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Summary

This Thesis has focused on Visualization and Simandafiechnology in oil and gas industry.

It contains the common usages and the implementation process of this new advance
technology. 3D Visualization Technology has just been introduced since last decades in
Exploration & Production of oilfield developmentker Solutions has introduced the new
innovation technology product solutions, which is 3D simulator software for training,
planning and testing purposes in relation to operational projects within their business areas.
Aker MH AS, Drilling technologies deartment, Stavanger, has opened the master thesis topic
of product management, which the author had this opportunity to write academic report about
this product services. The first intention of this thesis topic are to find out where Aker
Solutions stand@ the industrial for simulation services and how this product is positioned
going forward. However, to adapt this thesis into industrial assets management discipline the
objectives included the usage benefits and mapping future solutions of the prouohigtfona

the topside operationabf Oilfield development particularly at offshore platforms. The
structure of Thesis consists of the technology status reviews, an analysis and evaluation of
product usages, the benefits of the product and future solubomsl fand gas industry. The

work process of the product is called Visioneetinghich is a combination of visualization
technology and engineering proce3fie concept of this technology work process is to
provide the simulation services for operatiomfpenance improvement by reducing risk in

the operation, ensuring process reliability and lowering offshore operation costs and
downtime. This thesis also illustrates the basic of oilfield operational process of drilling,
maintenance, modification, subsaad installation of Aker Solutions for better understanding

of the product usage.
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1. Introduction

In this chapter, the background of the thesdeiscribechasthet o sur e o f mastere aut h

degree in Offshore Tedblogyi Industrial Assets Management under the discipline of
engineering, operations and management of production systems, processes and assets. The
aim of thesis study is to explore new innovat@ehnologysolutionsby describe the

processes and benefits of tteghnology foithevalue creation in the Oil and Gas industry.
1.1Thesis background

Today, upstream exploration and production in oil and gas industry are developing under the
condition of efficient economics and risk factors. To achieve this conditidapoohtion and
reattime integration must include inllghases of the dield lifecycle, which starts at the
designing stage and continues along planning, construamtidgproducing until the end stage

of scraping.

Visualization and 3D simulator techiglies are new and innovative systemsHgploration

and Production of oilfield project lifecycl@he cost of operation in drilling rigs is very high
due to timeconsuming operation with several possible HSE Challenges. Drilling companies
try to avoidthe high expense obperation and the solution is to execute the operation in
virtual reality process tadentify the possibleproblems that might happen in real situation and

to reduce risk of unexpected outcomes for example, waves crashing, heavy mabkimbry,
spots and equipment failur@®ne aspect ofisk reduction is making correct decisions under
time constaint and pressure conditions. In actual situatiois, itnable taalwaysprovide the
desired specialist or transport experts on site every teeesidn is neededlhis is major
problem that would insult in increased project risk and ca$is.typical solutiorwould be to

not bring the experts to the risk, but on the other hand bring risk to them. Other critical
challenges of oil and gas industaye decreasing recovery cost of drilling, operation and
technology, and in the same time maximize productier solutions has launched the
product of 3D simulator software technology for training, planning and testing purposes in
relation to drillingoperationin the projects. This technology process is called Visione®ring

a combination of visualizatioiechnology and engineering. The 3D simulators have been used
in process of planning, organization and project execution for testing, training any quali
assurance in every step of the operation. The main goal is to reduce tiekojperation,

ensure reliability and importantly lower offshore operation costs and downtime.
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1.2 ThesisPurposes and Objectives

The First objectivas to compile the informtion of process, practical knowledge, previous
results and advancetechnology in earlydevelopmentstage of the selected product
managemenfrom Aker Solutions andrrange these resources ictmmmon configuration as
academic reporiThis new product haldeen developed for few years and still is developing to

creak more values for the industrial service.

The Seconabbjective of this thesis is to identify thusage areasf Visualization techalogy

and 3D Simulatoiin oilfield project lifecycle The purpse of this objective is to explore
common usageof visualization techology and illustrate theareasusage of this new
technology thatAker Solutions has already been used currently in the oil and gas operation
processes in drilling rigs operation, subsgeeration andmaintenancemodificatiors and

operatiors.

The Third objective is to define the benefits of Visualization technologyoih and gas
activities. There are many benefits of applying this technology into oil and gas activities and
the purposeas to explore the advantages of using this technology to the project lifecycle
managemerirom the conceptual phase to decommissioning phase.

The Fourth objective is to map the future solutions and make recommendation on
Visualization Technologydr future oil and gas industry

1.3 ThesisScope

The Thesis focuses on the technologwddualization and3D simulator of Aker Solutions
mainly in Drilling Technologies and Maintenance, Modification and Operabiosiness
areas.The product has been developadearly stage and currently is being carried on to the
next stageThe technology process behind the simulators is called Vision8rnivigich is a
combination of visualization technology and engineering work proddss.thesis mainly
reviews the brief mbodology of visualization technology in oil and gas industry and
explores the new technologyowever, these products are being developed and explored for
optimization of simulation services.The common configuration was arranged by the
knowledge of thistechnology usage and product management under the discipline of
engineering and management of process and production sySemently, in Norway,

Visioneerin§ and iPort Centrehave implemented in three usage areas of Drilling



Technologies, MMO and Subsednich drilling and MMO simulation facilities are based in
Stavanger and Subsea simulation facilities is based in Oslo.

1.4 Thesis Methodology

The research methodology is based on literature reviews, data and information analysis and
evaluation of projecexecution case study. Scientific literature reviews came from research
under University of Stavanger library databases that used a range of information sources for
example, digital journals, SPE (Society of Petroleum Engineers) papers, academic and
commecial abstracts and Internet search engingse data analysis method is used to
evaluate the implemented project study from the actual company againacatemic
knowledge from the author and knowledge froesearching data to explore thwsage
benefitsand opportunities of theroduct servicedMTO (Man, Technology and Organization)
analysis is the other maimethod that useto analyze workerskills, interfaces between
humanmachine and collaboration within an organization in term of decision makithg an

work management.
1.5 Thesis Limitation

Aker Solutions has involved in many contracts and projects in the past and at the present, the
thesis delimitation is based on existipgjects that Aker Solutions had implemented this
technologyinto work process for planning, training and executing of the project performance
optimization. Since the author has aimed on the defining usage areas and benefits of this
technology within the industriadssets management discipline, thereftwee drchitecture of
simulators software will be not revealed. Also the principle of operational processes in
exploration and production are showed in basic understanding of how the technology has
helped the organizatiaiw improveoperation process in term of reducing risk aptmizing

the performanceAker Solutions is a worldwideompany that has training facility in different
locations in almost every continent around the world. The limitation of accessing to the data
information and experience the actual product is onlymield in Stavanger simulation
facilities (iPort). Therefore, the evaluations of product and project execution are analyzed in
two usage areas of Drilling operation and MMO.

The Thesis delimitation is also based on requirements and regulation of Uwiwarsit
Stavanger, which is subjected as 30 ECTS Master Thesis Offshore Technology. The thesis has

to be handed in before ©®f June 2014, which lengthf preparation was about fomonths.
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1.6 Structure of the Thesis

There are 10 Chapters in this Tisestructurewhich are divided into fouparts.
Part 1 Introduction and Status Reviews

This part consists of chapter 1 and 2, which give a brief introduction of the Thesis objectives,
purposes, and the methods used and also review the technology &aodtiappbroducts in

the past and at the present of the real world industrial market.
Part 2 Analysis and Evaluation of Industrial Product Usages

This part consists of chapter 3, 4, 5 and 6. The industrial product of Visualization Technology
is reviewed ad analyzed by author knowledge within Industrial Assets Management. Aker
Solutions is the industrial company that the author has chosen to be case Iséugsevious

and ongoing company projedtsat had been executed with this implemented technology are

being analyzed and evaluated
Part 3 Benefits of the Product and Future Solutions

This part consists of chapter 7 andT8is structure part illustrates the product implemented
outcome and the opportunity to expand these benefit results to be the dlitions for other

operation in oilfield developmenthe benefits are defined by the previous implemented real
industrial project study. The future solutions established based on the evaluations of case

study and benefits of the product.
Part 4 Discussion and Conclusion

This part consists of chapter 9 and 10. This part is the conclusion of the thesis that discusses
about the analysis of further improvement of the product from the study and concludes all the

results of evaluation and analysis of all apters from previous parts.



2. StatusReviews

2.1 Literature Reviews

Literature reviews show the evolution wsualization technology ovehe past decades. The
reviews haveindicatel the development and purpose of usage application in oil and gas
industry anl alsohaveshown challenges of the technology interface

2.11 Visualization Technology Overview

Computer graphics havplayed an important part in most of oil and gas Exploration &
Production industry sincd980s (Slatt et al., 1996 Furthermore, this technology has
continuously developed since then until the presstart with two dimensions (2D) slices
represented oil reservoirs to thrdanensions (3D) modeling and simulatifbopkin and
James, 2006 In the past, there were many challenges in obtaining a large amount of data
being used in Exploration & Production of oil and gas processesever, at the present
technologicaldevelopmentcould solve those challenges of largmaant of Dah The
industry has developed the computer graphics of workstations which now it has presented in
3D mode$ as next generation of graphics computers with remote sensors and real time
analysis to increase their business performance and pradegionization. Visualization of
seismic data was first introduced to the oil gad industry in the early 1990s and continues
developed until today, whiclvere presented in the large scréEigure 1). Nowadays, large
screen visualization comes closediplicating the human perception system that can observe
at about a 160e field of (Gersenv2008showing 8 to

Figure 2.1 Visualization 3D Volume SeismiOGl, 1999.



This technology also dald virtual reality centers (VRCspoms with feature such as 3D and
stereoscopic images, becomes very heélpfuE&P operations and in oil facilities projects
(Petrobras, 1999These VRG give specialistand experts the ability tmmprehensiveland
quickly interpret he large volumes of data amsignificantly reduce cycle time in prospect
generation The processes in VRCincorporate amount of real time increased dynamic data
into operation models andigh-resolutionreservoir models by high performance computerize

systems.

2.1.2Development of Visualization Technology System

The advances in graphics and hardware simulation technology have significantly developed
recently therefore, the cost of computgystems that operate visualization systems has
reduced from the past. There are also more visualization software and more variety of
modeling programs available in the market that offer better quality and capability of these
varies programs range frommmon animations through advance 3i2stacles

The development of visualization has affected the costs of system to be minimized. The
models and the environment were captured in real to create detailed component design,
operating procedures, field simulgtdive visualization, field databases and accessibility
studies(Calum MacKinnon, 2003 The use of those systems produced can optimize the
required training and provide an integrated solution in concept of execute right from the start
of a field development project where the systems just form themateon database for the
project field. This system development is used during the FEED stage of the project to
visualize the layout of field development and improve the design of equipment and
component. Moreover, the system is used during the engineghiagefor accessibility
checks and development iofstallation method development in the procedures. Training and
safety assessment procedure can be done before execute in real at offshore by using the
visualization system to improve the safety perforneaacd efficiency of the operations and

maintenance

2.1.3Challenges of VisualizationTechnology
There were many challenges in applying Visualization Technology to E&P in oil and gas
industry during the past decades. The followihgllenges are the maiadtorsthat had the

effects orthe early development stage of Visualization Technology.



a. Human Perceptions and Expectation

There are many levels of expectations in virtualization computer graphics in reality for
instances, the quality levels of virtual ligahave to be as similar as realisiccording to

Johrs (2000) the main realism factors are scene realism, consistency of virtual environment
data with real world experience and meaningfulness of experidoeever, those challenges

in realism of virtual reality world have to deal with different levels otpption of the users

when they experience fromirtual workstation and then gout to the real workstation.
Human perceptions are different éepls on background and knowledge experience of each
user and specialist. Therefore, visualization has to createetaod that everyone can
understand and be able to interact and represent the information according to their experiences

and responsibilityoles

b. Visualization Information Data

Oil and gas applications always deal witlamye amount of informatiodaa that are complex

and difficult to interpret in prduction life cycle of E& (Johnson, 1999 This challenge
always occurs when geoscientists use the data to interpret and visualize for the consistent
model of sibsurface and also when engineers plan and implement the methods for drilling
process improvement and simulation process of virtual world before the real world facility
exists. The difficult task will be visualizinghe data from both areas in the real &im
constraints. However, interpreting a reservoir model does not need to visualize the entire
model and not all engineering processes are needed to visualize in real time condition. Most
of the E&P applications do not require specific real time constréiusso et al., 2004only

some applications that require follow up and correction in-eespr horizontal well, subsea
equipment installation, simulation of offshore structure and emergency scenarios application.
To be able to re#cthis challenge, the visualization systems are needed to reflect the state of
field development (early exploration, exploration & drilling appraisal and production) that

contain complex data and information

c. User Collaboration

In oil and gas exploratio& production process, it is important to have well communication
between group of users who are involved in different stages of field development and also the
authority of decisiormaking (West and Hubbold, 2001In the virtual environment, all the
users fom different fields are needed ¢ollaboratebetween each of them especially in real

time process. The background knowledge, experience and skills of users are typical different



Therefore, the visualization system has to create a standard method tlyaussmercan
understand without any background and be able to share information and experience during
work task.

2.20il and GasExploration & Production Visualization Applications

Exploration and Production of oil & gas comprise of workflows withepie processes and
related disciplines of Geophysics, Geology, Reservoir, Production Engineering, Economic
and Business Administration throughout the E&P life cycle of exploration, appraisal,
development and productigfousa, 2012 To main goals of E&P today are to improve
exploration success and to increase recovery from new and existing Ussds advance
operating systems. The challenge is a lack of ability to visual, touch andhfeelsbsurface
reservoirs and recovery process. Moreover, in the case of deep offshore E&P field
development project, there is specially challenging and complex in terms of financial
investment, interface management, work process packages and aggressiNe® schedule

or project lifecycle phaséCain and Deliac, 20). Therefore, the visualization applications
were developed for the ability to visualirteevery E&P sequence activities started from 3D
geomodelling and seismic interpretation, installation of the production facilities offshore
platform and transportian of crude oil and rich gas.

Figure 2.2 E&P Sequence of ActivitiegRusso et al., 2004
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The figure 2 shows the typical E&P sequence of activities, start from 1) reservoir, 2)
production offshore platform, 3) transportation ships and 4) pipelines and production
facilities. Visualization technology could be applied in every sequence of E&P activities by
using 3D geomodelling and seismic interpretation to idemtifgracteristic breservoir and
building the3D model of offshorefacilities based on the actual platform wghmulation
applications software of production process activities. Transportation and pipeline network

can be simulated through the visualization application

2.2.1 Geosciences Application

Geosciences activities were the first ones of oil and gas industry that apply 3D visualization
technology. The objective of applying this technology is to elaborate the subsurface model

that represents the best reservairstifie exploration process.

3D Seismic Interpretation

The consumption of drilling wells for crude oil is depended on the decision to drill that should
be taken in concerned way based on the information and knowledge of the geologic
conditions of the areaf both surface and subsurfa@D visualization applications have
shown the benefit usage through improvement of accuracy, completeness and efficiency of
interpretation and reservoir modelifigamel et al., 2001 3D seismic has selected to be the
method of drilling spots by displayed the subsurface ultrasonographigh generates
seismic logs that provide approximate image of subsurf&ecently, 3D seismic
interpretation has developed from traditional seismic interpretation 2D interpretation slices to
3D volumetric interpretation. Visualization technology hasnbéeveloped as a tool to
understand and characterize surface and subsurface phenomena by constructing visual images
out of numerical data in thre#imensions. Visualization also helps geoscientist to analyze
large quantities of data faster and adjust thacdy and color of the seismic volume in three
dimensions for isolation alata attributes like porosity, phase or velocity which may predict
the presence of hydrocarbons by rendering data transparent. Moreover, by this visualization
technology geologistare able to do modeling scenarios on a 3D map to explore the possible

outcomes and results wvarious activities.



ADVANCED 3D VISUALIZATION

Figure 2.3 Advanced 3D visualization of seismic (rightand traditional 2D seismic image
(left) (Exploration, 2013.

2.22 Drilling Application

E&P industry has leveraged new visualization technology to reducing lifting and finding costs
by developing the use of data visualiaa and real time monitoring. Drilling operations are

the one of sector that involve with npnoductive time caused by mechanical failures,
weather, and logistical problem@urdy, 201). The visualization applications enable
geoscientists and engineers to generate more comprehensive field data and geologic model for

drilling operation and well completion.

The practical example of drilling application that helps planning available datajlkunces

reat i me data and captures knowl edgaenew anfl or mat
innovative system for redaime drilling simulation, 3D visualization and control from a
remote drilling expert centgfRommetveit et al., 2008 The drilling data of surface and
downhole are presented in real time to monitor and optimize the process. Drilling sinaulator i
integrated in the system to automate different drilling processes dynamically for evaluation,
quality check and corrections and diagnosis of drilling conditions. The application creates
virtual Welbore with visualization of the downhole process to enabl@boration of all
drilling activities in real environmenilhe typical drilling well platform is located offshore
somewhere around 28D0 Km from the onshore drilling center support. There are many
revolutionized communication between onshore andhofts for example, Closed Circuit
Television (CCTV), remote control support, Video conferencing and wireless video and audio
communicationHerbert et al., 2008 The application supports the real time decision making

by createvirtual mirror process thasimulated throghout the drilling processes, which give
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the important information of temperature condition, friction status along the drillstring and
wellbore, cutting transport conditions and pre pressure a head of driMldieover, the
application system also estebl 3D visualization of Well to enables the operator to get true

overview of well that displayed in 3D graphic together with relevant real time information.

Figure 2.4 eDrilling Virtual Well.

(http://www.edrilingsolutions.com/index.cfm?id=2252)73

2.2.3 Subsea InstallationApplication

There are many working challenges in the subsea environment for instance; subsea operations
have to be done below sea surface by divers
performing task in this remote condition, the operators at onshore have to establish an image
of the subsea worksite by using CAD drawings and sketches under limited visual information
available from the real time survey display. This is traditionally tweat the operators have

been done in the past decades where the subsea worksite is only based on the 2 dimensional
perception of each operator. However, in complex subsea operations in deep water, 3
dimensional visualizatiosystemshas been developed tweate subsea worksite by virtual

model of the real subsea environment and also input real time data to present in animations
for fully operational subsea worksite. This 3D system will let each operator share same

perception of subsea environmé@alum MacKinnon, 2003

Subsea 3D modeling is a desitpol to develop the complex equipment and component used
in subsea operation such as(Gamalewick, 2006 Bhe ROV O
models could be simulated to establish a procedure that can demonstrate and verify in the
operations in subsea environment. For example, ROV simulator is oneagpheationghat

will create realistic virtual subsea world for the engineers and controllers to be trained and
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familiarized in the operations before they do the real task at offshrthe virtualization

system, the real time inputs can provide enhanced spatial awareness as well as safety and
efficiency performance in the subsea worksite. Moreaver entirerelative positions of the

ROV systems, crane hook and subsea structaede monitored in real time which could
improve subsea navigation in low visibility conditions and also reduce operational risks like
entanglementSubsea visualization system is usually used from conceptual phase though to
decommissioning phase, it alé@as provided a cost benefit in area of engineering design,

marketing and some patrticular applicationsiimand gas industry.

06:55:000
nary, Arc windh panys out 1725m.

Figure 2.5 Typical Riser Installation Operations in Virtual Simulation (Calum
MacKinnon, 2003.

2.2.4 Offshore Facilities Acivity

Nowadays, offshore assets for example structures, pipelines, subsea facilities and FPSOs are
modelled using computer graphic software to visualizing and performing both static and
dynamics simulations of these structures, modifying maintenance morkforing pipelines

and dealing with emergency scenarios.

Of fshore processing plants are the worl doés
many upgrade, maintenance and modification projects involve so many workers who must be
well trained, specially in safety operations for example, handling fires, high pressure
leakage, toxic chemicals and other emergency incidgidasry Daglas, 2012 Conducting

training exercise at actual offshore site using actual equipment that might be on high risk of
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damage is a challenge activity especially the operators who are new and unfamilidrewith t
equipment and site. Therefore, the visualization and simulator are useds#e oféining
exercise for realistic practice before the real activity is taken place. The use of 3D simulation
is designed to help user to have better execution plan anddanes by simulate the proper
training under the safety requirement on 3D environment. The offshore structure models are
created from a combination of plant drawings, CAD geometry and laser scanning of the
facilities. The 3D digital models are also congpd of the usage function of equipment such

as cranes and movement of cranes interacted with human operators surrounding by the virtual
environment. Then the operators are able to adjust themselves to the real operation under

simulated environment when thare using equipment at offshore plant in practice.

I n traditional ways, the planning depended
the tasks. 2D drawings were used together with inaccurate historical data which many time
led to miscommunicatits and delays during the project executions. However, 3D simulation
systems have introduced to solve this tradition ways by using the simulation technique to
improve the procedures and planning scheduled. The different of maintenance and operations
scenams could be performed without having operators on the actual plant. Operators can
experience the layout of offshore plant, pipeline, equipment, walking paths and evacuation

routes by simulation program.

Figure 2.6 The simulation of virtual walkthroughs of facilities in offshore oil platform.

(http:/lwww.pipelineandgasjournal.com/virtuedality-3d-training-pipeline
employees?page=show)
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2.3Visualization Products in the Market

There are many Industries that halkeen using Visualization technology for training,
performance improvement, reducing risk and many other benefits. Aerospace, transport,
Architecture & Design, Education & training, health & medical and other more nowadays
have applied 3D Visualization alpgation. Visualization helps design team and engineers
share a comprehensive understanding of complex processes, data and mechanisms.
Visualization simulator helps reduce risk, costs and time for discovery research methods. In
the past, the industries thapply this technology are high risk enterprises which required
many hours of personnel training and safety procedure method. However, due to the rapidly
development of computer graphic which not only become cheaper but also have more
efficient on visualzing the real image and environment context, many industries have future

plan to implement this Visualization simulator into their processes.

2.3.1 Christie Digital Systems3D Visualization Applications

Christie is a global visual technologies company that ®ff¢ternative solutions for business,
entertainment and industry. The main products of Christie are high resolution projection
display and 3D advance visualization simulation. The 3D virtual reality applications and
computer modelling for markets that Gitie provides are Aerospacd)esign and
architecture Education and trainingenergy,Government and infrastructyr&useums and
entertainmentSciences and biotechnolagWith the 3D display solutions that have the power
and flexibility to produce imagesf any size or resolution for the selection options of
customized or standard, Christie become the leader in market of visualization technology. The
advance technology that Christie first introduced is the Christie Mirag¢éhéKirst and only

4K (3840 x2160 pixels)DLP® (Digital Light Processingprojector at 120Hz performance
(Christie, 2014 This is a new revolution high resolution display of image processors with
increase frameate capabilities for new levels of visualization functionalitf Christie®
CAVEE, Cave Automatic Virtual Environment solutipis a visualization room that allow all

area of users to share experiences, discovery and decision r(@kirgiie, 201
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Figure 2.7 Christie CAVE ™ (Christie, 2014.

2.3.2 Vortexby CM labs Simulations

CM Labs Simulations Lnc. Has developed Vortex simulation platform software. Vortex
software provides simulation capabilities for five different industrials, construction, defense,
energy & offshore, ports and robotics. Vortex isat@p of setting industry standard for
interactive 3D dynamics and simulated equipment behdviortex, 2014. In Energy and
Offshore products, Vortex allows the industry to test, plan, and train operations with
interactive, reatime simulations and visualizations. There are four type adywsts provided,
Scalable Vortex Platforms, Offshore Equipment Training Modules, Team Training Station

and Software for Simulation Engineers.
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Table 1 Vortex by CM labs Simulationsproducts and services

Scalable Vortex Platforms

Vortex simulator platforms provide
training equipment operators as in tf
pictures. The immersive scenarios a
created for multiple worksite
challenges to improve skills and
preparation of user.

Offshore Equipment Training
Module

There are fourpplications in offshore &
equipment training that Vortex has
provided. Top left: Knuckle Boom
pipe Handler Simulator. Top right:
Luffing Boom Crane Simulator.
Bottom left ROV simulator. Bottom
right: Knuckle Boom Crane
Simulator. All training scenarios
prepae operators for extreme
operational challenges.

Team Training Station

Vortex teambased skill development
training allows work crews to
collaborate and communicate to get
the task done safely and efficiently.

Software for Simulation Engineeas

Vortex users have the tools, libraries
and powerful features they need to
develop and integrate retne, high
fidelity simulations

(Informationand imagegrom Vortex by CM Labs website: http://www-tabs.com/energy
offshore/products/all)
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http://www.cm-labs.com/market/energy-offshore/products/luffing-boom-crane-simulator
http://www.cm-labs.com/market/energy-offshore/products/knuckle-boom-pipe-handler-simulator
http://www.cm-labs.com/market/energy-offshore/products/remotely-operated-vehicle-rov-simulator
http://www.cm-labs.com/market/energy-offshore/products/knuckle-boom-crane-simulator
http://www.cm-labs.com/market/energy-offshore/products/vortex-dynamics-software
http://www.cm-labs.com/market/energy-offshore/products/vortex-dynamics-for-cable-systems

3. Industrial Case Overview

In this chapter, Aker Solutions, the company that this thesis is written about, is introduced.
The company overview, main business areas and the innovative technologies are also
reviewed. The present facts and technologies redeimethis chaptercome from the
company websitéAkerSolutions, 2014e

3.1 Aker Solutions Company Overview

Aker Solutions is a global provider of products, systems and services to the oil and gas
industrybuilt on morethan 170 years of industrial tradition. There are approximately 28,000
employees working for Aker Solutions more than 30 countries on all continents in the world.
In year 2012, Aker Solutions reported an EBA of 4.7 billion NOK. Technical capabilities
together with engineering, technologies and services range from field development,
Development, Production and field life cycle services Figaker Solutionshas their own

vision of being the third partner for solutions in the oil and gas industry thiiigg on six

values, whichare HSE mindset, people and teams, open and direct dialog,-dwands

management, and delivery quality res@f&erSolutions, 2014f

1. Geology and geophvsics

2. Deepwater drilling

3. Drilling risers

4. Surface trees

5. Subsea systems

6. Umbilicals and flowlines

7. Hvdrate inhibition

8. Mooring equipment

9. Processing technology
10.Asset integrity management
11 Deepwater well intervention

12 .Offshoreloading systems

Figure 3.1 Aker Solution production and field life cycle servicegAkerSolutions, 2014
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3.2 Aker Solutions Business Areas

Aker Solutions has provided globally products, systems and services to the oil and gas
industry through the life of a field as describe in figure below. There are six business areas of

products and services that currently had been proyilesrSolutions, 2014e
1. Drilling Technologies

Aker Solutions provides digeries of drilling equipment, systems and lifecycle services for
application in offshore and onshore drilling units. There are two sub busiresss which

are Drilling equipment and Drilling lifecycle services.

1 Drilling equipmenti Aker Solutions promes drilling rig packages and individual high
performance equipment to many drilling service companies.poh#olio contains the full

range of topside drilling equipment and systems.

1 Drilling lifecycle services Aker Solutions provides support of gldkdilling lifecycle
service for customer worldwide. Services include spare parts, technical support,

modification and professional rig training.
2. Engineering

Aker Solutions worldwide Engineering provides full field development understanding from
concept slection to completiorand coves all key productand technologes. They also
provide services as a freahd engineering and design (FEED) provider and have strong
track record from engineering and procurement (ERJiveries and engineering,

procuremenand construction management assistance (EPcma) deliveries.
3. Maintenance, Modifications and Operations

Aker Solutions is significatly involved in increased oitecovery,tie ins, and other
modification activities for example life extension of existing fisd and facilities. Aker
Solutions has been involved in design and construction of more than 85% of all platforms on
Norwegian continentalshelf. Together with maintenance, modification projects with
development of technologies and engineering specialigshge Aker Solutions provides
efficiency solutions for Oil Company on effort of reducing price on operating cost and

extent life of existing fields.
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4. Subsea technologies and services

Aker Solutions provides comprehensive subsea products and operationsrdase
production, enhance feasibility and extend the boundaries of oil and gas redskery.
Solutions has 50 years of subsea design, manufacturing and installation experiences and also
experience with innovative concept to produce cutddge desigrand services.Subsea

technologies are the key to solving oil and gas challenges.
5. Subsurface and well services

Aker Solutions provides a wide range of subsurface and well services, including reservoir
evaluation, access to subsea wells with interventessels and downhole well intervention

services
6. Wellstream processing

Aker Solutions supplies process equipment for the treatment of oil, gas, produced water and

solids for the upstream oil and gas industry, offshore as well as onshore.

3.3Visualization and 3D Simulation Products

Aker Solutions drilling technologies businesses have provided lifecyclecasrior all

drilling equipment and systems, from top drives and drawworks to drilling riser and mud
mixing systems. The services served customers irs laubund the world. The hubs are
equipped with Aker Solutions drilling simulations, which offer onshore training opportunities

to customers. This simulator technology based in Stavanger, Norway provides customers and
clients with new opportunities for rigptimization through Aker Solutions performance
technology center. Products and services \dstoneering simulatorsEquipment training
simulators Single equipment simulatqrsWell simulators Full operations simulators

Simulator operations and suppdrilling optimization
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3.3.1 Visioneerin§

Visioneering defines as a work process that combines visualization technology, engeering and
installation. The conceps to help understand realigcross the collaboration between all
parties involved in tb production activitghrough the simulation technology virtual world.
Visioneering principle combines visualization and engineering in new work method by
involved 3D simulators in process of planning, organization and project execution for testing,
training and quality assurance. If products and services are\mtdeibe equal, then it is not
about the method of what to do but it is about how to do it. This principle focuses on the
context of how to execute content of products and services. Fopkxamoperation activity

of oil and gas the content of engineering would be Rig specification, Physical construction
and processes. The context of visioneering principle would be how to maximize equipment,

performance and maximize process performance.

This principle also states that perception is realtyman perceptions of any object or the

way they understand the process are not the same. For example, lets person A and person B
describe what is the color of apple would be, person A who grow up ard¢hethat there are

mostly red apple might say the color is red. However, person B who always eats only green
apple might say the color is green. Therefore, both of them might talk about same object but
totally different apparent depends on perceptidns example often occurs in work process

in every indusy when there are misunderstandings in work process between work
departments because of different perception. Visionneering technology allows people to share
their perception in their mind by designdamanage solutions throlighe knowledge of 3D

simulator

XatrixE i s a 3D engine based on advanced gaming
large quantites of data at once, portraying these as highly detailed 3D scenarios and
landscapes. Themre five features of these software simulatmsording to iPort Magazine

that Aker Solutions has publish@aulsen, 2010

1) XfactorDES (Drilling Equipment Simulator) generates identical 3D models of rigs,
including their control systems. Themslations are saccurate and they can be used to
test the actual equipment, train offshore crews, and plan entire projects while remaining
onshore. The PDES (Portable DES) is in a transportable container so it can be moved to

different locations withouhaving to be reassembled.
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2)

3)

4)

5)

XfactorDPV (Drilling Process Viewer) receives signals from the many sensors on and
around the drilling equipment, which are converted into detailed images of drilling
operation. This provides a clear picture of the health,rpssgand risk factors in the well,

which would be portrayed as graphs and numbers.

XfactorMOS (Marine Operation Simulator) has identical control systems and physics to
those of the ROVs (Remote Operation Vehicles) used for subsea operations, asawell as
collision detection system including the data regarding subsea constructions and their
surrounding environment. It also can be used for virtual subsea constructiorupseck

and maintenance, as well as subsea operation planning.

XfactorLOS (Lifting Operaton Simulator) has identical control systems to the simulated
crans space management technology, and collision detection. It can be used for pre
testing, planning, or to demonstrate lifting operations before there will be implemented

with real cranes.

XfactorRTM (Real Time Monitor) has identical gathering information from offshore
platforms and forward it to their simulated versions.
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3.3.2 The iPort Centre

The iPort is an integrated operations center for offshore industry. It provides 3Dtemsula

and other visualization technology in process of dgllimodification of topside, ssba and

down-hole operations. The iPort Centre have five main areas, which equipped with different

simulator setups. This simulators show virtual images of exisfifshore constructions and

real surrounding environments. Each virtual simulation copied and recreated a virtual asset of

offshore together with the environment in virtual versions for real operation and installations

for testing and training staff.hereare five areas of iPort simulatomshich are domeshape

training simulator, two Visioneering suite, A Mission Control Room, and an ORige
Support roon{Paulsen, 2010

1)

2)

3)

4)

The dome simulator is the biggest simulator in the iPors.rainly be used for training

of offshore personnel.

Two Visioneering Suites can be used for setting up planning, engineering and pre
commissioning to check the compatibility between pieces of machinery and to check the
compatibility between existing software equient and new software equipment to be
installed.

Mission Control Room provides clients to bring their own crews and to have access to
simulators to visualize drill floor activity (XfactorDES) and drilling process
(XfactorDPV) from their own rigs. Other ages can be muldiscipline operational

training, well construction and drilling management.

The Online Rig Support room contaipersonnel who provide 24 hours support for
example troubleshooting and general support for-tdajay operations. The suppor
personnel will have access to all rig documentation disasea simulator. The purpose i

to improve the communication between onshore and offshore personnel, facilitating rig

operation and repair without having to send personnel to offshore.
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4. Analysis of Product UsageAreas

Aker Solutions has applied the concept of visualization solutions into its business areas which
covering the entire upstream value chain. This concept focuses on the ability to visualize a
specific problem ahead of time and findt the way to solve the problem before it actually
occurs. This visualization concept also provides the world class competitive advantages of
innovative engineering, technologies, products and solutions in planning, fabrication and
execution of capital pjects for example, installation and removal platform, subsea system,
and advanced drilling equipment. Not just provide the solutions but this concept also provides
lifecycle operations, service and maintenance for offshore actithi@sontain high rik and

costs. The Visioneering and iPort facility, located in Stavanger, Norway, have been used for
training, planning and testing in drillinggchnologies, andnaintenance, modifications and
operations (MMO). The key benefits of this technology are tocedisk, increase cost

efficiencies and improveperationaperformance before the activity is started.

Yoo TR L5
e AV VA
7, -

/ / - ' \\!‘
/ g = i o8 LY Lt
y y [ il |
s £ Tz d 1*: |
/." g ..“‘“ = iE s 4

= Gor .“g

=

= e,

Figure 4.1 Visioneering and iPort centre in 3D simulator environment

(http://akersolutions.com/Glalimage bank/Products_and_services/Drilling/Aker_Solution
s_Dirilling_simulator_in_a_dome_solution.jpg)
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4.1 Drilling Technologies

Aker Solutions drilling technologies business area offers drilling lifecycle services to clients
on equipment and systems gamgy from top drives to drilling risers and muaudxing system

(Aker). This global service presents expanded service availability and provided support
throughout the lifetime odirilling equipment. While this drilling lifecycle services are being
served tocustomers, the visualization and 3D simulation software also have developed to
handle large quantities of data simultaneously and portray these as detailed 3D scenarios and
landscapes with excellence visual quality. This technology helps understand fiezahtly
involved parties (clients, operator and service provider) and also prevents misunderstanding
and mistakes in operational activithhe main goal is to maintain long term relationship with
customers and to deliver high quality servicEee commonusageareasof Visualization
technology m Drilling lifecycle services are traininginstallation, driling and design
processescondition based maintenanesd lifecycle engineering.

Remarks

Due to high complexity and technology advances of drillingigent and operation, the
services providedeed to be delivered with high quality throughout the lifetime of equipment.

To be able to accomplish this goal, there are needed to be excellence training and assessment
services provided for clients to get kmow more about the usage of advances drilling
equipment and control systenie services that often are provided in the market are spare
part and equipment service, field operation service for solving technical challenges, overhaul
and repairs service .he quality of services can be indicated by speed (time consumption) and

product quality warranty that the company promise to the clients.

Strengths: Aker Solutions have provided all the requirements titservices providers have
committed in the markeBD visualization and simulator are the key components that provide
competitive advantages in the market particularly in field service. The traditional field service
is conducted by providing personnel who has OEM experience and resources to solve the
tedhnical challenge at the field operation, which located in Offshore. With simulation facility,
this service could be done onshore without having risk and expense sending personnel
offshore. Moreover, simulation facility can be used to monitor the drillovglition to help
support decisiormaking.With simulation technique, the speed of execution operation can be
improved and optimized by training with the real equipment and control system under virtual

environment at the simulation facility onshore.
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Opportunities: The future opportunity that drilling operational service area could provide,
would be fully automated drilling control systems. At the moment, Aker Solutions has
provided up to date advance drilling equipment, also control and monitoringnsy#teat
partly using robotic system and less personnel at work site. However, as the human error is
the maincomponent that causese accident or incident and skills of human operator are
depended on personnel competency, fully automated system wouid bgure solution in

this caseMoreover, remote drilling services have been introduced in the drilling operational
by using advanced visualization and analysis capabilities fottineal data for example
WellLink RT service of Baker bighes(BakerHughes, 2034 This service allows operators to
make accurate decisions within a collaborative environment of support expert aticheeal
monitoling system onshore. With this technology services combined with fully automatic
control systems and simulator, there will be opportunity that drilling operation could be done

offshore without operators execution offshore.
4.2 Maintenance, Modification andOperation

In the beginningVisioneering technologieapplied mainly to the rigind drilling simulation
sector however, Visioneering is now increasingly being applied to th&laintenance,
Modifications and Operation sector (MMQ@fter a series of successfapplications with
operators proved its effectivene@skerSolutions, 20144 Visioneering MMO can deliver
advanced simulator technology and services based on PDMS model or lasef A&an o
solution MMO (Fadnes, 20103 The simulator can providadio of 1 by 1 size with design@n
reality of actual platform There is possibility to integrate software, control systems and
databasedrom other sources depend on the demand of client nddus.typical areeof
Visioneering sendes with MMO businesareas ioptimization of execution process, riakd

cost reduction and improvement in HSE and reliability. Layout and method limitations and
possibilities can be visualized in the simulator so that the client and project coordinator can
review and find otithe optimal method and design of work instruction. Moreover, this
visioneering services also provide the installation team with the opportunity to verify the
design and method used by provide training course in virtual environment on the agreed
installaton method and design. Animation can display a sequence of images of 3D model
positions to create a conclusion of movement when modification and operation are taken
place. Animation is part of Simulation technique teRbwsthe imitation of operation in a

reatworld process and system over time period to help understand the reality.

25



Remarks

Offshore maintenance, modification and operation are large engineering projects that divided
into smaller interrelated syfrojects. Each of suprojects is dealing wh others. For
example, during concurrent design phase in the project, changing the position of large and
heavy parts or equipment in the oil platform could affect the stability of the production unit.
MMO work task also contains high risk since the openai task is located at oil production
platform, which small incident can causenificant deserter. Therefore, MMO activity
should be done without compromising other production. Visualization and simulation are
developed from interactive gaming tectomy for offshore operators to train the activity

work task as much as possible in virtual simulation under realistic environment.

Strengths The main strength of Aker Solutions visualization technology is to reduce risk and
increase performance of opeoatal. The simulation not only providepractical realistic
environment trainindgput also availabléo simulate unexpected anfamiliar scenarios. This
could provide less likely to make mistake that could lead to significant deserter for example,
oil spill and emergency situation that never happen before. Moreover, the simulator with 1 by
1 ratio of reality platform provide very realistic operation task that the operator can
experience very real work task under environment simylathith gives a lot achntagesn

the simulation application market.

Opportunities: Maintenance and Modification operations require good planning, scheduling
and work processes. Visioneering technology has proved that training program in simulator
help improve performance operations. However, at the moment there is only few integrated
simulator training, whichs not enough for thevorldwide offshore operations. This would be

big opportunity for Aker Solutions to keep developing this technology and expand the
simulation fadity to all over the available offshore operation location. The other opportunity
of this technology is to expand to all area of offshore engineering projects for example,

decommissioning offshore facilities.

4.3 Subsea

Aker Solutions has introduced 3ailation for subsea tree, crash point, subsea equipment,
and surroundings subsea environmeningpect and identify solutions for module replacing
(Thomas, 2018 3D simulation helps customizing the tool for replacing subsea module in

virtual simulation and it also carries tothe modifications on the todequenceecorded

26



before it was sent to the actual rig. The pictures and measuremetnefsiirrounding high
pressure riser cutting at the seabed and the pictures of operation undemvatsent to the
simulation facility for verification. Then subsea operator at simulation facility egerates

the testing of actual equipment sent thisang dialog to the operator at rig to ensure that all
the modifications are successtalprevent rig downtimelhe success project feedback came
from DONG, which the 3D visualization technology had helped the company save 100
million Norwegian kroner®y reducing the operation for subsea retrieval operation at Oselvar
field from 14 days to less than 24 ho(hkerSolutions, 2014a

Remarks

Subsearistallation process in deepater usually requires Remotely Operated underwater
Vehcle or ROV to do subsea operation by operator remote control on the surface. Due to the
limited visual come the camera survey displays under sea surface. 3D visualization a
simulation of subsea environment could provide practical training and improve safety, speed
and efficiency of the operations.

Strengths Subsea operation is the challenge process that contain high financial risks and
significantly complex environmentaHowever, this challenge can be overcome by developed
simulation with advance tools and procedures that make the operations safer and more

effective without environmental and financial risk.

Opportunities: In the future, every subsea operatimojectwill be verified and put in a
simulatorto analysis every operational step before the real equipment is built. Real time
visualizations and subsea field challenges can be analyzed through the simulator, which will
make operation safer and more efficiency.\R€ontrol systems will be integrated in the

simulator(Pontazaand Menon, 2010
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4.4 Future Development

Visualization and 3D simulator are useful application for every business areas within Aker
Solutions for training, implement work processes, cost and risk reduction and many other
purposes. Aker Solutions hasion of being the preferred partners for solutions in the oil and
gas industry through three main components, Man, Technology and Organization. Man
component is the most critical to improve because most of the incidents in oil and gas
industry in the pastame from human error§echnologies of control system and advance
equipment together with organization of work processes and assets management are the
important components that are needed to keep implementing and developing.

Remarks

In the future, Visubzation and 3D simulation will play the main roles of performance
improvement in every operation procedure, which will expand from Drilling Technologies,
MMO and Subsea to Well service, Engineering and Wellstream production. Drilling operation
will develop and implement the operation to be automated to increase the performance of
drilling and reduce human errors. This development can be done by new innovative advance
equipmentnd control systems together with new work processes. Visualization techrelogy i
involved in technology and organization to verify and train before the actual implement

process occurs.
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5. Evaluation of Visioneering Processimplementation

This chapteillustrateshow VisioneeringTechnologyis implementednto work processs of

two business areas of Aker SolutioMaintenance, Modification and Operation (MMO) and
Drilling Technologies Operation/isioneering is a work process that combines visualization,
engineering and installatidngetherand presents in 3Bimulationmodels whit designedo

solve specific assignment task from client introduced in study phase and further processed

through all phases of the project lifecygfadnes, 2014
5.1 Visioneering MMO

Visualization of the MMO work process ensures common understanding through 3D
animation of concurrent desigimtegrated operations and simulated training and installation
method. Visualization technique also reduces time consumption in engineering and optimizes
the execution time of offshore activity process. Visioneering has establiteedork
processes withut compromisingthe requirement of project execution model by utilizing
existing facilities, systems and work processes. Therefore, the projects will have a dynamic
development and adjustments will occur continuously and simultaneously for all aspects of
the project.Time Consumption in engineering process will be reduced and execution time in

offshore will be optimized.

Figure 5.1 Crane lifting in Simulation Practice and actual

(http://www.akersolutions.com/en/Globalenu/Media/Imagébrary/Productsand-servicesy
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There are fivdeatures in this visualization method that Al&slutionsuses toestablsh the

work process improvement in MM@adnes, 2014

a. 3D Animation T The 3D model presentation of the project content is visualized in 3D
animation, wherdoth design and installation challenges are identified as display format
that is easier to communicate. All the possible reviealated to safety, risk and
installation method will be presented in this animation and these will provide better
understanding to all parties involved in work process. However, risks are challenges to
be identified and visualized through the project phables risky installation sequences
can be simulated reality where all participants in the work processeatnained

onshore at iPort Centre.

b. Scanningi the 3D model that used in the dessgitware can be initiated and developed
by scanning the platforio ensure that the latest changes to the installation offshore are
updated in the 3D model. This is called n
the user can move through the model and evaluate the quality, sizes and distances of the

design and insilation method.

c. Concurrent Designi According to all phases of the project, participants will gather in
the concurrent design rooms to review the design and methodology, together with,
performing safety meeting as HAZOPs, SAFEOPs and SIMOPs. This mewgting
involve both onshore and offshore personnel to discuss about the agenda whether
identify theexpect outcomesr what needs to be done. This process will reduce errors

and rework which, mostly occur in the work process.

d. iPort Visioneering and training 7 In complex offshore installations or drilling
operation, the whole operations can be $ataad in the iPort Centrevhere the existing
platform model is installed and the structure to be handle modelled with weight and
center of gravity. In iPort, th&hole installation sequence can be display in same reality
offshore environment which, crane winch operators, qopa and flag men participate
in the operations as reality wopkocess at offshore. At iPorte@tre, there are separate
180 degree domi®r crane operator, and other operators where they can see and operate
the installation as what they always experience at offshore. This is useful training that

will provide a safe and efficient installation phase.

30



e. Integrated Operationsi This is important proess to involve offshore organization of
all phases in the project. This process provides iasitall experience to those who will
carry out the operations. By using video conference liked to the iPort centre, this enables
the operating organization to be/olved and offshore personnel to be utilized for video
survey so that the quality of the model and scanning updates can be checked. All phases
of the project are carried out using integrated operatioaagorehat communication is

controlled and instllation is efficiency.
Remarks

The Maintenance, Modifications and Operations or MMO product is the project work that
upgrade existing fully equipped and in operation offshore platform. Therefore, the installation
processes are the main challenges tbaterned high risk anmterrupted productivity. To
overcome thischallenge Aker Solutions has applied their technology of Visioneering into
MMO work process for decision making and work managemésioneering work process

has designed in study phaseddmas carried on through the rest of project phases without
compromisingor interrupting the operational productivity. Visioneering also allow user to
plan a schedule operational procedures and train operators under health and safety conditions
by using ntegrated animate8D environment with actual human/machine interfaced
controller (iPort).Establish concurrent design by simulated work procedures in the virtual
system, the critical problems can be identified by experts and engineers, then optiorst and be
practices of work processes can be selected by both parties (Onshore and Offshore personnel).
After best practice is selected, project planner could test this operation virtually at iPort
Centre where the operators are able to visual the actual wérkrdstrain on real handling
equipment without interrupting routines work. This training facility not only provides
training, but also retains the performance of workforce at high level of mnofii The
operators who has more practical trainilgnd © male less mistakes, recognigaspicious

fault process and able to make better decision when any potentially harmful situations are

occurred.
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5.2 Visioneering Drilling Operation

Exploration and development drilling operations are frequently iragady formation fluid

influx (kicks), drilling fluid losses (hydraulic fractures), and wellbore instability due to shear

failure (Purdy, 201) These are thenajor problems of drilling opetian that can cause the
significant damages, accidents dods of productonFor mati on Fl ui d i nfl u
unexpected flow of formation fluid into the wellbore. It occurs when formation pressure is

more than hydrostatic pressure in wellbf@ace, 1995 One of the several caai®f Kick is

lack of personneltkowledge and experience lduman error because that personnel might not
havewell-trainedof well control so they do not know how to react when this situation occur.

One of the solutions is to apply the visualization technology and 3D Simulator into work
processes of Drilling Opation. To improve theperformance of drillinga real world mirror

image 3D simulator of the entire drilling value is created to optimize operational process and
procedures, equipment performance and drilling sequences. For example, if pipe is about to
getstuck, it will be automatic reduction of reaming velocity. This visualization also educates,
train and certify personnel off critical line in all activity of topside, subsea and downhole.

Drilling rig performance can be improved by optimize existindidglequipment and control
system by resolving neconformance issues and utilizing the fulltgatial of the drilling

system and also by upgrade drilling equipment and control systems when needs to maintain

Rig .
performance

high HSE and efficiency standards.

Drilling Control Crew Work
equipment systems skills processses
]
Monitoring & Equipment Safety
control movement
4 A ——
Hydraulic ‘ Mechanical PLC RMC SZMS

N— . g \ \

Figure 5.2 Process Chart of Rig Performance of Aker Solutions Drilling Technologies.
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There are four main functions in rig performance that Drilling Techmedogf Aker solutions
provided as in the figure above, Dinlj equipmentControl SystemsWork processesCrew
Skills. The key element on improvement of modern drilling rigdidling control and

monitoring systems.

5.2.1 Drilling Equipment

Aker Solutions provides the drilling equipment for the entire prooésilling operation.
Hoisting systems, top drives, Drillfloor equipment, pipe handling equipment, drilling risers,
handling tools, Drilling fluid equipment control roomsdanabins(AkerSolutions, 2014c
Most of the equipmernis new advance technologyndhigh performancéhat are delivered in

package for the production platforms.

5.2.2Drilling Control and Monitoring systems

Aker Solutions providethe modern control system for drilling rig supply for drilling coht

and monitoring systerfAkerSolutions, 2014h There are fivenainfeatures systems;

- Local equipment controls/PLCs

- MH DrillView, data acquisition, presentation and control system

- MH configurable autoratic drilling system (CADS)

- Computer Hardiare

- Drilling control cabins (DCCs)

All drilling equipment can be monitored andantrolled by drilling control cabins that
designed according to industry standards related to HSE and huoadne interface. The
MHDrillingView system can remote control of equipment and systems and synchronize
various equipment with fully automatic modgdrilling operation sequences (CADS). CADS
was developed to superior efficiency and safety control system. CADS includes predefined
drilling operator sequences with operation standardization and safety impravebes
points anticollision, fully autonated CCTV controls and other safety features were built into

the software applicatiofAkerSolutions, 2014h
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Figure 5.3 MH DrillView overvie w (AkerSolutions, 2014x

According to the webpage of Aker Solutions, There are five components in control and

monitoring system in dfing operation process.

Table 2. The key element features of drilling control and monitoring system.

MH Operator Chair

The operator chair is designed either for

remote control single or multiple drill floor

equipment.

1 No escapesstrictions

1 Touch screen technology well
coordinated with low force/low dead
band joystick control

1 Throttles and multifunction wheel for
control of mud pumps and drilling
derrick machine speed/torque

1 Full multi-user selection between
different drilling opeation modes and
efficient/ rapid inr
i no design

1 Robust, modular and maintenance
friendly design

1 Designed for operation in ndmzardous
area
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MH DrillView

The MH DrillView system provides a user

friendly interface for

Acquisition

Logging

Storage

distribution

display of drilling data

setup and remote control of drilling
equipment

MH DrillView integrates drilling systems
into one comran control and monitoring

=4 =4 =4 -8 8 9

center Real time drilling data can be share
between the driller, rig offees, shorebase or

other locations accessible by
telecommunications
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MH CCTV

1 A modern system developed and
integrated internally in Aker Solutions
Delivered to the market since 2006 to
more than 20 different rig projects
Over 600 cameras deployed inendce
Based on open standards
Modularized for each upgrades

T

= =4 =4 4

drilling market

Tightly integrated with the MH
DrillView software package

Designed for the needs of the offshore

Utilize the newest technologies to give
the best performance, quality and secu

Drill Floor
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MH robotic motion control

Robotic motion control (RMC) has ability tq |}
move large machines safety and efficiently ¢
by using a joystick handling. It moves the |
machines along paths of six axes that defil " e
the position and orientation of the load. Th| hZ&
robotic technology ensures that no motors| 7§
moved in such a manner that load can be
dropped.

MH E -tally

The electronic tally book system keeps tra
of all items passing through thedoor. The
system uses the length measuring capabll
of the tubuar feeding machine.

Reference fronfAkerSolutions, 2014b
Equipment Operation Interface

It is important to understand how a rig candmmtrolled through the equipment operation

Il nterface by operator user Iinterface. A typ!
fl oor that control the entire drilling proc
Intelligent Operator Cdirs which Driller is on the left chair and assistant driller is on the right

chair. The operator chairs are used to remote control machines and drilling operations by the

two joysticks, two touch panels and two large DrillView screens. There are three key
interfaces in drilling control and monitoring between operators and drilling equipment

machine, Intelligent Operator Chair, DrillView and CCTV.

DrillView is the software program designed for independent high resolution graphic display
system for distribted monitoring and control real time and stored drilling data. DrillView is

easy to use because it consists of operator machine interfaces with separate screen pictures for
separate rig operators. It also consists of alarm system and displays the grapdical
animated on screen objects. The functions include setting and adjustment of parameters,
limits, trends, reports, alarms, configurations, setting or reset of parameter, start/stop of
motors, managing the large database of drilling data, playing backvells and offline
analysis. Moreover, logged data from DrillView can be used as a documentation of every
meter of the drilled well.
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5.2.3 Crews Skills

The performance of crewbs skills depends o
drilling equpment and control system of that crew. To improve the performance of crew
skills, Aker Solutions has provided Training courses of handling equipment and control
system. The four steps of training courses are consistedeaifrreng, classroom training,
simulator training and practical training. eLearning is the first step of training that based on
the multimedia online course that can conduct over the Internet with regular computer. The
objective of this coursis to adjust the basic background knowledgell@nd fulfill the needs

of individual crew. Classroom training is instructed by the experience person together with
the use of modern technology and material. The technical and theoretical understanding will
be discussed between trainers and instruclidre. competitive advantage training that Aker
Solutions lead in this industry is simulator training at fully equipped of whole drilling control
system at the facilities. Simulator training contribute to more effective rig operation, and also
help drilling crew to understand more reality and process the operation faster. This results less
stops due to errors and increase more performance of drilling operators. The last training
course is onboard training after the crew has done those three steps of,ttheiagt step

will be to train with real drilling equipment with real environment.

5.2.4 Work processes

Drilling work processes are the procedures of drilling operation that operators/crews handle
the drilling equipment using drilling control system.eTherformance of work processes is
resulted in time consumed when drilling operation was proagsshe less time consumed to
finish the drilling process, the higher performance of drilling rig will gain. The advance way
to optimized rig performance is t@duce nosproductive time by visualized all thectual
processesand operation patterns, identified and modified unnecessary process and created

new efficiently work processes.
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Remarks

In traditional improvement way, key tool is analysis methoof key drilling sequencefor
document user value of improvement opportunities for example, operational analysis, cause
effect analysis and cebenefit analysis. However, the new innovation tool to improve the rig
performance is Simulator verification.rBillator technology can reveal all aspect of identifies
problems to fully understand complexity and direct/indirectsea like causeffect analysis

and can reveal document actual effect and user value of possible solutions Hkenajst
analysis.The simulator tool also performs pmmmissioning to minimize potential non

conformance during rig implementation.

_ -
Evaluate
/ performance \
S ( ]
Monitor Identify
performance problems
-~
Y . Y
Implement
: Analyze causes
improvements
D I/i'\_
Recommend Evaluate
actions solutions

Figure 5.4 Improvement processchart of Drilling Rig Operation .

The improvement process staftfom monitoring activity of actual operation rig to analyze

and optimize the operational. Risk, critical activities, bottlenecks, limitations, dependencies
and parallel activitiesan be analyzkin virtual rig using the data monitoring from actual rig.

The operational analysis is often described as Gantt chart that illustrates work breakdown
process against the time consumed so that it can be easily seen which activity and path are
critical. After Operational analysis, work processes and control systembe identified.

Work processes can be selected by the best practice of operational procedures and establish
the training session in virtual rig to perform before apply to actual rig. If the work processes
still are not the best practice after performvirtual world, the operation analysis has to be

done again to identify what goes wror@€pntrol systems are being analyzed and optimized
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the equipment control and safety systems in virtual rig after operational an®lgsisanical,
hydraulic and electridasystens of drilling equipment are being analyzed and optimized
together with control systems. Then technical improvements in control systems and drilling
equipment are verified in simulator upfront rig installation in-guenmissioning to make sure

the @ncept of doing right at the first time before actual rig commissioning is taken place.

Figure 5.5 Image flow chart of Visualization improvement processof Drilling Rig
Operation.

Modified from Images RefLarsen, 201p
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