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ABSTRACT

The encourage and positive development of oil almoject in
Malaysia deep water sea has led to the exchangehef
underwater exploration from the shallow water defattdeeper
water depth. However, this changes have raisesshe on deep
water challenges for the submarine pipeline dedigsigning a
subsea pipeline is a challenge task and the prowmegsres a
detailed study and assessment of relevant pipetiesign
consideration and pipeline failure criteria. “Desigf Deep Water
Oil Subsea Pipeline in Malaysian Seas” projectudisca number
of issues that need to be taken into account wresigding a
deep water subsea pipeline for Malaysian watersnlyneelated
to the excessive external pressure on the pipeRneblems of
high external pressure will results in pipelinelfeé such as
system collapse and propagation buckling of a pipel In
addressing these issues, consideration towardslin@pevall
thickness design is being taken and the designepsoof the
pipeline will be made in accordance to DNV claske.riApart
from that, a case study related to existed oil gasl project in
Malaysia has being carried out, where Kikeh GagliRip project
from Kikeh oil field was selected as a study subjBy referring
to the case study, a decent subsea pipeline desiigbe carried
out and analyze so that it can suite to operatd/ffaaysian deep
water seas.
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1.0INTRODUCTION

Malaysia is one of the main players in oil and igakistry among
other big Asia-Pacific countries. Malaysia was rxthlas the 4th
highest reserves after China, India and Vietnanth wpiroved
reserves of 4 billion barrels as of January 20bt.dverall total
petroleum production in the year 2014, Malaysiaadsked at
26th, after big countries such as China, RussiadiSarabia and
United States. Study by Frost & Sullivan in 2014mated that
Malaysia’s deep water will contribute to 30 percehttotal oil
production in the year 2020.

As up to these day, Malaysia’'s deep water for aill gas
activities has covered up to the depth of approtetyald00
meters for its first deep water project, Kikeh High 2006. The
trend of deep water development is prone to condfioffshore
of Sabah state. Currently, all four existed deepewproject on
Malaysia are developed in Sabah’s deep water. Talikted a
brief detail on all deep water projects in Malaysia

Table.l: Deep water projects in Malaysia’s seas

Project Location  Approximate Operator
depth
Kikeh Block K 1400m Murphy Sabah Oil
(2007) and P, Company, Petronas
120Km Carigali
northwest
of Labuan
island.
Gumusut-  Block Jand 1200m Sabah Shell
Kakap K, 120Km (Gumusut),
(2015) offshore Murphy Oil
from Sabah (Kakap),
state ConocoPhillips

Sabah, Petronas
Carigai
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Malikai ~ Block G, 500m Shell,

(2017) 100Km off ConocoPhillips,
the coast of Petronas Carigali
Sabah

Siakap Block K 1300m Murphy Oil,

North- and G, ConocoPhillips,

Petai offshore Shell, Petronas
(2014) Sabah Carigali

20LITERATURE REVIEW

2.1 Deep Water Challenges

As the water depth goes deeper from shallow watdeep water,
the governing main challenges are related to tlgh lexternal
pressure and potential collapse of pipeline. Hixflermal pressure
means pipeline collapse failure mode governs whaitkhess
design rather than pressure containment. Pipelilé thickness
design is one of the most critical design consitlana that have
to be done before pipeline construction.

2.2 Pipe Wall Thickness Design Criteria

As external pressure becomes dominant, the walkileiss design
will be governed by the pressure containment goitercollapse,
combined pressure and bending and buckle propagatence,

during the designing state the selection of pipd amaterial

properties should satisfy the following requirensent

¢ Allowable Hoop stress

e Pressure containment (Burst design)

e Collapse Pressure

e Combined load of loading and external pressure

2.3 Material Selection and Wall Thickness Design

The use of higher steel grades has a significalectebn the
required wall thickness to avoid collapse for degper pipelines.
The effect on wall thickness reduction is highethmincreasing
depths.

Higher strength steel grade has a higher effectwait
thickness requirements especially for deeper wedenpared to
shallow water. Wall thickness generally will affdzith cost and
weight and by using higher steel grade these batarpeters can
be greatly reduced especially when involving higktemal
pressure.

3.0 DESIGN METHODOLOGY

The following steps are the mechanism done forstidy:

1. Identify problem statement, objectives and literatieview.

2. Discuss challenges involves for deep water pipeliesign.

3. Perform study on deep water subsea pipeline ddsaged
on DNV class rule.

4. Study on Kikeh Gas Pipeline, Kikeh Oil Field andlecting
data.

5. Code development for pipeline’s wall thickness gesising
Microsoft Visual Basic 2010.

6. Analyzing and comparing data.

7. Results, discussion and conclusion.

3.1Design Criteria
The main design criteria in designing the deep watédsea
pipeline in this study are as follows:

1. To have a minimum wall thickness for deep water
subsea pipeline which satisfies the required pipd w
thickness to contain collapse pressure and projoagat
pressure.

2. To design a deep water subsea pipeline with the
consideration of safety factor, location factor dodd
effect factor which suited to Malaysian deep watsas.

3.2 Design Limit States, Classes and L oad Effect Factor

In this study, a selection towards the design listittes, safety

and location classes, and load effect factor amsem based on

the case study of Kikeh Oil Field. The selectedgiesriteria are
as follows:

e Limit State Ultimate Limit State (ULS). A condition
which, if exceeded, compromises the integrity of th
pipeline.

¢ Safety Class. Low. A condition where failure implies
insignificant risk of human injury and minor envimment
and economic consequences.

¢ Location Class. Location 1. The area where no frequent
human activity is anticipated along the pipelineteo

¢ Condition Load Effect Factor: Pipeline resting on uneven
seabed.

e Load Effect Combination: ULS — system check. The
condition where the combination of functional loaaisd
environmental load could affect or jeopardized [wyEes
operation and integrity.

4.0KIKEH FIELD DEVELOPMENT

In verifying the validity of the developed progrand suitability
of selected design parameter towards Malaysian ssage, a
comparison is being made between the calculateal \ddh the
actual data. Simulation results verification weanel using the
actual field data from existed deep water projedfialaysia. And
for this reason, Kikeh Gas Pipeline of Kikeh Figltbject is
selected for case studying project.

Table.2: General Details on Kikeh Gas Pipeline Design (Seurc
Sapura Acergy)

50 m
1340 m

1410 m

Carbon Steel API 5L (PSL2)
Grade X65

Seamless

Applicable for sour and non-sour
service

Line pipe:
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Malaysia has a relatively limited oil pipeline netk and
relies on tankers and trucks to distribute producishore.
Malaysia's main oil pipelines connect oil fields fsbiore

Peninsular Malaysia to onshore storage and ternfaxilities.
The 124-mile Tapis pipeline runs from the Tapis fald and
terminates at the Kerteh plant in Terengganu, a&s dbe 145-
mile Jerneh condensate pipeline. The oil pipelieévork for
Sabah connects offshore oil fields with the onstedguan Crude
Oil Terminal.

Gumusut-
f A Kakap Field

“ wom

Figure.2: L‘oc\ati'/on of Malaysia’s deep water project

Figure.3: Location of Malaysia’s on-development deep water
project

Malaysia has one of the most extensive naturalpieline
networks in Asia, totaling about 1,530 miles. TreniRsular Gas
Utilization (PGU) project, completed in 1998, exged the
natural gas transmission infrastructure on PendémsMalaysia.
The PGU system spans more than 880 miles and basafacity
to transport 2 billion cubic feet per day (Bcf/d) matural gas.
Other gas pipelines run from offshore gas fieldgds processing
facilities are at Kertih. Also, a number of pipe@link Sarawak's
offshore gas fields to the Bintulu LNG facility.

Designing a decent pipeline for the deep water eisag
activities are more challenges as compared to Halav water
pipeline. At deep water depth, more than 300 metkespipeline
will experience high external pressure. Externalespure
experience by the pipelines is directly proportioria its
operational depth. Hence, designing a subsea p@étir deep
water in Malaysian seas should give big considematand
attention to the external pressure since it willegbigger impact
and effect on the pipelines as compared to thdoshalepth’s
pipelines.

Pipeline installed at deep water depth will havehigh
potential to collapse compared to if installed aal®w depth.
The potential of collapse is due to the high exkmressure
experienced by the pipeline. Hence, a decent destiguild be
done, together with a suitable design criteria aodsideration
that can overcome the collapse failure of the pigein deep
water depth.

50SIMULATION RESULTS

5.1 Failure Mode and Wall Thickness Design Analysis

For this analysis, the failure mode for deep watipeline are
being investigated on which mode is the main failimat govern
the wall thickness of the pipeline. Two types oilui@ mode
which is system collapse and propagation bucklindp® pipeline
is evaluated in this analysis. The analysis is dforethree
different deep water depths with the use of mdteniade type
X65 for the pipeline. The remarks are made baseth®nequired
wall thickness for both type of failure.
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Figure.4: Wall thickness design towards failure modes

From the result and the generated graph we carumtnthat,

1. Containing the propagation buckling of the pipelirquires
bigger or thicker wall thickness compared to thstem
collapse failure.

2. Propagation pressure was experienced by the péaetithe
deep water depth are bigger and higher compareitheto
collapse pressure.

3. At deep water depth, the propagation buckling & ithain
failure mode that governs the pipeline wall thickneesign
compared to the system collapse failure.

4. Designing a pipeline wall thickness according togaigation
buckling requirement will able to help sustain beifstem
collapse and propagation buckling failure.

5.2 Material Grade Effect Analysis

For this analysis, the effect on the material grselection for the

deep water pipeline was being investigated. Thrégerent

quality of APl material grade comprising X60, X6&daX70 type
are used in this analysis and only cover for thepagation
buckling failure mode, since it is the main modattigoverns
deep water pipeline failure. The main focus onahalysis is to
evaluate the effect of the material grade qualitgttused in
pipeline design towards the required wall thickness the
pipeline.

From the result and the generated graph we carudmthat,

1. Material grade selection give effects on the pipelwall
thickness design.

2. Increase in material grade quality will be able help
reducing the required wall thickness of the deepewa
pipeline design.

3. Increase in yield stress and tensile strengthrofterial used
in pipeline design give effect on the pipeline ahility
for deep water operation.

4. As the pipeline’s operation depth goes deeperinipertance
of the material grade selection for the pipelinsigie will
become more significant.

5. The use of high quality material grade will give sheffect
on the wall thickness required especially for deeper depth
compared to shallow water depth. Reduction in tatkness

o
requirement then can greatly help to reduce thelymtion

cost and weight of the pipeline, especially for geline in
deep water depth usage.

30
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Figure5: Effect of material grade selection towards wall
thickness design

5.3 Subsea Pipeline Stress Analysis
For this part, the analysis is done based on tise ctudy of
Kikeh Gas Pipeline. The actual data of the pipefiram the
Kikeh Oil Field will be used as a parameter in @iglysis. This
analysis was carried out using two simulation paogg which are
developed for analyzing pipeline design. The fpsigram used
are called UGP Pipeline which have been developestigh this
study by using DNV class rule while the second pogused is
an established pipeline design analysis softwaraedaSubsea
Pro which have been developed by using safety matgsign.
The UGP Pipeline program have been developed tisindesign
factor, design load and design safety which ar@sbdo suite the
application towards Malaysian deep water seas. udirothis
analysis, the evaluation then was being made orretliability
and suitability aspect of the designed pipeline loe use in
Malaysian deep water seas.
e e " |

Pipe Properties

Outer Diameter(mm) 187 Fabrication Tolerance(mm) 0125

Out of Roundness(%) 002 Fabrication Factor

Material Strength Factor Nomaly. 096

Material Properties
Material Grade s E =

50 Specific min Yield Stress(MPa)

Young's Modulus(MPa) 2700

Operation Condition

(kg/m®) 1025 Max Water Depth(m) 0

Min Temperature(°C) 5

141779025 Cacdste

Figure.6: Analysis using UGP Pipeline program.
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Figure.7: Analysis using UGP Pipeline program.

Table.3: Result from UGP Pipeline program

13.6 mm 22.6 mm

Considering the failure mode and wall thicknesdyais that
have being done at in Section 8.3, the minimum watlkness
required to contain both failure will be equal ¥.€ mm, taken
from propagation buckling mode. In addition to that comply
with the Kikeh case study, the corrosion allowatitekness will .
be taken into account, where corrosion allowanteaee taken at u | | aovmte e tongiana ses
0.1 mm/year. ;

Table.4: Corrosion allowance calculation

Figure.8: Subsea Pipeline analysis using Subsea Pro Simniati

0.1 mmlyear x 50 year (Kikeh  From the results and comparison above we can coechat:

pipe’s design lifespan) 1. The developed program, UGP Pipeline program shayoed
=5mm result.
27.6 mm 2. The selected design factor, design load and desifgty for
the UGP Pipeline program are suite to the pipeliesign for
Table.5: Wall thickness comparison Malaysian deep water  seas.

3. The importance of safety factor, location factord doad
effect factor for deep water project in Malaysggas can
be applied thoroughly when designing a pipelineg NV
class rule.

il g;sg?n 07 4. The result illustrate the capability of the devedpprogram
Margi);I and DNV class rule in designing a decent pipelioredeep
50 Years 50 Years 50 Years water depth operation in Malaysia seas.

5. Although the wall thickness requirement by UGP Rige
program are slightly thicker compared to actualaddhis
however should never being concerned, becausecasa of
selecting between two different wall thickness lué subsea
pipeline, we as a designer will always take thekiéi one due
to the consideration in pipe’s safety and strergibect.

6. The minimal difference in wall thickness value beén the
developed UGP Pipeline program and establishedeauBs
program give means that the developed program @n
considered reliable in designing the wall thicknéss the
deep water pipeline.

27.6 mm 27.83 mm 27.3 mm
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6.0 CONCLUSION

As a conclusion from this study, a decent and gpate design
consideration have being successfully being imptesetk in
designing the deep water subsea pipeline for Kibittiield on
Malaysian seas. Some major issues relate to thp deder
pipeline challenges were able being discussed gfrobis study.
It is now understood that the challenges for thepdeater depth
are differs and more critical than for shallow watehere for the
deep water depth, the failure threat are comes fozal buckling
due to collapse and propagation buckling of thelpie.

The results from the developed program have shoyoedi
agreement with the actual data and Subsea Proationuresults.
Through the analysis that have being done usingléweloped
program, it is now obvious and can be clarify tiwe main failure
mode that governs the pipeline wall thickness desg the
propagation buckling. Meeting the wall thicknesguieement for
propagation buckling can be considered sufficientdntain both
failure mode that governs deep water pipeline whlsystem
collapse and propagation buckling. In additionhatf the effect
on the material grade selection towards the waitktiess
requirement has also being justified. It is protedt the use of
higher material grade can give help in reducingréwpiired wall
thickness design for deep water subsea pipeline.

The analysis of the case study on Kikeh Gas Pipdfias
proved the suitability and compatibility of the clem design
safety, design factor and design load towards pgiGation on
Malaysia deep water seas. This founding has sholaa t
importance of safety factor, location factor anddeffect factor
as part of pipeline design consideration that rieede taken as
recommended by the DNV class rule. This also shoes
reliability and conformity of DNV class rule in dgeing the
deep water subsea pipeline in Malaysian sea.
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