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Executive Summary


Vectra Group Limited was contracted by the Health and Safety Executive (HSE) Offshore 
Safety Division (OSD) to provide guidance on selecting appropriate maintenance strategies 
from a Human Factors perspective. 

The aim of the current project is to identify ways in which Human Factors ‘best practice’ may 
be integrated into an offshore maintenance strategy.  Consequently, the project places 
strong emphasis on the human activities that are manifest at the point of maintenance, i.e. 
delivery. This approach accepts that, over time, those activities will inevitably lead to 
incidents/accidents due to human error.  Although, it will never be possible to completely 
eradicate error of this nature, it is feasible to integrate controls and defences against such 
errors.  Typically, these are implemented either during design and construction or in 
response to incidents and accidents.  In contrast, this document is focused on iterating 
human factors considerations within the safety case. The approach used in this report 
recognises the fact that most installations are already operational and that maintenance is 
an ongoing activity. 

The project was carried out in three main phases. The first aimed at identifying key issues 
reported in the literature that relate to the development and delivery of maintenance within 
the offshore oil and gas industry.  The second concentrated on the collation and assimilation 
of available data about human factors in maintenance.  The data was drawn from recent 
accident/incident reports for all types of maintenance activities, and semi-formal interviews 
with a sample of Duty Holders/ Contractors. The final phase involved the translation of the 
issues identified in the literature and discussions with industry representatives into a 
question set, aimed at guiding both Inspectors, and the Industry, in ensuring that 
maintenance strategies do address key human factors issues. 

To identify the key Human Factors issues within current maintenance strategies, seven 
semi-structured interviews were conducted between May and September 2002. Six 
interviews were with Duty Holders and one with a principal Contractor. The following key 
issues emerged from these interviews: 

· Competency 
· Learning from experience 
· Supervision of multi-skilling  
· Backlogs 
· Identification of Safety Critical Elements
· Communication 
· Hazard awareness 
· Roles & responsibilities 
· Resourcing  
· Environmental issues/ constrain 

(SCEs) 

An additional interview was conducted to gain an HSE Inspector's perspective on key 
Human Factors issues in maintenance.  Interestingly, many of the issues identified were 
similar to those commented on by the industry: 
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· Multi-skilling 
· Reduction in manning levels  
· Supervision 
· Hydrocarbon releases 
· Backlogs 

RIDDOR1 data provided for analysis was divided between pre and post 2001 submissions. 
All analyses were kept separate for these two data sets.  For the purposes of the project, the 
majority of analyses were confined to the post 2001 set.  It should be noted that the analyses 
performed were based on the subjective interpretation of Vectra's analysts. Therefore, 
caution should be exercised in acting upon any of the conclusions. 

The main findings from the data analyses were as follows: 

The Incidence of Errors: 
· 	 More than 60% of all incidents, post 2001, were identified as Human Factors related 

compared to 45% pre-2001 

Latent Errors arose from: 
· Lack of awareness / inattention 22.7% 
· Inadequate work standards / poor discipline  19.5% 
· Inadequate risk assessment + inadequate job planning 24.2% 

Causal Factors Identified were: 
· Poor position / posture, approximately 20% of post 2001 incidents suggested this as 

the cause of an accident/incident, and 
· 38% of post 2001 incidents were identified as a result of poor practice, i.e. a failure to 

follow procedures / industry practice, and poor preparation / completion of tasks. 

Additional analyses were conducted to determine whether apparent differences in the 
incidence of events exist between different asset operators. This is based on the number of 
incidents reported to the HSE for the period 2001 to 2002.  The key findings indicate that 
there are differences between operators, which may relate to the type of installations 
operated and the nature of that operation. 

There is evidence of an increasing awareness of the importance of addressing Human 
Factors issues within the workplace to influence performance. This is evident in the 
combination of information obtained from the interviews, the incident/ accident data, and an 
analysis of current literature. The 17% increase in the reporting of human factors issues 
(45% for the pre 2001 data compared to 62% in the post 2001) suggests a greater 
awareness of Human Factors.  Human Factors are cited as a causal factor in nearly 2/3rds of 
maintenance incidents.  Therefore, Human Factors, must, be recognised at the strategic 
level and they must be addressed throughout the implementation of that strategy.  A failure 
to do so ignores the fact that incidents/ accidents resulting from maintenance are more likely 
to stem from a Human Factors-related root cause than an engineering one. 

1 RIDDOR '95 came into force on 1 April 1996 and means the Reporting of Injuries, Diseases and Dangerous Occurrences 
Regulations 1995.  RIDDOR '95 requires all companies covered by the regulations to report work-related accidents, diseases 
and dangerous occurrences. It applies to all work activities, but not to all incidents. 

Report No. 300-2019-R01 October 2003 
Revision 0 Page 4 



1.0 Introduction 


It is widely accepted that, technological advances in equipment design have in 
general, reduced maintenance requirements. Nevertheless, regular planned 
maintenance routines (PMRs) and rapid availability of skilled personnel for 
unplanned maintenance remains essential to ensuring safe and efficient offshore 
operations.  Alternative methods of organising maintenance activities, such as 
campaign-based maintenance that is completed by dedicated teams, are increasingly 
being considered to maximise the cost effectiveness of operation.  An ageing 
workforce, requirements for worker flexibility, contractorisation and the general move 
towards downsizing, and multi-skilling, are just some of the factors that are driving 
these alternative approaches. 

Inadequate maintenance has been a contributory factor in many major accidents and 
incidents (e.g. Piper Alpha).  Thus, the quality of the provision of maintenance 
directly impacts on both the safety and the operational costs of an installation.  Any 
changes to the way in which these activities are organised, will require the risks from 
human error to operational safety, to be considered prior to the implementation. 

This document aims to identify ways in which Human Factors' ‘best practice’ may be 
emphasised and integrated into a maintenance strategy. Throughout, there is a 
strong emphasis on the human activities in the execution of maintenance tasks. 
Over time, those activities that are performed erroneously may lead to incidents / 
accidents. Whilst it will never be possible to completely eradicate human error from 
maintenance, it is realistic to integrate controls and defences to reduce their effects. 
Typically, maintenance errors are considered during the design and construction or, 
in response to incidents and accidents. In contrast, this document is focused on 
considering the integration of such controls and defences in the safety case. This 
recognises the fact that most installations are already operational and that 
maintenance is an ongoing continual process. 

Therefore, this document, considers current practice amongst Duty Holders and 
Contractors in delivering offshore maintenance, the type of human errors that result 
from execution of that maintenance, and accepted Human Factors practice. It 
enables the reader to question key elements in four facets of maintenance strategy 
as well as considering its overall management. The four elements are defined as: 

Installation - relating to issues of location and design which may adversely affect 
  the strategy 

Operation - concerning the planning and management including ensuring the 
continuity of the strategy throughout the lifecycle 

Equipment -	 the items to be maintained, accessibility, re-instatement post 
maintenance 

Personnel -	 dealing with issues relating to the individual maintainers 
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1.1 Statement of Aim 

The aim of the project was to provide: 

· 	 Background information on current maintenance strategies being 
operated in UK waters 

· 	 Guidelines, in the form of a question set, for use by Operators/ 
Contractors to assist in the selection and subsequent implementation of 
an appropriate strategy 

However, the purpose was not, to provide a blueprint against which all 
maintenance strategies should be formulated. The intention was instead, to 
identify key elements of Human Factors best practice that should be 
considered as part of any maintenance strategy, and its subsequent delivery. 
This was important in ensuring that the research and information gathering 
phases of the project could be completed in a short time. This approach also 
focused attention on a number of supporting objectives, including: 

· Understanding the development of a maintenance strategy from the top 
down (i.e. from the safety case through to delivery) 

· Identifying where similarities and/ or differences exist between various 
‘strategies’ currently being operated in UK waters 

· Clarifying the term ‘maintenance strategy’ for the purpose of this project 

Therefore, the project aims to provide information and guidance that will 
facilitate a more reasoned consideration of  ‘management of change’. This is 
in keeping with the outcomes from the Joint Industry/ HSE (OSD) seminar 
and workshop, ‘Maintenance: Reducing the Risks’. 
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2.0 Overview of Approach  

The study was carried out in three main parts.  The first was aimed at identifying key 
background issues relating to the development and delivery of maintenance within 
the offshore oil and gas industry.  The second concentrated on the collation and 
assimilation of available data. Specifically, it examined information relating to recent 
accident/ incident reports for all types of maintenance activities, together with the 
results of semi-structured interviews with a sample of Duty Holders / Contractors. 
The final phase involved the assimilation of all of the available information into a 
question set, to guide both Inspectors and the Industry in ensuring the 
appropriateness of adopted maintenance strategies.  An overview of the process is 
provided in Figure 1. 

Figure 1:  Project Approach 
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2.1 Phase 1: Background Information  

Background information was collected from two principal sources during the 
literature review, which provided the foundation for the project.  In addition to 
the literature review, information was generated through the Joint Industry/ 
HSE (OSD) seminar and workshop, ‘Maintenance: Reducing the Risks’, 
which was held in Aberdeen in January 2001 (Ref. 4). 

This background information was further supplemented by Vectra’s 
experience in both the oil and gas sector and other industrial sectors. 
Maintenance related human factors issues are often similar in different 
sectors. 

2.2 Phase 2: Data Collection 

The first stage of data collection involved undertaking detailed semi
structured interviews with a selected sample of stakeholders. This included 
both Duty Holders and Contractors who were delivering maintenance within 
the industry at the time of the project. The semi-structured question 
framework is presented in Appendix A. 

In total, twelve companies were contacted during the early part of 2002 and 
offered the opportunity to take part in the study.  Of these, a final group of 
seven were able to take part. Only one company refused permission outright 
to discuss the issue of maintenance strategies with VECTRA’s consultants. 
All interviews were conducted between May and September 2002 in 
Aberdeen.  A separate interview was conducted with the Regulator. 

Each interview was aimed at gaining a deeper insight into the requirements 
imposed by the Safety Case and Verification Scheme in managing the 
maintenance strategy at the highest organisational level.  They also sought to 
gain an understanding of the practical issues encountered when delivering 
maintenance offshore. 

The interviews were tailored according to the level of involvement by each of 
the interviewees in the implementation of maintenance strategy.  This was in 
keeping with the original project intention, whereby, information from across 
the entire maintenance provision would be sought.  However, due to practical 
constraints, it was necessary to move from this ideal.  Limitations in contacts 
with many of the larger Contractors meant that the information relating to 
offshore delivery had to be sought from within the Operating Companies 
themselves.  This undoubtedly limits the interpretation of results. However, it 
should be noted that, the managerial aspects and supervision remains in the 
hands of the Duty Holder although contractors deliver the majority of 
maintenance. 

Of the seven companies who took part in the project, six were interviewed in 
their capacity as Duty Holder and one in the capacity of Service Provider/ 
Main Contractor and Duty Holder. 

Despite these limitations, the final group of seven companies provided a 
broad selection based on, size of overall operation, provision of services, 
resources, and type of operational environment (i.e. fixed/ drilling/ FPSO). 
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The second stage of data collection involved the analysis of accident data 
from RIDDOR reports submitted over the previous 5 years (i.e. 1997 to 2002). 
An initial filtering of the reports provided by HSE was made on the following 
basis: 

· The recorded task being performed at the time of the accident related to a 
maintenance activity 

· Any personnel recorded as injured were part of a maintenance team or 
involved in maintenance activities 

No filter was applied for the ‘kind of accident’, that may have occurred or the 
nature of any injury reported. The information was seen to remain applicable 
irrespective of the specific maintenance activity being assessed. 

Although the data was sorted according to the criteria stated above, it is not 
possible for the HSE to ensure that ‘stray’ data do not enter the final data set. 
For this reason the Vectra team made an additional manual check on each 
entry before the information was analysed.  This check enabled entries to be 
removed if they were deemed unrelated to normal maintenance activities. 
However, these measures cannot prevent information from being analysed, 
which has been incorrectly entered on the RIDDOR report.  For this reason it 
is important to treat all such analyses with caution. Whilst they may provide 
an insight into the trend of accidents/ incidents, they are unlikely to provide an 
exact reflection of the real situation. 

In all, 884 reports were provided by the HSE in two separate Microsoft Excel 
spreadsheets.  The first covered the period from 1996 to March 2001 and 
comprised 784 entries. The second, smaller data set covered the period from 
April 2001 through to May 2002.  The separation of the data sets corresponds 
to changes in the way RIDDOR data are reported. To avoid confusion or 
misinterpretation during any subsequent analyses the data sets remained 
separated. 

The data contained information relating to: 

· Date* 
· Time 
· Location Name 
· Installation Type* 
· Activity Type 
· Incident Type 
· Incident Operation Text 
· Summary * 
· Investigated by HSE* 
· HSE Management Group* 

(NB. The key elements for this project are asterisked.) 
The summary section for each report was assessed to identify potential root 
causes. As there is a pre-existing method to identify root causes in RIDDOR 
reports, further identification of root causes is difficult.  However, in the 
majority of cases, the reports do provide sufficient evidence to make a 
subjective assessment of the root cause. 
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The Vectra team drew on available knowledge and experience to identify a 
provisional list of eight probable root causes often associated with 
maintenance. 

This initial list was compared with a sample of the post 2001 data set. It was 
found that most incidents could be accounted for within the eight provisional 
categories but a small number could not. Therefore, a further category was 
introduced. The entire data set was analysed using the list of nine root causes 
which were: 

· Failure to follow procedures/ industry practice 

· Poor preparation/ completion of tasks 

· Unsafe posture/ practice

· Inadequate communications 

· Slips, trips and falls 

· Defective plant/ machinery/ equipment

· Defective tools/ materials 

· Strike by equipment

· Failure to secure/ release items or warn


Further analyses of RIDDOR data were performed for the period March 2001

to May 2002. This was to determine whether differences in the number of

reported incidents exist between companies (Duty Holders).

Comparisons were also made of the frequency of incidents across 110 fixed,

22 floating and 1 TLP for the same period.


2.3 Phase 3: Framework and Guidance Development 

2.3.1 Inputs to Development 

The framework and guidance, in the form of a question set was developed 
using the insights obtained in the first two phases of the project. In addition, 
the notion of a hierarchy of diminishing strengths/ robustness of defences was 
factored in. Such a hierarchy typically starts with strong, engineered 
defences, then weaker system defences, then human defences. 

The three levels of defence intervene between the high-level maintenance 
strategy and the low-level delivery of maintenance. These defence 
mechanisms, reduce the identified error potential; for example, ensuring that 
all valves open and close in the same direction across the plant is an 
engineered defence against human error in valve alignment.  Considering 
defences in this way indicates the robustness with which the incidence of 
human error can be reduced.  However, it must be noted that the 
implementation of defences using this concept can only work if the potential 
for human error has already been identified. One way to represent the role of 
defence mechanisms is by using ‘bowtie’ diagrams. The knot in the centre 
typically represents the incident/ accident and the two open-ended bow 
sections represent the cause(s) and consequence(s) respectively (see Figure 
2). 
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Cause-
Figure 2: The 

Consequence Sequence 

When overlaid with the types of defence mechanisms already referred to, it is 
possible to provide a simple explanation of how pre-designed barriers can be 
used to advantage to pre-empt an event or to help mitigate its consequences 
once the evolution of an incident has begun. (see Figure 3). 

Figure 3:  The defences in the Cause-Consequence Sequence 

Along the sequence from cause to consequence, engineered barriers are 
seen as the first or primary source of defence. The key human factors to be 
considered are the clarity of the defence mechanism, its maintainability, ease 
of use, and the collective knowledge about why it is there, and how it provides 
protection. 

System defences, are less tangible, in their relationship to the actual delivery 
of a maintenance activity but are no less important than engineering 
defences.  A System level of defence would embrace the Safety Management 
System (SMS). Therefore, system defences include a permit to work system, 
risk assessments, and all procedures. The human defence is the final line in 
the prevention of error.  Nevertheless, it is important to realise that both 
engineered and system defences inevitably have elements of the human 
embedded within them. For example, an engineered defence can be 
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weakened by inadequate maintenance, and a system defence delivered by a 
procedure will be weakened if it is not clearly written and well understood. 

It is likely that the human operator will be the final contact with the system, 
whether through working on the plant, or via remote control room operations. 
Therefore, the demarcation lines between an engineered defence, system 
defence or human defence are not clear-cut.  The robustness of a defence 
mechanism is determined by is limitations. This is clearly represented by 
Reason’s Swiss Cheese Model (Ref. 3), as shown in Figure 4 below. Each 
slice of the cheese represents a defence mechanism.  However, each 
mechanism contains holes representing a design limitation or breakdown in 
implementation of that mechanism. 

Figure 4:  Reason’s Swiss cheese Model of Defence 

Such breakdowns or limitations only present a danger of consequences, 
when they line-up with other limitations/ holes in consecutive defences.  Holes 
within a single defence mechanism individually do not; present a danger to a 
system because there will be other defences still intact that act to prevent a 
major accident/ incident from occurring (see Figure 5 below). However, the 
model contains the notion that barriers are dynamic. That is, they can change 
so that weaknesses in successive barriers line-up.  It is important to note that 
breakdowns/ holes within barriers can occur in any defence. When, holes/ 
breakdowns in the barriers line-up, the potential for a human error event to 
lead to consequences becomes much higher (see Figure 6). Maintenance 
errors are one way that a barrier can be weakened so that a hole appears. 
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Figure 5:  Defence Breakdowns at a Single Level2 

Figure 6:  Defence Breakdowns Lined-Up for Error3 

2 We are indebted to R. Miles of the HSE for the use of this diagram. 
3 We are indebted to R. Miles of the HSE for the use of this diagram. 
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2.3.2 Question Set Grouping 

The conceptual groups for questions that are proposed as the final question 
set, originate from discussions with the Duty Holders and Contractors.  These 
were initially:  ‘location', ‘operation’, ‘equipment’ and ‘personnel’. 

However, it became apparent that the concept of ‘location’ did not adequately 
capture many of the elements that needed to be addressed. The original 
intention had been to select a term that would encapsulate the larger scale 
asset, or groups of assets, that traditionally existed in the North Sea. 
Therefore, to keep pace with the changes that have taken place in the 
organisational structuring of assets and their overall management it was 
agreed with the HSE that ‘location’ was too broad a term.  After consultation 
with the Technical Monitor it was agreed that, there was sufficient benefit in 
retaining the elements that fell under the ‘location’ concept but to seek an 
alternative, more appropriate, group heading.  The new term chosen is 
‘installation’. 

The final groupings were, confirmed as ‘installation’, ‘operation’, ‘equipment’ 
and ‘personnel’.  ‘Installation’ falls under ' Engineering Defences, or, 
Hardware heading whilst ‘operation’ and ‘equipment’ are grouped under the 
Systems Defences, or, Software or and personnel under the Human 
Defences, or, Liveware. This structure is represented in Figure 7. 

Figure 7:  Summary of question framework 

During the data collection phase, each of the key Human Factors issues 
generated were allocated to the most appropriate low-level heading, i.e. 
'installation', 'operations', 'equipment', or 'personnel'.  Additional Human 
Factors issues were subsequently incorporated into the Framework that had 
not been specifically addressed during data collection, in order to capture 
elements fundamental to a maintenance strategy.  The final version of the 
question set is presented in Appendix D. 

2.3.3 Question Set Content 

The detailed questions were derived from discussions with duty holders, 
overlaid with the conceptual framework for defence mechanisms described 
above, and the insights gained from analysis of the RIDDOR data. In addition, 
Vectra staff knowledge and experience of human factors issues in 
maintenance was included. 
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3.0 Results and Findings 

3.1 Literature Review 

Although maintenance constitutes a considerable proportion of activity in 
offshore installations, the available literature is limited. Maintenance is, an 
intensely practical activity rather than a theoretical one, and this may explain 
this limitation. Therefore, useful information is best derived from interviews 
and literature, rather than literature alone. However, it is important to 
understand how strategies develop and change over time, the reasons for 
those changes, the advantages/ disadvantages that result, and most 
importantly, the lessons learnt. 

Two key topics recur, both in the open discussions and in the limited available 
literature. The first relates to the design of new installations, retrofits or 
modifications. The second is the issue of, how to maintain integrity once an 
installation becomes operational. 

The issue of maintaining integrity is key to determining the type of 
maintenance strategy to adopt.  From a Human Factors perspective, integrity 
refers to the defence mechanisms or ‘barriers’ that are in place to lessen 
human error. Therefore, maintenance is the upkeep of the defence 
mechanisms, in order to prevent or lessen the failure potential. The challenge 
is how to ensure a strategy for providing maintenance is effective in protecting 
the system, without adversely affecting safety. 

The current literature does not address this challenge, as it does not explain 
how one would ensure that a maintenance strategy could provide the level of 
protection required.  Of the material available, the work of Prof. J. Reason 
(Ref. 3) is the most relevant and its validity is widely accepted.  For detailed 
information, see Section 2.3.1 in this document. 

3.2 Data Collection: Industry and Regulator Consultation 

The following section details the main findings from the interviews, and 
provides, examples of some of the ways in which organisations within the oil 
and gas industry have approached key human factors issues in relation to 
their maintenance activities. In all cases, the identity of the organisations 
interviewed remains confidential. 

Excerpts from the interviews together with a commentary on them are 
provided in Appendix B.  These examples are by no means unique to an 
individual company and, , should be viewed as a learning opportunity for the 
industry as a whole. 

Note: The quotes included are taken directly from the transcripts of the 
interviews, and therefore, represent the views and practices of the company 
concerned and do not necessarily reflect those of Vectra. 

3.2.1 Data Collection: Regulator Consultation 

The Regulator raised a number of important Human Factors issues, which are 
discussed in more detail below. 
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· Multi-skilling  

It is recognised that either multi-skilled individuals or multi-skilled teams 
perform a high percentage of all maintenance activities offshore.  While it 
is believed that multi-skilling provides considerable benefits in the current 
economic climate, there are underlying concerns that may be being 
overlooked. Two major concerns were raised, the first focuses on how 
companies go about ensuring competence of personnel.  The second 
focuses on the way in which multi-skilled personnel are supervised, 
particularly where there is a growing trend towards the multi-skilling of the 
supervisors themselves. 

· Reductions in manning levels 

With huge reductions in general workforce numbers over the past few 
years it is not surprising that manning levels are of concern to the 
Regulator.  However, the issue relates, not to the actual reduction in 
physical numbers, but rather to the numbers of personnel disclosed in the 
Safety Case submission. The figures in the Safety Case relate only to the 
numbers required to man an installation at the time of submission, and 
are rarely modified to reflect changes over time.  Changes in manning 
levels and the consequent changes in the allocation of responsibility 
should always be accompanied by a full assessment of the risks. That is, 
the implications that such changes may have on the operability of the 
installation and thereby the safety of the tasks to be performed must be 
considered.  Fundamentally, any modification to the manning structure 
should be fully justifiable in line with the current Safety Case submission. 

· Supervision  

Supervision is considered one of the most important issues and it 
deserves attention. This focus rests on the definition of ‘supervision’. 
There may be many people within an organisation identified as 
‘Supervisor’; however, it does not necessarily follow that such individuals 
are supervising in the traditional sense by actually overseeing work. 
Often supervision relates to a desk position.  Therefore, the reliability of 
the task that is now being performed without supervision could be 
expected to decrease. 

There would appear to be a need for the term, 'supervision' to be clarified 
and a clear distinction made between over-seeing and task completion 
monitoring. 

· Hydrocarbon releases 

Despite the recent drives to highlight the dangers and potential 
consequences involved in hydrocarbon releases offshore, there appears 
to be little change within the industry.  Failure to routinely inspect and 
maintain pipe work is just one potential root cause of releases. When this 
is coupled with current incident data, (see Section 5.0), there is sufficient 
evidence to suggest more stringent action should be taken during the 
planning and execution of maintenance activities on installations, and in 
companies where failures of this type are known to exist. 
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· Backlogs  

From a Regulator’s perspective, the major issue surrounding backlogs is 
that, there is no clearly defined way to determine the impact on 
operational performance or safety. In general, backlogs are being 
measured by the number of man-hours that the company predicts will be 
required to clear the list.  However, this does not provide a clear indication 
of the state of an installation and its vulnerability to plant failure stemming 
from unfulfilled maintenance.  A living safety case may provide a means 
to predict and measure this vulnerability, whereas the man-hours backlog 
does not. 

This is compounded by the fact that each Duty Holder calculates backlogs 
against different criteria for equipment inclusion.  There is little, or no, 
uniformity in the items that are or are not included in a backlog list.  Thus, 
for the same amount of work, company X may claim a backlog of 15,000 
man-hours compared to company Y claiming 20,000.  However, this does 
not show that Company X is more vulnerable than Company Y. 

There is a need for greater transparency regarding: 

· What items are to be included on a backlog list,

· How items are prioritised (with respect to safety and production),

· How items in the list interact (For example: if system X is behind 


schedule this may not have any major safety implications unless 
system Y is also behind), 

· How the backlog is reviewed with respect to the Safety Case. 

In addition, two fundamental questions are raised: 

· Why has the backlog developed in the first instance? 
· Is the existence of a backlog accepted as being part of the ‘normal’ 

processes of operating an installation? 

The attainment of key performance indicators is a mark of success 
against set targets. The existence of a backlog challenges the attainment 
of such targets, especially when items of plant/ equipment from the safety 
critical list are included. 

3.2.2 Duty Holders/ Contractors Consultation 

The following section describes the main findings taken from the interviews 
with Duty Holders and Contractors.  Please note there is no significance 
implied in the order in which the issues are presented. 

Competency 

Several interviewees questioned the amount of reliance that both Duty 
Holders and Contractors place on the Competency Assurance programmes to 
which they subscribe.  The evidence suggests that Duty Holders/ Contractors 
are considerably reliant on the belief that, the competency development 
programmes are as good as they claim to be. While many such programmes 
can and do deliver what they claim to deliver, this appears not to be 
universally true.  
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Duty Holders expressed more concern relating to the issue of Competency 
Assurance than to the issue of training.  It is thought that this is due to the low 
level of involvement that the Duty Holder has in maintenance delivery. 
Therefore, it is important that there is continual attention given to assuring the 
standards and proficiency of offshore maintenance personnel through their 
training and certification. 

Learning from Experience 

There is a general appreciation for the need to learn from experience of 
accidents and incidents. However, there was evidence to suggest that, this 
appreciation does not extend to other forms of beneficial operational 
feedback. For example, the development of systems to provide feedback on 
measures that reflect maintenance competence at the workplace. This issue 
should not be restricted to periodic appraisals etc. Instead, there should be a 
continual capability to record events where standards of training and 
competence against the requirements of the maintenance strategy, are 
brought into question. 

Supervision of Multi-skilling 

The issue of supervision was raised, specifically in relation to multi-skilling but 
not about supervision as a whole.  Interestingly, the Regulator raised these 
issues separately. 

The concern expressed by these industry representatives focused on where a 
supervisor is charged with determining the skills mix offshore. In this case 
certain individuals may not practice their skills often enough to maintain their 
competence. From a Human Factors perspective, this raises potentially 
serious concerns.  For example, can an individual, still be reliably expected to 
draw on unpractised or unrehearsed skills during an emergency?  Preparation 
and practice for such contingencies needs to be carefully built into a good 
maintenance strategy. 

Maintenance Backlogs 

The Regulator’s perspective on this issue has already been discussed in 
Section 3.2.1. Perhaps surprisingly, the stance, of the Regulator and the Duty 
Holders and Contractor, are similar, because both recognise the difficulties 
that surround backlogging. 

Those interviewed, were reluctant to discuss in any depth whether their own 
backlogs contained safety critical elements. This is an issue seen by the 
Regulator as critical. Neither were they forthcoming in offering practical 
solutions to the problem of how to lessen the likelihood of running over 
extended periods with a backlog.  However, one interviewee did offer the 
suggestion that, poor resourcing and/ or misidentification of what is defined as 
safety critical may be at the root of many backlogs. (This issue is discussed in 
more detail in Appendix A). 
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Safety Critical Elements (SCEs) 

During the interviews, neither the Duty Holders nor the Contractor raised the 
issue about how SCEs are identified.  However, the principle, which lies 
behind their identification and selection, was discussed. 

SCEs are separately generated by each Company in fulfilment of the 
requirements of the Safety Case.  There was universal acceptance that, the 
defining factor for each SCE was that its failure could contribute to a major 
accident with multiple loss of life. However, there was less acceptance that, in 
principle, SCEs could be generic across all Companies for the vast majority of 
key items required in either production or exploration. 
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4.0 Comparisons with the Nuclear Industry 

The nuclear industry has traditionally undertaken equipment maintenance based on 
prescribed intervals as specified by the manufacturer’s guarantees. In safety-critical 
plant, there may have been some variation on this. For example, if there was concern 
that testing post-maintenance placed demands upon the system that could reduce its 
life, or its likelihood of working in response to a real demand.  The prime example of 
this concern is protection systems.  The usual approach to such maintenance was to 
use in-house personnel who were assigned to tasks based on their trade. This may 
now be sub-contracted. However, major overhauls of, turbines or generators have 
always been, sub-contracted.  Formerly this type of work was carried out by the 
equipment manufacturer but latterly any company with the requisite skills and 
equipment can undertake this. 

Privatisation in the late eighties and subsequent downsizing brought pressure to 
change maintenance practices.  In organisational terms, this means that, teams who 
have ‘system ownership’ now undertake in-house maintenance.  Although the teams 
are still initially trade-based, their skills are enhanced with additional training to allow 
multi-disciplinary teams to take system ownership.  Additionally, major maintenance 
operations are now sub-contracted far more often than before. 

In general equipment maintenance has moved from being based on prescribed 
intervals to condition based whenever possible.  However, with safety-critical and 
safety-related equipment more often, maintenance is still based upon intervals. 
However, the length of the interval has been extended; in some cases, this has led to 
a dramatic increase in the intervals between maintenance.  This has been possible 
because of the worldwide existence of dependable nuclear equipment reliability data. 
This data has been validated in formal studies to ensure that the intervals are not too 
long.  However, due to Regulator disquiet, there has also been a programme, 
initiating more effective functional testing to prove the reliability of standby 
equipment. 

In parallel with engineering-led changes, there have been improvements in the 
management of Human Factors issues in maintenance.  In particular, there is a much 
greater emphasis upon ensuring that the safety-significant success criterion for a 
particular item is specified explicitly in the maintenance instructions.  For example, it 
may be that, the safety function of a valve is achieved, not by its ability to move but 
by its ability to maintain the containment of its and the surrounding pipes' contents. 
Therefore, in this case, the maintenance instructions will emphasise the importance 
of checking the seals when dismantled.  This will ensure that, if they are not 
replaced, there is a functional test available to check their effectiveness. The 
development of such functional tests has allowed the greater application of the "If it 
ain’t broke, don’t fix it" philosophy, with consequent reductions in maintenance costs 
and reworking as a result of poor re-fitting of removed or replaced components. 

For over twenty years, following the Three Mile Island catastrophe, the nuclear 
industry has had an almost obsessive preoccupation with ensuring that, systems are 
realigned as required following reconfiguration for maintenance purposes.  This 
attention to detail is now being matched by ensuring that all equipment that is safety
related or safety-critical is appropriately labelled.  This ensures that it is not, 
unwittingly disturbed or disabled when it should be available for standby safety 
purposes.  Systematic surveys have been undertaken at all nuclear power plants to 
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ensure that deviations from safety rules (called Operating Rules or their subordinate 
Identified Operating Instructions) will not compromise safety performance. 

Notwithstanding the attention that has been paid to maintenance some characteristic 
errors still remain.  One noteworthy error is that which leads to dependent failures 
between components when those components are called upon to operate to defend 
safety. There have been several well-publicised instances worldwide of failures in 
calibration leading to all equipment failing to act as required.  Examples include, 
pressure-relief-valve opening settings, and auto-start or stop functions that are 
dependent upon a transmitter being appropriately calibrated. These are particularly 
sensitive issues for the nuclear sector because they compromise the high levels of 
redundancy and diversity that are built into safety systems. The response to these 
incidents has been the implementation of diverse calibration teams or methods. This 
is to ensure that there is a decoupling of potential dependent failures, when post
calibration functional testing cannot reveal the problem in advance of a safety 
demand. 

Another type of error that is prevalent is the ‘right action, on right equipment type, but 
to the wrong item’. This is an artefact of the levels of redundancy that exist, which 
lead maintenance personnel to take out the wrong item for maintenance. In some 
notable instances this has led to there being little or no emergency generating 
capability because the equipment intended for operation had been isolated, whereas, 
the standby equipment intended to remain available had been maintained.  A further 
problem now faced by older plants (some are now over 40 years old) is the lack of 
availability of spares for the refurbishment of equipment. This too can lead to safety 
margins being compromised. 

In order to meet safety targets many older plants make claims within their safety 
cases for human actions that would not be entertained by the Regulator (The HSE 
Nuclear Installations Inspectorate) on a modern plant.  Accordingly, this leads to the 
potential need for responses to infrequent faults to involve many more local-to-plant 
actions. (In general, it is considered very desirable that control actions are 
centralised except in cases where timescales are very long, e.g. tens of hours). 
Local to plant actions can require a large number of actions distributed across a wide 
area, to be undertaken on limited timescales: for example plant realignment. When 
this is the case, such actions are now regularly practised to demonstrate their 
continued feasibility because the personnel involved understand what is required. 
One very important fact relating to such instructions is that, they do not assume in 
advance that previous maintenance realignments have been successfully completed. 
Therefore, such actions can include a large number of checking steps to be 
undertaken in addition to actual realignments. 

Finally, the economic pressures towards: longer maintenance intervals, the 
increasing use of sub-contractors, and the safety case pressure to provide a more 
convincing demonstration that maintenance supports safety (rather than unwittingly 
compromising it), has led to the major revision of many maintenance and operating 
procedures within the last ten years.  In practise, the problems were previously 
masked due to long-term familiarity with the plant compensating for any potentially 
devastating deficiency. However, downsizing, the natural wastage of older workers, 
and the increasing use of contractorisation means that this is no longer true. 
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5.0 Industrial Trends 

5.1 Accident/ Incident data  

Accident and Incident data was provided by the HSE to Vectra from a 
selected sample of the RIDDOR data set covering a five-year period.  In total, 
884 reported incidents were provided by the HSE in two separate excel 
spreadsheets.  The main data set comprised 784 entries, and covered a 
period from 1996 through to and including March 2001. The second, smaller 
data set comprised 100 entries and covered the period from April 2001 
through to May 2002. 

The data analysis was only intended to include maintenance-related 
incidents/ accidents. However, a number of recognised problems and 
limitations existed in analysing the RIDDOR data: 

· Duplicated entries - although there is no firm evidence, duplications 
appear to be more frequent for incidents reported by contracted 
personnel. Where possible such duplicate entries were removed. 

· Minimal reporting - entries are frequently limited in detail, for example: 
“During Routine testing of the fire and Gas system, Halon was 
accidentally released - 30kg.” This necessarily limits the value of the entry 
and a decision was taken by the Vectra team to mark such entries as 
‘unknown’ in cause, thus effectively removing them from further analyses. 

· Non-maintenance related - There were a considerable number of 
incidents, which could not confidently be defined as resulting from a 
maintenance activity. This data was also reviewed by the Vectra 
analysts, and where no relationship4 to maintenance could be justified, the 
entry was removed. 

In addition, HSE provided data for the period of 1996. This extended beyond 
the five-year period initially proposed. Therefore, it was agreed with the HSE 
Technical Monitor, to remove these earlier entries. 

The final data totalled 535 entries. This was divided into two sets; 435 from 
the main set covering the pre-2001 period and a further set of 100 for the 
post-2001 period. 

5.2 Data Analyses 

The original intention had been, to undertake identical analyses on both data 
sets. However, during initial analyses it became increasingly apparent that 
differences between the two data sets, stemming from changes in the 
methods of RIDDOR reporting, reduced the value of a uniform approach. 

One difference was in the type of information being recorded. In addition, the 
Vectra analyst drew out potential causes with greater consistency and 
reliability in the post 2001 data. This ease of extraction did not appear to be 
direct result of a greater tendency to cite human factors issues in this later 
data. As a result, greater emphasis has been placed on the post 2001 

4 The HSE are fully aware of these limitations. However, more complex and time-consuming entries would be required to 
overcome them. Thus, it is unlikely that the situation can be easily rectified. 
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RIDDOR reports. This is because they provide a more accurate 
representation of current maintenance issues. 

5.2.1 Post 2001 Findings 

The data was analysed to establish: 

· Causal factors in maintenance leading to accidents/incidents, 
· Latent errors pre existing in systems, 
· Incidence of maintenance errors in each Company. 

The findings from each analysis are presented separately below: 

Causal Factors 

Causal Factors are specific aspects of a system's design, including 
maintenance, that lead either directly or indirectly to an accident/ incident. 

It is important to note that the categories applied in the following analysis are 
based on the expertise and judgement of the Vectra analysts, and that all 
findings are interpretations of the available data. 

· 	 Data analysed, post 2001, indicates that over 60% of all maintenance
related incidents have, some Human Factors in their root causes; 

· 	 Approximately 20% of maintenance-related incidents are because of poor 
positioning/ posture during the execution of a task; 

· 	 A further 38% are due to, ‘poor practice’. This arises from a combination 
of a ‘Failure to follow procedures/ industry practice’ and ‘Poor preparation/ 
completion of tasks’; 

· 	 Only 21% of all incidents were identified as purely attributable to 
engineering-related failures (i.e. a combination of ‘Defective plant/ 
machinery/ equipment’ and ‘Defective tools/ materials). 

The above data is depicted in Figure C1, Appendix C. 

Latent Errors 

The post–2001 RIDDOR data was interpreted by the Vectra analysts to 
identify latent errors within the system or organisation. Latent errors represent 
the potential for error that pre-exists within a system but are individually not 
causal factors.  It is important to note that the latent errors identified, only 
refer to issues acknowledged within the reports; and consequently, the data 
may under-represent the true incidence of latent error. 

The following data is depicted in, Appendix C, Figure C2. 

· 	 Data analysed indicates that a high proportion of all latent errors are 
attributable to a ‘Lack of awareness or inattention’ or ‘Inadequate work 
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standards/ lack of discipline’. These errors account for 22.7% and 19.5% 
respectively.  

· 	 Error due to poor pre-job preparation activities described as ‘Inadequate 
risk assessment’ or ‘Inadequate job planning’ together account for 24.2% 
of all latent errors. 

· 	 Interestingly, ‘Inadequate leadership/ supervision’ and ‘Inadequate work 
instructions/ procedures’ only accounted for 3.1% and less than 1% 
respectively of all the latent errors in post 2001 reports. 

Incident frequency in each Company 

This section describes the incidence of human factors issues in maintenance 
for 2001 to 2002 RIDDOR data, company by company.  The data is objective, 
based on company figures, number of installations owned, and the number of 
reported incidents submitted to RIDDOR.  However, where reference is made 
to the types of maintenance errors or failures the data is reliant on the 
expertise of the analysts for its interpretation. 

Data was analysed in both raw and corrected forms. The raw data is 
represented in Figure C3. The data was corrected by examining the number 
of incidents that occurred in proportion to the number of installations operated 
by a Company. Thus, a bigger company with more installations would expect 
to experience more incidents. The corrected data is shown in, Figure C4, of 
Appendix C. 

The key findings (corrected data only) are as follows: 

· The frequency of incidents on D and H was greater for floating in 
comparison to fixed installations; 

· The highest proportion of floating units were operated by the company 
represented by L; 

· J reported a higher than average number of incidents; 
· The majority of the incidents reported by F related to mechanical/ 

engineering failures. 

5.2.2 Pre and Post 2001 Comparisons of Causal Factor Data 

The following findings are based on comparisons made between the pre-2001 
data set and the post 2001 data set on causal factors.  Again, it is important 
to emphasise that the groupings and categories selected are based on the 
expertise and judgement of the Vectra analysts in interpreting the data. 

· 	 The evidence indicates a shift in reporting emphasis from engineering/ 
mechanical issues to Human Factors issues. Whilst this is unlikely to be 
statistically significant, it is, nonetheless, notable.  For example, in pre
2001 data only 47.6% of maintenance-related incidents were attributed to 
Human Factors causes compared to 62.6% for the post 2001 data. 
Similarly, 33.1% were identified as mechanical/ engineering related in the 
pre 2001 sample, compared to only 20.9% for the post 2001 sample.  

· 	 The recorded incidence of slips, trips and falls are comparable for the two 
data sets with 12.4% for pre 2001 compared to 11% post 2001. 
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5.2.3 Cautionary Notes 

The categories and judgements used during the analysis of the incident data 
are subjective, and must be treated with caution.  

It is not possible to guarantee the capture of all maintenance related incidents 
because this is reliant on incidents being reported in conformity with reporting 
requirements. 

Data was only selected where the term ‘maintenance’ had been entered as 
the activity being performed at the time of the incident. This is not a guarantee 
that the individuals involved were part of a maintenance team. It shows 
merely that the activity was related in some way to maintenance.  

Where the data has been normalised (corrected), this has been performed on 
information available in mid 2002 and, therefore, may not be an accurate 
reflection of the current situation. 
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6.0 Discussion 


The key focus of this project has been to attempt to answer the question, "How do 
we best ensure that any adopted maintenance strategy provides both a rigorous, and 
effective system to overcome any in-built imperfections, and the day-to-day wear and 
tear of plant, without adversely affecting safety?" 

The question that now remains is, " In practical terms, how can this be achieved?" To 
answer this requires an assessment of all the information presented in this report. 
Including: the background literature, the views and opinions of the industry, (including 
those who regulate it), and the type and nature of errors in maintenance that result in 
incidents/ accidents.  

Interpretation of the available literature suggested that, in order to achieve a 
maintenance strategy that is ‘effective and rigorous’, the minimum requirements 
were: 

· To develop the system from the top (i.e. the safety case/ verification scheme) 
down; 

· To consider all imperfections: whether these are in-built at the design stage, or as 
a consequence of operational use (including wear and tear/ modifications etc.); 

· To provide adequate defence mechanisms and/ or controls; 
· To provide adequate safety for both the system and the installation (including all 

equipment/ plant and all personnel) 

These minimum requirements are each considered in turn. 

The objective of having top-down approach is laudable, but the ability to achieve it, at 
the current time, is questionable. It could be argued that the development of a system 
from the top down is already in place, and operates by complying with the Safety 
Case requirements. However, there is a possibility that when a Duty Holder is 
responsible for more than one installation, the wording within the Safety Case may 
cloud the issue because generic concepts are applied to multiple installations. 

The second point above suggests that all imperfections within the operational system 
be considered.  For maintenance, this seems sensible. After all, the ultimate aim is to 
maintain each individual system.  However, in practice identifying imperfections, and 
wear & tear potentials, for each installation in turn may be seen by companies as 
excessive.  Alternatively, if installations are grouped together, irrespective of their 
differences, (e.g. FPSO/ fixed) and generic listings of SCEs are applied, then this 
may introduce latent errors into the system.  

The data, suggests that such latent errors might already be known to exist.  Figure 
C2 (Appendix C), suggest that there are a greater proportion of incidents on floating 
units in companies who operate both fixed and floating installations, when compared 
with companies that only operate floating (FPSO/FPU/FU) installations. It would be 
expected that, if there was an issue specific to the type of installation (e.g. weather/ 
green water etc) that was causing the error then, the number of incidents would be 
consistent across the industry.  As this is clearly not the case, the causal factor must 
lie elsewhere.  It is speculated that, it may result from trying to apply the same 
principles and rules to two fundamentally different operational environments. This 
suggestion can only be speculative but it is one worthy of further consideration. 
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The third point states,  'that a maintenance strategy should provide adequate

defence mechanisms and controls'. In many respects, this is linked to the previous 

point. If the defences chosen are to be adequate then they must be appropriate to

the items/ equipment/ plant required on a given installation. If the defences/ controls

are generic then any items unique to an installation may not have adequate

defences.  In reality, this position seems highly unlikely. It is more probable that

defences will be reviewed and installed that are specific.


If it is practical to implement specific defences; then it should also be feasible to be 

specific for all other aspects that lie behind the maintenance strategy of SCEs.

Currently, SCE and KPI documents, and in fact the entire maintenance strategy for

each company, are umbrella documents that apply to all installations held.  Any 

approach that enables a company to assess the ‘best option’ must consider the

specifics, not a generalised abstraction. Therefore, the key to any effective

maintenance strategy lies not at the ‘top end’ but in the consideration of the specifics

in its delivery and execution. Quality and effectiveness will ultimately be judged at the

delivery level.


The issues identified by the Inspectorate to be key, were echoed in the responses

from the Duty Holders and Contractors.  These were:


· Multi-skilling,

· Manning levels/ Resourcing,  

· Supervision,

· Backlogs


Additional issues raised by the Duty Holders/ Contractors and considered by them to

be key were:


· Competency,

· Communication,

· Risk assessments/ hazard awareness,

· Roles & Responsibilities,

· Environmental constraints,

· Design,

· Compliance.


A number of Duty Holders held strong views on several of the listed issues, 

especially those of competency and the supervision of multi-skilling. However, no 

single issue was considered more important than any other during the interviews

conducted.


Many of the issues are interrelated and cannot meaningfully be discussed in

isolation. For example, the issue of supervision was often discussed in terms of

competency, training, roles and responsibilities, and communication. Views were

divergent and ranged across the following spectrum of concerns:


· Who is now responsible?,

· Who is accountable?

· Are the changing roles and responsibilities still clear given the trend towards ‘self


supervision’? 
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The range of views expressed consolidate into a general belief that, “on the whole 
supervision is effective”, (taken from the Maintenance: Reducing the Risks seminar, 
January 2001, Ref. 4). 

Supervision has changed over the past few years and continues to change. 
Therefore, it is more important than ever to consider any reliance placed on 
supervision. Whether the activity title has changed, or not, the need remains to 
ensure that work tasks are completed satisfactorily, that concerns are communicated, 
and fundamentally, that the right technician is performing the right task, at the right 
time, and in the right way. 

Despite the industry’s acceptance that supervision is relevant to rigorous and 
effective maintenance, the incident/ accident data does not support the importance of 
supervision. Figure C2 (Appendix C), for example, shows little evidence of 
supervision or leadership contributing to incidents.  However, it should be 
remembered that, RIDDOR reports provide only a brief summary of the events, and 
are generally completed at the time of the incident.  There is no requirement to 
provide root causes. Indeed, this would pre-empt the main investigation that follows. 
Additionally, the report is likely to be either completed, in the presence of a 
supervisor/ team leader or, handed to them upon completion. This increases the 
likelihood that supervisory issues will not be reported The data does however; 
provide support for other issues, including the need to ensure competency, risk 
assessments/ hazard awareness and compliance. 

There are two additional issues for discussion. The first concerns safety and goes 
some way to answering the fourth requirement ‘to provide adequate safety to both 
system and installation’. The second considers the change in Human Factors 
awareness over the past few years. 

The questions posed at the beginning of this section recognise that the provision of 
adequate safety is one of the minimum requirements for any effective and rigorous 
maintenance strategy.  So far, the question of safety has not been considered 
directly.  The oil industry is divided between profitability, productivity and safety.  Any 
actions taken require an evaluation of risk where the desired outcome is a balance 
between maintaining productivity and not jeopardising safety. 

Safety 
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Figure 8:  Safety - Productivity Paradigm 
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Figure 8 depicts the safety-productivity balance with the optimum falling within the 
‘green’ zone, or the middle arc.  It is easy to understand that too great an emphasis 
on productivity at a cost to safety is never a desirable course, yet the converse is 
equally true. 

The diagram also shows that safety and productivity are not necessarily in opposition 
as goals, but rather, that they can be independent. In practice, many of the 
requirements for meeting safety targets also meet production goals within the oil and 
gas industry. So, it can be concluded that ensuring safety in a maintenance strategy 
will only be achieved if safety and productivity goals are optimised. 

There is evidence of an increasing awareness of the importance of addressing 
Human Factors issues within the workplace to influence performance. This is evident 
in the combination of information obtained from the interviews, the incident/ accident 
data, and an analysis of current literature. The 17% increase in the reporting of 
human factors issues (45% for the pre 2001 data compared to 62% in the post 2001) 
suggests a greater awareness of Human Factors.  Human Factors are cited as a 
causal factor in nearly 2/3rds of maintenance incidents. Therefore, Human Factors, 
must, be recognised at the strategic level and they must be addressed throughout 
the implementation of that strategy.  A failure to do so ignores the fact that incidents/ 
accidents resulting from maintenance are more likely to stem from a Human Factors
related root cause than an engineering one. 
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7.0 Questions for Assessing a Maintenance Strategy 

The aim of the project was to provide guidance to aid the development of the most 
appropriate maintenance strategy, based on the Duty Holder’s circumstances. To 
achieve this aim information and data have been systematically sought, to identify 
and confirm those Human Factors issues that are relevant to an offshore 
maintenance strategy. 

The initial intention of the project was to provide a simple framework or matrix within 
which, the various Human Factors issues relating to the different strategies could be 
assessed, by Duty Holders and Offshore HSE Inspectors alike. However, it became 
apparent during data collection that such a matrix was neither practical, in terms of 
providing guidance to the industry, nor viable in respect of the type of data available. 

For this reason an amendment was made to the solution offered for delivering 
guidance. This involved the development a question set to guide the industry in 
considering the types of Human Factors issues that are appropriate.  In keeping with 
the classification of defences developed in Section 2.3.2, the questions are grouped 
under the four headings of; installation, operation, equipment, and personnel. They 
also take account of the hierarchy of defences (engineered, system and human) 
given in Section 2.3.1. The complete question-set is presented in Appendix D. 

It is recognised that the questions sometimes reflect detailed maintenance processes 
(rather than strictly sticking to the ‘strategy' level).  Such detail is important in 
prompting the user to consider how the strategy is being interpreted and 
implemented in practice.  If shortcomings in maintenance practice are revealed, then 
the issue is whether the strategy fails to prevent these shortcomings, or if the 
strategy is being poorly implemented.  

A detailed assessment and judgement took place in a Vectra workshop to ensure 
that each Human Factors issue derived from interviews and data or Vectra 
knowledge, was allocated under the right heading.  The issues covered are listed 
below: 

· Design

· Environmental constraints 

· Risk assessment/ hazard awareness 

· Learning from experience 

· Resourcing/ staffing/ roles & responsibilities 

· Competency/ training

· Supervision 

· Communication 
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Figure 9 represents the resultant 'question set' framework. All the original issues 
generated during the data collection stage are identified by an asterix (*). 

Figure 9:  Completed question set framework 

It became apparent that not all the identified higher-level issues had corresponding 
data in incidents or interviews. In particular, the element of ‘equipment’ remained 
unpopulated with issues. This is probably explained by the absence of ergonomics 
perspectives in the industry that recognise that incidents are caused by design 
deficiencies rather than by a genuine absence of ergonomics issues as a root cause. 
In order to proceed, a further internal Vectra workshop was convened to identify 
those issues that had not been raised during the data collection stage; but which, 
were nonetheless considered key to providing a comprehensive understanding of 
Human Factors to inform a maintenance strategy.  

The rationale for including these questions is as follows: 

Generation of Installation/ Condition 

The two issues of ‘design/ construction’ and ‘environmental constraints’ cover a good 
proportion of the engineering defences that should be covered by the Hardware 
heading.  However, questions concerning the defences that should be in place to 
address the age and condition of the installation were not present. 
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Planning 

This issue was included to ensure questions address the system defences, which 
should be in place at a managerial level.  For example, “Have all maintenance 
requirements been clearly identified, and during planning, have all concurrent 
activities been considered, such that they cannot impair the safe running/ operation 
of the plant? 

Design/ Selection of Equipment 

These issues are associated with systems defences and concern offshore 
maintenance delivery rather than the onshore planning and management of 
maintenance.  The resulting questions aim to consider the restrictions that might be 
imposed by the selection or design of equipment, on the operator’s ability to perform 
required maintenance tasks. 

Materials 

Under the 'system defences' heading these issues, concern the sourcing of 
materials/ spare parts to ensure delays/ backlogs are not generated. The resulting 
questions also cover the application, of the many computer-based programmes that 
are increasingly utilised for planning and controlling maintenance resources. 

Accessibility to Plant 

This is also a systems-defence issue but as the heading suggests considers the 
design of access to plant/ equipment including changes arising from modifications or 
retrofits.  

Re-instatement 

Re-instatement concerns the return of plant to service following its withdrawal for 
maintenance. This issue was not addressed during the data analysis phase. 
Nevertheless, it is an area for concern. 

Performance Pressure 

This issue was included as part of the human element to capture concerns over time
pressure/ inadequate time projections, for maintenance activities and the impact that 
such issues may have on the performance of personnel. 
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8.0 Applying the Question Set 

It is widely accepted that technological advances have, in certain circumstances, 
reduced or removed the need for maintenance.  Nevertheless, regular planned 
maintenance routines (PMRs) and access to skilled and competent personnel 
remains essential to ensure safe and efficient offshore operations.  The driver behind 
the question set (see Appendix D) was to provide a means by which these goals 
could be achieved by taking full account of the key Human Factors issues that exist 
However, it is not, exhaustive, and should be approached with an open mind 
concerning the need for further questions in some circumstances. 

Of the human errors that exist within current maintenance practices, many are 
avoidable.  Action must be taken if the apparent steady increase in the number of 
incidents and accidents resulting from unplanned maintenance activities is to be 
reduced.  Many of these unplanned maintenance activities stem from breakdowns, 
and with aging assets that situation is likely to increase.  However, breakdowns 
should not be treated in isolation, but considered as an integral part of an 
overarching maintenance strategy.  The maintenance strategy should be one in 
which there is continual feedback and tie-in to the Safety Case / Verification Scheme. 
Failure to do this will lead to serious and far-reaching consequences to the safe 
delivery of a maintenance strategy. 

The question set has been devised to take account of these concerns. Each of the 
four key sections can be applied individually. However, it is felt that greater quality 
and insight will be gained if they are considered in full. Therefore, it is recommended 
that: 

· 	 Each section of questions should be applied exhaustively, rather than only 
selecting issues thought to be of concern at that time.  

· 	 Open up all questions for detailed discussions with relevant personnel. It is 
suggested that Section 1, Installation and Section 2, Operations, need only 
involve Senior Management. However, Section 3 Equipment and Section 4, 
Personnel should include both onshore and offshore representatives. 

Comments have been included for some of the questions in each section.  In 
general, comments have only been included where it will result in greater 
understanding or remove ambiguity..  

In summary, the question set aims to make the user focus on those key Human 
Factors elements that are necessary to develop and maintain an efficient offshore 
maintenance strategy.  It is not an exhaustive list and additional information should 
be sought where unique circumstances exist. 
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9.0 Conclusion 


The method for addressing Human Factors in maintenance is not related to the 
particular maintenance strategy that is adopted.  For example, there seems to be 
little difference in the errors that arise in condition based maintenance monitoring 
compared with reliability centred maintenance. Instead, errors seem to more often 
arise because of the overall organisational culture and the priority placed upon doing 
maintenance tasks. Errors can occur throughout the maintenance process. 
Therefore, systems should be set in place to remove or reduce how often they occur. 
Those who implement a strategy must recognise that errors can happen in all facets 
of maintenance; from strategy formulation through planning into the maintenance 
task itself. 

The question set recognises that errors can occur in all facets of maintenance. 
Therefore, it attempts to assist the user in gaining a clear insight into how well they 
take account of Human Factors issues throughout the planning management and 
execution of the maintenance programme. 
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12.0 Glossary of Acronyms and Abbreviations 


FPO 
FPSO 
FSU 
HAZOP 
HF 
NRB 
NUI 
NVQ 
OIM 
PMRs 
PTWS 
R & Rs 
RCM 
RIDDOR 
SCEs 
TLP  

Floating Production and Offloading facility 
Floating Production, Storage and Offloading facility 
Floating Storage Unit 
Hazard and Operability Study 
Human Factors 
Not required back (to an offshore installation) 
Normally Unmanned Installation 
National Vocational Qualification  
Offshore Installation Manager 
Planned maintenance routines 
Permit to Work System 
Roles and responsibilities 
Reliability Centred Maintenance  
Report of Injury or Dangerous Occurrence 
Safety Critical Elements 
Tension Leg Platform 
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Appendix A 

Interview Framework 
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Semi-Structured Interview Framework 
How do you identify what maintenance is required?  


· What we are looking for is whether or not documentation exist for the following:


-	 Identification of all equipment that is on the installation? (projected or current) 
-	 Identification of safety related equipment? 
-	 Possible failure types for all equipment onboard? 
-	 Details of the predicted result/ effect from equipment failure? 
- Use of (e.g.) RCM figures to determine frequency? 

· If not, then how do they identify what maintenance is required? 

-	 How reliant are they on computerised packages? E.g. MAROS 

How do you determine the type of maintenance strategy to apply? 

· 	 What we are looking for are the drivers that determine/ effect choice of strategy applied, 
so for e.g.: 

-	 What circumstances would lead them to adopt breakdown only? 
-	 For planned maintenance routines what determines if these are done by campaign 

teams or on an individual installation x installation basis? 
-	 Condition monitoring? 
-	 Built-in redundancy? 
- Leave failures until PMR’s due? 

· Is accessibility a consideration? 

Categorisation/ prioritisation of equipment to be maintained? 

· What we are looking for is an understanding of what the Duty-Holder is entering into the 
maintenance schedule.  For example: 

-	 Are all tagged items entered into the maintenance schedule or is there some 
method/ criteria for prioritising the list? 

-	 Is the equipment per se given a prioritisation or is it on a function by function 
basis (allowing one piece of equipment to be entered into more than one 
category if it performs different functions) 

How do you resource the requirement? 

· 	 What we are looking for is how they, the Duty-Holder, sets the resourcing limits?  

-	 What control do they exert over this set limit?  
-	 Can/ is this changed without needing to re-submit the safety case? 

· 	 Does the Duty-Holder retain control of the contract staff or does the responsibility lie with 
the Contractor, or a mix of both e.g. 

-	 Who sets the selection criteria? 
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-	 Who selects the crews? 
-	 Who arranges crew movement? (cover for absence/ no-show etc?) 
-	 Who controls the training provision/ up-dates? 
-	 Who monitors/ supervises crews? 
-	 Who would issue an NRB? 

· 	 Are specialists used for selected items of equipment? 

-	 lighting? (campaign crews) 
-	 turbines? 
-	 Drilling equipment? 
-	 Are Service Companies responsible for maintaining all their own equipment? (if 

not what maintenance is covered by general installation maintenance provision?) 

· 	 What arrangements are there in place between the Duty-Holder and the Contractor? 

-	 Use of named only crews? 
-	 Use of named individuals/ specified competent personnel for specific tasks? 
-	 Pre-agreed competence modules for multi-skilled personnel (set/ managed/ 

audited by whom?) 
-	 Examples of ‘Bridging Documents’ 

How is competence assurance achieved? 

· 	 With whom does the responsibility of selection and setting of competency modules lie? 

-	 Are these controlled in-house or via local training facilities?  
-	 Are personnel awarded internal competencies or NVQ (or equivalent)? 
-	 What assurance re: standard/level of competency does the module provide? 
-	 How are standards maintained over the years? 
-	 Who performs audit/ review of competency packages? How often? 

· 	 How is competency addressed with specialists/ Service Company personnel who maybe 
perform only limit visits/ work on installation? 

· 	 How is level of competency complied with O/S? 

· 	 How are backlogs treated? 

· 	 What we are looking for is how the Duty-Holder (or other if applicable) manages the 
overall system and the treatment of backlogs appears to be highly indicative of that 
process. 

-	 If a safety critical task is not completed within the scheduled timeframe how is 
this dealt with?  

-	 Allowed to be entered as a backlog? 
-	 Completed as a matter of urgency or re: prioritised? 
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Appendix B 

Industry Consultation: 
Interview Data Analyses 
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Industry Consultation Interview Data Analyses 
Please note there is no relevance to the order in which the following examples are 
presented; rather they have been grouped according to the issue addressed. 

Example 1:  Competency 

“…If they (Offshore Operators) were not competent they would not have been awarded the 
(Company Assurance Certificate) in the first place and if there was found to be something 
wrong then the individual would be issued with an NRB5.” 

Whether or not this comment is taken at face value it raises a number of important issues in 
relation to competency assurance and ones worthy of consideration.  

First, how much reliance does a Duty Holder or Contractor place on Competency Assurance 
programmes? 

This should include both internal, (as in the cited example above), and/ or external such as 
the NVQ (National Vocational Qualification) programmes. In both instances the reliance is on 
the belief that the selected programme is as good as it is claimed to be.  
However, evidence gathered during the interviews would suggest that there is an over
reliance by many Companies in terms of both validity and reliability for competency 
assurance programmes. It is easy to accept that if an individual has undergone a training 
programme, for e.g. accredited to an NVQ, then s/he will be competent to perform the tasks 
they have apparently been trained to do. As mentioned in the original quote, “if they were not 
competent they would not have been awarded the certificate,” but is this sufficient when 
ultimately maintenance performance offshore is reliant on that competency?  

So, is it not advisable to ask the following questions? 

· Who within the organisation makes that assessment?  

· Can that assessment be justified with evidence? 

· If utilising an external programme where is the evidence that it, in itself, is a reliable 


measure of competence? 

Additionally, the quotation raises the issue of how the company develops and learns from 
experience. Taken literally it might infer that there is no room in the system for error. This is 
ideal, from a purely safety perspective but it must be appreciated that errors will always 
occur however well protected the system is, and as humans we can learn from our mistakes. 

All errors and mistakes contain learning opportunities and while unfortunate that they 
occurred in the first instance, they are undoubtedly a valuable resource. So, from a 
competency perspective the questions, which might be asked, include: 

· If the competency module covered the area in question, how did the error occur in 
the first place? 

· If it did occur, does this bring into question whether the competency was sufficiently 
broad and relevant to the actual tasks/ activities being performed offshore? 

· Is there a system in place within the organisation to actively question the competency 
programme? 

5 NRB – Not required back. This refers to the action taken either by an installation or a Company when an individual is removed 
from an installation but not necessarily from employment. 
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These types of questions need to be asked on an industry-wide basis.  There is no value in 
one company bringing into question something as fundamental as a competency relating to 
maintenance activities if this is not shared across the board.  

Example 2:  Supervision of Multi-skilling 

“It is up to the Supervisor on site to decide how to actually use the resources available to 
them (e.g. which multi-skilled people to utilise where) and would normally be done on an 
individual basis (e.g. he’s good at Task, so he does it all the time).” 

The quote refers specifically to multi-skilled personnel but the inference is that any 
advantage gained would be adversely affected by promoting this style of supervision. 

The Human Factors issue here concerns the potential loss or degradation of skills/ 
competencies for which an individual has been trained but for which they are no longer 
reinforcing or even gaining experience on a regular basis. 

Although there are a number of different multi-skilling possibilities, equal skills/ principal and 
subsidiary skills/ emergency roles skills, it is the principal and subsidiary skilled personnel 
who are most at risk from this type of supervision. The reason being that the subsidiary 
skills are by nature less well practised and need regular, if not constant, reinforcement to 
remain at a satisfactory level of competency. 

The style of supervision, therefore, should match the type of multi-skilling appropriate for the 
installation/ organisation. Those responsible for deploying maintenance personnel to daily 
work tasks need to consider: 

· What happens if/ when that individual is not available to perform Task A? 
· Will safety be compromised by using personnel less skilled/ competent? (It is likely to 

involve using personnel less exposed to Task A) 
· Is there a timing/ resource issue created by using personnel potentially less skilled? 
· Is additional supervision required? 
· If an error occurs, who is responsible? 

The key to this issue is that if multi-skilled teams are part of the maintenance strategy then 
there must be careful consideration as to their utilisation. Regular exposure to all areas 
covered by the competency is essential if issues such as supervision, deployment, timing 
are not become latent errors for which there is inadequate control or defence. 

Example 3:  Maintenance Backlogs 

“Maintenance on safety critical systems can not be delayed and no backlog is acceptable.” 

The intent behind this statement cannot be denied, backlogs are, generally, regarded as 
unacceptable, especially when involving items of a safety critical nature. The problem that is 
faced with backlogs is less to do with the fact that they exist, backlogging in certain 
circumstances is unavoidable, rather why have they occurred in the first place. Thus: 

“If there is a backlog in the maintenance of a safety critical system this would indicate a 
severe resourcing problem or (potentially more likely) a problem with your definition of safety 
critical maintenance. The first question to ask in this situation is not “How do we clear the 
backlog?” but “ How has the backlog occurred and what lies behind it?”” 
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Evidence gathered during the interviews suggests that backlogs are commonplace. In fact, 
all of the Duty Holders interviewed confirmed that they were aware of the existence of 
backlogs within their organisation, to a greater or lesser extent. What was less readily 
available was whether these apparent backlogs contained safety critical element, which from 
a safety perspective must remain the ultimate issue. 

In the worst case scenario, these backlogs will contain items previously identified as safety 
critical. Therefore, if this situation is to be addressed and, hopefully, remedied one must ask 
the question; ‘why has it been possible to get into a situation where safety critical items are 
left unmaintained?’  The real problem is that it does happen as the second quote identifies “If 
there is a backlog in the maintenance of a safety critical system this would indicate a severe 
…problem.” 

The statement from which this last quote was taken offers two plausible suggestions as to 
why these types of backlogs may arise. The first suggests a resourcing issue linked to a 
need to maximise profit against performance effectiveness. A fact succinctly put by one Duty 
Holder as:  

“(We) operate to maximise profit while maintaining effectiveness. If a backlog arises from the 
Safety Critical Element listing then it is one entirely of resourcing.” 

The issue within the oil industry is that aiming to maximise profit while maintaining 
effectiveness may be acceptable as long as it does not impact on safety. The problem here 
is that it potentially does impact safety. The suggestion being that items of equipment / plant, 
which the company itself has identified as safety critical, are left unmaintained. The reason 
offered is not one of availability of competent, trained personnel rather a need to prolong the 
profit/ effectiveness balance. 

This is potentially a very dangerous path to take not least because the profit/ effectiveness 
position can not be offered as a valid argument. Effectiveness, along with the equipment, is 
not being maintained and ultimately profit will suffer if the system, starting with the safety 
critical system fails. 

The alternative explanation proffered in the statement above relates to a “…problem with 
your definition of safety critical maintenance.” Interestingly, during all the interviews 
conducted this was only once suggested as a possible cause of failure. In all other cases, 
Duty Holders perceived the problem to stem from resourcing. 

There are two possible explanations to this statement, first that items which are not 
genuinely safety critical have found their way into the planned maintenance routine and 
while they may require maintaining are not high priority thus ending up on the backlog 
register.  
The second explanation is that an item, which should be included, has been ‘missed’ from 
the safety critical list and is therefore not identified as high priority. Although this is not 
dismissed out of hand, it is likely that the first explanation offers a more accurate 
representation of the truth. Either way it is perhaps important to consider the method by 
which items are identified as safety critical and whether or not a further review needs to be 
undertaken. 
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Figure B1 Diagrammatic Representation of the Identification of Safety Critical 
Elements (SCEs) 

As represented in Figure B1 the identification of safety critical elements forms part of the 
Verification Scheme, which in turn is part of the mandatory requirement of the Safety Case. 
There is nothing arbitrary about the selection of these elements; many come directly from 
such statutory Regulations as Design and Construction Regulations (DCR); or, Prevention of 
Fire, Explosion and Emergency Response Regulations (PFEER), for example. 

However, for all safety critical elements the defining factor is that the item possesses the 
potential to cause a failure sufficient to contribute to a major accident event with multiple loss 
of life. If this is a constant for all operational installations then: 

· Are there not similarities between all SCEs where the nature of the operation is 
similar? 

· Where operations differ would it not be expected that the SCEs would differ 
accordingly? 

Whilst all Duty Holders must comply with these requirements that is where the similarity 
ends. Based on the evidenced gathered during the interviews and during less formal 
discussions it is unlikely that any two Duty Holders will generate identical listings of safety 
critical elements. In contrast, the safety critical elements for a given Duty Holder appear to 
be fixed and unchangeable irrespective of the differences between installations held. 

Although the data generated during this project is insufficient to take this position further, the 
fact that the issue has been raised from within the industry is, in itself, interesting. The 
identification and listing of safety critical elements may be just one explanation for the 
existence of SCEs on the backlog register but the current situation would suggest more 
detailed investigations be undertaken.   

Example 4:  Communication of Information 

“What is the point of inspecting something and reporting it ok, it is far better to report its true 
condition (e.g. it has worn at point x but it is operating at 95% - within its limit of 90%)” 

There will be little surprise that the question of communication is raised in this context. It is 
perhaps one of the most recognisable Human Factors issues yet it remains one of the most 
difficult to address and remedy. 

Part of the problem is that while it is understood that information transfer is important, what 
needs to be communicated, when, why and to who is less clear. The even harder question 
appears to be ‘how much information is needed?’ This is well expressed in the example 
shown above where the individual concerned felt quite strongly that while there may be a 
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precedent to minimise information by using the term ‘OK’ this actually provides the operator 
or supervisor with no gauge on the reality of the situation.  

“As (Company X) is still responsible for the equipment that (Contractor Y) look after both the 
Business Group and Head Office need to be involved in decision-making regarding the plans 
the contractor makes to maintain the equipment. Regular progress meetings back this up 
where the two sides meet face-to-face.” 

Example 5:  Environmental Issues/ Constraints  

“Our FPSOs are treated (in terms of maintenance) exactly the same as a fixed installation.” 

Based on the evidence from the post 2001 data set this comment may raise a few issues 
relating to the management of maintenance for different types of installations. 
In particular, recent studies by Jan Erik Vinnem in conjunction with the HSE have indicated 
that FPSOs may present different requirements and considerations, which do not affect fixed 
installations. For example: 

· Although maintenance was not considered a major issue, per se, it was, 
nevertheless, identified as one of a number of “risk influencing factors” i.e. latent 
errors that may exist within a system. 

· FPSOs are seen to present an “onerous operating regime”, by combining many of 
the negative elements of marine together with the general problems encountered on 
a fixed installation. 

The report also suggests that while FPSOs are not unique in terms of routine production 
issues there are elements of uniqueness that make FPSOs problematic. The first relates to 
accessibility – primarily a design issue in terms of not fully appreciating the need to gain 
access to remove / maintain equipment during its lifetime. The second to motion – it is 
fundamentally a marine environment but one that does not have the advantages of a normal 
powered vessel in that it must remain fixed on location within a relatively small radius.   

The marine environment may also introduce problems concerning maintenance in respect to 
wear and tear. Additional strain may be placed on equipment, which was designed primarily 
for ‘normal’ offshore oil production application. Such issues and considerations must be 
factored into any planned maintenance routine. One example is that of a crane with a 
projected life expectancy of approximately 15 years (if installed on a fixed installation in 
similar environmental conditions), yet which presents with severe structural fatigue after only 
2 years in operation on an FPSO.  

After all an FPSO is not a fixed installation, structurally it remains a marine type vessel, and 
while it is not covered by maritime law it is subject to many of the same operational 
constraints that affect all vessels afloat. The whole vessel is in the water, not raised above 
wave height, therefore, it is subject to green water on deck under certain conditions. 
Operators must function in these conditions including the requirements imposed by 
maintenance. Understandably, there are times when human based activities cannot take 
place; maintenance cannot take place. The maintenance strategy must incorporate 
adequate flexibility to ensure that this does not impinge on the safe running of the plant, and 
that may require a strategy which differs from that of a fixed installation. 
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Example 6:  Resourcing  

“…there is a need for a mix of staff, some need to have oil / gas production experience while 
others need marine backgrounds. The problem is that it is generally more difficult to source 
personnel with marine competencies.” 

Although resourcing is an issue that covers all installation types and by inference from the 
interviews conducted, concerns all Duty Holders and Contractors, the comment raised above 
is specific to FPSOs. However, this is not an issue that can be readily answered, equally it is 
not an issue that can be overcome by simply resourcing all personnel from an oil / gas 
background or from marine. 

The question is one of considered balance, balance between which jobs / tasks need oil and 
gas experienced operators and which marine. At the current time there would appear to be a 
problem recruiting sufficient personnel with experience in marine issues, personnel must 
therefore be drawn from somewhere else and the obvious choice is oil and gas. This may fill 
the gap of providing adequate staffing levels but it falls short of addressing the issue of are 
the staff competent to perform the tasks required of them? In turn this leads to the following 
issues: 

· Has a training-needs analysis been performed which identifies the need for 
personnel with marine backgrounds? 

· Are staff having to fulfil roles and responsibilities that lie outside their experiences? 
· Have additional training packages been created/ selected to build-up any ‘missing’ 

skills? 
· How is competency being monitored when staff are performing tasks outside their 

experience (with/ without additional training)? 
· Who supervisors maintenance when it involves an understanding of marine issues? 

These types of questions must be asked by all FPSO/ FSU/ FPO Duty Holders and/ or those 
responsible for providing the maintenance personnel to such vessels.  

Example 7:  Roles & Responsibilities 

“(Contractor A) is the technical experts for (Company B) out in the field and actually decide 
what maintenance is required. (Company B) still maintains some skills in the area so that it 
can remain an intelligent customer for the service.” 

The concept behind the quotation, specifically, and the example heading, in general, is 
relatively straightforward. It addresses whether or not individuals know what their roles and 
responsibilities are, how other players within the organisation interact, and the benefits that 
may exist as a consequence of that interaction.  

In the example, the key issue is not that Company A holds the role and responsibility for 
delivering specific maintenance but that Company B has apparently not divested all its 
responsibility by contracting out. There are potential benefits to this position, presumably 
Company B can ‘check’ on works carried out offshore, that they retain understanding of the 
type of work that is needed and whether the requests/ provisions are likely to be adequate 
from their knowledge of the equipment/ plant.  

It is assumed that the roles and responsibilities of both parties are clearly identified as part of 
the strategy plan and that there is minimal overlap other than for auditing purposes.  
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The same principle applies at a more general level. Every job description should have a 
clearly defined set of roles and responsibilities. Maintenance personnel should know who is 
responsible for what, whether that be at a higher level, e.g. electrical/ mechanical etc. or at a 
more specific level i.e. task by task.  

Defining roles and responsibilities aims to eliminate, or at least minimise, ambiguity, an issue 
unfortunately all too evident in recent RIDDOR submissions. 
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Appendix C 

RIDDOR Data Analyses 

Report No. 300-2019-R01 October 2003 
Revision 0 Page 48 



Causal Factors 

0 

5 

10 

15 

20 

25 

Pe
rc

en
ta

ge
 F

re
qu

en
cy

 o
f I

nc
id

en
ts

 

Failure to follow procedures / industry practice 

Poor preparation / completion of tasks 

Failure to secure/release items or warn 

Unsafe postion / posture 

Inadequate communications 

Slip/trip/fall

Defective plant / machinery / equipment 

Defective tools / materials 

Strike by equipment 

Causal Factor 

Figure C1: Causal Factors (Post 2001 data) 

The depiction of the data provides relevant insights when considering the overall 
maintenance strategy into the potential role of maintenance errors. 

The evidence is divided between Human Factors failures and engineering failures. (The only 
slight anomaly to this being slips, trips and falls where the issue is less clear-cut). 
Interestingly, there appear to be more Human Factors related incidents than engineering 
ones. In fact, the evidence would suggest that just over 60% of all identified maintenance 
related incidents may be attributable to Human Factors causes, as compared to less than 
45% for the pre-2001 data (see Section 5.2.2 for further comparisons). 

It may seem surprising that just over 20% (20.9%) of the incidents in the sample were 
suspected to result from poor posture or position. Less surprising, perhaps, is the realisation 
that this category included examples such as having to reach over pipework, or twisting to 
perform a task. If the data are accurate then it could be concluded that this, one fifth of all 
maintenance related incidents, may be avoidable. 

On a positive note, the results may be attributable to a greater Human Factors awareness 
over the past few years. For example, incidents that might previously have been categorised 
as mechanical/ engineering or possibly just poor practice are being more accurately defined 
in terms of the specific Human Factors elements of the error. 

From a strategy perspective the evidence suggests that, there should be greater 
consideration of elements such as procedures, training/ competency and perhaps, at a more 
global level, the safety culture. In order to either expand on, or clarify, this suggestion a 
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further analysis was performed (see Figure 14 below). The data was re-assessed looking at 
potential latent errors within the system or organisation. 
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Figure C2:  Latent Errors 

Incident Frequency by Company 

The following graphs (Figure C3 and Figure C4) represents data analysed according to the 
number of installations operated by a company and the frequency with which reportable 
incidents were submitted to the RIDDOR data set over a one-year period between 2001 to 
2002 (incidence/ sum of installations per company). 

It was decided to perform the calculations for fixed, FSU/FPSO/FPU, and TLP installations 
only. NUIs were not included due to the differences in maintenance regimes applied when 
compared to all other installations. Mobile units were also excluded due to the difficulty in 
guaranteeing their ownership/ management over an extended period of time. 

The sample compared the frequency of incidents across a total of 133 installations between 
March 2001 and May 2002 (110 fixed/ 22 floating/ 1 TLP). The raw data (uncorrected) is 
represented in Figure C3. The corrected data adjusted so that incidents are considered in 
proportion to the number of installations owned by a company is shown in Figure C4. 
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Raw Data 

Breakdown of Incidents x Company (Post 2001) 
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Figure C3:  Data representing a breakdown of Incidents by Company 
(2001- 2002) 

The graph in Figure C3 represents the raw data of reported incidents by company, however, 
it does not reflect the total available exposure according to company and must therefore be 
treated with a certain degree of caution. To assess the data in this form would provide a 
somewhat misleading interpretation of the current situation regarding both Company 
reporting and the expectation of a Company having a maintenance-related incident.  

Company F, for example, might be perceived to be a high risk Duty Holder, when they are 
not. Based on this reasoning Vectra agreed with the HSE Technical Monitor to re-assess the 
data by correcting the sample according to the number of installations held for the period 
under review6, thus providing a more representative distribution. 

6 It should be noted that several of the installations / Companies involved in these analyses have since been subject to mergers 
and acquisitions. 
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Corrected Data 
RIDDOR Data (Corrected for Exposure) 
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Figure C4:  Corrected data representing a breakdown of incidents x Company
(2001-2002) 

Once corrected attention focuses on the question ‘why the change in trend?’ Whilst it is not 
possible to identify the companies involved, a number of factors relating to ownership of 
types of installation are relevant to an understanding of the findings. 

· D and H both operate fixed and floating installations in equal proportions 
· The frequency of incidents on D and H was greater for floating when compared to 

fixed   
· The highest proportion of floating units were operated by the companies represented 

by L 
· J had undergone considerable changes to the maintenance delivery in the years 

immediately preceding the period being analysed 
· A high percentage of the incidents reported by F were of a mechanical nature  
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Question Set 

Appendix D 
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INSTALLATION 
This section considers the key Human Factors elements in predicting what your maintenance 
provision will be. 

1.1 Design and Modifications 
When designing or planning modifications how are maintenance requirements considered? 

1.1.1 How has the design of the installation taken account of the need for good 
accessibility: 
-  To the installation? 
-  To modules that contain items of equipment/ plant requiring frequent
  maintenance? 

- To specific items of equipment? 
-  For movement of materials/ equipment around the installation? 

1.1.2 How has the design of the installation taken account of the human needs for 
accessibility to equipment in situ? 

-  If not, what provisions are made to ensure that safety and performance of
 personnel involved in the maintenance of poorly accessible plant is 
 ensured? 

1.1.3 How are requirements for extra resources requirements to fulfil the 
maintenance schedule determined (e.g. additional equipment lighting/ 
specialist personnel)? 

1.1.4 What elements of the workspace were considered in the design/ 
modification? 
- Weight of components 
- Sufficient space for manoeuvring 
-  Lifting (logistics of manual/ mechanical handling) 
-  Movement of largest/ heaviest items 
-  Confined spaces and other hazardous areas 
-  Lighting, vision, noise, exposure to elements, exposure to production or
 process products 

1.1.5 Were maintenance personnel are involved in design decisions? 
- What assurance can you give that their views were listened to/ acted upon 
 appropriately? 

1.1.6 How is the availability of spares/ replacements considered in design 
decisions? 

1.1.7 Have you determined maintenance personnel resourcing for chosen 
equipment? 
-  Are you going to be reliant on specialist contractor(s)? 
-  Have you considered a partnership/ relationship with the manufacturer? 
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1.1.8 How are design decisions processed through to planning and maintenance 
tasks  personnel? 

1.1.9 Are planners/ maintenance personnel consulted before the design/ 
modif on is f

 Are ‘walkthroughs’ of the design undertaken to determ ne maintenance 
ssues? 

1.1.10 What assumpt ons are made about the operational personnel in design?
Gender 

onality, culture religion  
 Physical character stics e.g. height  strength  age 

1.1.11 How do you ensure current operational exper ence is captured in design/ 
modif on decisions?  

Accidents incidents 
 Feedback from mainta ners/ OIMs 
 Maintenance intervals, t me to repair etc.  

1.1.12 What effort is g ven to looking at different options for design/ modif
ons (e.g. how do you avoid falling into the trap of: ‘ we’ve always used 

this equipment so we’ll continue to do so)? 

1.1.13 When undertaking modif ons do you consider other changes that could 
affect known maintenance difficult

1.1.14 How does your design allow for testing and inspect ons, part y if mov
towards condit on-based maintenance? 

 Access to mon toring po nts 

No comments are required on these questions
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1.2 Environmental Constraints 
What are the environmenta  constraints dentif able for a given installat on and how do these 
impact on the maintenance regime? 

1.2.1 How are differences in the operating environment taken into consideration 
when planning maintenance act es/ tasks, now and in the future (e.g.
installat on moved to different locat on)? 

1.2.2 Demonstrate that environmental condit ons have been fully considered in the 
design of the installat on and equipment th regard to the impact upon 

on and maintenance tasks.  

1.2.3 Where constraints exist, how have these been reflected in:  
The selection of personnel? 
The sett ng of competency requirements? 
The training needs analysis and any related training provision? 
 Provision of shelters  specialist clothing and equipment? 
When did you last rev ew the impact of the environment against the  

 adequacy and performance of the above items?  

1.2.4 What measures have been taken to ensure that any liquid hydrocarbon 
releases dur ng maintenance f th your environmental policy? 

1.2.5 you address potential conflict between safety ‘green 
environmental’ issues resulting from maintenance act ty? 

The question may be part cular y relevant in relation to any f oating installation (e.g. 
FPSO/ FPU). A though the type and nature of tasks to be performed may focus on 
the production/ storage of hydrocarbons the vessel may ntroduce mar ne issues 
otherwise not encountered on a f xed insta ation. Personnel may be expected to 
perform routine product on tasks in an environment for which they have l ttle or no 
experience. Despite being a personne  issue it is the phys cal env ronment, I, 

Based on current HSE ev dence RIDDOR) it is known that hydrocarbon releases 
during maintenance are gh when compared to times  non-intervention. It is 
therefore essential to cons der the provision ocation of bunds n and around potentia
leak areas.  

Transporting l quid hydrocarbon, which has resulted from a release, has implicit 
safety implications whereas ‘dumping’ over the incurs environmental 
consequences nc uding potential arge f nes. This is a hardware/ installat on issue 
for which appropr ate physical provisions must have been addressed pr or to any 
occurrence if the correct action is to be taken.   
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1.3 Generation of Installation/ Condition  
What addit onal constraints does the age or condition of a given installat on present in terms 

anning maintenance? 

1.3.1 How does the age of the installat on change your maintenance reg me in 
terms of: - 

 Increased inspect
Increased test ng? 
Increased maintenance frequency? 

1.3.2 Are you confident that testing/ inspect on required of all equipment can be 
achieved? 
  Test points  gaining access to them 
 Availability of skilled personnel to test equipment 

1.3.3 How do you utilise performance data to rev ew the maintenance plan?  
 Failure rates expected  unexpected) 

- T me to repair 
 Inspect on testing reports 

1.3.4 How do you know that the personnel undertak ng this task have access to all 
available/ useable data? 

This may be more problematic on o der insta ons where equipment may not be 
tted w th nspection windows. A s ngle, generic maintenance policy may not ‘fit all’ 

fferences, which relate to the age or generation of the installation, wil  need to 
be taken into cons deration at this stage. This may be as s mple as h ghlighting 
inspect  differences for each insta ation  may require completely different 
procedures to be produced on an insta ation-by- nstal ation basis. By identify ng any 
differences at this stage wil  help c arify the correct provision of procedures work 
instructions to reduce the potential for human error. 

 1.3.4 For certa eces of equipment, typically high y specialised or un
equipment there may be advantages to cons ng alternate means for inspecting 

 maintaining. One option is to request maintenance from the origina
manufacturer or supplier o  the equipment in question. This may involve spec alist 
maintainers being resourced by the manufacturer, travell ng to/from the installation as 
and when required or t may invo ve a direct nk-up between the maintenance crews 
offshore and a des gnated specialist onshore. Technologica advances mean that 
video links  digital cameras  phones can utilised to pass all the relevant 
information to a specialist even non-UK based) often on a 24-hour bas s to prov
the know edge for remedial action. Such a techn que enables equipment to be 
installed that m ght otherwise prove too cost y in terms of additional tra
competency of maintenance personne

Alternatively suppl ers or manufactures may offer training programmes for specialist 
equipment rather than having to incur the ful  cost of developing programmes 
modules in-house.   
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OPERATIONS 

2.1 Planning 

2.1.1 For each installation are all maintenance requirements clearly identified with 
respect to: 
-  Frequency of inspections, testing, replacements etc? 
- Scope of maintenance required? 
- Diagnosis and decision making with respect of results of inspection and 

tests? 
- Data to be recorded during the maintenance tasks? 
- Prioritisation? 
- Where is this maintenance requirement information specified? 

2.1.2 Is there any equipment on board, which is not included in the maintenance 
routine/ inspection plan? 
-  If not included, why? 
-  Is this based on manufacturer’s recommendations (e.g. item does not 
 require maintaining)? 

-  Can this position be justified? 

2.1.3 How do you know that the Asset Register is up-to-date and comprehensive? 

2.1.4 Have you determined the resources required to undertake the projected 
maintenance, for example: 
-  Personnel (numbers/ skills/ levels of competency/ availability) 
- Time?

 - Accessibility? 
- Replacement/ spare parts? 

2.1.5 When planning maintenance how are the safety implications of the 
maintenance tasks on overall operations determined such that the task/ 
activity does not impair the safe running of any other operation? 
- Where is this information held? 

2.1.6 How do you ensure that design risk assessment findings and assumptions 
are applied at local level for maintenance?  

2.1.7 How do you guarantee data integrity in the Asset Register/ Maintenance 
schedule? 
-  Use of more than one independent data system? 
-  Potential for data corruption? 

2.1.8 How do you ensure that onshore planning and understanding of maintenance 
reflects offshore reality? 
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2.1.9 What is the current back og of maintenance tasks? 
What is the current backlog/ what is seen to be an acceptable back og? 
What steps are taken to reduce this back og? 
 How are works prior
 For works s there a spec ed time mit for ts comp etion (e.g. time at risk   
 calculation)? 
 Are backlogs common? What steps are being taken to eliminate backlogs in  
 the future? 

2.1.10 W thin your maintenance planning, can you demonstrate a link to the Safety

 Links to HAZOPs/ escalat on pathways/ barr ers 

2.1.11 How do you utilise performance data to rev ew the maintenance plan? 
 Failure rates expected  unexpected) 

me to repair 
Inspect on testing reports 

2.1.12 How do you know that the personnel undertak ng this task have access to all 
available/ useable data or information?  

 often ff cult to determine what const tutes acceptability terms 
maintenance back og. Per se back  are not inherently negative, the question 
centres what items of equipment are uded in the backlog and therefore 
whether or not these are related to the Safety Case see Section 6). According
back ogs can be regarded as ‘holes w thin the barr ers’, the danger to the system 
arises if these so-called holes are allowed to line-up. Therefore within a g ven system 
you need to cons der what barr ers exist within it and whether: 

The current maintenance strategy a ows for elements of these barr ers to appear 
on the backlog list? 

The potential exists for multiple levels of barr ers to appear on the back st? 

Answer ng yes to e ther of the above creates an unacceptable vulnerability n the  
current maintenance strategy.  
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 Hazard Awareness 

2.2.1 How do you determ  the sk  associated th a g ven maintenance 
activ ty? 
  To the overall installat
To other safety systems? 

  To personnel present? 
  To other act

2.2.2 How do you ensure that the Maintainers are aware of all the r sks and what 
steps are taken to eliminate/ contain the r sks? 

2.2.3 How do you ensure that the r sk assessment ident fies all potential hazards 
and not merely those w thin the immediate environment? 

2.2.4 Have the r sks  hazards been assessed for each installat on to determine 
whether there are factors present that may result in equipment degrading 
faster than ant cipated 

2.2.5 When equipment is identified as degraded or failed how does the installat
organisat on assess the safety implications? 

 At a local level? 
 At a systems/ installat on level? 
 Impact on specific processes? 
 Impact on specific tasks/ procedures including other maintenance 
activ ties? 

2.2.6 What provision is made for offshore personnel to obtain advice
maintenance implications from onshore? 

 Is any such system used in pract
 If not, then why not and what steps are being taken to improve such  
 communicat ons where necessary?  

2.2.7 What plans are in place to handle any incident that arises dur
maintenance? 
- Do these plans recognise systems may be unavailable at the t me? 

There should already be  and identif able l st of hazards assoc ated with 
required maintenance activit  having completed HAZOPs milar during the 
development of the Safety Case. However, the hazards assoc ated with a g ven 
maintenance activity should not be v ewed in iso on, but on an installat on wide 
basis yet the tie-in to the Safety Case should be c ear and undeniab e. It must be 
remembered that the effects of an inc dent may extend way beyond the immediate 

nity and it is these escalat on routes that need to be factored into to a 
comprehens ve hazard awareness programme. It is worth considering the wealth of 
information that is ava e from past in-house acc dent/ inc dent reports. These 
provide valuable ins ghts what escalat  occurred, how they were brought 
under control/ prevented and any wider scale impacts on personnel/ the instal ation 
as a whole  the company. 
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2.2.2	 Information on risks/ hazards should not be held in isolation and all personnel 
involved in maintenance should be aware of this information when it involves work 
they may be undertaking. There are no advantages in retaining risk/ hazard 
information either onshore or offshore as this will limit the effectiveness of any 
elimination or risk containing actions that may be taken. Decisions can only be made 
based on the information that is available or understood, if this is limited in anyway 
then it will necessarily limit future actions in the event of an emergency. 

2.2.3	 There is rarely a ‘one-size-fits-all’ strategy that can be universally applied to a range 
of installations of differing age/ operational function. in the same way that like for like 
equipment is assessed for generic hazards, unique, custom-built equipment or 
equipment operating in unique conditions should be assessed on an individual basis. 
There is no benefit to be gained by missing information or glossing over facts, again 
decisions can only be made based on the facts that are readily available. It is not 
acceptable to rely on local knowledge or expertise in the event of an emergency, 
there is no guarantee that it will be either available or used.  

2.2.4	 Particularly important to consider if operating floating installations for example, 
FPSOs/ FPUs 
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 Incidents/ Accidents 

2.3.1 What incident data is recorded?  How robust is this data (for instance does it 
over or under report

 Are all offshore incidents formally recorded? 
 Is there incentive for contract staff to report incidents? 

2.3.2 What efforts are taken to ensure the capture of near-miss information or 
experiences? 

 Is anecdotal information collected and acted upon? 
 Is there a no-blame culture? 
 Are staff encouraged to report near-m ss information?  
 Is near-m ss reports acted on fed forward to all maintenance staff? 

- Do you use debrief ng sessions to obtain feedback about maintenance
ons and maintainer observat ons (rather than relying on the 

maintainer to subm t comments report

2.3.3 What performance information is collected in relat on to maintenance 
es and how is this informat

- T me taken to repair? 
- Equipment condit on? Etc.  

2.3.4 How is performance and incident data used as part of an ongoing evaluation 
of problems arising from maintenance act
- What act ons were taken after the last/ pervious incident? 

2.3.5 Is there a system in place for offshore maintenance personnel to feedback on 
safety related issues? How do you ensure that maintenance personnel use 
this reporting? 

2.3.6 How is the data analysed? 
Root cause 
Statist cs (trend data/ % etc.) 

2.3.7 Who has responsibility for rev ewing data and mak ng decisions about the 
implications of what it shows? 
- Does this person have any authority or inf uence to make changes to the  
maintenance reg mes if required? 

Due to the strong link between maintenance activ ties and inc dents/ acc dents there are 
widespread benefits (both internally and to the industry as a whole) to be gained by 
spec fically identify ng the type/ nature of the activ ty tak ng place at the time.  

In order to become/ remain pro-active acc dent/ inc dent data must be fed-forward and 
acted upon on a continual basis. It is also crucial to link any information relating to 
acc dents/ inc dents into the hazard awareness programme in order to prevent
acc dent you’ve already had from occurring again. Similarly, part of the analysis of any 
maintenance related inc dent/ acc dents should be feed forward into safety briefings. 

Report No. 300-2019-R01 October 2003 
Revision 0 Page 63 



2.4

i

i
 miss? 

/ ill
-
-
-

i

(e.g.) ion? 

Comments: 

2.4.4 idents/ i  f  (i.e. not 
ily on 

ial is 
l l

l i lyi
i

O
PER

A
TIO

N
S 

 Feedback/ Learning from Experience 

2.4.1 Who receives the performance information? 

2.4.2 How do you know this information is useable by ts recipients?  Do they have
 to formally respond? 

2.4.3 Is the information analysed to determ ne root cause(s) of the incident/ near

2.4.4 Where maintenance related incidents have occurred what can be done to 
remove reduce the likelihood that the fault/ failure w  be repeated? 

 Bad design? 
 Poor planning? 
 Error in execution? 

2.4.4 How open is feedback on incidents/ accidents w thin the company and is the 
quality of feedback guaranteed? 
- Do you use incidents to supplement toolbox talks? 
- Do you provide ready-made slides  to each installat

Providing feedback on inc acc dents rom within the company
necessar a given installation) is a valuable resource, however, to be truly 
benefic the quality of information provided and the way in which it is presented 
equally important. The provision of ready-made s ides with c ear notes, which for e.g., 
Safety Reps can talk through and expand on wil  be more effective than s mply re ng 
on an indiv dual to try and create a talk from a list of facts. 
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EQUIPMENT 
What are the restrictions, imposed by the selection or design of equipment, on the operators 
ability to perform required maintenance tasks./ activities? 

3.1 Equipment Design/ Selection 

3.1.1 Will additional manpower resources be required when certain equipment/ 
plant requires to be maintained? 
-  On what basis are these figures calculated and are they justifiable? 

3.1.2 In what way has consideration been given towards resourcing/ designing 
equipment to take account of the variable forces exerted on maintenance 
personnel (e.g. on a rolling or pitching surface)? 

3.1.3 Does equipment/ plant exist that is not easily accessible, thus more difficult to 
maintain? 
-  If yes, what controls are in place to reduce the risk to the individual and/ or

 reduce the risk to the system? 

3.1.4 Does the design recognise the need to control/ protect against human error 
potential? 
-  Provision of interlocking/ isolations? 
-  Possibility that parts may be interchangeable? 
-  Only one re-assembly option? 

3.1.5 If there is a maintenance error what potential for recovery by the technician is 
there? 

3.1.6 How does the design/ maintenance activity guard against occupational health 
type injuries? 
- Posture? 
-  Manual handling? 
-  Slips/ trips/ falls? 

3.1.7 How do you ensure that all equipment is clearly labelled? 
- Tags/ coding on pipework/ valves/ handles etc.?  
- Use of colour coding? 

3.1.8 Where condition-based monitoring is fitted to vessels/ pipes etc. how do you 
ensure that this is not vulnerable to accidental damage?  

3.1.9 What measures have been taken to ensure that all equipment used on 
company installations is uniform? 

Comments: See over page 
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Comments: 
3.1.8	 For more detailed information it is worth considering the small bore pipe example 

referenced in Section 11.0 - Further Reading 

3.1.9	 Ensuring that there is some degree of uniformity of equipment across installations 
has added relevance if considering opting for a campaign maintenance strategy. In 
such circumstances the maintenance crew may be required to operate on several 
different installations over a rolling period of time. Experience on one or more 
installation may be greater than for the others, a factor which may apply equally to 
equipment types. Problems are more likely to arise if there is a close similarity 
between two related items on different installations but which are not completely 
identical. Under certain conditions (e.g. fatigue/ emergency situations) the operator, 
despite level of experience, may revert to performing the task/ activity for the piece of 
equipment for which they are most familiar. If is not possible to replace equipment to 
create uniformity then it is essential to be aware of the possibility that a cross-over 
effect can occur. If such equipment is identified as safety critical then additional 
protection barriers need to be considered, e.g. clear labelling of where the differences 
are, or additional procedures provided, or additional supervision provided.  
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3.2 Mater als 

3.2.1 How does the maintenance team access required mater als/ spare parts, for 
example: 

 Computer -based order ng through planning? 
 Paper/ verbal requests? 

3.2.2 nked are the maintenance plan pro  the availability
provision of spare parts offshore? 

3.2.3 Where maintenance tasks  act es must be held up how is this information 
nated to prevent future delays? 

3.2.4 Do any projected maintenance act es require specialist tools/ mater als? 
 How are these requ rements ‘built n’ to the long-term  short-term plans? 

3.2.5 Are there any issues relat ng to the accessibility on of equipment parts 
for which a supplier is bounden by a contract to replace? 
- Access to the installat
- Access to the plant / equipment? 

3.2.6 Do parts  mater als exist which are used interchangeably and what safety 
implication does this present? 
- Can you design-out any interchangeability? 
- Can the mater als be confused?  

What steps are being taken to ensure that all mater als can be differentiated
e.g. colour coding gaskets) 

3.2.7 What steps are being taken to ensure standardisation of mater als with 
suppliers and between suppliers? 
- How do you ensure that all mater als used are of good quality? 
- How are failure rates and mechanisms for equipment captured consider all  
  items of equipment including hand tools etc.
- Is there consistency w th use of metric and imper al sizes?  

3.2.8 Do you monitor m nor ncidents such as str pping bolts due to substandard 
mater als etc.?  

See next page 
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Comments: 
3.2.5	 It is important to ensure that all contracts between Contract Suppliers and the 

Company can be fulfilled. This includes ensuring that all relevant equipment parts can 
be accessed and spares replaced in accordance with the contract wording. Contracts 
can run for the lifespan of a piece of equipment during which time changes may have 
taken place/ modifications/ retrofits etc. which may invalidate any extended 
warranties. Check also the full extent of the cover, is it affected by maintenance 
intervals/ replacement of spare parts at regular intervals/ maintenance by specialist 
personnel only etc.? 

3.2.7	 Note there may also be differences between materials sourced in UK/ Europe/ USA 
even within the same supplier or supply chain. 
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3.3 Accessibility to Plant 

3.3.1 For every installat on has allowance been made for maintenance access? 
 Access to a safe work ng area? 
 Access to the parts that require maintenance? 
 Ability to move parts to from plant/ equipment? 

3.3.2 Have any parts areas of the installat on undergone modif cat
temporary , which may impose restr ctions on access for maintenance? 

Retro-f
Temporary barriers (inc . scaffo ng
 Installat on of addit onal equipment/ storage 

3.3.3 Are there any restr ctions/ limitations that may impede the movement of 
equipment required as part of the maintenance act ty  task? 

We ght of equipment? 
 Numbers of personnel available? 
 Levels/ walkways  turning corners? 
 Availability of cranes/ r ggers etc.? 
 Movement of k t in restr cted/hazardous areas? 
 Movement of k t near vulnerable equipment? 

3.3.4   How are any restr ctions dealt w th in the work p

3.3.5 How are the high evel r sk assessments e.g. those used in the Safety Case) 
utilised in rev ewing maintenance access hazards? 
- How are they used in develop ng work plans? 
- How are they used in determining process controls, isolations etc.? 

3.3.6 Is there a list of known restr ctions? 
- Is this list available to the OIM, work superv sors, work planners etc.? 
- Is this list available to designers f changes to the installat on are to be made  

with the aim of remov ng restr ctions as far as pract cable)? 

As a general point, improvements in access w  resu t in the job being done qu cker 
and easier. 
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3.4.1 Does the equipment  plant allow for non-hazardous testing? 

3.4.2  does the Company demonstrate that equipment  plant that 
undergone maintenance is fully operational prior to its return to service? 

3.4.3 How is the maintenance plan managed if  when equipment fails on return to 
service? 

Who is responsibility for the intervention on failed plant  equipment that has 
  undergone a planned maintenance routine (PMR
 How is this information tracked? 
 How is this information used for future planning of maintenance? 

No comments required for these questions
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PERSONNEL 
Do you have sufficient resources to meet the requirements of maintenance? 

4.1 RESOURCING/ STAFFING/ ROLES & RESPONSIBILITIES 

4.1.1 For each maintenance position, is there a clear and comprehensive job 
descript

4.1.2 ven what informat on is available through feedback see 2.4  are current 
staff ng levels adequate? 

4.1.3 How do you resource at short notice? 

4.1.4 Are you over-reliant on specialist personnel? 

4.1.5 Where maintenance personnel are mult -skilled on what basis has the skills 
x been determ

4.1.6 ng defined all roles & responsibilities how do you ensure that your skills 
x do not come into conflict (or that the potential for conflict does not arise

4.1.7 What reliance do you place on multi-skilling experienced crews on your 
installat

What is your maintenance staff turnover? 
What incentives are provided to retain staff? 

4.1.8 How are staff appraisals achieved? 
Who is responsible? 
 How is t me allocated? 

4.1.9 Who evaluates current maintenance performance against staff ng strateg es 
 permanent staff versus contractors, staff ng numbers)?  Are 

performance expectat ons/ predictions w thin the strategy being achieved? 
How often is the staff ng strategy rev ewed and updated to ref ect actual 
performance? 

If you use lots of contractors or have h gh staff turnover) how do you ensure that the longer
term plant/ process knowledge is retained w thin the company? You need to consider if this is 
an issue either now or in the future and if so how can the s tuation be remedied. Are there more 
far reaching issues concerning staff retention including mot vation/ incentives particularly f the 
installation is nearing the end of product ty/ becom ng unv

onal quest on might focus on whether or not you feel some of your contractors are 
ng you off’? If so, why?  

- are they a sole supplier, therefore no choice? 
- are they providing a unique service? 
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4.2 COMPETENCY AND TRAINING 

4.2.1 Have you done a training needs analysis? 
- Is the strategy - high standard of gener c training or more general? 
- How do your procedures  checklists ref ect the competencies of your
  workforce?  

4.2.2 Does the training programme s) address all the issues and skills required to 
carryout the pro ected maintenance plan? 

4.2.3 How do you specify competency? 

4.2.4 How do you ensure that maintenance personnel have met the competency 
standards? 

4.2.5 Do differences exist between Duty Holder  Contractor  Service Company 
Personnel in the Competency Assurance Schemes applied? 

4.2.6 By what means do you ensure the competency of short-term contract or 
service company personnel perform ng maintenance act

4.2.7 By what means do you audit  monitor of the var ous competency assurance 
schemes? What do the results of these audits show ast audit and trends 
over t me)? 

4.2.8 By what means do you maintain the level of competency for mult -skilled 
personnel? 

4.2.9 For maintenance related incidents that have occurred are the causes clearly 
identifiable and where attributable to performance how is this translated to: 

 Selection of personnel? 
  Training provision? 
  Training/ competency records? 

4.2.10 Demonstrate how actual maintenance performance for a g ven installat on is 
fed into the contract conditions and the evaluation of the Contractor

No comments required for these quest ons
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4.3 

4.3.1 How do you ensure that the procedures in place are valid for the tasks/  
es current y carr ed out? 

- Risk assessment? 
- Workload rev ew? 
- Monitor ng performance and gett ng feedback from maintenance personnel? 

4.3.2 How can it be demonstrated that the maintenance procedures are useable/ 
workable/ rat

4.3.3 How do you ensure that procedures are followed in pract
- Monitor ng for deviat
- Need for disciplinary measures? 

4.3.4 Are the current procedures open to v olations? 
fficu t to comp y w th? 

 Perceived to eopardise safety? 
 Lack of familiar ty by operators? 
 Infrequent use by operators? 
 Operators not invo ved in the writing? 
 Incentives to encourage v olations? 

4.3.5 Are the facilities present that allow the use of,  compliance to, the 
procedures? 

 Is the PTWS cumbersome? 
 Do Operator spend t me searching for signator
 Is all the equipment available when required? 

4.3.6 Are handover notes overly complex? 
- Is there room for a pre-prepared form? 
- T ck boxes? 

Although handovers notes are essential to ensure continu ty n understanding they 
are often too complex and take up considerable t me at the end of a shift. It should 
also be noted that where written text is concerned there is an increasing tendency to 
use a lot of abbreviat ons. These can be confusing or at worse wrong nterpreted. If 
this is the case there may be benefits to be gained from providing pre-prepared forms 
thus reducing the necess ty for large amounts of writing or reliance on abbreviat ons. 
Alternatively, tick boxes could be used to identify genera plant status e.g. this could 

nked to the PTWS 
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 SUPERVISION 

4.4.1 How do you know you have suff cient superv sory cover? 
 Does this include all the required disciplines for each tour/ shift? 
What provision is available if discipline cover not available offshore? 

4.4.2 What is the extent of the roles & responsibilities for each superv sor? 

4.4.3 How do you ensure that all superv sors have the required competencies to 
fu fil their roles & responsibilities? 

Who makes this assessment? 

4.4.4 Do superv sors have sufficient t me available to perform all aspects of their 
roles & responsibilities? 
  To the leve expected/ required? 
To ensure safety  integrity during all maintenance act

4.4.5 How do you ensure that the supervisor maintains the hierarchy of structure 
within the maintenance discipline? ( .e. the supervisor remains independent 
and object ve in their dut

4.4.6 How do you ensure that the supervisor maintains safety as a prior ty dur
maintenance? 
- Do you have records where work has been delayed/ stopped due to the 
  supervisor mak ng a safety-based decision? 
- Have you had any incidents where the supervisor should have realised the  
 risks and taken steps to reduce these risks?  

4.4.7 What support can the superv sor call upon to help make decisions about 
gett ng the work done whilst maintaining safety? 
- Is any such support used? 
- If not, have you made any efforts to f nd out from the superv sors why they
  do not use/ want such support? 

Due to the changing nature of the Superv sory role there is often limited time available to 
undertake safety brief ngs e.g. tool-box talks. However, these provide an excellent and 
valuable forum for pass ng on information when and where it may be needed most. One 
problem that has been noted is the grey area that is developing concerning whose role 
and responsibility it is to provide/ distribute such safety related information. Feedback from 

dents  general health and safety (e.g. manual handling) etc. must continue to form part 
of a continual feedback loop between onshore and offshore, management and workforce. 
The provision of quality brief ng packs/ handouts/ slides will help to reduce workload on 
those tasked w th this respons bility offshore while ensuring that the correct information is 
made available in a suitable and accessible medium.  

It is important to ensure that pressures (from whatever source) placed on the superv sor 
do not at any time comprom se safety in the workplace.  
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 PERFORMANCE PRESSURE 

4.5.1 How do you ensure that adequate t me is allocated to complete the tasks
es required and to a sat sfactory level? 

4.5.2 What steps do you take to ver fy that this is acceptable? 

4.5.3 ven that you rely on specialist Contractors who provide a projected 
meframe for task complet on how do you determ ne if this is reasonable and 

acceptable? 

4.5.4 What incentives are in place for your contractor? 
 Are you rewarding unreliabil ty? (e.g. bonus is linked to the number of
 repairs rather than the t me between f xes) 

4.5.5 On what basis would you challenge an increase in resource request by an 
outside contractor service provider? 
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4.6 COMMUNICATION 

4.6.1 Have you mapped out and modelled who needs to communicate w th whom 
in relat onship to the delivery of the maintenance strategy? 

4.6.2 Is the data concerning plant condit on both before and after maintenance 
communicated up and down the management chain? 

 How do you ensure that the data are acted on appropriately? 
  How do you ensure that the data does not get distorted when passed up 
  and down the management chain? 

4.6.3 Is information about maintenance in progress communicated appropriately: 
- Dur ng shift handovers? 
- When chang ng the status of operations?  
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