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ABSTRACT

Safety incident provides valuable lessons learoedi$ to avoid
similar situations from recurring. The 2010 BP Mado incident
set high impact in managing asset integrity in miaing risk
exposure. Asset integrity is defined as the abiityan asset to
perform its required function effectively and eiistly whilst
protecting health, safety and the environment. Assegrity
management is a continuous process throughout tbgcp
lifecycle. Few subsea related oil and gas landnes&idents
showcased that asset integrity must be maintaibédeahighest
possible standard at all times. Due to the unicatere of subsea
and high cost involvement, subsea asset integnibylsl be given
high attention from the beginning of a project®diycle. Based
on extensive literature review, critical safety neémts such as
performance standard, risk evaluation and mitigatimmpetency
safety culture are identified. Existing asset intggframworks
are only focused on asset in operation stage aé th no robust
subsea asset integrity framework during projecsph&or further
study existing asset integrity framework model Ww# studied to
develop suitable asset integrity frame for subsesetaduring
project phase.

KEY WORDS: Asst Integrity; Qubsea, Project; Safety; Life
Cycle

1.0 INTRODUCTION

Managing asset integrity is vital for oil and gasmpanies
because it is part and parcel of managing thep@skolio. The
2010 BP Macondo incident set a precedent for mérgnd gas
companies to reevaluate their facility’'s asset gritg in
managing their risk exposure. The downstream basirfeas
focused on asset integrity for a long time butupstream sector
has only recently shifted focus on asset intedj&8j.

Exploring fossil fuel is getting ever more challerg
whereby the search for new sources has expandedntplex
geographical locations. Among all types of field/zelepments,
subsea developments have gained popularity. Expeadior
drilling and completing subsea wells, floating pwotion
platform and pipelines in the Asian region is expdcto
increase by 8% from year 2011 until 2015 [13]. ikltopside
facilities, subsea assets do not provide the sawed bf direct
control of asset condition and only can have vétle Ihuman
interaction and intervention [40]. Subsea develapnis ever
more challenging in deeper water and thereforeechitention
should be given during project execution phase s8alfacility
integrity management plan can be developed dutiegptoject
phase when the designer's input and
construction-led design changes can be obtaineztttirand
easily incorporated [10].

2.0 LITERATURE REVIEW

2.1 Why Asset Integrity?

Every single incident provides valuable lessonsniea for us to
avoid similar situations from recurring. On"2@pril 2010, an
uncontrolled flow of water, oil mud, oil, gas anther materials
rushed out of the drilling riser and drilling pipe a dynamically
positioned drilling vessel at approximately at 58Qf water in

the Northern Gulf of Mexico, the coast of LouisiaMethane gas
from the well under high pressure shot up in thié dolumn,

expanded onto the platform, then ignited and exgodThis
explosion caused the deaths of 11 workers, sevgteigs to

Published by International Society of Ocean, Medtwrand Aerospace Scientists and Engineers

information on



Jour nal of Subsea and Offshore
-Science and Engineering-, Vol.4

December 30, 2015

many others and the release of crude to sea. Hhkeclentinued
for 87 days with spills of 4 million barrels andusad massive
environmental damage [9]. A series of incident stigations

were carried out to determine cause of the incid&nalysis of

the available evidence indicates that when givendapportunity
to save time and money, tradeoffs were made fdaicethings

such as production because it was perceived tleae thre no
downsides associated with the uncertainties [1B§ iportance
of asset integrity was neglected and it causeddthenfall of

Deepwater Horizon.

On 10 August 2011, an oil leak was reported from@arnet
F field resulting from the failure in a subsea flime, 176km east
of Aberdeen [14]. An initial investigation by Healand Safety
Executives revealed that an audit of the safety agament
system for the leaking pipeline was due in 2008 lzeudi not been
carried out before the incident [6]. From the @husvestigation
carried out on the leak, Shell has increased avwareon reducing
hydrocarbon leaks within operations and increasethéndous
focus on asset integrity of subsea asset [42].

The Ekofish Brovo accident that occurred on 22 Ap877
recorded the largest oil spill in the North SeaheTproduction
Christmas tree valve was removed and a Blowoutgmiev was
not installed; the well kicked and an incorrectlystalled
downhole safety valve failed [29]. The failed sgfetlve resulted
in an oil and gas release. The blowout resulted tontinuous
discharge of crude oil through an open pipe 20 mabove the
sea surface with estimated rate of 1170 barrels hpamir,
approximately 202,380 barrels of oil escaped befloeewell was
finally capped 7 days later [23]. The official inguinto the
blowout determined that human error was a majotofawhich
led to the mechanical failure of the safety vah@liding faults in
the installation documentation and equipment idieation and
misjudgments, improper planning and improper wetfitool [29].
Based on the investigation finding, there were @eseof asset
integrity requirement which were neglected and edushe
accident.

These are few examples of oil and gas landmarkdants
happened in the past decades with devastating goesees and
showcased that asset integrity must be maintaibéldeahighest
possible standard at all times. Due to the unicatare of subsea
and its’ remoteness, asset integrity should benghigh attention
from the beginning of a project’s lifecycle.

2.2 Definition

An asset is an entity from which the economic owgaer derive a
benefit in future accounting period by holding @ing the entity
over a period of time [21]. The Institute of Asdé¢anagement
defines asset management as a set of systematicoandinated
activities and practices through which an orgamrabptimally

and sustainably manages its assets and asset systeeir

associated performance, risks and expenditures thar life

cycles for the purpose of achieving its organizatlostrategic
plan [31]. UK Health and Safety Executive (2009)3Krogram

defined asset integrity as the ability of an agseperform its

required function effectively and efficiently whilgprotecting

health, safety and the environment [52]. Subseaduymtion

systems can be defined as range in complexity feosingle

satellite well with a flowline linked to a fixed gform, to several
wells on a template producing to a floating fagilifTypical

subsea production systems consist of wellheadsraes, sealines

and end connections, controls, control lines, shvgkll
structures, templates and manifolds, remote omperatiehicle
(ROV) and completion/workover and production rigeis

2.3 Asset Integrity

Asset integrity can be divided into design integritechnical
integrity and operation integrity as illustratedfigure 1. Design
integrity provides assurance that facilities aresigleed in
accordance to governing standards and meet sgkcifierating
requirements without compromising on safety, adbésyg,
operability and maintainability [5]. Any facilitysset integrity
must evolve from the design phase and the integrapagement
plan is developed with incorporating hardware leasr{7].

Design
integrity

Technical
integrity

Figure 1: Sub groups of asset integrity [17]

Technical integrity is defined as the developmédra design
that is carried out by well trained personnel, wieve been
assessed to be competent in accordance with remmynsound
practices and procedures with adequate provisionefoews and
audits to ensure the design intent is unimpairedny way that
could cause undue risk or harm to people or dantagthe
environment [19]. Asset technical integrity reféssa condition
where the technical state of assets incorporatésretdted
operations and business processes as one proceasue that
there will be no harm done to people, propertyherénvironment
[36].

Operational integrity addresses operating within aaset’s
operating envelope, as defined by technical barriéppropriate
knowledge, required experience, adequate mannomgpetence
manpower and reliable data for decision makingessential to
operate the plant as intended throughout asseytife [5]. Oil
and gas companies have to manage assets withoubedgnts
by managing the governance and integrity of ite&J89].

The objectives of asset integrity are to compligmtall
national requirement, regulatory, company policied standards;
adapted to industry requirement and internatiotahdard and
regulation; stay fit for purpose safe and operaionnder all
circumstances; ensure all assets operate in safieenareliable
within design parameter and efficient in its opieratmode;
ensure all suitable check, process and reviewaoeplo safeguard
the asset ;ensure the asset design, construdll,irgperate and
maintain to a risk level tolerable to the ALARP cept; protect
company reputation; achieve planned production cise and
follow operating and maintenance philosophy [18].
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24 Asset Integrity Management

Most oil and gas companies use asset integrity gemant to
manage asset integrity activities in various stafj@n asset’s
lifecycle. Department of Mines and Petroleum refer asset
integrity as fitness for purpose (FFP) and usedur€ig2 to
illustrate asset integrity management [50]. Theeabfecycle can
be divided into five phases; design, installatioognmissioning,
operation and decommissioning. The asset integtitgtegies,
policies, procedure and scheme are developed Iy stage of
assets when the failure frequencies are decreadhging
operation phase the asset design requires reaalpaaid for the
design life extension additional measure shouldaben place.
After the initial design life, asset failure frequoy will increase.

STANDARD ASSET LIFE

Failure frequency
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Design reappraisal
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Figure 2: Fitness for Purpose graph

Asset lifecycle begins when a project opportunityees the
project funnel process. Careful consideration shdug¢ given
between short term and long term benefits, betwisks and
reward profiles and associated costs when dealitigall stages
of the asset life cycle to ensure the best valuenfoney is
achieved with asset integrity management. Phasegeqgbr
management processes, also known as stage and
management processes (SGMP), is commonly used ¢ronaad
micro projects from early evaluation, to sanctibe project and
close it out [3] . At each project phase, the prbfeam shall meet
the requirements to move the project from currdr@se to next
phase. In general, the SGMP aims to improve thdsidec
making process by helping to manage the level oérainty and
increase the quality of projects [41]. Table 1wehdhe project
phases associated with asset lifecycle.

Table 1: Project phases that associated with hfsstcle

Scholar Proj ect Phases (Based on Sageand gate management pr ocesses)

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

Walkup Jr & Ligon  Feasibility Identify  (broader
[46) Identify development plan)

Definition (detailed  Execution Operation
development plan)

Installation & Closure
Evaluation

Alsayari, Lauritzen,  Concept
& Alqurtas[26] Investigation

Strategic consensus  Strategic
implementation

Adibhatla &
Wattenbarger [4]

Screen candidate  Evaluate in depth Field test on  Commercial
processes uncertainties evaluation

Implementation,
surveillance,
operation

Asset integrity management is a continuous protiessighout

the project lifecycle. On average there are fiveages in an
asset’s lifecycle including identify, evaluate, cept definition,
execute, and operate as illustrated in Figure3videmphasis on
design integrity should be made at the conceptcsefe and
concept definition phases to establish asset ityegtpon

starting the project execute phase, the focushelbn technical
integrity. The process will be continued even afteoject has
been handed over to the operation team in the peltase. In
the operate phase, the asset definitely needs toditained in
order to maintain the integrity of the asset.

CONCEPT
IDENTIFY EVALUATE | EFINITION EXECUTE

Establish Asset Integrity . .

Safeguard Asset Integrity

OPERATE

Design Integrity
Technical Integrity

Figure 3: lllustration of asset integrity duringseslifecycle in
project phases

3.0 CRITICAL SAFETY ELEMENTS

3.1 Performance Standard

In the asset integrity world, performance standsrdefined as a
measurable statement, expressed in qualitative uantiative
terms, of the performance required of a systemm itef
equipment, person or procedure and that is relfmhwas basis
for managing a hazard [51]. The performance stahdar
themselves are compilation of references formingpatinuous
link from design standards employed to achieve sketed
objectives of the barrier to the final audit fulects and document

gatdocation used to assure their proper implementdtidh

Performance Standards are divided into two gro{dgsnitial
application in the design, construction and comimisphase and
(2) ongoing application in the operational phasé&].[1The
specification can be combination national regufatioompany
policies and standard, industry requirement anerivational
standard and regulation. Any deviation from perfance
standard requires stringent evaluation process evitizal impact
assessment. As cost cutting measure engineers rdgractor
always use excuses to deviate from performancedatdn
Therefore any deviation request carefully studied ganels
before accepted for implementation. At each stafeasset
lifecycle, after performance standards are developae
assurance process shall kick in. The verificaticmesne provides
assurance that the suitable safety critical equipnies been
identified and provided that they remain fit forrpase and are
maintained in an operable and reliable conditiomtet defined
performance standard [25]. In some operators, thality
department oversees the assurance process witlofhatpointed
specialist such as coating inspectors, weldingdasps, and HSE
inspectors.
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3.2 Risk Evaluation and Mitigation

Besides maintaining compliance with required stathdanany

companies’ face additional challenges on managsigprofiles

by deploying effective risk management programsgéarisks

with small returns are typically avoided and comsedy,

opportunity with perceived low or manageable risksl large
gains are developed and added to the portfolio. [SHuctured
risk analyses are performed using processes subtlazzsd and
effect management process (HEMP), failure and eff@alysis
(FMEA), bow tie diagram, quantitative risk assessm@RA)

and qualitative risk assessment identifying hazaabsessing
risk, selecting control and recovery measure andpewing the
resultant risk to ALARP [47]. HEMP is one of thdegftive tools

which identify hazard and potential risk, implensrtontrol

measures, and maintains a documented demonstthtorHSE

risk have been reduced to level that is as low eesanably
practicable (ALARP) [37]. Recent study carried olassification

of risk to distinguish decision scenarios into t&gic decision,
operational decision, instantaneous decision andrgency
decision as way to improve decision makers to wtded when
term of “risk” used [48].

3.3 Competency

In the petroleum industry, operators demand rigercafety
standards and risk management to avoid any misttdetsput
their reputation in danger. Therefore skilled worke becomes
crucial in managing risk in oil and gas projectssét integrity
depends on a skilled workforce doing the right ghon a daily
basis. Based on analysis of definition, it conctudthat

competencies are permanent characteristics of pers@mde
manifest when performing a task or doing a jobatesl to the
successful performance of a activity either workobranother
kind, have causal relationship with job performaacel can be
generalized to more than a activity [1]. Each stafeasset
requires competencies which may deal with a pessbehavior
in an office environment like soft skills and atids in business
and technical skills [20]. The industry code andaloregulation
define the minimum competency requirement for pangb who

undertake some critical activities such as cranévedr
professional engineer, welding inspector and so Failing to

comply to the requirements, companies can facewsepenalties.
The competent people can ensure flawless asseedeivith due
diligent asset integrity management.

Competency based development is method deployedamy
companies to evaluate and recognize competencytraimdng
requirement for the employees.
development process involves (1) generating reduijeb
description, (2) building a competency model ws#t of skills
(3) assessing each employee against competency | ntode
identify gaps which competency level do not meet standard
require by the job and (4) generating and execwtimgndividual
development plan the closes the gaps [27]. Besigenizational
capacity to provide adequate resources, it is itapoito provide
sufficient diversity of perspectives to ensure thathnical
integrity problems are identified despite the castl schedule
pressures [22]. Most companies encourages theiloge®p to
undertake regular training which normally refereed'Continued
Professional Development’ to sharpen the skillstmrdeepen
knowledge to keep up to date with emerging tectgpolor
recognized best practices [32].

The competency dbase

3.4 Safety Culture

Leadership is an important factor in achieving safailture in

organizations. According to Blair, Culture is oftdescribed as
“the way we do things around here” or “unwritteresi and

culture arises from shared norms of behavior [42)rporate
culture describes shared values within organizatishich has
strong influence among the member’s attitude, valu@ beliefs
in relation to safety and is now accepted to harang influence
over workplace accidents and injuries [8].Safetytwe that

demonstrated by leaders can be very powerful mésimamo

drive employee’s behavior in performing daily tasksnployee
must feel empowered to do the right despite pressampleting
given task.

Value can be divided as intrinsic and extrinsic. ndiary
value like promotions and bonuses is referred &snsic value;
whereby belief, ethics and environmental conceenragarded as
intrinsic value. A great safety leader is sensitvetrinsic values
and is deeply committed to health and safety [49]eader’s
action will reflect the value he or she believesr Example,
leader must willing to spend resources as necedsargafety
activities despite being tight budgeted, alwaysagigg teams on
safety initiatives despite a tight delivery schedwarticipate in
daily events like toolbox talks and being suppertiof team
intervention that could lead to delays on consionct By
demonstrating the intrinsic value beyond the mawgetalue will
influence the employee safety culture in organarati

The corporate culture of risk taking and cost agttias
highlighted in Mocondo blowout must be avoided [1R]leader
must refer as a safety coach or reference witheat &s they
“walk the talks” and not just provide lip servicerfsafety
including asset integrity. Having well documentedgedures and
specifications alone will not promise delivery afsat integrity.
Competent personnel should be key part of integniycess and
should able use their skills and knowledge to fixali, routine
problems as they arise than wait and hope for systeal with
later.

4.0 ASSET INTEGRITY FRAMEWORK

A framework for asset integrity will be useful fachieving the
goal of ensuring assets meet its full life cyclages or intention.
Subsea asset integrity framework requires the syaie and
continuous monitoring of activities from concepleséion, detail
engineering, procurement, manufacturing, constoacti
installation, commissioning, operation, inspectiorand
maintenance to meet asset integrity objectives. Ultimate aim
of the framework is for asset owner to demonstitaé the assets
are safe and to prove that to various stakeholders.

According to Suyanto, subsea asset integrity manage is
defined as the management of subsea system ortaseasure
that it delivers the design requirements and donebtharm life,
health or the environment throughout the requiriéd [44].
Subsea facilities are unique and require spediehtbn because
the equipment doesn’t have direct and manual adikestopside
equipment. Specific precautions have to be takethatdesign
stage to ensure that the adopted design solutioitis not
compromise the long term safe operation and alsdeielop
monitoring techniques that will allow indirect cations to be
followed up, compensating for the lack of directcess for
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traditional inspection means [40].

Through extensive literature, the safety criticdéngents
safety culture, competency, performance standaid evaluation
and mitigation are discovered as part of asset giitye
framework. As shown in Table 2, it can be concludbdt
existing asset integrity frameworks are only foclsa asset in
operation stage, there is a lack of standardization asset
integrity frameworks, and there is no available sa# asset
integrity framework during project phase. For ferthstudy
existing asset integrity framework model will beudied
intensively to develop suitable asset integritynfeafor subsea
application during project phase.

Table 2: Asset integrity framework by various setns|

Internatio Rahim, Rocher, Si- Wenman Dutta & Refsdal

nal Refsdal, Perrollet, amorntham, & Dim  Madi & Ostby
Associatio & Kenatt & Muir  Chinpongpan, [47) [18] [38]
n of Oil & [36] [40] & Chansakran
Gas [43]
Producers
[24]
Asset phase Operation operation _ Operation _ operation Operation _ operation _ operation
Design X X X b3
People X X X X X
Plants X X X X X
Community X X
Processes X X X
Competence X X X X
Compliance X X
Communication X X X
Collaboration X
Control X X X X
Data collection X X b3

4.1 |ssueson Achieving Asset I ntegrity

Implementing and achieving asset integrity at alages of asset
life cycle can be very challenging. There are pneidantly

visible and invisible parameters that may impededblivery of
asset integrity. Many scholars conducted studiesampiled

lessons learnt about asset integrity mainly durihg asset's
operation lifecycle. Bale & Edwards reported noestisiendly

procedures; poor handling of management of chatagd of

experience, incompetent engineers, human error, rojpegp

training and lack of design review during the dasphase can
challenge the implementation of effective assetegrty

management [19].

Generally in projects, lack of compliance, inconegpét
engineering, communication breakdown, lack of dmlation
within teams are key challenges to asset inte8®}y. Poor data
and knowledge transfer from construction to opergtivarying
quality of risk management, inadequate maintenamck safety
work practice and lack of continuous process impnoent can
impact asset integrity of facilities [34]. In subsefield
applications, Suyanto stressed on new technolodiessher
environments, complex technical issue, high costirispection
and intervention, limited inspection intervals dadger lead time
for repair are impacting the subsea asset integfity].
Developing suitable and efficient subsea asset giitye
frameworks alone will not guarantee effective asseegrity
management implementation to safeguard the asketrésearch
will be focused existing challenges to create &ffit framework
to overcome the challenges.

4.2 Subsea Development and Asset Integrity challenges
Subsea developments in shallow, deep and ultra-de&g have
become a cornerstone when compared to other dewelup
options. According to the DNV GL survey, 52% of pesdents
expect subsea technologies to absorb the stromgesttment in
the coming years [16]. However subsea developntente their
unique nature. The subsea development in deepear wapth
presents increasing challenges in higher developnuast.
Operational costs with subsea installation andrietgion on
subsea wells are increasing at a higher rate thancost the
hardware [45]. Ratio of installation or intervemtiacost of
hardware has increased from 1:1 for shallow wateB:fl for
deeper water. Poor asset integrity management tiresuin
intervention or repair work would tremendously ia&se costs for
an asset throughout its lifecycle. To avoid heagémts during the
operation phase and lower profit margins, the agsedrity
should be managed effectively from the project phds is
believed that the right combination of people, psses and
technology can safeguard asset integrity and maeimi
profitability. Accidents in the oil and gas indysthighlighted
how important it is to have appropriate asset intyg
management in place to prevent them before theyrbeca
reality [28].

5.0 CONCLUSION

The primary aim of a subsea asset management frarkesvto
detail out strategies to manage the risks assdovetb assets in a
very systematic manner with regards to retainirgpagtegrity
throughout its life. Many studies carried out ohasid gas asset
integrity happen during the operation phase aftefept teams
have handed over the asset and for ageing asseisg & life
extension program. Very little emphasis and studiese carried
out about asset integrity during the project staggusive of
concept design, detailed engineering, manufactuimgallation
and pre-commissioning stages.

Asset integrity only focused on operating assetsoisideal
and should be revisited for system effectivenesm fthe start of
an asset's life cycle. Therefore, the existing tsséegrity
management framework and its implementation needbeo
analyzed to establish an asset integrity framewforksubsea
assets during the project phase. The objectivetheffurther
research are to determine how project organizateams assure
subsea asset integrity at the project phase, tdifd@bstacles of
implementing subsea asset integrity during propdwise and to
develop asset integrity framework for subsea adgeng project
phase

Current operation phase asset integrity implemiemaioses
many challenges as reported in Table3 are requfsitethe
development of subsea asset integrity frameworlnduproject
phase. Asset integrity assurance processes wilintemsively
focused on concept selection, pre-FEED, FEED, ldetalesign,
manufacturing, installation and commissioning atés. The
obstacles that can influence the successful impiéatien of
subsea asset integrity will be studied. Based enailitcome of
obstacles, the weakness and best practices of iagsgtity will
be evaluated for subsea asset integrity stratebg. idientified
strategy will be integrated to develop a subseataisgegrity
framework for project phase. Robust and rigorousssea asset
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integrity framework will safeguard subsea asset @movide
assurance that subsea asset to perform its reqfumction
effectively and efficiently whilst protecting healtsafety and the
environment.
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