = 0.02<0.1 OK   
 

Table B2.2: HROs alternatives (management) for criteria: frequent major organization restructuring 
Normalized "C" Matrix Design alternative priorities 

(P)   A1 A2 A3 A4 A5 

A1 0.1 0.1 0.1 0.1 0.1 0.1 

A2 0.2 0.2 0.2 0.2 0.1 0.2 
A3 0.0 0.0 0.1 0.1 0.0 0.0 

A4 0.4 0.5 0.4 0.5 0.5 0.4 
A5 0.3 0.3 0.3 0.2 0.3 0.3 

 

"C" Matrix 
 

p vector 
 

Ws                
(C x p)   

Consistency 
vector 

A1 1.000 0.333 2.000 0.167 0.200 
 

0.1 
 

0.3   5 
A2 3.000 1.000 4.000 0.333 0.5000 

 
0.2 

 
0.8   5 

A3 0.500 0.250 1.000 0.143 0.167 
 

0.0 
 

0.2   5 
A4 6.000 3.000 7.000 1.000 2.000 

 
0.4 

 
2.2   5 

A5 5.000 2.000 6.000 0.500 1.000 
 

0.3 
 

1.5   5 

            CI = 0.01947489   5 𝝀𝝀 

RI = 1.12 
 

5 n 

CR = 0.02<0.1 OK   
 

 



 

 

 

 
 

 


