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Abstract

The emergence of asset integrity management (AIM) in the petroleum
industry has been encouraged by the demand for a safer and more sustainable
workplace with respect to health, safety, environment, value generation and
reduced risks. However, despite the current AIM development, literature
shows that AIM practices in organizations still often fail and in troubled times
some organizations may choose to rearrange the priorities of AIM activities,
while in reality the integrity of these installations needs to be maintained at all
times, regardless of the fluctuating market situation.

This study is divided into three consecutive phases that built the entire study.
The first phase of the study was performed to identify and map the existing
research approach in AIM. The study also proposed a structured framework as
a guideline for designing AIM research. The second phase identifies the gaps
between the theory and practices of AIM. The focus is to identify various
challenges in volatile market conditions and how organizations can
continuously ensure the safety and integrity of their offshore facilities. The
study is continued by the third phase that addresses the organizational
challenges identified in the second phase. The purpose is to continually
develop AIM practices in organizations.

The three main challenges identified are the organizational challenges, human
resources challenges, and the knowledge management and information
technology (IT) challenges. When addressing the area of knowledge
management and IT, the study discussed the survey findings and proposed the
use of service providers to tackle the challenges in this area.

The study also addressed the organizational challenges by proposing
structured planning and implementation of AIM in petroleum projects and in
the organizational level. For petroleum projects, the operational readiness and
assurance (ORA) is proposed as a solution to establish the AIM foundation
before operations phase. This study elaborates the requirements for ORA
planning and implementations, including the main elements in ORA,
organizational structure, manpower and tasks planning and also ORA work
structure.
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For the organizational level, the survey findings were developed to improve a
structured approach in planning and implementing AIM in the organizational
context. Different approaches from respondents were also elaborated to give
insights of how different petroleum organizations are planning and
implementing AIM.

Keywords — Asset integrity management, Asset management, Petroleum
industry, Oil and gas industry, Strategy, Strategic planning, Life cycle
approach, Operational readiness, Research approach, Research design, Asset
challenges.

Mayang Kusumawardhani
Stavanger, 01 August 2016
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Definitions

Asset

Asset integrity
management
(AIM)

Integrity

Maintenance

Operation
readiness and
assurance (ORA)

An asset is defined as a physical item or entity that has
potential or actual value for an organization (ISO 55000,
2014).

Asset integrity management is the development,
implementation and execution of a coordinated plan
together with managerial control and organizational
activities, to ensure that the physical asset is performing
its intended function in a safe, effective and efficient
manner over its entire life cycle, in order to achieve the
organizational objectives (Kusumawardhani et al,
2016).

in this study refers to technical integrity, which is the
state of being intact or the condition of being unified or
complete (Murray, 2013). Technical integrity can also
be described as the overall state of confidence in terms
of functionality, operability and reliability (Rahim et al.,
2010).

Maintenance is a combination of all technical,
administrative and managerial actions during the life
cycle of an item intended to retain it in, or restore it to, a
state in which it can perform the required function.
Services like lubrication, cleaning, oil and filter change,
and calibration, adjustments, etc. are included in the
maintenance concept (DIN EN 13306:2010).

Operation readiness and assurance can be defined as the
development and execution of a coordinated plan
together with managerial control and organizational
activities, to ensure that the physical asset and its
supporting organizations are ready to operate and
perform its intended function in a safe, effective and
efficient manner (Kusumawardhani and Markeset,
2016).
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Introduction and background

1 Introduction and background

The emergence of asset integrity management (AIM) in the petroleum
industry has been encouraged by the demand for a safer and more sustainable
workplace. This demand was mainly stimulated by the potentially high
consequences of failure for health, safety and environment (HSE), as well as
the high cost of technical failures, repairs and downtime. For example, the
Piper Alpha accident and the fall in the oil price in the 1980s were said to be
the catalyst for the rise in asset management in the petroleum industry
(Woodhouse, 2007). Years later, history has repeated itself when AIM
resurfaced following the Macondo blowout in 2010 and the low oil price after
2014.

Nowadays, petroleum organizations implement AIM under the fear of these
major catastrophes and to save costs, amongst other motivations. Nonetheless,
Ciaraldi (2012) observed that AIM practices often fail.

1.1 Asset integrity management

The term ‘asset’ was initially used in the financial and accounting field
(Amadi-Echendu et al., 2010), but over the years the term has also been
adapted to the management of physical resources (Woodhouse, 2007; ISO
55000, 2014). Following the latter, the term ‘asset’ in this study focuses more
on managing physical entities. Thus, for the purpose of this study, the term
‘asset’ is defined as a physical item or entity that has potential or actual value
for an organization (ISO 55000, 2014). In this study, ‘asset’ is associated with
the petroleum related physical resources (e.g. production installations, drilling
installations, wells, refineries, equipment, etc.) that are controlled by legal
entities (e.g. companies, etc.) and provides economic benefits (e.g. profits).

The integrity of an asset

The term ‘integrity’ has several similar definitions and thus several
applications. Within the scope of this study, the term ‘integrity’ refers to
technical integrity, which is the state of being intact or the condition of being
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unified or complete (Murray, 2013). Technical integrity can be also described
as the overall state of confidence in terms of functionality, operability and
reliability (Rahim et al., 2010).

Defining asset integrity management

Within petroleum studies, the technical integrity of an asset (i.e. petroleum
related physical resources) is associated with the ability of the asset to
perform its required function in a safe, effective and efficient manner,
particularly regarding the ability to safely contain or process hydrocarbons
and other related substances according to the defined function and stated
requirements.

Asset integrity studies in petroleum industry are mostly addressing a
particular area, such as studies in life cycle integrity, life extension and
especially in degradation of an asset (e.g. pipeline, machinery, structural) (see
for example Tennyson et al., 2005; Baker, 2011; Lind, 2013).

Asset integrity management (AIM) involves both organizational and technical
aspects, since intangible assets have a supplementary role in managing the
physical asset (Nastasie et al., 2010). Therefore, AIM is considered as multi-
disciplinary in nature and it manifests itself in a complex sociotechnical
environment between the organization, asset, personnel, technology and
systems that are integrated to achieve specific objectives.

The AIM objectives mainly focus on safeguarding life, the environment and
maximizing the financial benefits from the asset. In order to achieve this, the
organization needs to have holistic control and integration of the asset,
organization, objectives and the means (methods):

e the asset, which is the tangible asset in conjunction with the intangible
asset, and its related activities (Nastasie et al., 2010; El-Akruti and
Dwight, 2013);

e the organization, which is the integration between different levels,
departments and decision-makers (Amadi-Echendu et al., 2010; El-Akruti
and Dwight, 2013);
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e objectives, which is the integration of the individual, group and overall
organizational objective (El-Akruti and Dwight, 2013); and

e the means (methods), which is the integration of planning, control and
other managerial activities in the organization (Amadi-Echendu et al.,
2010; El-Akruti and Dwight, 2013).

Thus, AIM can be defined as: “the development, implementation and
execution of a coordinated plan together with managerial control and
organizational activities, to ensure that the physical asset is performing its
intended function in a safe, effective and efficient manner over its entire
lifecycle, in order to achieve the organizational objectives” (Kusumawardhani
et al., 2016).

1.2 Research disposition and research area

AIM is a known topic in the petroleum industry. However , AIM has often
been misunderstood as a mere financial burden (Tsang, 2002), which might
relate to the old school of thought that high maintenance cost is a necessary
evil. This phenomenon could potentially be one of the factors affecting AIM
practices, especially for installations that have a higher breakeven value.

A petroleum asset will degrade due to aging or other factors and it can only
perform its required function if maintained properly over its life cycle
(Schuman and Brent, 2005). To be able to sustain the desired integrity level,
an organization needs to balance the asset’s capabilities against the AIM
constraints and the associated risks over its life cycle.

During fluctuating situations, some organizations may choose to rearrange the
priorities of several AIM activities to a certain degree; however, questions are
raised as to whether these decisions would compromise the HSEQ (health,
safety, environment and quality) and integrity of the installation (NITO,
2016), while, in reality, most offshore petroleum installations are still
operating regardless of price fluctuations, which demonstrates that the
installation’s integrity needs to be continuously maintained at all times.
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AlIM strategic planning

The term ‘planning’ has a clear and definite meaning as the process or activity
of making plans. However, the terms ‘strategic’ and ‘strategic planning’ (SP)
seem to be vague and are understood differently by scholars and practitioners
(Nag et al., 2007; Carr and Smeltzer, 1997). The term °‘strategic’ is often
related to the organizational interests or important matters that could affect the
well-being of the organization, whilst SP is related to the planning of that
important matter (Steiner, 1979).

Different scholars have also suggested that SP is part of the long-term
corporate planning. However, regardless of the different views on SP, most of
the definitions describe SP as an organizational process that attempts to
anticipate future decision-making by forecasting the probability of
consequences that arise from current action and knowledge (Capon et al.,
1987; Miller and Cardinal, 1994; Al-Turki, 2011). The SP process is
formulated in strategies and planning that will drive and allocate the
organization’s resources to achieve the organization’s objectives.

Another characteristic of SP is that it is a form of a continuous systematic
process that begins by defining organizational aims and then goes on to
establish strategies to achieve them (Steiner, 1979). The process is continuous
in order to be able to adapt to the changes in the internal and external
environment, especially with the fluctuating fossil fuel price and the rapidly
changing technology in the petroleum industry (Kusumawardhani and
Markeset, 2015).

From the discussion, we understand that SP is a way for an organization to
deal with uncertainties. Additionally, SP is essentially a process of identifying
opportunities and threats that are significant to the organization’s objectives.
The SP process facilitates organizations in performing decision-making
processes to secure their competitive advantage in the future. The act of
planning is performed to direct their resources’ allocation and anticipate the
future situation.

A similar process was defined by Aven (2008) as risk (C, C*, U, P, K), as
shown in Figure 1. According to this definition, risk is the consequences (C)
of the activity (including the initiating event A), which is affected by
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uncertainties (U) that are associated with whether or not A will occur and
which values C will take. C* is the prediction of C, and P is the probabilities
of how likely various events and outcomes are, and they are based on prior
knowledge (K) (Aven, 2008).

Uncertainty
U
\4 Y
Consequences
Activity = Evints >| (performance outcomes)
Action
Assumption

(probabilities &
prediction of C)
R& E*

A

Decision-
making

Data and prion
Start knowledge -
K
Information processing

> Perception/ judgement/
assessment

Figure 1. Decision making process based on risk description (C, C*, U, P, K) (Aven,
2008)

In this definition, risks are both opportunities and threats, including all
possible consequences that might arise, which in AIM would include business
and technical terms. This definition will delineate the term ‘risks’ throughout
this thesis.

Overall, an SP process is essentially a decision-making process to manage
foreseeable risks, and it may be linked to strategic decision-making (Grant,
2003). Additionally, Capon et al. (1987) emphasize the continuous process
loop in SP to tackle the volatile business environment. Thus, for the purpose
of this study, strategic planning is defined as “a systematic and continuous
process of risks identification that uses probabilities and other knowledge as
a basis to forecast consequences to undertake anticipatory decision-making of
resource allocations to achieve the organization’s objectives” (Steiner, 1979;
Capon et al., 1987; Aven, 2008).
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Recent development of strategic AIM planning

Since the 1990s, the strategic planning practices in the petroleum industry
have evolved into a more informal and decentralized process to adapt to the
turbulent and unpredictable volatile business environments (Grant, 2003).
This creates a semi-structured process, where the bottom-up decentralization
allows more freedom for business units to formulate their own strategy,
without losing certain control from the organization (Brown and Eisenhardt,
1997). Larger organizations would normally establish a set of performance
standards or key performance indicators (KPI), for their offshore units, but
nowadays it is a more common practice for divisional business units, such as
operation and maintenance, to have more influence on their department’s
strategy.

The volatile environment also generate more responsive strategic decision-
making, which creates a shorter term for strategic planning and is more
focused on performance-management and goals (Grant and Cibin, 1996). This
term stretches the definition of strategic planning (previously viewed as long-
term planning) into a process, which is more adaptive to the strategic
decision-making. This change provides a strong background for a petroleum
installation’s quarterly appraisals and its business units, which are updating
their plans yearly.

Mankins and Steele (2006) stressed that the difference between strategic
decision-making and strategic planning is that the strategic planning is about
documenting choices that have already been made rather than about making
decisions. This is in accordance with Mintzberg (1994), who distinguished
between deliberate strategy and emergent strategy. The first was based on
original intention, and the latter is a result of the organization’s responses to a
variety of unanticipated events. The delineation between the two brings
forward the continuous improvement characteristic in the SP process, which
enables incidental decision-making to be incorporated into the plan. As
observed by Brown and Eisenhardt (1997), successful organizations have
figured out a way to integrate these two processes, such that the
organization’s consideration of the present and future (plans) gives a direction
for change.
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Due to the long life span of oil production facilities, long-term AIM strategic
planning is established at the design phase and reflected in the life cycle plan
with a span of around 25-30 years, while the shorter-term strategic planning is
normally reflected in five-year and yearly plans and monitored in a timely
manner through performance measurements or performance management
systems (Grant and Cibin, 1996; Tsang, 1998; Grant, 2003; Parida and
Kumar, 2009). In accordance with bottom-up decentralization, divisional
strategic planning is assigned to related business units (e.g. to the operations
and maintenance department) that drive the development of strategic planning
in this area (see for example Horner et al., 1997; Tsang, 1998; Murthy et al.,

2002; Al-Turki, 2011).

Moreover, the establishment of asset management was buoyed up by the
publication of PAS 55 in 2004 and the ISO 55000 series in 2014
(Standardization, 2014). AIM has been known in the petroleum industry as an
integrated management of the petroleum installation to achieve the desired
integrity. Besides method and research developments in AIM (for example
Baby, 2008; Ratnayake, 2012; Bharadwaj et al., 2012), there have also been
developments in software that are promoting ‘integrated’ access to strategic
areas of AIM (Quinn et al., 2007; Kusumawardhani and Markeset, 2015).
Therefore, since the focus has shifted to AIM, it will be beneficial to study the
strategic planning process in this area.

1.3 Research questions

Based on the discussion in the previous sections and interaction with industry
practitioners, the following research questions were posed:

1. What are the current research, theory and practices of AIM in petroleum
organizations, and what are the knowledge gaps?

2. What are the factors affecting the success of AIM in petroleum
organizations?

3. What are the best practices for implementing AIM in petroleum
organizations and how can they be improved?



Mayang Kusumawardhani

1.4 Research objectives

The main objective of this thesis is to study the current theory and practices of
AIM to acquire knowledge that would be useful for improvements and
continually develop AIM practices in organizations.

This is done through looking at the role of technologies, organizational
processes, collaborations, and how organizations advance through
overcoming challenges.

Sub-objectives include:
1. To identify and map the current research, theory and practices of AIM in

petroleum organizations and identify the gaps.

2. To contribute to better understanding of AIM roles in a fluctuating
market.

3. To identify the success factors of AIM practices in petroleum
organizations.

4. To develop a method to plan, establish and implement AIM for a
petroleum asset.

1.5 Research delimitations

This study does not take into account other than Petroleum industry. The
study and the findings are based on research work and surveys that are
conducted in Norway, Houston (Texas) and Singapore.

This study does not take into account organizational administrative functions
related to AIM (e.g. human resources, insurance, contracts, etc.). The focus
lies in obtaining knowledge of AIM practices in terms of technical and
organizational functions.

10
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2 Research approach

The research approach in this study follows pragmatic beliefs that uses
diverse methods, which could provide the best way to obtain knowledge to
solve the problem and are often associated with mixed methods research
(Tashakkori and Teddlie, 1998). The study follows a research process
illustrated in Figure 2 and utilizes the conceptual building blocks for AIM

research (BBAR) (Kusumawardhani et al., 2016).

1. Identify a research area
and research problem

v

2. Indicate the research
objectives

v

3. Indicate the research
questions/hypothesis

v

4. Establish theoretical
framework and develop
the research designs

¢ -- -

Using the BBAR
(Kusumawardhani et al., 2015a)

v

5. Collect the data

Y

6. Validate, analyze, and
interpret the data

v

7. Report the results

Figure 2. The scientific method for AIM research used in this study (adapted from

Edmonds and Kennedy, 2013)

Since a pragmatic approach allows multi-methods, as illustrated in Figure 2,
this study adapts inductive reasoning to take a broad view of AIM practices
and retroductive reasoning to discover underlying AIM mechanisms in

organizations.

11
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The study is divided into three phases as illustrated in Figure 3. The first
phase aims to study the current research in AIM and asset management (AM)
in general. The purpose is to identify and map the current AM studies. The
second phase involves a preliminary research of AIM practices with the goal
of identifying the gap between theory and practices, and mapping the
challenges of AIM practices. The third phase constitutes a subsequent study,
based on the findings in the second phase.

PHASE 1: Identify and map
current studies

v

Paper #1

v

PHASE 2

Identify and map gaps

v

Paper #2

v

PHASE 3

Improvement of gaps
v

Paper #3

Paper #4

Paper #5

v

THESIS

Figure 3. Research phases in this study

This study attempts to proactively involve industry practitioners. The purpose
is to discover and reduce the gap between AIM theory and petroleum industry
practices. Thus, the role of the participants is essential in the research process.
To obtain a better understanding of the organization’s processes, respondents
mostly held senior management positions. However, subsidiary data were also
collected whenever possible and taken into consideration for validation and

12
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triangulation purposes (e.g. organization’s procedures, standards, meetings,
etc.).

In general, studies that involve industry practitioners consist of two methods,
namely interviews and a questionnaire. The interview method was chosen
primarily to observe the phenomenon from the respondent’s point of view
through a structured approach, while the questionnaire aimed to observe the
trends amongst the respondents (see also Creswell, 2003).

In total, 20 respondents participated in the study. There were difficulties in
convincing industry practitioners to participate. Some of the main reasons for
this were their organization’s policy, which restrains knowledge sharing,
patented processes, recent incidents in their company and other constraints
related to the low oil prices during the research period.

2.1 Phase 1: Identify and map current studies

The objective of Phase 1 of the study was to explore research approaches in
AM publications and map them based on groups of research approaches.
Samples of publications were obtained using computerized search engines.
The search criteria are publications with asset management topics within the
petroleum industry (e.g. production installations, drilling installations, well,
refinery, storage, equipment, machinery, components, etc.). Then, the result
was refined by manual filtering, according to the predetermined criteria as
illustrated in Figure 4.

Tronvoll et al. (2011) applied similar methods, and it was admitted that this
sampling method is not randomized and does not cover the entire population.
However, to study the research methods used over the years, this method is
sufficient to generalize a sample of publications from a particular topic.

13
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START

\ 4

Computerized search

v

Manual filtering

v

Mapping

v

Discussion of findings

\ 4

Result

Figure 4. Data gathering and analysis method for Phase 1

Publications that met the assigned criteria were filtered from each database,
resulting in 14 publications in total. The publications were then grouped based
on evaluation of problem definition, the identified fundamental beliefs,
reasoning, control process, analysis and validation.

2.2 Phase 2: The preliminary study

The objective of the preliminary study was to discover the gap between the
theory and practices of AIM in petroleum organizations. The study consisted
of two parts. The first part was a semi-structured face-to-face guided
interview with industry practitioners located in Houston, Texas, USA and
Singapore. In the second part, respondents located in Houston, Texas, USA
and Singapore and Norway were asked to complete a questionnaire. Figure 5
illustrates the study process in Phase 2.

The questions for the interview were developed to map AIM practices,
concerns and other implementation variables within the organizations through
a literature study, as well as with the collaboration of senior researchers. Some
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of the questions for the questionnaire were added later to incorporate
suggestions from industry practitioners and to map the significance of the
interview results. Several respondents also provided access to company
documents that allowed the researcher to learn about their practices and work
processes.

START

v

Preliminary study & survey
development

v

Survey 1:
Face-to-face
interview

Validation and analysis of
results

v
Survey 2:

Web-based
questionnaire

Validation and analysis of
results

v

Discussion of findings

v

Result

Figure 5. Data gathering and analysis process for Phase 2

Data processing and analysis method

Respondents were individually asked about their challenges with regard to
AIM through a guided interview and a questionnaire. In the guided interview,
respondents communicated their experience, practices, challenges and
improvement suggestions regarding AIM. The interview provided in-depth
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information about the challenge facing the petroleum industry, while the
questionnaire provided quantitative information.

In the questionnaire, respondents were asked to rank the significance of
several AIM challenges identified in the interviews. The significance of AIM
challenges was ranked on a scale of 1 to 5, with 1 signifying the least
significant, and 5 the most significant. The average value (Avg.) was
calculated as follows: Avg = (5*xng + 4*ny + 3*xnz3 + 2xn, + 1x
ny)/ (ns +n, +n3 +n, + ny), where n, is the number of respondents
giving the rating X.

2.3 Phase 3: The follow-up study

A follow-up study was conducted to understand the practices and progression
of AIM establishment, implementation and planning in petroleum
organizations. The study consisted of a semi-structured guided interview and
a questionnaire. The semi-structured guided interview was mostly performed
face-to-face when possible, while, in the second part, respondents were asked
to fill in a questionnaire.

Both methods were performed with the cooperation of six industry
practitioners located in Norway and Houston, Texas, USA. Face-to-face
interviews were conducted with the four respondents located in Stavanger and
Oslo, Norway, and one respondent in Houston was contacted through e-mail.
All of the respondents have 10-33 years of experience in the petroleum
industry and all hold managerial positions at a corporate level. Figure 6
illustrates the study process for Phase 3.
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Figure 6. Data gathering and analysis process for Phase 3

Data processing and analysis method

The questions were developed through a literature study and from
observations, as well as with the collaboration of senior researchers. The
results from the questionnaire were analyzed for trends, and some variables
were ranked according to the responses. The notes that were taken during
face-to-face semi-structured interviews were summarized immediately after
each interview and sent back to the respondents for validation of content.
Additionally, some of the respondents also provided access to company
documents to support the interview data. The interview results and the
supporting data from each organization were analyzed to distinguish some of
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the key variables that were later collectively analyzed with the results from
other organizations.

2.4 Validation of results

The survey summary was sent to each of the respondents for validation.
Triangulation was also implemented by verification with findings from the
organization’s documents, as well as with findings in the questionnaire. Other
sources, such as voluntary provision of data and external data on the subject,
were also collected in order to maximize the reliability and validity of the
study.
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3 Research results: discussions and
conclusions

This section summarizes five papers that encapsulate the research study. The
papers are presented as such to demonstrate a holistic view of the research
work.

3.1 Paper 1: Mapping of asset management research
approaches in the petroleum industry

Paper 1 aims to study and map the current research approaches in asset
management in general. This will pave the way for a suitable research
approach for the AIM study discussed in this thesis. This paper explores
research methods in AM publications and classifies them according to the
appropriate research approach.

Samples of publications were obtained from online databases. There were 14
publications that were classified based on evaluation of problem definition,
the identified fundamental beliefs (e.g. ontology, epistemology, methodology
and values), reasoning (inferences), control process, analysis and validation.
Ontology is related to the nature of reality, epistemology is related to the
understanding, creation and dissemination of knowledge, while methodology
addresses more specifically how knowledge is assimilated or understood
(Steup, 2014). Meanwhile, values are criteria that can help scientists to
evaluate models and theories, and can tell them what are considered to be
relevant problems.

Even though the sampling technique did not aim to represent the entire
population of AM publications, the research approaches found are believed to
be the most commonly used (Tronvoll et al., 2011). These research
approaches are: constructivist/hermeneutic/interpretivist, pragmatic, critical
theory/dialogic, and positivist (see Reeves, 1997; Creswell, 2003; Mackenzie
and Knipe, 2006; Bryman and Bell, 2011; Tronvoll et al., 2011).
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AM publications that were classified in the constructivist/ hermeneutic/I
nterpretivist group are those that assume that knowledge is gained from the
understanding and interpretation of phenomena through individual and
collective construct reality and our knowledge of reality (Tronvoll et al.,
2011). This research approach is related to abductive reasoning (Fischer,
2001).

Publications included in the pragmatic group focus on solving the research
problem and normally use diverse methods that could provide the best way to
obtain knowledge to solve the problem (Tashakkori and Teddlie, 1998). This
approach is often associated with mixed methods research and accepts all four
types of reasoning (Peirce, 2009).

The critical theory/dialogic approach shapes knowledge collectively through
social inquiries between participants (within an organization) over a period of
time (Bohman, 2015). This approach is associated with inductive reasoning
(Denzin and Lincoln, 1994).

In the positivist approach, representative population samples and testing of
hypotheses are of fundamental importance (Swaak and de Jong, 1996).
Positivists believe that a theory, and thereby a hypothesis, is not acceptable
until it has been empirically validated through value-free research, which
corresponds to deductive reasoning (Bryman and Bell, 2011).

AM research design

From the classifications, some unique characteristics from each research
approach were mapped and were developed into the building block of AM
research (BBAR) illustrated in Figure 7. The BBAR is a mapping tool and
should only be used after the research questions are identified. An example of
an applicable scientific method was previously illustrated in Section 2 under
Figure 2 (adapted from Edmonds and Kennedy, 2013).

20



IC

700T “AeH 9007

‘SUOIBAISSO ‘SMBIAISIUL .m:o_um_:E_m. SEAENE
‘suome|nwis ‘siskreue uawnNoop ‘sAanins
JUBWN20p ‘skanins wioq uonippe Sloissud
‘1891 'suswiadxg yum ‘suonedioiued

spoylaw aanelenb
Jayio pue ‘dnoib
snooy ‘suonedonred

‘odrus] pue AIZUNNIBIN ‘H66] U[OOUIT pue uzud(d (£00¢ rreq) (Yvdd) yoreasal NV Jo syoo[q Surpjmq remydasuod oy, -/ om3iq
suonedionred sjuawadxa ‘s)say

spoylaw
annemuenb Jaylo 1o

(¢ @10eL 295)
SEEIER G &S sjuswinJiisul
‘suonenwis ‘siskeue OM_ \_,_> :M >>HOU uoI199(]00
o o JUBWN20p ‘sAaAINS CRIR [ H ereq
SUONBAISSO ‘SMBIAISIU] : .
3 5 s)1s9] ‘sjuswiuadxgy 8
SUONeAISSJO ‘SMaIAIDIU|
reyuswnadxa (30248 pue asned Jo
reyuawadxa -iIsenb pue |[ejuswinadxa
-uou pue [eljuswiadxa JO asn [euonippe
-isenb ‘feljuswiedx3y

a|qissod ‘jejuswadxa

reluswnadxa
-uou Ajrewnd

uo Ajuo) reuswadxa

diysuone|al resnes-uou

Jssaooud (€ sigel sss)
ssaooud
-uou asn o} a|qissod oewsaisAs yeuy Jjonuod
‘reyuswinadxa-isenb |01U0D 01 MOH
-uou Ajuewid ‘reluswiadxa Ajrewnd L
A A A A A
youeasal
ay1 Jo esodiund pue spoylaw
suonsanb oyoads ayy aaneuenb woly poddns poylaw
01 payodlew aJe spoyia a|gissod yum ‘poyiaw
‘spoylaw annemuenb

Zasn
poylaw am ued ssaosoud spoylaIn
aAnelenb Ajuewnd aAneuenb Ajuewud onewaisAs 9
annelenb Ajuewd UDIYAA
J1o/pue aanelnend
A A A 4 A
aAnonposnal
‘aAnoNpge ‘aAnonpul aAnonpge Ajuewid
Jo/pue aAnonpag

aAnonpul AjLrewd

Zabpamousy

Buiuoseau
eyl asnboe :
aAnoNpap AjLewd o0 ABEENS _mo_mmo|_
au1 sl 1eymn
A A A A A
o16oelp /Aioay}
[eanud 10 isianaidiaiul sisaylodAy
‘onnauswiay leonoajelp reonoselp
ISIAIDNIIUOD /resnnausawuiay /oiborelq
asianisod wouy

ABojopoylaw apnjoul Aey

A

A

/lesnnauswiaH

A

10 uoneoylBaA
‘anne|ndivew
/reruswnadxgy

Zabpamou
reyy Buuinboe

10} @sn 01
anbiuyosal yreymn

anan Alqeqoud sbBuipuly

A

ABojopoyisin
14

1s1nn03lqo payIipoN

sBuipuy pareipaw

A

anjea siAnoalgns

A

a|gensasgoun
SI Teym pue a|ges1asqo

A

awn jo
pouad 1ano sanjea pue

sBuipuly padeys
Auewny ‘1sinnoalgns

A

a2nJ) aq ued
sBuipul 1s1A193IO

A

coabpaimousy
urelqo am ued

ABojowalsidg

MOy pue 1eynn

SI 1eym JO Yyloq SISISuUod
Aupeas ‘wisireal [eanud

juswuolIAus Bunoaye

€

sanieal

a|qisuayaidde

A

Ag padeys Anjeal Jenuia,

Pa1oNSU0D oyads

pue jeai

MO 01 aJ1ayl ABojoluo
pue [e20] {WsiAneeY WM:W,M»“.&MWQ&WM%M”_ N0 SI Yeymn z
‘wisieal [esuolsIiH ‘wst i
S3A S3A SEPN S3A
colewbely Zo1BojeipAioay

resnuo

sinnaidiaiti
/o1nnauswiay
SIAIIONJIUO

S1|nsaJ yoJeasay

ON

;Ja119q Bulkliap
Ino si 1Jeymn

A

yoeoudde
yoiteasay

il




Mayang Kusumawardhani

The BBAR concept was adapted from Hay (2002) (as cited in: Grix, 2002)
and carries additional concepts from Denzin and Lincoln (1994), Blaikie
(2007) and Mackenzie and Knipe (2006). The concept of reasoning (in
research by Blaikie, 2007), was added as the fifth building block, since the
idea provides the researcher with more detailed guidance in knowing where to
start and what to achieve in a research. In addition, the paper also presented
the associated research instruments (i.e. quasi-experimental, non-experimental
quantitative, non-experimental qualitative with cross-sectional quantitative,
non-experimental quantitative and non-experimental qualitative).

The BBAR blocks are self-explanatory and relatively easy to follow. The
BBAR illustrates a simplified form of what a research approach can provide
as a guideline in developing a research design. Together with the scientific
method, BBAR could provide AM researchers with clear guidelines in
designing a research.

3.2 Paper 2: Asset integrity management: offshore
installations challenges

Paper 2 lays the foundation for the remainder of the study by identifying and
studying AIM practices in the industry, identifying the gap between existing
theory and practices and mapping the existing challenges. The mapped
challenges provide room for improvements, which will be the topic for the
following papers.

In the study, the respondents expressed several asset integrity management
challenges. These challenges were subsequently added to the questionnaire,
and respondents were asked to rank the significance of the challenges.

During the guided interviews, the discussions on the management of assets
were often intertwined with the discussion on profit. The prime motivation for
organizations to manage their assets is to maximize profit, but there are
organizations that avoid AIM due to the fear of AIM costs. From the study, it
was revealed that only 58% of the total interviewed respondents have
established an AIM strategy, or similar, in their organizations. Both opinion
groups provided clear and reasonable arguments for their choices, and from
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the interview it was apparent that an organization’s preference on AIM
strategy depended on their short-term and long-term strategies. All of the
respondents were aware of the cost of establishing AIM, but, on the other
hand, they also considered the expected trade-off benefits from establishing
AIM. Nonetheless, all respondents expressed some encounters with
challenges related to asset integrity. These challenges were listed and grouped
as illustrated in Figure 8.

cost
- Acquisition
processes

- Reservoir fluid properties

- Metocean conditions

- Geotechnical conditions

- Remoteness/ distance to other

- Supply over demand
- Fossil fuel price
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- Reduced downtime

and repair, etc.
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challenges i | - Training and development ‘ i
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- Management & 3 - Misconception of AIM - Knowledge transfer i Safe operaan
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. ! . . e
- Internal cooperation i Offshore installation challenges External-organization challenges | - Higher reliability
inati i -
& comnjunlpatlon | - Degradation issues - Client requirements 3 - Optimization of
) Outstl)l{r.cmg Issues !| - Maintenance - Rules & regulations ' maintenance &
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! i
| 1
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Figure 8. Influence of AIM challenges in organizations with offshore petroleum
production asset to reach AIM goals

To further study these AIM challenges, respondents were asked to rank the
significance of each of them through a questionnaire. The result shows that
the most significant challenges were the organizational challenges, followed
by human resources challenges, knowledge management and IT challenges,
offshore installation challenges, external-organization challenges, site

characteristic challenges and, lastly, by economic challenges.

Apparently, other corresponding studies have stated similar results in
addressing organizational issues in asset integrity (see for example Amadi-
Echendu et al., 2010; KP3, 2007; Ratnayake, 2012). Moreover, the results
were interestingly similar, despite the different geographical locations. The
differences lay in the significance the respondents placed on the factors shown
in Figure 8. For example, respondents from Houston stressed their challenges
regarding provision of skilled resources, while, in Singapore, the managerial
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issues were particularly stressed. In Norway, the first place was earned by
human resources challenges, followed by knowledge management and IT, as
most of the organizations’ work processes have been digitalized.

3.3 Paper 3: Asset integrity knowledge management:
A case study from the petroleum industry

According to Paper 2, knowledge management (KM) is one of the main
challenges in AIM practices. Paper 3 discusses this topic in detail and offers
several potential solutions. The scope of knowledge management in AIM is
first discussed, followed by the proposition of a KM definition that suits the
context of the study. The paper defines KM as “an organized planning,
coordination and control of organizational activities and resources to
effectively capture, distribute, and use knowledge.” The information system
(IS), however, is a part of KM and is defined as “ any organized combinations
of information and communication technology (ICT) and human activities that
utilizes the ICT to ensure handling of data in order to serve its objectives in
an organization” .

In the study, respondents were asked about their organization’s practice and
concerns in KM with regard to the asset integrity of offshore installations. The
result showed that respondents expressed the following concerns in relation to
KM:

e Knowledge transfer

e Information management

e Data transfer between onshore and offshore

e Information technology (IT) processes and security
e Quality of data

e Integrated system

e Introducing and adapting to new technology

Industrial service as possible solution

The paper proposed industrial service as a potential solution to KM
challenges. Industrial service was defined as “processes and resources
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provided by a service company to a customer to produce performance that is
meant to create output to provide solutions to the customer’s needs” .

The paper reasoned that, since industrial service is available throughout the
installation’s life cycle, as illustrated in Figure 9, it could potentially offer a
practical solution to KM challenges in the form of the outsourcing of KM
activities to service providers. Additionally, the engagement of service
providers could bring other benefits such as increased work efficiency, cost
saving, distribution of risk, ability to be competitive, more focus on core
competences, technology innovation and adaptation, custom-made solutions,
business transformation or expansion, and increased safety, availability,
reliability and responsiveness (Jain and Natarajan, 2011; Sanjay and Ravi,
2007). Particularly for KM, globalization has increased the availability and
cost saving; for example, many advanced countries outsource their IT services
to cheaper service providers in developing countries.
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Figure 9. Industrial services in the life cycle of a petroleum installation
(Kusumawardhani and Markeset, 2015)
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However, the engagement of service providers is not without its own
challenges. Organizations could also be faced with several difficulties,
starting from the selection of service providers, managing the interface,
quality issues, performance issues, even contractual issues (see for example
Salonen, 2004; Arpan Kumar, 2014). Nevertheless, these challenges can be
coped with through the organization’s supplier management. There are several
literature references that discuss risk, quality and performance issues (Vilko
and Ritala, 2014), contractual issues (Stremersch et al., 2001) and supplier
selection issues (Mclvor, 2008).

3.4 Paper 4: Establishing operational readiness and
assurance for petroleum projects

This paper is related to the overall technical and organizational challenges
discussed in Paper 2. It responds to one of the challenges related to the poor
condition inherited from the prior life cycle phase (see for example Baker,
2011; Lind, 2013). For example, in some cases where the operation team is
not involved in the early life cycle phase, the inherited technical condition is
often unsatisfactory (Al-bidaiwi et al., 2012). Thus, the importance of
integrating asset integrity prior to the operation phase is suggested in several
studies (Songhurst and Kingsley, 1993; Baby, 2008; Lind, 2013). This paper
proposed an operational readiness and assurance (ORA) structure to pave the
way for successful AIM implementation. In this study, some industry
practitioners were also requested to review the suitability of the proposed
ORA structure.

The paper starts with a discussion of ORA practices in petroleum projects.
The current ORA practices focus on the involvement of operation knowledge
in the project phases and the assurance of the asset’s readiness. The ORA
process is normally integrated into the project, but ORA can also be a partial
establishment (Smith et al., 2002; Nossair et al., 2012). The ORA process
should begin as early as possible in the project phase as an integral part of the
project. The process shall cover operational readiness knowledge areas
(Nossair et al., 2012; Powell, 2012; Verre, 2008) and shall be integrated into
the project plan, as illustrated in Figure 10.
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Figure 10. Example of ORA process and knowledge areas (adapted from

Kusumawardhani et al., 2015; Powell, 2012)

ORA governance structure

In the initiation phase of a project, an appointed preliminary ORA team,

together with a project team, should initiate the ORA process. In synergy with
the project team, the ORA team will proactively identify and evaluate the

need for ORA processes, as well as incorporating operational knowledge into
the project. The team should establish ORA governance and the required

knowledge areas. Since the governance structure in a project plays an

important role in the alignment of project outputs (Hallgrim et al., 2014), the
ORA governance structure needs to be in line with the project and corporate

governance and may vary, depending on the chosen methods. An example of
an ORA governance structure is illustrated in Figure 11.
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Figure 11. Example of ORA governance structure in a petroleum project (adapted
from Hallgrim et al., 2014)

The distribution and breakdown of work

The paper shows an ORA work breakdown as an example. The work
breakdown is constructed and distributed according to the knowledge areas.
The knowledge areas can be arranged or grouped into disciplines (and sub-
disciplines), according to the project’s needs and preference. Thereafter, the
WBS (work breakdown structure) is listed under each of the disciplines (and
sub-disciplines), consisting of various control means such as tasks,
activities/actions, documents or deliverables that act as tools to ensure
assurance values. A member of the personnel or a team will be assigned the
responsibility of various works. An example of the breakdown of ORA work
is illustrated in Figure 12.
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Figure 12. Example of ORA work breakdown structure

3.5 Paper 5: Development of strategic asset
management planning in the petroleum industry

The final paper aims to addresses one of the challenges identified in Paper 2,
related to organizational context, and is a continuation of Paper 4. Paper 5
tries to view the AIM challenges on a grander scale and proposes strategic
planning as an aid for AIM implementations.

AIM planning is necessary since the scope covers a large area across business
and technical disciplines in the internal and external organization, a fact which
increases its vulnerability (Janele et al., 1998). However, AIM strategies often
fail due to the lack of both integration and a unified effort from different
groups in the organization (Ciaraldi, 2012; Parida et al., 2015). Thus, different
groups in the organization need to be led towards the same goals and, to align
different groups, the organization needs to develop a strategy and a plan to
implement this (Steiner, 1979). For this to happen, there is a need for AIM

30



Research results

strategic planning, where AIM activities are directed to achieve the
organizational strategy (El-Akruti and Dwight, 2013; Woodhouse, 2003).

To address this, a survey consisting of interviews and a questionnaire was
conducted to study the practices and progression of AIM strategic planning in
petroleum organizations. Since most of the respondents’ organizations chose
to withhold their strategy planning documents, the interviews took place so
that the respondents could explain the process verbally and compare their
practices against an AIM strategic planning structure. From their responses,
all of the respondents agree that the model is applicable and that their
organizations have similar processes in practice. The smaller organizations,
however, are limited in terms of the allocation of resources and budget, thus
seeing AIM strategic planning as mid-term or long-term planning. Instead,
they adjusted their budgeting every one to two years and their tactical
objectives when necessary.

The biggest change that was suggested was to clearly distinguish between the
corporation’s and the business unit’s processes. Corporations also tend to
have static objectives (static targets) in their guidelines, thus the business unit
needs to further specify its objectives and performance indicators. Another
suggestion is to change the term ‘annual plan’ into ‘tactical plan’, since the
period could vary for different organizations. These changes were
incorporated into a new structure, as shown in Figure 13.

Fommmmmmmmmmm oy Fommmmmmmmmmm oy Femmmm e

i i | ; i i
! Corporate and/or ! ‘Foregasts, business, i Corporate and/or |
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i ]

i learned, etc. ' !
3 [ ey - "
#1 Asses current state of| ! Menvironment | ) -
—> — scanning, strategic areas | Define AIM objectives | AIM strategy
Plan-to-plan asset, corporate and 1 and prioritization ' dt " devel t
external environment H ' and targets evelopmen
#10 #5
Scheduled Develop performance
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Implementation and #8 IReviews, revisions! #7 #6
p <+ : < . «——  AIM short-term AIM mid-term
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Figure 13. Revised AIM strategic planning model
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The ‘environment scanning’ is a fundamental step in initiating the AIM
planning process, although it may be known by different terms in other
organizations (e.g. strategic analysis, SWOT, benchmarking, portfolio
analysis, etc.). Environment scanning is an assessment of the asset’s business
environments, which consist of the organization’s internal and external
environments. This is because AIM possesses unique potential and traits due
to its multi-disciplinary nature and its position between corporate business
and direct connection to the asset. Prioritization is also a part of environment
scanning, which gives significance to the more imperative subjects for
resource allocation.

It was also noted that the larger organizations were restructuring their AIM
processes; this was one of their recent strategic planning objectives.
Efficiency is especially promoted in the corporate strategic plan. This was
mainly due to the fluctuating oil price since 2014. Despite the fluctuating oil
price, all of the respondents agreed that the integrity of the asset would not be
compromised.

From the study it was observed that, as a multi-disciplinary subject, AIM
strategic planning involves several business units in the organizations, and all
elements are significant for reaching objectives. This statement is in
opposition to Visser (1998), who views maintenance, which is a part of AIM,
as the heart of enterprise and, hence, should have its own strategic plan.
Instead, the findings suggested integration between business units in the
organization to reach AIM objectives. This includes integration between, for
example, operations, maintenance, production, engineering, supply chain,
support, etc. Consequently, AIM has multiple focus areas, which, according to
the respondents, are mostly significant and reliant on one another. These focus
areas are analyzed and given priority in the planning, due to the limited
allocation of resources and budget.
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4 Research contributions

This study contributes to the asset integrity management (AIM) body of
knowledge in general. This study focuses on AIM practices in the petroleum
industry and contributes to gaining a better understanding AIM practices and
to acquiring knowledge that would be useful for further improvements.

The study has mapped existing research methods in AM publications and
classified them according to the appropriate research approach. This could
provide researchers with clear guidelines for designing research for AIM
studies. In addition, the study also presented associated research instruments
that would be beneficial in planning data collection.

This study also identifies the gap between the existing AIM theory and
practices. From the identified gaps, the study mapped the existing challenges
faced by the respondents. The mapped challenges provided room for
improvements that could be a topic for future research.

Furthermore, the survey and the interaction with industry practitioners have
provided better understanding of the underlying mechanism of AIM practices.
The survey has also studied important factors that affect the success of AIM
in petroleum organizations, especially in the fluctuating market situation. It is
important information for organizations wishing to sustain the business aspect
of the asset without compromising its integrity.

The study also addressed some of the main challenges of AIM practices
related to knowledge management and organizational context. Some solutions
were proposed for the challenges found in knowledge management as well as
in organizational context. The work suggested a structure for establishing
AIM during the pre-operational phase, as well as a strategic planning structure
for AIM. Both of the structures could aid the planning, establishment and
implementation of AIM in organizations.

From the study it was observed that AIM strategic planning practices vary
between different organizations. The larger the organization, the more
available are the resources and budget to be allocated to strategic planning.
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The findings also suggested integration between business units in the
organization in order to reach AIM objectives.
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5 Suggestions for further research

AIM is part of physical asset management and will continue to develop
alongside the awareness of safety, efficiency and sustainability in the
petroleum industry. The increased life cycle cost will require high efficiency
and innovation. Thus, further studies will be required to continue developing
the current research and practices.

The study has identified research approaches in AIM based on research
principles, but the topic of research validation has not been extensively
discussed. Thus, it will be advantageous to study the research validation
methods for AIM research.

It was also observed that offshore installations represent a complex and
dynamic sociotechnical environment that needs to be managed as a whole,
both in technical and organizational terms. Many of the issues are interrelated,
and seeing the issues as a system might provide a better path to a potential
solution. Thus, for future study, it will be beneficial to further identify the
sociotechnical structure of offshore installations and to study how to establish
a holistic AIM and operation integrity solution that will satisfy both technical
and organizational terms.

This paper has also summarized the findings in a study of AIM strategic
planning in the petroleum industry in a simplified structure. In the structure,
environment scanning or other forms of business assessment for the asset are
considered as an important initiation step in the strategy-making process. It
was also observed that environment scanning for AIM is a process that is
unique, due to the AIM business and technical traits. Thus, for future study, it
will be advantageous to study the process of AIM environment scanning.

This study also pointed to the integration of different disciplines in AIM
strategic planning; however, the limited study time did not allow further
research into the integration mechanism. A further study on the integration
and coordination mechanism in AIM would be of benefit, considering that
this is one of the main reasons that AIM practices are unsuccessful.
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Asset integrity management: offshore installations
challenges

Abstract

Purpose — The purpose of this paper is to identify the challenges facing asset
integrity management (AIM) practices in the oil and gas industry, in order to
continually develop AIM practices in organizations. The focus is to
investigate various challenges in fluctuating oil and gas market conditions,
and how organizations can continuously ensure the safety and integrity of
their offshore facilities.

Design/methodology/approach — AIM challenges were identified by
analysing data from literature study, guided interviews and web-based
questionnaire with industrial experts in regions in North America, Southeast
Asia and Norway. The results are validated through triangulation method with
both quantitative and qualitative technique, as well as comparison with other
studies.

Findings — The paper identifies, analyses and validates the challenges and
factors that may impact the management of asset integrity on offshore
installations. The challenges were discussed to develop understanding of the
root cause and thus aim to resolve underlying issues.

Research limitations/implications — The paper focuses on offshore
production installations with experts from organizations that have experience
in Gulf of Mexico, Brazil, South Asia, Southeast Asia and Norway fields. The
sample of respondents may not represent the entire population; however, the
same approach and result can be used in similar topics and conditions.

Originality/value — The identified challenges can be used by organizations to
resolve underlying AIM challenges, improve their AIM strategy and obtain
insights into current AIM practices in the petroleum industry.

Keywords Asset integrity management, Asset integrity, Asset management,
Offshore installation, Petroleum, Oil industry

Paper type Research paper

Introduction

Asset integrity management is one of the drivers for operating installations
safely (Ritchie, 2011). Most of the serious accidents that have taken place
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were due to lack/ignorance of asset integrity (Al) and resulted in catastrophic
events such as Piper Alpha or the Macondo blowout (Ratnayake, 2012).
However, Al is often misunderstood by organizations as a mere financial
burden (Tsang, 2002). This misconception might relate to the old school of
thought on maintenance cost, which is linked to AL This phenomenon is one
of the factors that affect the asset integrity management (AIM) practices in the
petroleum industry, especially on offshore installations that have a higher
breakeven value than their onshore counterparts.

Therefore it will be advantageous to clearly define and document AIM
potentials in a strategic plan such as in AIM strategy (Ciaraldi, 2012). The
AIM strategy should focus on the integrity of the installation and maintaining
a safe working environment, as well as maximizing the return on investment
(ROJ). In troubled times, some organizations may choose to rearrange the
priorities of several AIM activities to some degree; however, questions are
raised as to whether these decisions would compromise the HSEQ (health,
safety, environment and quality) and integrity of the installation.
Nevertheless, most offshore petroleum installations are still operated
regardless of price fluctuations, which demonstrates that the installation’s
integrity needs to be continuously maintained at all times. Even in situations
such as a low oil price, proper AIM will prove to be advantageous. For
example, AIM documents such as criticality analysis and risk register would
aid the management decision-making in rearranging priorities while still
preserving the asset integrity.

Besides the organizational challenges in Al, there are other challenges such as
lack of resources, suppliers and training support (Luxhegj et al., 1997);
technical challenges such as aging equipment, corrosion, degradation and
cracking (Al-Sulaiman et al., 2013); human error challenges (Skalle et al.,
2014), as well as challenges in engineering design (Ghani et al., 2014).
However, while previous studies are mainly focused on maintenance rather
than asset integrity as a holistic approach (see for example Karim et al., 2009;
Tsang, 2002; Markeset, 2013), AIM requires organizations to manage their
asset holistically (Kumar et al., 2009). Thus, in order to acquire a broader
perspective on AIM practices in organizations, it was necessary to perform a
study through direct research with the practitioners.
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Therefore, a study was conducted to map current challenges faced by AIM in
offshore installations. A preliminary literature study was carried out and
thereafter research data were gathered from face-to-face guided interviews
and questionnaire with industrial experts who have experience from the Gulf
of Mexico (GoM), Brazil, South Asia, Southeast Asia and Norway. Identified
potential challenges will be discussed to suggest improvements in prevention
and mitigation practices to maintain the asset integrity.

This study is part of a larger research project that resides in the area of AIM
practises and developments. The paper will first outline a definition of AIM
and discuss its interrelated components. Thereafter, study method and the
results will be presented, followed by a discussion and the classification of
results.

Asset integrity management for offshore installations

The petroleum industry started to adapt asset management (AM) to manage
their physical assets in the late 1980s. Later on, terms like AIM and EAM
(engineering asset management) were established to address specific functions
of AM and to distinguish the term from other disciplines.

AIM definition

Since AIM is focusing more on managing physical assets, for the purpose of
this paper, ‘asset’ is defined as a physical item or entity that has potential or
actual value for an organization (ISO 55000:2014, ISO, 2014).

Kusumawardhani et al. (2016) discussed the disposition of AIM and for the
purpose of this study proposed to define AIM as: “the development,
implementation and execution of a coordinated plan together with managerial
control and organizational activities, to ensure that the physical asset is
performing its intended function in a safe, effective and efficient manner over
its entire lifecycle, in order to achieve the organizational objectives”. Here the
‘asset’ is defined as an offshore petroleum production installation including
the machinery, equipment, structures, control systems, software, etc., that
placed on the installation to perform a function. The ‘integrity’ of an asset is
associated with ‘technical integrity’ or the ability of the installation to perform
its required function in a safe, effective and efficient manner. More
specifically, for petroleum installations, integrity is particularly associated
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with the ability to safely contain various substances related to hydrocarbon
production.

AIM in petroleum industry

The term asset management (AM) was first come to light in the mid-to late-
1960s (Builta, 1994). However, the AM trend was only started to surfaced in
1990s, mainly in managing public infrastructures, utility system, property,
transport systems and public health system (Vanier, 2001; Schuman and
Brent, 2005; Jolicoeur and Barrett, 2005; Brown and Humphrey, 2005). Later
on, the petroleum sector has grasped this concept for implementation in the
integrity of their assets, later known as asset integrity management (AIM).

In the petroleum industry, the emergence of AIM studies has been encouraged
by the demand of a safer and more sustainable workplace (Kusumawardhani
et al., 2016). Organizations have shifted their attention from isolated approach
into holistic approach of the asset, where different disciplines are working
together towards the same goal (Ciaraldi, 2012). As a holistic approach, AIM
touches the entire aspects of the organizations, which made AIM a multi-
discipline field. Besides technical and business aspects (see for example Lind,
2013; Tennyson et al., 2005), AIM also engages social and organizational
aspects (see for example Liyanage and Kumar, 2003; Tsang, 2002).

Following the emerging trend in asset integrity management, there are various
standards published to regulate mutual view and quality within asset
management. For example, in the year 2000, ASTM formed ASTM
Committee ES3 that focusing on asset management (ASTM, 2013), and the
presence of AIM was strengthened by the publication of the ISO 55000 series
that standardized guidelines in managing assets (ISO, 2014).

The study method

A research study was conducted to discover the gap between theory and
practices of AIM in organizations’ offshore production installations. The
study consisted of two parts, the first part is a semi-structured face-to-face
guided interview that was held with industry practitioners located in Houston,
Texas, USA, Singapore and Norway. In the second part, respondents were
asked to fill a set of questionnaire.
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The questions for the interview were developed to map AIM practices,
concerns and other implementation variables within the organizations through
literature study, as well as with the collaboration with senior researchers.
While some of the questions for the questionnaire were added later to
incorporate suggestions from industry practitioners and to map the
significance of the interview results. Some of the respondents also provided
access to company literature that allowed the researcher to learn about their
practices and work processes.

For the survey, in total there were 20 respondents that were divided between
two categories. The categories selection was intended to represent both
perspectives of users and suppliers of petroleum services. One category
consisted of 9 respondents who were working at operator or installation owner
organizations (OP), and the second group consisted of 11 respondents who
were working at service providers or manufacturing companies (SP).
Geographically, eight respondents were located in Houston, seven in
Singapore and another ten respondents were located in Oslo and Stavanger,
Norway. The respondents have had experience from petroleum offshore
installations in the GoM, Brazil, South Asia, Southeast Asia and North Sea.

For the initial interview, there were eight respondents located in Houston (7
SP and 1 OP) and seven respondents were located in Singapore (1 SP and 6
OP). For the second part of the survey (i.e. questionnaire) there were 15
respondents that have completed the questionnaire, which are five from
Norway (3 SP and 2 OP), five from Houston (4 SP and 1 OP), and five from
Singapore (1 SP and 4 OP).

In order to attain a better understanding of the organization’s strategy,
respondents mostly held senior management positions. However, views from
other non-management employees were also collected whenever possible and
taken into consideration to represent both perspectives and triangulation of
data.

The respondents validated data gathered from interviews by sending the
summary back for verification as shown in Figure 1. Triangulation technique
was also implemented by verification with findings from the organization
literature study, as well as with the questionnaire. Other sources, such as
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voluntary provision of data and external data on the subject, were also
collected in order to maximize the reliability and validity of the study.

START

Preliminary study & survey
development

v

Survey 1:
Face-to-face
interview

Validation and analysis of
results

v
Survey 2:

Web-based
questionnaire

v

Validation and analysis of
results

v

Discussion of findings

v

Result

Figure 1. Data gathering and analysis process

Data processing and analysis method

Respondents were individually asked about their challenges with regard to the
asset integrity management of offshore installations through a guided-
interview and a questionnaire. In the guided-interview, respondents
communicated their experience, practices, challenges and improvement
suggestions on AIM.
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From the interview, the respondents expressed several challenges to the
integrity management of offshore assets. These AIM challenges were
subsequently added to the set of questionnaire and respondents were asked to
rank the significance of several challenges to the integrity management of
offshore assets as listed on Table 1. The interview has provided an in-depth
study regarding the challenges faced by the petroleum industry, while the
questionnaire provided a quantitative means to the survey.

The significance of AIM challenges were ranked with a scale of 1 to 5, with 1
as the least significant to the 5 as the most significant. The average value
(Avg.) in Table 1 was calculated as follows: Avg = (5*ng + 4* n, +
3xng + 2% ny, + 1% nqy)/ (ng+ny +nz +n, + ng), where n, is the
number of respondent giving the rating x. Additionally, the percentage high
scores (%HS) is the percentage of (n4 + ns) over the total respondents, while
the percentage low scores (%LS) is the percentage of (n; + n,) over the total
respondents.

Findings

During the guided-interviews, the discussions on managing assets were often
intertwined with the topic of profit. The prime motivation for organizations to
manage their assets is to maximise profit, but on the contrary there are
organizations that avoid AIM due to the fear of AIM costs. From the study, it
was revealed that only 58% of the total interviewed respondents have
established an AIM strategy or similar in their organizations. Both opinion
groups provided clear and reasonable arguments for their choices, and from
the interview it was apparent that an organization’s preference on AIM
strategy depended on their short-term and long-term strategies. All of the
respondents were aware of the cost of establishing an AIM strategy, but, on
the other hand, they also considered the expected trade-off benefits from
establishing AIM.

Nonetheless, all respondents expressed some degree of challenges related to
asset integrity. These challenges were listed and grouped as illustrated in
Figure 2.
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Organisational
challenges

- Management &
organizational
issues

- Internal cooperation
& communication

- Outsourcing issues

- Acquisition
processes

- CAPEX & OPEX

- Shareholder interest
to invest in AIM

- AIM trade off against
cost

- Acquisition
processes

Human resources challenges

- Training and development
- Provision of skilled personnel
- Misconception of AIM

Knowledge management &
IT challenges

- Information management
- Knowledge transfer
- Data transfer

Offshore installation challenges

- Degradation issues

- Maintenance

- Flow assurance

- Spare parts

- Engineering design issues

External-organisation challenges

- Client requirements

- Rules & regulations

- Supply chain delivery time
- Technology saturation

- Competition

- Company reputation

Site characteristic challenges
- Subsurface properties
- Reservair fluid properties
- Metocean conditions
- Geotechnical conditions
- Remoteness/ distance to other
infrastructures

Economic challenges

- Supply over demand
- Fossil fuel price
- Interest rate

AIM Goals

- Safe operation

- Cost-effective

- Higher availability

- Higher reliability

- Optimisation of
maintenance &
inspection

- Reduced
maintenance
backlog

- Lower risks

- Reduced downtime
and repair, etc.

Figure 2. Influence of AIM challenges in organizations with offshore petroleum
production asset to reach AIM goals

Figure 2 shows the seven groups of AIM challenges that influencing each

other, whether directly or indirectly, in the pursuance of the same objective of
achieving AIM goals. From the analysis, it was discovered that technical

challenges were outnumbered by organizational related challenges.

To further study these challenges, respondents were asked to rank the

significance of these challenges on AIM through a questionnaire as seen on
Table 1. Similar to the interview results, according to the respondents, the

most significance challenges were the organizational challenges, followed by

human resources challenges, knowledge management and IT, offshore
installation challenges, external-organization challenges, site characteristic

challenges and lastly by economic challenges.

Table 1. The significance of AIM challenges

Ratings AVG | %HS | %LS
AIM Challenges
5 4] 3 [2]1
Organizational challenges (Avg.) 4,18
Internal cooperation 10 | 2 4,47 | 80% 0%
CAPEX and OPEX 9 |4 4,47 | 85% 0%
Management and organizational | 10 | 2 4,40 | 80% 5%
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Ratings AVG | %HS | %LS
AIM Challenges
51| 4 3 2
issues
Internal communication 3 0 0 4,40 | 80% 0%
AIM trade-off against cost 4,33 | 85% 0%
Shareholder interest to invest in 4,07 | 75% 5%
AIM
Acquisition processes 4 3,73 | 60% 5%
Outsourcing issues 4 5 3,53 | 65% 15%
Human resources challenges (Avg.) 4,02
Misconception of AIM 2 4,07 | 70% 10%
Provision of skilled personnel 4,07 | 65% 5%
Training and competence 4 0 3,93 | 60% 10%
development
Knowledge management & IT (Avg.) 3,97
Knowledge transfer 7 2 4,20 | 85% 5%
Data transfer between onshore | 6 4,13 | 80% 0%
and offshore
Information management 5 4 3 3 0 3,73 | 70% 15%
Offshore installation challenges (Avg.) 3,89
Degradation issues 7 |4 0 4,07 | 80% 10%
Spare part availability 7 4,00 | 70% 5%
Maintenance  strategy and |6 | 3 3,93 | 70% 5%
implication
Engineering design issues 5 3 3,87 | 75% 10%
Flow assurance 2 7 4 2 0 3,60 | 70% 10%
External-organization challenges (Avg.) 3,83
Rules and regulations 7 5 2 1 0 4,20 | 75% 10%
Supply chain delivery time 5 7 2 1 0 4,07 | 75% 10%
Client requirements 9 |1 0 4 1 3,87 | 85% 10%
Company reputation 5 5 2 3 0 3,80 | 65% 20%
Competition 3 7 2 3 0 3,67 | 65% 20%
Technology saturation 1 5 10 |1 0 3,35 | 55% 10%
Site characteristic challenges (Avg. 3,49
Subsurface  properties (e.g. | 4 5 6 0 0 3,87 | 55% 0%
depth, seabed)
Remoteness/ distance to other | 2 7 4 2 0 3,60 | 55% 10%
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Ratings AVG | %HS | %LS

AIM Challenges
5 4 3 2 1

infrastructures

Reservoir fluid properties 2 |3 |10 0 0 3,47 | 35% 0%

Meteorology & oceanography |4 |3 |4 2 2 3,33 | 45% 20%
conditions

Geotechnical conditions 2 3 8 0 2 3,20 | 35% 10%
Economic concerns (Avg.) 3,47

Fossil fuel price 9 2 1 3 0 4,13 | 55% 30%

Over-supply of production 3 |4 1 7 0 3,20 | 35% 50%

Interest rate 3 2 3 7 0 3,07 | 25% 50%

Apparently, other corresponding studies have also stated similar results in
addressing organizational issues in asset integrity (see for example Amadi-
Echendu et al., 2010; KP3, 2007; Ratnayake, 2012). Moreover, the results
were interestingly similar, despite the different geographical locations. The
differences lay in the significance the respondents place on the factors shown
in Figure 2. For example, respondents from Houston stressed their challenges
on provision of skilled resources, while in Singapore the managerial issues
were particularly stressed. In Norway the first place was earned by human
resources challenges and followed by knowledge management and IT, as most
of the organizations’ work processes has been digitalized. Most of the
respondents in Norway have eagerly shared their organization’s efforts and
success in managing knowledge and technology for their fleets.

The top four groups and their relations with other groups are discussed below,
ranked from the more significance to the least.

e Organizational-related challenges

The accumulated managerial concerns range from managerial actions,
decision-making, perspective towards AIM, corporate communication and
also knowledge management, which are all interrelated and need to be
managed simultaneously. Besides a good plan, mature organizations also uses
lesson learned as continuous improvement tool. For example, in one
interviewed company, some of its offshore installations manage to save
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downtime by referring to lesson learn register from other installations. In this
case, management enforced record and documentation procedures over the
entire lifecycle through strategic management plan. This strategy is similar
with Haines (2000) idea on organizational plan. Figure 4 shows an adaptation
of the concept on an AIM strategic management plan.

Develop strategic and
annual plans and
documents

J

Build and sustain high
performance over the long

e
fGontinuous,

\i

Ensure successful rollout,
implementation and change

i'mprovemght,s
._‘) | -

term

Analysis, review and
management of change

Figure 4. AIM strategic management model (adapted from: Haines, 2000)

The four boxes illustrate a continuous work processes, while the inside arrow
represent continuous improvements initiatives outside the prescribed process
that need to be taken to improve the process itself. Related to documentations,
the organizations that reported concerns in information management are
organizations that did not establish AIM strategy or similar procedures. This
shows that both factors might be related.

In addition, some organizations prescribed management of change in their
strategy. In dynamic environments such as offshore installations, it is
important to plan a fail-safe mechanism such as change management and
knowledge transfer, in order to adapt quickly to changes, including the change
of key people who usually hold vital knowledge about the organization.
Additionally, management does not have to be associated with an individual
or group; thus, once a suitable strategy is established, every step needs to be
properly documented to ensure proper knowledge transfer.
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A few respondents expressed their concerns regarding the organization’s
decision to use cheaper and less reliable equipment to reduce capital cost
(CAPEX). They explained that equipment with lower reliability would
typically require extra maintenance or repair in the future, which will add up
to a higher operational cost (OPEX). Moreover, the fluctuating oil and gas
price has increased the sensitivity towards investment and expenditure in
offshore installations, weighing into the cost issues and the willingness to
invest in AIM. This challenge is related to the perception of CAPEX as a
trade off against OPEX for maximum ROI. Additionally, since the scope of
AIM includes the entire life cycle of an offshore installation, the organization
will be dealing with AIM early in the life cycle phase. Through this argument,
it is understandable why operators can be hesitant about new technology,
since it can be technically or commercially prohibitive for operators to
introduce new technologies both at an early development phase and later
during the operation phase.

Most respondents agreed that proven technologies are preferable over new
and untested technologies. The uncertainties carried by the lack of track
records might convert to additional costs. Thus, it can be difficult to make an
argument for investment. One of the respondents suggested the service
contracts as a channel to distribute the risk of investing in new technology.
For example, the respective respondent’s company has agreed to engage an
unproven technology and shared any loss that was caused by the technology
implementation. Additionally, the contract should include amendment clause
that will come in handy during oil price fluctuations.

e Human resources

Management plays an important role in managing human resources as well as
other resources, and conversely, management also consists of humans. Some
of the respondents expressed that quite often, the management decisions
depend on one individual without adequate knowledge background, and thus
inhibiting informed decision-making. This issue also related to the knowledge
transfer in the organization that extends not only to the management, but also
to the whole organization, especially to offshore personnel.
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Another example for this case was shown when several interviewed
respondents complained that individuals sitting in ‘the management’ often
block operation efforts in maintaining asset integrity. One respondent even
revealed that it took a major offshore catastrophe to shift the management’s
perspective regarding AIM and the advantage of operating strategically versus
operating tactically.

Learning from previous offshore-related accidents, most companies are aware
that human error has a big impact on asset integrity; thus, the quality of
personnel is vital. The study revealed that the oil and gas industry is
struggling with the provision of skilled personnel as well as their training and
development. In several regions, the respondents even needed to run intensive
campaigns in order to shift personnel’s traditional perception regarding asset
integrity and encourage a new Al culture.

The study observed respondents’ perspectives from before and after the oil
price fell in 2014. It was discovered that even though there are more available
human resources since the oil price has fallen, they do not necessarily have
the right skills for the task. Since personnel also need to interact with
technologies, there is a potential that unfamiliarity with the technology will
cause errors. Therefore companies would need to provide training prior to job
assignment.

Human error is a wide topic, especially in a complex environment such as in
offshore installations. A more complex system is formed when the operator
engages one or more service provider(s) in AIM activities, which is a
common practice these days. Work processes are shared between internal and
external organizations, and also between the onshore and offshore
environment, creating a complex system. As an impact from the diversity,
personnel need to deal with not only the relationships amongst the personnel
themselves, but also between different technical and organizational
environments. Additionally, personnel are also interacting with technologies;
thus, respondents were concerned whether unfamiliarity with technology
would cause an error. This is similar to Bridger (2003) idea of the human
machine model. In the current implementation, personnel are exposed to
multi-environments (onshore and offshore) and thus are consequently required
to interact with a variety of equipment as illustrated in Figure 6. According to
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Bridger (2003), in this situation there is a potential gap input when
transferring information from one piece of equipment to another.

Onshore virtual environment
(network, distance communication, real-time
information, etc.)

General offshore physical environment
(noise, vibration, lighting, thermal condition, etc.)

]
H [ ) Onshore

' Offshore Offshore Reé’"a't"ame support

' equipment personnel centers

]

]

H Display »| Data »| Senses data » Data >| Senses data
]

: l

]

]

: Sensor and Analysis and | | Analysis and
: processor propose solution| Real-time " | propose solution
] discussions

]

]

! Input/ Make decision

] < < h

! Control force and take action

]

]

Immediate offshore physical environment
(workplace design, control design, display design,
ergonomic, etc.)

Immediate onshore virtual environment
(network design, communication design,etc.)

Figure 6. Human—machine model of offshore personnel (adapted from Bridger,
2003)

Latent conditions could also emerge from the interaction with other
information users. Since the onshore team relies greatly on the information
made offshore, analysis that is carried out based on an unreliable set of
information would have less value or even lead to incorrect decision making,.
For example, from experience, it was revealed that onshore inspection
planners are relying on historical data as a foundation for future inspection
plans. Thus, if corrosion is undetected, and hence there are no plans for a
repair, it could potentially lead to leakage or severe corrosion.

In such a complex sociotechnical environment, management needs to be
involved and proactive in managing the complexity. It was not surprising that
some of the respondents expressed their concerns on social interactions rather
than on technical and organizational interactions. The respondents were
struggling to understand the decreased offshore productivity, despite the high
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salaries and advanced technology, when apparently it was discovered that lack
of cooperation between departments was the main cause.

Some respondents suggested that barriers to human errors could be
implemented in several areas such as improving the human-machine interface
design, equipment calibration, qualification and training of personnel, etc.
Aside from that, other respondents suggested that involving personnel in the
creation of system processes has created a sense of ownership of the asset and
a sense of responsibility for their task.

¢ Knowledge management (KM) and information technology (IT)

Although information technology has a major influence in the advancement of
the petroleum industry, the adaptation of these new technologies is not
without its challenges. In the interviews, respondents expressed various
challenges related to the knowledge transfer, information management and
data transfer between onshore and offshore. Geographically, KM is more
stressed in Norway, partially due to the petroleum industry standardization.
For example, Norsok has standardized the technical information management
in Norsok Z-003 (NTS, 1998).

In some countries where the government or the clients do not regulate KM
practices, some of the respondents experienced challenges related to
documentation and records, either historically or from the present operational
activities. Establishing management of knowledge early in the facility’s life
cycle could prevent this. For a more comprehensive discussion on this topic
please refer to Kusumawardhani and Markeset (2015).

e The offshore installation

Operators are all too familiar with degradation issues, especially with
corrosion. One of the respondents admitted that one of their vessels burst
during operation, and the degradation issues mainly caused it. There was also
another respondent that reported degradation issues on their hulls, and not
long after the study was completed the respondent’s installations experienced
a major incident causing downtime and fatality.
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Corrosion is just one of many degradation-caused issues. Offshore
installations are prone to defects that are caused by operating conditions as
well as external conditions. Defects can also be inherited from the
construction or commissioning phases (pre-service), but are usually less
considered than the defects that occur during the operation phase (in-service).
The defects that occur before operation can generally be removed or detected
prior to operation. However, attention to pre-service defects might increase
when the respective installation undergoes a modification or life extension,
since other anomalies may occur during the process. Other considerations are
the success rate of the design phase, the result of construction and
commissioning, as well as an outstanding punch list inherited by the
operation, which overall will affect the installation’s reliability.

Even if it is assumed that there are no inherited defects, from the case study it
was found that there were reported defects during operation that may occur
from various sources such as from environmental conditions, design and
operating conditions or from physical activities, as illustrated in Figure 5.

Design and operating

Site conditions

conditions
Environmental Subsurface properties
conditions Y Reservoir fluid properties
Atmospheric conditions Flow regime&velocity
Seabed bathymetry Design materials
Geotechnical Design choices
conditions, etc. Load
_1 /75 7/  Vibration
/ LI/~ Structural support

Physical damages _)/{ | 7 Material, etc.
Physical (mechanical) =
damages, e.g to /—/

[

equipment or coating.

Figure 5. Factors affecting the degradation of an offshore installation

In the AIM concept, an organization needs to establish a strategy to maintain
the entire installation integrity that at least covers its entire lifetime. The
lifetime of an asset is determined early in the initial design stage as a
guideline for the life-cycle plan and design requirement. The failure rate of an
asset will continuously increase in time, but the increasing rate of failure can
be altered through proper preventive measures such as good design choices
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and materials, condition-based maintenance, preventive maintenance,
reliability based maintenance, etc.

However, in the late-life phase of an asset, these preventive measures would
become more frequent in order to maintain the integrity. At this stage, some
of the installation’s equipment may have been replaced or modified to prolong
the life of the asset. Nevertheless, the rest of the equipment that is not being
renewed would require a proactive approach to inspection and maintenance
management. In some cases, respondents have reported that the history of
equipment could not be found due to traditional log systems and changes in
the system or personnel. Several respondents also reported a lack of
documentation and records from the previous asset owner, thus making it
difficult to state the integrity level and failure rate of the equipment. These
factors are essential in AIM, similar to the thoughts of Wintle et al. (2006),
which indicated that a good documentation and technical information is a
necessity in preserving an aging asset.

Concluding remarks

Even after several offshore catastrophes as wake-up calls, some organizations
still have a traditional perception regarding AIM. Organizations have
expressed their challenges in implementing AIM and the major concerns were
regarding managerial decisions, human resources, knowledge management
and IT, cost and degradation. As mentioned at the beginning of this paper,
several researchers have addressed these challenges individually and
suggested multiple solutions for these specific challenges (see for example Al-
Sulaiman et al., 2013; Skalle et al., 2014; Ghani et al., 2014). However, a
holistic solution for the organization is needed for successful AIM, since AIM
consists of various processes that need to be coordinated simultaneously.
Moreover, it is necessary for the organization to raise awareness of the
importance of AIM and to cultivate a culture of preserving asset integrity.

Most of the challenges are recurring and similar, despite the geographical
location. If the issue is not properly treated from the root-cause, it will keep
reoccurring; thus, an organization needs to investigate the root cause, and its
relation with other components, and document the findings as a lesson learned
record.
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It was also observed that offshore installations represent a complex and
dynamic sociotechnical environment that needs to be managed as a whole,
both in technical and organizational terms. Many of the issues are interrelated,
and seeing the issues as a system might provide a better path to a potential
solution. Moreover, some of the challenges are related to operation integrity,
such as work procedures, record keeping, safety culture, training and
competency, etc. This shows that AIM is closely related to operation integrity
and need to be managed hand-in-hand.

Thus, for future study, it will be advantageous to further identify the
sociotechnical structure of offshore installations and to study how to establish
a holistic AIM and operation integrity solution that will satisfy both technical
and organizational terms.
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Asset integrity knowledge management: a case study
from the petroleum industry

Abstract

The practice of knowledge management in the petroleum industry is
motivated by the HSE, technical and business requirements. Aligned with the
development of knowledge management, various advancements in
information systems are used to maintain the asset integrity of petroleum
installations. However, the advancement also poses its own risks. With the
increasing use of advanced technology in the petroleum installations, there are
potential threats that can affect the installation’s integrity. This paper aims to
identify knowledge management and information system practices and
challenges in maintaining the asset integrity of petroleum installations. This
study is part of a larger-scale case study that analyzes current asset integrity
management (AIM) practices in the petroleum industry. The study is based on
a literature study and face-to-face interviews with industry practitioners in
Houston, Texas, and Singapore. The main findings revealed seven groups of
AIM challenges; knowledge management and information technology are part
of these.

Keywords: Information technology, information system, industrial services,
operation management, asset integrity, asset management.,

Introduction

The applications of information system (IS) in organization’s knowledge
management (KM) have been expanding alongside advancements in
information and communication technology (ICT), such as digital technology
(Brynjolfsson, 2012). Digital technology processes data in order to deliver
necessary information to the intended recipient. The management of
knowledge enables appropriate information to be obtainable whenever it is
required in order to support decision-making. Various advancements in IS
technologies are also applied in asset integrity management (AIM) of
petroleum installations. Moreover, KM and IS are present in the entire life
cycle of a petroleum installation. For example, facility operators have utilized
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data to support asset integrity applications, such as in decision-making tools,
performance monitoring and improvement tools in various life cycle phases
(see for example Brule, 2013, Gang et al., 2010, Karim et al., 2009).

However, with the increasing use of digital technology and advances in IS,
there are potential threats that can affect the installation’s integrity
(Brynjolfsson, 2012, Ringstad and Andersen, 2006, Torstensen and
Skramstad, 2008). Although information technology has brought petroleum
activities into a new horizon, the adaptation of new technologies is not
without its challenges. For example, companies are not able to avoid the
development of technology in order to compete and adhere with government
regulatory. Besides that, challenges also arise from other aspects of KM that
are related to the characteristics of the installation itself, such as environment
and geographical aspects. These potential issues can be identified in a
systematic manner, by associating the related components in KM and IS with
the installation’s integrity factors. Once these challenges are identified, the
organization will be able to establish the necessary prevention and mitigation
procedures in managing the asset integrity.

Definitions

Knowledge management typically involves the handling of data, which is
backed-up by the information system (IS). IS is a system that accepts data
resources as input and processes them into information products as output.
The handling of data includes various activities necessary to process data into
information and then to manage the information until it reaches the end-users.
Data handling consists of data-related activities such as data input, data
processing, output, storage, feedback and control. Related KM activities are
enabled by the use of technology, especially ICT; however, the involvement
of the human factor is also a necessity. The advancement in technology allows
increasing functions of KM such as operations support, management support,
and decision-making support. With the growing demand for KM functions,
components of KM are expanding from data, humans, procedures, simpler
technology such as software and hardware to include more developed
technology such as telecommunication and network (Marakas and O'brien,
2013). These elements interact and integrate to form a collective entity (i.e.
system) in order to serve its function as illustrated in Figure 1. The feedback
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loop and control is inevitably present to adjust system performance to fulfill
its function output.

Environment
(i.e. organization)

Control Processor Control Output
» (ICT e.g. software, (e.g. intended
hardware, network) function, information)

Input
(e.g. resources, data)

\

A Y

Feedback and control

Figure 1. Basic information system process

From the discussion above, we can form a definition of KM that fits with the
context of this paper: “knowledge management is an organized planning,
coordination and control of organizational activities and resources to
effectively capture, distribute, and use knowledge.” IS, however, is a part of
KM that is defined as “any organized combinations of information and
communication technology (ICT) and human's activities that utilizes the ICT
to ensure handling of data in order to serve its objectives in an organization”.

Knowledge management for Asset Integrity Management

Besides the previously discussed fundamental components, the application of
KM in a petroleum installation involves more complex processes and
dynamic socio-technical environments. For an offshore installation, the socio-
technical environment includes onshore and offshore working environments
as illustrated in Figure 2.

Figure 2 illustrates a simple KM process in the operation phase of a petroleum
installation. As well as in the operation phase, KM is also present in the entire
lifecycle. These systems are interdependent on one another, since they carry
the facility’s data. Prior to the operation phase of a facility, several types of
data need to be made available, such as provision of technical system
evaluation, equipment identification and specifications, equipment
classification and other required information. The data gathered from this
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process is integrated into the database system intended for maintaining asset
integrity.

(_)nshore_ Standards and Platform information Asset integrity
socio-technical ] management
. regulations management system
environment strategy

1 t .
v

Planning and

execution of asset
/ integrity activities \

foshore. Analysis of findings  Continous Technical cqndltlon
socio-technical . improvements report (i.e.
. (i.e. data) . .
environment information)

\ Interpretation and /

record of findings

Figure 2. Example of asset integrity KM for an offshore installation

The data gathered then integrates with real-time data taken from sensors
installed in the equipment or system in the operation phase. In the operation
phase, the data is being used for maintenance analysis. Nowadays, the
maintenance operating system has become proactive and capable of analysis
functions, such as prognostic maintenance, diagnostic maintenance and
forensic maintenance. The analysis system is able to monitor and diagnose the
current system performance from the real-time data. The operating system
also acquires forensic data from prior failures in order to give a prognosis of
the health of the equipment, and it can predict future system performance.
Besides basic functionality maintenance, the provision of adequate
information on the equipment can be used as decision support and to improve
equipment performance. Table 1 summarizes the maintenance analysis
enabled by utilizing equipment data.
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Table 1. Maintenance analysis from equipment data

Analysis types
Criteria
Diagnostic Prognostic Forensic
Occurrences Real-time Prior to Posterior to failure
diagnostic failure/prognosis
Performance Current Future performance | Fault investigation:
analysis performance prognosis: to to investigate
monitoring: to estimate the situations after the
monitor the degradation rate fact, and to
performance and and predict future establish what
the health of the performance occurred based on
system using real- collected evidence
time information
Failure Failure detection: to | Failure prediction: Fault identification:
analysis indicate whether to determine to identify the
something is going whether a fault is nature of the fault
wrong in the current | impending and when it is detected
monitored system estimate how soon
and how likely a
fault will occur

Today, the significance of real-time data and informed decision-making is
highly regarded. Therefore, technological development focuses on delivering
seamless information from plant facility to the intended users and vice versa.
The real-time data is produced by various instruments mounted on equipment,
while other sources of data might come from industrial experience,
manufacturer’s data, historical data, etc.

The term ‘smart technology’ relates to the ability of a system to process real-
time data. The real-time data is analyzed in order to observe, predict and
proactively interact with the monitored system. Furthermore, the data can also
be utilized and integrated with other sets of information to be developed using
analytical systems and other data processing to help transform data into a
meaningful presentation to support decision-making. For example, in the case
of equipment performance monitoring, correct information has helped the
organization to make better maintenance decisions on equipment before it
fails (Fidler, 2009).
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Knowledge management challenges

A research study was conducted to analyze the practices and challenges of
AIM in offshore installations. A part of the study analyzes the role that
knowledge management plays in maintaining the asset integrity. The data for
the case study were gathered from multiple data collection methods and
sources, mainly from interviews and information provided by respondents.
Industrial practitioners located in Houston, Texas, USA, and Singapore
participated in semi-structured face-to-face guided interviews. The KM
related questions were constructed to investigate KM practices in managing
asset integrity, concerns and other implementation variables within the
organizations.

The Case Study

Respondents were divided into two groups: one group consisting of
respondents from operator or installation owner (OP) organizations and the
second group consisting of respondents from service providers or
manufacturing companies (SP), as illustrated in Figure 3. In total, there were
15 respondents, eight located in Houston and seven in Singapore. The data
gathered from interviews (data set A) were analyzed together with findings
from the case study and literature study (data set B).
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INPUT: Data Collection
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Figure 3. Data gathering and analysis process

Findings and Discussions

In the interviews, respondents were asked about their organization’s practice
and concerns in KM with regard to the asset integrity of offshore installations.
From data set A, respondents expressed the following concerns in relation to
KM:

e Knowledge transfer
e Information management
e Data transfer between onshore and offshore

Other concerns that were gathered from data set B are:

e Information technology (IT) processes and security
e Quality of data

e Integrated system

e Introducing and adapting to new technology
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From data set A, it was apparent that respondents’ preferences towards KM
depended on their short-term and long-term strategies. Respondents were
aware of the cost of establishing KM, but they also considered the trade off
between short-term and long-term benefits. The findings from both data sets
are discussed below.

e Knowledge transfer

Some of the respondents reported experiencing challenges in acquiring
documentation and records, either from the previous owner/operator or from
the present operation and maintenance (O&M) activities. Management of
knowledge is crucial and needs to be established early in the facility’s life
cycle; however, engaging sophisticated software is not the final answer. Most
of the respondents are utilising state-of-the-art document management
systems and CMMS, but the tools are only as good as the input.

Some of the challenges were an easy fix; for example, if an organization does
not have guidelines for document management, then the organization needs to
establish suitable procedures. This is also related to the tag management of the
asset, where it was discovered that some organizations do not develop a
pipeline list or a proper equipment register. These registers are highly vital,
mainly related to safety uses such as to identify risks in the facility. The
respondents argued that costs are kept to the minimum to increase the margin,
especially in the case where respondents are not the asset owners. And vice
versa, organizations that rent out their asset, without operating it themselves,
are concerned about integrity of their asset.

e Information management

The integration of operating systems that are employed in the operation and
maintenance phases presents another challenge. Respondents expressed their
concerns regarding operating systems that are not interconnected with one
another; thus, much information is missing and systems may not support each
other (Kusumawardhani and Markeset, 2014). To avoid this problem, it is
necessary to integrate the information systems and construct a solid structure
that overlays the connection between operating systems. In such a case, a
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reliable database and information system would provide a great support to
integrity management.

e Data transfer between onshore and offshore

Offshore installations are often located far from shore and lack the
surrounding infrastructure. This causes difficulties in maintaining a
communication line. One of the respondents suggested a solution through the
installation of fiber optics (Forster and Dria, 2013). For long-distance offshore
installations, fiber optics are an ideal technical solution since they have low
line losses. Moreover, fiber optics are non-electrical, which makes them
immune to electromagnetic interference (Tennyson et al., 2005). However, the
cost of using fiber optics may be prohibitive over other traditional cables.

¢ Information technology (IT) processes and security

Smart technology is enabled by the combination of several advanced
technologies (Khan et al., 2012, Torstensen and Skramstad, 2008). The basic
model involves the input of data, analysis or processing of data that produces
the outcome in a form of beneficial information, and lastly the distribution of
information to the intended user, as illustrated in Figure 4.

Input Data processing : Output
Output
H Process : i
: . Information : Decision support
+ > > ' > >
Data sources : InTteI}llgolence knowledge, 3 system User
echnology intelligence

T ; T Feedback

Figure 4. Basic model for data utilization

The methods for processing data vary according to the facility requirements
and their capabilities. Various information technology suppliers offer different
custom-made solutions in the form of software and hardware or even system
architecture, which allows the customer to tweak between business needs as
well as the cost (see for example: Edison, 2011, Edwards et al., 2010).

Besides IT processes, the petroleum industry also frequently faces security
threats to the company’s information system and data, particularly within
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smart technology that utilizes networks as data transfer throughout the
company and with external users. Aarset and Mo (2008) suggested a set of
actions including planning and establishing a secure plant network, as well as
implementing remote services. The separation of data that can be accessed by
external users such as service suppliers is also crucial. Several technologies,
such as fiber optic networks or data architecture, are able to mitigate this
challenge (Forster and Dria, 2013, Tennyson et al., 2005).

e Quality of data

The availability of good quality and reliable data is one of the major issues in
the petroleum industry (Griffiths, 2012, Ouertani et al., 2008). Despite being
advantageous, previous experience has also revealed that data quality could be
potentially beneficial or misleading (Radhay, 2008). The issues arise mainly
because the quality of analysis depends greatly on the reliability and
robustness of the initial data input, as illustrated in Figure 3.

Above all, in this automation era, the role of data is highly regarded due to the
use of data as an input process. Besides data, other technology features, such
as reliable sensors and other instruments are important for data quality,
particularly in an environment with challenging operating conditions
(Saunders, 2008). In addition to this, other factors such as governing
documents, human factors, equipment and tools could also affect the quality
of data (Kusumawardhani, 2013).

e Integrated system

Data integration and collaboration between involved parties has also become
one of the challenges in delivering seamless information. Data integration
involves the interaction around man, technology and organizations. Ringstad
and Andersen (2006) have discussed similar challenges from the safety point
of view. Sitra et al. (2011) have also suggested that collaboration needs to be
further developed between organizations. One of the possible solutions is to
manage the installation holistically, i.e. as a total system rather than as a set of
isolated parts, during the entire lifecycle.

106



Paper 3

Data in real time:
implement field instrumentation for
surveillance of critical points in the field

Instrumentation and field data
capture

v

Data management and
integration

v

Intelligent alerts and event

Integrated data:
standardised surface, subsurface and
enterprise data for a cross-functional view

Informed operations:
monitor critical performance factors and

enable rapid response management
Predictive operations: Advanced analysis and
enable proactive management of asset forecasting

v

Asset optimization

Realized value:
optimized resource recovery, model and
implement systematic changes to
enhance depletion profitability

Figure 5. Towards smarter oil and gas fields (Edwards et al., 2010)

In order to achieve this, the organization needs to have a control system
integrated with different departments and decision-makers to have the
coordination to support the overall organization objective (El-Akruti and
Dwight, 2013). Some service providers are already offering a holistic solution
that focuses on the management and distribution of data, as illustrated in
Figure 5. Therefore the data management for operation and maintenance is
also part of holistic data management and should be built in such a way that it
is integrated with the overall facility data management.

Industrial services as a possible solution

Industrial services emerged as one possible solution following the increasing
service market in the petroleum industry. The trend of outsourcing
maintenance support services, alongside other segments such as subsea
services and engineering services, has been increasingly popular in the last
couple of decades. In maintenance services, inspection and maintenance alone
has tripled its market value in the last two decades (Rystad-Energy, 2013).

To date, there is no commonly agreed definition of industrial service.
However, for the purpose of this paper, industrial service will be defined as
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“processes and resources provided by a service company to a customer to
produce performance that is meant to create output to provide solutions to the
customer’s needs” (Kusumawardhani and Markeset, 2014).

Industrial Services for Petroleum Installations

Following the fast-growing industrial development in the oil and gas industry,
various service offerings exist in today’s market. The main contributors to the
development of service offerings are technology and knowledge. Both are
present throughout the installation’s lifecycle, as illustrated in Figure 6. The
services are present in three different forms: customer service, service as
value-added service, and service as the product (Bitner et al., 2000).
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Lifecycle Industrial services

Field development services, planning
services, financial services, etc.

Concept development

Risk, hazard and safety studies
services, feasibility studies services, Feasibility assessment
project and estimation services, etc.

Front-end engineering services, IT
services, etc.

Front-end engineering

A

Manufacturer services, supplier
services, various project services,
engineering, procurement and
construction services, etc.

Detailed design

v

Fabrication and construction

v

Equipment ,
spare part
and services

Commissioning services, installation Hook-up, installation, seabed
services, transportation/ relocation intervention, tie-in and
services, etc. commissioning

Y

Operation and integrity

Various facility operation support
services, maintenance support

; - - management
services, production services, etc.
Modification services, etc. Late life project —
Decomissioning services, etc. Decommissioning

Figure 6. Industrial services in the lifecycle of a petroleum installation

The developments of technology and knowledge have both affected the way a
company sells its service and physical products. In particular, companies have
more advanced alternatives to merely offering conventional products, such as
functional-product (Markeset and Kumar, 2005) or integrated product-service
offerings (Park et al., 2012).
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Technology has also been a big stimulator for the growth of service business.
Technology exists as an enabler, mediator, and facilitator for the provision of
physical products, service products or the integration of both. From the
standpoint of service, technology has been seen as the instrument to provide
new forms of business such as customization of service, new processes or new
types of service encounters (Bitner et al., 2000). Services that exist because of
technology are categorized as technology-enabled services. Meanwhile, from
the standpoint of the product, technology is mainly seen as an instrument for
new product development or to enhance existing ones (Ulrich, 2012).

The second contributor, knowledge, implies the filtering and interpretation of
information to enable the user to act more effectively (Davis and Botkin,
1994). In practice, knowledge-based service involves the extraction of
particular information from the source of knowledge that is relevant for the
user, allowing the user to apply informed decision-making. Examples of
knowledge-based services are financial consulting, engineering services,
information technology (IT) services, etc.

Industrial Service for KM Challenges

Operators who have experienced the benefit of outsourcing have fostered a
co-dependent relationship with service providers over the years. This is
because, besides providing a solution, the engagement of service providers
could give other benefits such as work efficiency, cost saving, distribution of
risk, ability to be competitive, focus on core competences, technology
innovation and adaptation, custom-made solutions, business transformation or
expansion, and increased safety, availability, reliability and responsiveness
(Jain and Natarajan, 2011, Sanjay and Ravi, 2007).

Particularly for KM, globalization has increased the availability and cost
saving; for example, many advanced countries outsource their IT services to
cheaper service providers in developing countries. Some of the benefits and
potential solutions from engaging service providers for the challenges
discussed in Section 2 are summarized in Table 2.
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Table 2. Industrial service possible solutions for KM challenges

KM Industrial
Possible solutions service Potential benefits
challenges X
providers
Knowledge Establish procedure for Data Custom-made
transfer knowledge transfer, architecture solutions, increased
establish a shared network | services, mobility, increased
to exchange information, network reliability, etc.
establish lessons learned services, etc.
registers.
Information Integration between Data Integrated solutions,
management | operating systems, architecture increased
software and various services, availability,
geographical locations. software increased reliability,
services, etc. etc.
Data transfer | Establish tailor-made Data Custom-made

between technology and network architecture solutions, increased
onshore and solutions. services, fiber security, increased
offshore optic services, reliability, etc.
etc.
Information Application of custom- Data Custom-made
technology made information architecture solutions, increased
(IT) technology, network and services, fiber security, increased
processes architecture according to optic services, reliability, core
and security requirements and IT security competences focus,
regulations. services, etc. etc.
Quiality of Ensure reliable data for Engineering Cost saving,
data input and processing into services, competitive abilities,
information from the information increased reliability,
beginning of field system etc.
development through services,
decommissioning. operation
readiness
services, asset
management
services, etc.
Integrated Establish a control system | Asset Increased safety,
system integrated with different management custom-made
departments and decision- | services, IT solutions, increased
makers to have services, responsiveness,
coordination to support the | engineering technology

overall organization
objective.

services, etc.

adaptation, etc.
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KM Industrial
Possible solutions service Potential benefits
challenges X
providers
Introducing Organization may opt to Engineering Cost saving,
and adapting | outsource new technology | services, competitive abilities,
to new requirement to service equipment technology
technology providers; that way risk is manufacturer adaptation, etc.
distributed and and services,
organization is avoiding field services,
high initial investment. etc.

Conversely, the engagement of service providers is not without its challenges.
Organizations are often faced with several difficulties starting from the
selection of service providers, managing the interface, quality issues,
performance issues, even contractual issues (see for example Salonen, 2004,
Arpan Kumar, 2014). Nevertheless, these challenges can be coped with
through the organization’s supplier management. There are several literature
references that discuss risk, quality and performance issues (see for example
Vilko and Ritala, 2014, Zakaria et al., 2010), contractual issues (see for
example Stremersch et al., 2001, Panesar and Markeset, 2008) and supplier
selection issues (see for example: Keramydas, 2011, Mclvor, 2008).

Concluding remarks

The extensive discussion of KM in the integrity of petroleum installations has
revealed the challenges that are present as well as the known benefits. The
engagement of industrial services could be of potential benefit to customers,
mainly in outsourcing activities and saving the initial investment cost on
technologies.

One of the challenges presented was the utilization of data and the integration
of technology, to which some industrial service providers are offering
solutions. However, integration does not stop at the level of technology;
integration at organizational level is also one of the highlighted issues.
Organizations need to actively participate in strategic technological
collaborations amongst concerned parties for economic and security reasons.
This having being said, the involvement of the customer in the outsourcing
process and integration of activities is crucial for the overall integrity of
petroleum installations.
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From the interviews it was also revealed that government regulations are often
altered in favor of new technological advances. Customers who outsource to
industrial services benefit from this situation, since it is the service provider
who needs to deliver services that comply with the new regulations. By
outsourcing to industrial services, the customer will be able to compete with
the fast-growing technology and their competitors without having to invest in
buying new technologies.

Future research is needed to study the methods for KM integration across
organizations involved in the lifecycle of offshore installation, i.e. operator
and vendors, in addition to integration between the onshore and offshore
locations of petroleum installations. In addition, research on the supplier
selection process, specifically for the asset management of a petroleum
installation, would be beneficial.
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Appendix 1 - Preliminary survey

Introduction

This work is part of an ongoing research study at the University of Stavanger
(www.uis.no) is funded by the Royal Norwegian Ministry of Education and
Research (Norsk: Kunnskapsdepartementet).

The goal of this study is to have better understanding of how asset integrity
management (AIM) programs in the oil and gas industry are established and
how they can be continually improved.

This survey will particularly develop and propose a model for AIM practice,
focusing on “how it can become better than today”. Therefore, it requires to
map and understand the current practices within the oil & gas (O&G)
industry. It will help to identify the factors and potential of each factor and its
influences on managing asset integrity in a manner which is safe and
beneficial.

Methods

We would to gather information from oil and gas firms and relevant service
firms through face-to-face guided interviews.

Contacts

The study is conducted by:

1. Mayang Kusumawardhani, research fellow at the University of
Stavanger.
Contact: mayang.kusumawardhani@uis.no,  +47 518 32 151/ +47
40455251

2. Tore Markeset, PhD, Professor of Mechanical Engineering
Contact: tore.markeset@uis.no +47 997 06 378

3. Rajesh Kumar, PhD, University of Stavanger
Contact: rajesh.kumar@uis.no
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Definitions

Asset

Integrity

Asset integrity
management
(AIM)

Availability

Maintenance

ORA

A physical item or entity that has potential or actual value to
an organization; i.e., in the current context, an offshore
petroleum production facility.

is associated with the ability of the facility to perform its
required function in a safe, effective and efficient manner;
the ability of the facility to safely contain various
substances related to hydrocarbon production.

Asset integrity management is “the development,
implementation and execution of a coordinated plan
together with managerial control and organizational
activities, to ensure that the physical asset is performing its
intended function in a safe, effective and efficient manner
over its entire lifecycle, in order to achieve the
organizational objectives”.

The ability of an item to be in a state to perform a required
function under given conditions at a given instant of time or
over a given time interval, assuming that the required
external resources are provided.

A combination of all technical, administrative and
managerial actions, during the life cycle of an item,
intended to retain it in, or restore it to, a state in which it can
perform the required function.

Operation readiness and assurance can be defined as “the
development and execution of a coordinated plan together
with managerial control and organizational activities, to
ensure that the physical asset and its supporting
organizations are ready to operate and perform its intended
function in a safe, effective and efficient manner.
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Preliminary information

Place:

Date:

Respondent information

Name:

E-mail:

Position:

Brief job description:

Working in current position
since:

Total working experience:

Can we mention company name in the report
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Guided interview questions

Asset integrity

1. Please describe the asset integrity department in your organization

2. Please describe the asset integrity strategy in your organization

3. Please describe what are the tools you are utilizing for asset integrity

4. Please describe how does your organization assess technology and
innovation for asset integrity?

5. Please describe the major challenges that you encounter in asset integrity.

Business impact

6. Please describe how has your organization developed as over the years?

7. How would you rate the current market development in different
continents?

8. How does your company respond to current market trends?

9. Please describe the major challenges that you encounter for your

business in general.

Organizational collaboration and decision making

10.

Please describe how does your department conduct organizational
collaboration/interaction?

11.

Please describe how does your organization conduct interaction with
your clients/ service provider?

Technology and innovation

12.

Please describe the process of innovation in your organization

13.

Please describe the influence of innovation and technology in your
organization.

14.

Please describe how does your organization identify innovation for new
product/service?

15.

Please describe how you develop your existing product-line/services.
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Sourcing strategy

16. Please describe how does resources requirement is fulfilled in your
organization?

17. Please describe how does your organization engage external service
providers?

18. Please describe how does your organization monitor/control the external
service providers?

19. Please describe how does your organization evaluates the deliveries from
the service providers.
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Appendix 2 - Questionnaire

Introduction

This work is part of an ongoing research study at the University of Stavanger
(www.uis.no) is funded by the Royal Norwegian Ministry of Education and
Research (Norsk: Kunnskapsdepartementet).

The goal of this study is to have better understanding of how asset integrity
management (AIM) programs in the oil and gas industry are established and
how they can be continually improved.

This survey will particularly develop and propose a model for AIM practice,
focusing on “how it can become better than today”. Therefore, it requires to
map and understand the current practices within the oil & gas (O&G)
industry. It will help to identify the factors and potential of each factor and its
influences on managing asset integrity in a manner which is safe and
beneficial.

Methods

We would to gather information from oil and gas firms and relevant service
firms through face-to-face guided interviews.

Contacts

The study is conducted by:

1. Mayang Kusumawardhani, research fellow at the University of Stavanger.
Contact: mayang.kusumawardhani@uis.no, +47 518 32 151/ +47
40455251

2. Tore Markeset, PhD, Professor of Mechanical Engineering
Contact: tore.markeset@uis.no +47 997 06 378

3. Rajesh Kumar, PhD, University of Stavanger
Contact: rajesh.kumar@uis.no
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Definitions

Asset

Integrity

Asset integrity
management
(AIM)

Availability

Maintenance

ORA

A physical item or entity that has potential or actual value to
an organization; i.e., in the current context, an offshore
petroleum production facility.

is associated with the ability of the facility to perform its
required function in a safe, effective and efficient manner;
the ability of the facility to safely contain various
substances related to hydrocarbon production.

Asset integrity management is ‘“the development,
implementation and execution of a coordinated plan
together with managerial control and organizational
activities, to ensure that the physical asset is performing its
intended function in a safe, effective and efficient manner
over its entire lifecycle, in order to achieve the
organizational objectives”.

The ability of an item to be in a state to perform a required
function under given conditions at a given instant of time or
over a given time interval, assuming that the required
external resources are provided.

A combination of all technical, administrative and
managerial actions, during the life cycle of an item,
intended to retain it in, or restore it to, a state in which it can
perform the required function.

Operation readiness and assurance can be defined as “the
development and execution of a coordinated plan together
with managerial control and organizational activities, to
ensure that the physical asset and its supporting
organizations are ready to operate and perform its intended
function in a safe, effective and efficient manner.
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Preliminary information

Place:

Date:

Respondent information

Name:

E-mail:

Position:

Brief job description:

Working in current position
since:

Total working experience:

Can we mention company name in the report
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Questionnaire

1. Please indicate if your Company have written an asset integrity
management (AIM) / operation readiness and assurance (ORA) strategy /
similar strategy.

YES NO

AIM Strategy

AIM Plan

ORA Strategy

Others?

Please indicate when an AIM strategy or similar programme should
ideally be incorporated over a lifecycle of an offshore platform.

YES NO

Very early at concept development phase

Engineering phase

Construction phase

Commissioning phase

Operations phase

Others?
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2. Please indicate some of the main concerns related to asset integrity
management in your organization (scale: 5 = most important; 1 = least
important).

Site concerns

(e.g. Subsurface properties,
reservoir fluid properties,
meteorology & oceanography
conditions, geotechnical
conditions, remoteness/ distance
to other infrastructures)

Offshore installation challenges
(e.g. Degradation issues, flow
assurance, maintenance strategy
and implication, spare part
availability, engineering design
issues)

Knowledge management &
information tech. (e.g.
Knowledge transfer, information
management, data transfer
between onshore and offshore)

Economic concerns
(e.g. Fossil fuel price, over-supply
of production, interest rate)

Human resources concerns

(e.g. Provision of skilled
personnel, misconception of AIM,
training and competence
development)

External-organization concerns
(e.g. Client requirements, rules
and regulations, supply chain
delivery time, technology
saturation, competition, company
reputation)
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Organizational concerns

(e.g. Management and
organizational issues, internal
cooperation, internal
communication, outsourcing
strategy, shareholder willingness
to invest in AIM, AIM trade-off
against cost, CAPEX and OPEX,
acquisition processes)

Others?

Please indicate the strategic areas to be included in an AIM strategy
and/or plan
(scale: 5 = most important; 1 = least important).

5 4 3 2

Leadership and integration
management

OR&A organization
Integrated planning and
management

Assurance management
Budgets, Pre-ops and OPEX
Management of change
Stakeholder management
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Asset and operations integrity
management

Production management

Flow assurance

Chemical management plan
Subsea management

Drilling and reservoir
Integrated operations
Philosophies, strategies and
procedures

Process safety

Storage, exports and manifolds
Associated infrastructures and
brownfields

Shutdown planning and
scheduling

Inventory, logistic and material
management

Maintenance, inspection and
reliability management
Maintenance management
Reliability availability
maintainability (RAM)
management

Inspection management
Automation, control, equipment
monitoring and analysis

Major maintenance planning and
scheduling

Procurement and contractor
management

Service delivery options
Maintenance & inspection support
services

Operations support services
Contractor evaluation and
selection plan

Spare parts management
Contracts and legal
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Information technology and
knowledge management
Information technology (IT) and
information system (IS)
Information management
Document and data management

Reservoir management
Production surveillance and
management

Efficiency studies

Enhanced oil recovery (EOR)
management

HSSEQ, compliance and risk
management

Incident investigation and
analysis

Emergency preparedness

HSE management

Waste and emission management
Risk management

Quality management

Security management
Compliance management
Community awareness and
outreach

Resources and performance
management

AIM organizations
Operations organizations
Training and competency

Project specific, commissioning,
start-up and transfer
management

Mechanical completion (MC) and
commissioning management
Start-up management

Asset transfer and acceptance

Others?
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4. Please suggest some Key performance indicators (KPI) for AIM strategy.

5. Please indicate the best sources for AIM budget adjustment
(scale: 5 = most important; 1 = least important).

5 4 3 2 1

Human resources

Training and competence
development

Consultants

Service providers

Modifications & upgrades

Major maintenance activities

Minor maintenance activities

Operational budget

Research and development

Information technology

New projects & investments

Travel cost

New technology

Others?

6. Please suggest other necessary improvements related to asset integrity
management.
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Appendix 3 - Follow-up survey: guided
interview

Introduction

This work is part of an ongoing research study at the University of Stavanger
(www.uis.no) is funded by the Royal Norwegian Ministry of Education and
Research (Norsk: Kunnskapsdepartementet).

The goal of this study is to have better understanding of how asset integrity
management (AIM) programs in the oil and gas industry are established and
how they can be continually improved.

This survey will particularly develop and propose a model for AIM practice,
focusing on “how it can become better than today”. Therefore it requires to
map and understand the current practices within the oil & gas (O&G)
industry. It will help to identify the factors and potential of each factor and its
influences on managing asset integrity in a manner which is safe and
beneficial.

Methods

We would to gather information from oil and gas firms and relevant service
firms through face-to-face guided interviews.

Contacts

The study is conducted by:
1. Mayang Kusumawardhani, research fellow at the University of
Stavanger. Contact: mayang.kusumawardhani@uis.no, +47 518 32 151/
+47 40455251

2. Tore Markeset, PhD, Professor of Mechanical Engineering
Contact: tore.markeset@uis.no +47 997 06 378

3. Rajesh Kumar, PhD, University of Stavanger
Contact: rajesh.kumar@uis.no
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Definitions

Asset

Integrity

Asset integrity
management
(AIM)

Availability

Maintenance

ORA

A physical item or entity that has potential or actual value to
an organization; i.e., in the current context, an offshore
petroleum production facility.

is associated with the ability of the facility to perform its
required function in a safe, effective and efficient manner;
the ability of the facility to safely contain various
substances related to hydrocarbon production.

Asset integrity management is ‘“the development,
implementation and execution of a coordinated plan
together with managerial control and organizational
activities, to ensure that the physical asset is performing its
intended function in a safe, effective and efficient manner
over its entire lifecycle, in order to achieve the
organizational objectives”.

The ability of an item to be in a state to perform a required
function under given conditions at a given instant of time or
over a given time interval, assuming that the required
external resources are provided.

A combination of all technical, administrative and
managerial actions, during the life cycle of an item,
intended to retain it in, or restore it to, a state in which it can
perform the required function.

Operation readiness and assurance can be defined as “the
development and execution of a coordinated plan together
with managerial control and organizational activities, to
ensure that the physical asset and its supporting
organizations are ready to operate and perform its intended
function in a safe, effective and efficient manner.
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Preliminary information

Place:

Date:

Respondent information

Name:

E-mail:

Position:

Brief job description:

Working in current position
since:

Total working experience:

Can we mention company name in the report
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Section 1: Asset integrity management (AIM) strategy

1. Please describe AIM practices in your organization related to an offshore
asset. Please describe how you develop the AIM strategy or similar
programme.

2. Please describe how you measure the performance of the AIM strategy or
similar strategy.

3. Please share your opinion of the AIM strategy framework below: Is it
applicable to your company?

AIM
environment
scanning
T
Define AIM
strategic areas

v

External: Benchmark,
market analysis,
regulatory analysis,
etc.

Internal: financial,
organisational analysis,
portfolio, etc.

Y
SWOT

KPIs, scorecard

B

Section 2: Asset integrity practices

4. Please describe how you measure the integrity of an offshore asset.

a. What are the most important factors influencing the integrity of your
offshore asset?
What tools and methods are you using?

c.  What are your main concerns?
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5. Please mention some of the key elements with respect to maintaining the
integrity of an asset.

Section 3: Operation readiness and assurance (ORA)

6. Please describe ORA practices in your organization related to an offshore
asset.

7. Please describe how you develop the ORA plan or similar programme
and measure the performance of the programme.

8. Please share your opinion of the ORA work breakdown structure below.
Will it be applicable in your company?

Initiation, iti Execution,

identification Definition cortrol and Transfer
- & planning P

& conception monitoring

Leadership and integration |

intﬁ;?i?; 2 Maintenance, | | Procurement IT and Resenvoir c?r:;if\gée Project specific,
operations || WS || contractor || management||manevement| | and usk || ORI T s
integri Y 9 management P
[ I I I 1
Maintenance Maintenance Automation, Maintenance Spare parts )
and reliability planning gnd monitoring & support management Subjects
scheduling analysis services +
Philosophies & Philosophies & Deliverables
strategies strategies +
Static Rotating Static Rotating | ... ... Sub-deliverables
equipment equipment equipment equipment *
| Corrosion management procedure | Pipeline inspection Activities
service v
Appoint responsible team Contractor prequalification Tasks

v

Supporting information

Draft document

Tender period
Bid evaluation and award

Contract kick-off

Review document

Update & issue document

Section 4: Organization challenges and achievements

9. Please explain the impact of fluctuating oil price on asset integrity and
how your organization would manage the situation.

10. Please share some of your success stories in managing asset integrity.
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