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Abstract 
 

When the 20 elements of CCPS Risk Based Process Safety (RBPS) were published in 2007, they 
represented a major improvement in risk management over the 14 elements of the OSHA Process 
Safety Management (PSM) regulation.  Not only were several additional elements added, but the 
scope of many of those elements common with OSHA PSM were broadened.  The author has 
successfully applied RBPS to facilities in countries that do not have process safety regulations, 
and to industries in the USA that are not covered by OSHA PSM [1]. The author has also 
previously presented a paper on additional elements that could broaden the scope of RBPS further 
to promote and drive greater risk reduction where appropriate [2].   

Audits of world-wide facility incident investigations have found quite often that symptoms and 
events were mistakenly identified as the root cause(s).  This failure to identify the true underlying 
root causes often results in recommendations that were unlikely to prevent recurrence of the subject 
incident.  To assist companies in correctly identifying the underlying root causes, the author has 
developed a root cause analysis (RCA) technique that not only systematically drives the RCA to 
the fundamental, underlying management system weaknesses, but also covers occupational safety, 
health, and environment (SHE); the 20 elements of RBPS; and some of the additional elements 
from the author’s previous paper (such as human factors and engineering  project phases).  This 
paper describes the issues and solutions in detail with examples illustrated from the RCA 
technique. 

1 Introduction 

Process safety practices have been around since at least the industrial revolution in the 1800’s, 
although the terminology “process safety” was not widely recognized until the late twentieth 
century.  The initial focus in Europe and the USA concerned the safety of steam engines, primarily 
on steamboats that experienced numerous fatalities due to boiler explosions. Since these early 
rules, a multitude of laws and regulations addressing different aspects of process safety have been 
enacted around the world.  As a result of a continuing litany of major disasters in the 1970’s and 
80’s, process safety practices have matured into regulated management systems, culminating in 
the EU Seveso Directive [3]; the US OSHA PSM [4]; and EPA RMP [5] regulations. Organizations 
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such as the Canadian Chemical Producers' Association (Responsible Care 1985), Center for 
Chemical Process Safety (CCPS, established 1985), and American Petroleum Institute 
(Recommended Practice 750, 1990) also promoted process safety.  These regulations, guidelines, 
and recommended practices are widely credited with reducing major accident risk in the chemical 
and energy industries.   

However, major incidents still occurred despite the regulations, and some companies were 
challenged by inadequate and/or stagnant process safety management system performance.   CCPS 
published Guidelines for Risk Based Process Safety (RBPS) in 2007 [6].  The 20 elements of 
RBPS represented a major improvement in risk management over the 14 elements of the US OSHA 
PSM regulation. Not only were seven additional elements added (the OSHA Trade Secrets element 
is discounted as it is not a risk management element), but the scope of many of the 13 elements 
common with OSHA PSM were broadened.  Unfortunately, not all process facilities have adopted 
RBPS to take advantage of improvements in risk management. 

The author has successfully applied RBPS to facilities in countries that do not have process safety 
regulations, and to industries in the USA that are not covered by OSHA PSM (ref.1). In process 
safety audits that focused on incident investigations, the author has rarely found that true 
underlying root causes have been identified. Symptoms and events were frequently stated as the 
root cause(s).  This failure to identify the true root causes often resulted in recommendations that 
were unlikely to prevent recurrence of the subject incident.  It appears to be a common problem 
irrespective of the root cause analysis (RCA) methodology used, which can vary from “5 Whys” 
to various proprietary methods. 

 

2 Root Cause Analysis 

Organizations may use different nomenclature to describe their categorization of incident causes.  
Process safety incidents are invariably the result of multiple causes that are often categorized into 
two types: Causal Factors and Root Causes.  It is important to understand the definitions of these 
causes.     

Causal Factor: 
A major unplanned, unintended contributor to an incident (a negative event or 
undesirable condition), that if eliminated would have either prevented the occurrence of 
the incident, or reduced its severity or frequency [7]. 

Root Cause: 
A fundamental, underlying, system-related reason why an incident occurred that 
identifies a correctable failure(s) in management systems. There is typically more than 
one root cause for every process safety incident [7]. 
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During investigation audits, the author has found the following common errors in identifying root 
cause: 

2.1 Starting too soon 

Commencing the root cause analysis prior to completion of essential steps will almost 
certainly result in an ineffective investigation.  These essential steps are evidence gathering, 
evidence analysis, determining a single hypothesis that the evidence supports, and 
developing a timeline of events and conditions leading up to the incident.  On too many 
occasions, the author has seen rushed investigations that have not properly completed these 
steps. 

2.2 Stopping too soon 

Most root causes are associated with weaknesses, defects, or breakdowns in management 
systems.  If you haven’t reached a management system issue, then you have probably 
stopped the root cause analysis too soon.  Some investigators struggle to understand the 
component parts of a management system that may be weak or defective.  The management 
system is the entire formal administrative system designed to accomplish an identified 
activity, such as asset integrity (or any other RBPS element), and comprises, but is not 
limited to, the following attributes:  

• Policies, practices, procedures, codes, standards, and instructions; 

• Technology, design, and technical specifications; 

• Competency requirements, training;  

• Resources (equipment, people, funding);  

• Specific tasks;  

• Assignment of authority, accountability, responsibility; 

• Documentation and records; 

• Monitoring (audit, metrics); 

• Modifications for changes and deviations;  

• Follow-up and continuous improvement.  
The weaknesses or defects may occur in any of these attributes of the management system.  
However, too many investigation reports identify root causes that do not reach the 
management system level. 

2.3 Event or action as a root cause 

If you identify an event or a non-event (i.e., an omission) as a root cause, you have stopped 
too soon in your investigation.  Events cannot be a root cause because they are the causal 
factors, results, consequences or symptoms that follow root causes.  By asking “why” several 
times it should be possible to identify a management system weakness. 



GCPS 2022 
__________________________________________________________________________   

 

2.4 Operator didn’t follow the procedure 

“Failure to follow procedure” is not a root cause.  It is a symptom! Sometimes it is difficult 
to distinguish between symptoms and actual root causes.  Treating symptoms will leave the 
root causes unaddressed, and the investigation team will then get another opportunity to 
investigate a repeat incident.  Once again, by asking “why” several times it should be 
possible to identify a management system weakness. 

2.5    Root Causes Do Not Travel Alone  

It is an avoidable mistake to stop the investigation after identifying only one root cause.  The 
Theory of Multiple Causes states that almost all incidents have multiple root causes, and 
some of these root causes did not result in the subject incident, i.e., they were near-misses 
on this occasion. 

A thorough investigation will not only find the root causes of this incident, but will also find 
the other root causes that were near-misses this time.  If not discovered, these root cause 
near-misses may cause the next incident… even if the root cause of the current incident is 
corrected! 

2.6    Human Error 

Although root causes are usually related to management system weaknesses, most incidents 
involve human factors, even if the incident is an equipment failure.   Human error is not a 
root cause.  Instead, it is important to identify which management system or work 
environment created the opportunity for human error to occur.  

A detailed study has highlighted human and organizational errors as a major contributor to 
equipment failures in the process industries [8].  Some examples from that study are: 

• Equipment degradation through poor /incorrect design or maintenance; 
• Poor design of human machine interface (HMI); 
• Use of an unsafe/inadequate procedure; 
• Poor contractor management; 
• Poor management and supervision; 
• Lack of planning; 
• Poor competency (lack of knowledge, skills, and/or abilities); 
• Human error, including simple misjudgments; 
• Inadequate physical/mental condition; and 
• Poor behavior. 

Although these are the result of actions or failure to act by people, it does not imply that 
people are to blame.  Rather, human factors are a contributing cause, but it is weaknesses in 
the management systems that allowed these contributions to occur. 



GCPS 2022 
__________________________________________________________________________   

 

2.7    Risk of repeat incidents 

The risk of repeat occurrences is not reduced until corrective actions are fully implemented.  
Just writing the incident investigation report and talking about it does not reduce the risk.  
Sometimes permanent remedial actions have to wait until the next turnaround, in which case 
temporary safety measures to reduce risks should be considered until the corrective action is 
fully implemented. However, over the years, the author has found a number of well 
conducted investigations with good recommendations that had never been implemented, 
even after 3 to 5 years.  Failure to follow-up and implement corrective actions is yet another 
management system weakness. 

2.8    Investigator bias 

Human nature often drives investigators to quickly form a hypothesis (scenario) for an 
incident, and seek confirmation by only gathering evidence for that hypothesis.  The author 
has witnessed government agencies and corporations become fixated on, and vigorously 
defend, their favorite hypothesis.  On more than one occasion, the author has identified 
totally different root causes than those proposed by a government agency. 

It is important that investigators remain open-minded and avoid falling into this 
‘confirmation bias’ trap.  Investigators must observe the Scientific Method [7],[9] by 
proposing a comprehensive list of multiple hypotheses for the incident, and then gathering 
and analyzing evidence to prove or disprove each of the hypotheses.  The best approach is 
to start developing a draft list of hypotheses early, and make it a living document by 
frequently reviewing and updating with new ideas. 

2.9    Absence of quality assurance 

It appears that few investigators perform any quality assurance (QA) review of their root 
cause analysis.  If they did, some of the errors described above would be recognized and 
corrected.  These QA reviews may be internal or conducted by an unbiased 3rd party.  The 
author is currently assisting a client by reviewing several of their past incident investigation 
reports to recommend a number of improvements to their investigation process and 
implementation.   

Guidance is available on a number of quality assurance methods, including change analysis, 
barrier analysis, sufficiency test, completeness test, management system level test, and 
generic cause test [7].  It is recommended that all investigation teams take time to use these 
tools prior to finalizing their incident investigation reports. 

3. Missing Elements 

The author has developed a RCA methodology to assist companies in correctly identifying the 
underlying root causes.  This method systematically drives the RCA to the fundamental, 
underlying management system weaknesses. The method combines not only occupational safety, 
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health, and environment (SHE) and the 20 elements of RBPS, but also covers some of the elements 
missing from RBPS that were described in the author’s earlier paper [2].   These elements could 
broaden the scope of RBPS to promote and drive greater risk reduction where appropriate.   

 

Figure 1.  Wanted Poster 
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The additional elements missing from RBPS are listed in Table 1.  Each element has a number of 
categories, and each category has multiple cause selections.  

 

Table 1.  Elements not covered by Risk Based Process Safety 

Element Categories 

Human Factors 

Behavior 

Fitness for duty 

Stress 

Performance 

Capability 

Ergonomics 

Workplace environment 

Human error 

Engineering 

Project management program 

Design input 

Design development 

Procurement 

Materials handling 

Construction 

Pre-commissioning 

Handover 

Commissioning 

Tools/Equipment/Vehicle 
Tools 

Equipment/vehicle 

 

4. The RCA Method 

The RCA method is a pre-defined tree [7] that contains three categories of potential 
immediate causes, and 24 elements of potential near-root causes.  For more information on 
BakerRisk’s CATree™ solution, see https://www.bakerrisk.com/products/software-tools/. 

Like other methodologies, it is important to complete the evidence gathering, evidence 
analysis, and timeline development before commencing the RCA.  As previously 
recommended, the Scientific Method should be used to avoid investigator bias, and identify 

https://www.bakerrisk.com/products/software-tools/
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a single hypothesis that the evidence supports.  Occasionally, there may be insufficient 
evidence available and the investigator is left with more than one hypothesis.   In this case, 
the investigator records those hypotheses that can be disproved by the evidence, and states 
that it is not possible to categorically determine which of the remaining hypotheses caused 
the incident. 

Several examples of elements missing from RBPS are described below to illustrate the 
author’s RCA method. 

4.1 Example 1 - Engineering 

Step 1 involves identifying multiple causal factors (negative events and undesirable 
conditions) from the timeline.  The author writes a short paragraph describing each causal 
factor, so that each member of the investigation team has the same understanding of each 
casual factor.  An example of a description of a causal factor is illustrated below: 

A fire occurred when a 6-inch natural gas pipeline failed in multiple locations at a 
canal crossing while operating within its normal pressure range.  The failure 
locations were in the vicinity of two wooden support structures, and a metallurgical 
examination determined that the pipeline wall thickness at the failures was 
significantly reduced due to external corrosion.   

Step 2 comprises taking each causal factor in turn to identify one or more immediate causes 
from the three categories of equipment factor (fig. 2), work environment factor 2)and 
personnel factor (fig. 4).  Note that the individual bullet points in these factors have multiple 
choices. 

 

Figure 2.  Immediate Cause: Equipment Factor 

In this example, an immediate cause is valid; Faulty equipment.  It is good practice to record the 
rationale for selecting each item, for example:  

Faulty equipment: The natural gas pipeline wall thickness was corroded externally. 
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Step 3 involves identifying near-root causes from the pre-defined tree when all of the immediate 
causes have been identified for each of the causal factors.  Each immediate cause is taken in turn.   

In the case of faulty equipment, there are multiple near-root causes.  Two of the near-root causes 
are inadequate technical design under Engineering / Design / Design Development (see Fig. 4 
below).  For example: 

a. Due to poor pipeline support design (absence of saddle allowed pipeline to rub against 
wooden support) 

b. Due to poor pipeline external coating (longitudinal wax tape at failure locations, rather 
than spiral wrapping, exposed underside of pipe to water entry) 

Other near-root causes for this immediate cause fall under: 

Engineering / Design / Design Input: Inadequate design codes/standards (absence of 
pipeline saddle at wooden support).  See also:  
Standards, Codes, Regulations; Management System; Scope; Inadequate design codes, 
standards (same as above – absence of pipeline saddle) 

Engineering / Design / Design Development: No/inadequate independent design review 
(stage gate review should have identified pipeline support issue) 

Asset Integrity & Reliability / Inspection/Testing / Condition Monitoring: Inadequate 
inspection (task to measure wall thickness at wooden support difficult) 

Asset Integrity & Reliability / Deficiencies / Operation with deficient equipment: 
Inadequate repair (pre-existing pitting corrosion that was painted over and wax tape was 
applied longitudinally instead of spiral wrap). 
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Figure 3.  Near-Root Cause: Engineering (Select Example) 
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These near-root causes are similar to what some other proprietary RCA methodologies categorize 
as a root cause.  However, it is possible to reach deeper into the management system to identify 
the true fundamental, underlying root causes. 

Step 4 comprises the application of the 5 Whys technique to the near-root causes identified from 
the pre-defined tree.  There is nothing mandatory about asking why five times.  Depending on the 
circumstances, the investigation team, for example, may stop after 3 or proceed to 6 whys until the 
available information (facts) is exhausted. The last ‘why’ is the root cause and should have reached 
a deeper fundamental, underlying management system weakness. 

In the example case above of faulty equipment and near-root cause inadequate technical design 
of the pipeline support, an example of the application of the 5 Whys is: 

1. Why? Design team unaware of pipeline codes and standards for support structures. 

2. Why? Pipeline canal crossing designed internally by staff without pipeline engineering   
 experience. 

3. Why? Cost of employing experienced pipeline design contractor exceeded project funding. 

4. Why? Corporation had limited capital resources available. 

5.Why? Corporation cut capital spending due to poor financial performance (this is the root 
 cause). 

Step 5 requires steps 1 to 4 to be repeated for each causal factor.  If this approach is systematically 
followed, multiple immediate causes, multiple near-root causes, and multiple root causes will be 
identified. 

 

4.2 Example 2 – Human Factors 

Another example of a description of a causal factor for a different incident is illustrated below: 

Failure to follow the startup procedure contributed to the loss of process control.  Key 
individuals (supervision and operators) did not apply their level of competency, and there 
was a lack of supervisory oversight during this startup. 

In this example, two immediate causes are valid: infringement of procedure by individual 
(operator), and infringement of practice by supervisor (Fig. 4).  The rationale for the former 
example is: 

Infringement by individual: Control board operator did not follow the startup procedure. He 
exceeded the maximum bottom temperature of the fractionation column. 



GCPS 2022 
__________________________________________________________________________   

 

 

Figure 4.  Immediate Cause: Personnel Factor 

In the case of infringement by individual, there are multiple near-root causes.  Two near-root 
causes are related to human factors (Fig. 5): 

Human Factors / Personal Factors / Performance: Inattention (Control board operator was talking 
on the telephone). 

Human Factors / Personal Factors / Capability: Poor troubleshooting/problem analysis ability 
(Lack of distillation despite the high bottom temperature was due to a closed block valve that was 
clearly illuminated on the DCS screen, and a high level in the fractionation column). 

Another obvious near-root cause for this immediate cause falls under: 

Operating Procedures / Use of Procedures / Lack of Use / Procedure not used/followed   
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Figure 5.  Near-Root Cause: Human Factors (Select Example) 
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In the case of infringement by individual and near-root cause inattention, an example of the 
application of the 5 Whys is: 

1. Why? Control board operator was talking on the telephone for over an hour during the 90 
 minutes prior to the incident. 

2. Why? Lack of operational discipline by the control board operator.  

3. Why? Supervisor did not enforce good operating practices. 

4. Why? Supervisor was not present during process unit startup. 

5.Why? Supervisor had family emergency, but did not ensure a competent supervisor was 
 available to cover the startup or alternatively halt the startup until appropriate 
 supervision was available (this is the root cause). 

Once again, the process should be repeated for each causal factor to systematically identify 
multiple immediate causes, multiple near-root causes, and multiple root causes. 

 

5. Conclusion 

The 2007 CCPS Risk Based Process Safety (RBPS) guidelines represented a major improvement 
in risk management over Process Safety Management (PSM) regulations, and can be applied in 
countries without, and industries not subject to, process safety regulations.  However, today it is 
apparent that additional elements are necessary to supplement the 20 RBPS elements in order to 
drive greater risk reduction.  

When auditing incident investigation reports, the author rarely finds ‘root causes’ identified that 
reach the underlying management system weaknesses. As a result, recommendations are unlikely 
to prevent a recurrence.  This paper presents a root cause analysis (RCA) technique developed by 
the author that systematically drives the RCA to the true fundamental, underlying management 
system weaknesses.   

The author has also added some of the Wanted, Missing RBPS Elements to the RCA method to 
assist investigators in conducting a more comprehensive investigation.   

The Wanted posters for these elements (engineering; human factors) are still required for RBPS, 
as are new wanted posters for other missing elements identified in the author’s previous paper [2]. 
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