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ABSTRACT

The Nosong-Bongawan North field is located in BI&&10 in
Offshore Sabah Area, approximately 75km North dfulan and
approximately 30km North of SUPG-B, Malaysia. Tluaper
discussed subsea pipeline of the Nosong-Bongawaid fi
development using Subsea Pro Simulation to determall
thickness and stress and ANSYS to determine thermetion pRp———
due to buckling of pipeline. Simulation results werompared e
with the actual operating data.

Figure.1l: Nosong-Bongawan field development.
KEY WORDS: Nosong-Bongawan North Field, Subsea
Pipeline, Stress, Wall Thickness, Buckling, Deformation. This paper attempted to develop a comprehensiveesub
development plan for the Nosong field. The subsasldpment
encompasses all the processes required to trartbgogas from
NOMENCLATURE the well to the pre-processing facility located tre NDP-A
bottom-founded platform. After that, this projedilvaddress the

WHP V\l_e!lhead Platform . piping requirements to transport the gas from thBPM
MMSCFD Million standard cubic feet of gas per day platform to the SUPG-B platform
1LOINTODUCTION 2.0 DEVELOPMENT OF NOSONG FIELD

The Nosong-Bongawan North field is located in BI&&10 in 2.1 Overall Overview of Nosong Fi

. . g Fied
Offshore Sabah Area, approximately 75km North dfuan and PETRONAS undertakes the development of Nosong Nietth
approximately 30km North of SUPG-B. PETRONAS isrently which is located in Block B310 in Sabah Area, apjmately
undertaking the development of this field. The bass target of 75km North of Labuan and approximately 30km North o

the Nosong-Bongawan Gas Development is to deliver 5 gymandak Central Processing Platform (SUPG-B CRR).
MMSCFD production to SUPG-B, and ultimately to LGRSThe described in the previous scope section, this tegmrers only

Nosong and Bongawan fields are at 90m and 95m vepth the bottom-founded platform (fixed platform) andtke selection
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is shallow water area (75 km) to the onshore.

Nosong Gas Development facilities hub scopes angpdsed of

following:

¢ One (1) Wellhead Platform (WHP).

e Two (2) dedicated new trunk lines; 10-inch FWS (Hig
Pressure) ; approximately 30km from WHP to existing
SUPG-B.

«  Offshore modification and tie-in WORKS at existiS8gPG-

B

2.2 Nosong Field Development

2.2.1 Business Target of Production

The business target by the stakeholders of thisohipsGas
Development project is to deliv&il0 MM SCFD production by
June 2017 to SUPG-B CPP, and ultimately to Labuan Gas
Terminal (LGAST). The Nosong field is at 90m wadepth.

2.2.2 Specific Location of Field

From exploration and the field study, the locatigeodetic data)
of the field is furnished by them is as table falloThe geodetic
data for the offshore pipelines are referenced tovéisal
Transverse Mercator (UTM) local projection with Tialai 1948
local datum.

Table.l: Datum and local projection info.

Timbalai 1948

Everest 1830 (1967 Def)
6 377 298.556 m

6 356 097.550 m

300.8017

UTM Zone 50°N

Universal Transverse Mercator
00° 00’ 00" N

117°00' 00" E

500 000 m

om

0.9996

2.2.3 Regulation, Design Codes and Standard

The design of the pipeline system in order of fyoare
conformance with the requirements of the PETRONASHRical
Standards (PTS) and international codes and stdsdas
specified in PTS, unless specified otherwise.

If the Government or Local Authority Laws and Regidns
are more stringent than the PTS, the former takesedence.
Deviations from these standards shall be agreedn ugad

approved by Petroliam Nasional Bhd. For any dewigtconflict
from applicable rules, codes and standards, thevajirey
priorities will be according to following sequence:

¢ PETRONAS Technical Standards (PTS)

* National or Local Rules and Regulations

¢ International Codes (API, ANSI, AISC, ASME, DNV and

I1SO)

As for pipeline, the primary code for the design tbe
pipeline and riser systems shall be in accordanitd RTS
31.40.00.20, September 2012 Rev 0, ‘Pipeline anderRi
Engineering’ and its supplementary documents.

224 Malaysian Government, Local Authority Laws and

Regulation

The field development was governed by the beloweguwent

and local authority laws and regulations as follows

¢« Petroleum (Safety Measures) Act 302, 1984 (incaiiog
all amendments up to 1 January 2006)

¢ Petroleum (Safety Measures) (Transportation ofdRaim
by Pipeline) Regulation, 1985, PU(A) 85/1985

e Department of Occupational Safety and Health (DQSH)
Malaysia

2.3 Standard and Specifications

2.3.1 PETRONAS Technical Specifications (PTS)

The specification of the platform shall be comptyiwith the
PTS.

Table.2: PTS standards

Pipeline and Riser Engineering, September 2012

Riser Design, October 2011
Installation and Commissioning of Cathodic
Protection Systems, October 2011

Design of Cathodic Protection Systems for Offshore
Pipelines (Amendments/Supplements to DNV RP
F103), April 2012

Protective Coatings and Linings, September 2012

Linepipe Induction Bends
(Amendments/supplements to ISO 15590-1), August
2012

Linepipe Specification (Amendments/supplements
to API 5L 44th Edition / ISO 3183:2007), October
2011

Pipeline Fittings (Amendments/Supplements to ISO
15590-2), January 2010

Pipeline and Riser Engineering, September 2012

Riser Design, October 2011

Installation and Commissioning of Cathodic
Protection Systems, October 2011

Design of Cathodic Protection Systems for Offshore
Pipelines (Amendments/Supplements to DNV RP
F103), April 2012

Protective Coatings and Linings, September 2012

Linepipe Induction Bends
(Amendments/supplements to ISO 15590-1), August
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2012

Linepipe Specification (Amendments/supplements
to API 5L 44th Edition / ISO 3183:2007), October
2011

Pipeline Fittings (Amendments/Supplements to ISO
15590-2), January 2010

Carbon and Low Alloy Steel Pipeline Flanges for
Use in Oil and Gas Operations
(Amendments/Supplements to MSS SP-44),
September 2012

Pipeline Transportation Systems — Pipeline Valves
(Amendments / Supplements to API Spec 6D/ISO
14313), September 2012

Design of Pipeline Pig Trap Systems, November
2010

Concrete Coating of Linepipe, January 2011
External Polyethylene and Polypropylene Coating
for Linepipe, January 2010

External Fusion Bonded Epoxy Powder Coating for
Linepipe, September 2012

Bituminous Enamel Coating of Steel Linepipe,
October 2011

Elastomer Coatings and Monel Sheating for
Offshore Riser Protection, October 2012
Hydrostatic Pressure Testing of New Pipelines,
September 2012

Pre-commissioning of Pipelines, January 2010
Welding of Pipelines and Related Facilities

(Amendments/Supplements to ANSI/API STD
1104), October 2011

2.3.2 Industry Codes and Standards
Besides PTS, the field also shall in conformancth WPl and
ASME as shown in Table.3 and Table.4, respectively.

2.3.2.1 American Petroleum Institute (API)

Table.3: API specification
API Description

Design, Construction, Operation and
Maintenance of Offshore Hydrocarbon
Pipelines, May 2011

Specification for Line Pipe, 45th
Edition, December 2012

Specification for Pipeline Valves,
October 2012

Welding of Pipelines and Related
Facilities, 21st Edition, September 2013

2.3.2.2 American Society of Mechanical EngineerSNK)

Table4: ASME specification

Rules of Construction of Pressure Vessel, July
201z

Gas Transmission and Distribution Piping
Systems, January 2013

Pipe Flanges and Flanged Fittings, April 2
Factory-Made Wrought Butt Welding Fittings,
February 2013

Metallic Gasket for Pipe Flanges — Ring-Joint,
Spiral-Wound, and Jacketed, June 2013

Welded and Seamless Wrought Steel Pipe, 2010

2.3.3 Water Depth

The water depths at the offshore facilities/platferare presented
in Table.5 below and are taken from Nosong WHP (NDRo
Sumandak (SUPG-B CPP) Pipeline route.

Table5: Water Depths at Facilities

89.5
42.81

The water depths along the proposed pipeline rofrtes
Nosong WHP to Sumandak SUPG-B are presented ireTabl
below and are taken from Nosong WHP to SumandakGEBP
Pipeline route survey information (which is not emd in this
report).

Table6: Maximum and Minimum Water Depth along Pipeline
Routes

Maximum
89.27

Minimum
36.82

2.3.4 Tidal and Surge Data

The tidal and surge data to be used for wellheaghifold and
pipeline design and riser at NDP-A platform arerantied from
Nosong Bongawan Metocean Criteria. The tidal andesdata to
be used for riser design at existing SUPG-B areaeted from
Metocean Criteria at Sumandak Tepi and Sumandaite®ehs
shown in Table.7:
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o
Table7: Tidal and Surge data for Nosong field and compared
also with Sumandak Tepi and Sumandak Selatan area 25 15 25 16 11 14 18 16 11
Table.11: Current data for return period 10 years

0.94 1.23
143 89 143 93 67 80 103 93 64

0 0
att -0.97 114 70 114 74 53 64 8 74 51

0.3 03
06 06 67 42 67 43 31 37 48 43 30
2.3.5 Wave Data 31 19 31 20 14 17 2 20 14

The wave data to be used for pipeline design aa a6t NDP-A
platform are as given in Table.8 and Table.9 ared extracted

from Nosong Bongawan Metocean Criteria.

Table.8: Wave criteria for return period of 1 year

3.9 39 32 16 2 2 2.7 31 35
9.7 9.7 88 63 69 7 8.1 86 9.2
6.8 68 57 3 36 37 49 55 6.2
9 9 8.2 59 64 65 76 8 8.5

Table.9: Wave criteria for return period of 10 years

4.6 46 39 20 24 24 33 37 42
106 106 97 69 76 77 89 94 100
8.1 81 68 36 43 44 59 65 73
9.8 98 90 64 71 72 83 88 93
2.3.6 Current Data

The current data to be used for project developraspécially for
pipeline design and riser at NDP-A platform are gagen in
Table.10 and Table.11 which are extracted from MNgso
Bongawan Metocean Criteria.

Table.10: Current data for return period 1 year

114 71 114 74 53 64 82 74 51
91 57 91 59 42 51 65 59 40
53 33 53 34 25 30 38 34 24

Notes:
At other water depths not specified above, theenirvelocities
shall follow the 1/7th rule. The formula is as beio

v (3)”

Where,d is total water depthz is depth of interest above seabed,
V, is current speed at depth ‘z’ metres &pds current speed at
the surface

V= @

2.3.7 Seawater Properties
The seawater properties are presented in Table.12

Table.12: Sea Water Properties

Density 1025 kg/mi
Kinematic Viscosity 0.96 x 10 m?/s (At
25°C)

Sea

Water Mean Surface | 28.5°C
Temperature
Mean Seabed | 21.1°C
Temperature

2.3.8 Marine Growth

In the absence of more accurate data, the marowetigithickness
for the risers is considered to be 90mm at Mean ISael.

Marine growth is assumed to decrease by 1mm foryeXm of

water depth. The Marine growth density is 1025 Kg/m

2.3.9 Sail Properties
The soil properties along the proposed pipelinéerawe extracted

from the Nosong WHP to Sumandak SUPG-B Pipelinet®ou
Survey Report. The soil properties with respect KB as
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summarized below.

Table.13: Nosong WHP to Sumandak SUPG-B Pipeline Route

Soil Properties

DC-1.0

DC-2.0

DC-3.0

DC-4.0

DC-5.0

DC-6.0

DC-7.0

DC-8.0

DC-9.0

DC-10.0

DC-11.0

DC-12.0

DC-13.0

DC-14.0

DC-15.0

DC-16.0

DC-17.0

DC-18.0

DC-19.0

DC-20.0

DC-21.0

DC-22.0

DC-23.0

DC-24.0

DC-25.0

DC-26.0

Very loose SAND with shell
fragments

Very loose SAND with shell
fragments
Very loose SAND with shell
fragment
Very loose SAND with shell
fragments

Very loose clayey SAND with shel
fragments

Very loose clayey SAND with shell
fragments

Very loose clayey SAND with shel
fragments

Soft grey sandy CLAY with shell
fragments

Very soft grey sandy CLAY with
shell fragments

Soft grey sandy CLAY with shell
fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

Very soft grey sandy CLAY with
shell fragments

N/A

N/A

N/A

N/A

N/A

N/A

N/A

14

11

12.5

DC-27.0

DC-28.0

DC-29.0

DC-30.0

DC-31.0

DC-32.0

DC-33.0

Very soft grey sandy CLAY with 5

shell fragments

Very soft grey sandy CLAY with 10

shell fragments

Very soft grey sandy CLAY with 3

shell fragments

Very soft grey sandy CLAY with 6

shell fragments

Very soft grey sandy CLAY with 6

sheTestll fragm

ents

Very soft grey sandy CLAY with 6

shell fragments

Very soft grey sandy CLAY with 4

shell fragments

The soil geotechnical properties along the pipsliaee taken
from Laboratory Test of Nosong WHP to Sumandak StBPG
Pipeline Route Survey (Ref. 10) and are summatiséaiv.

Table.14: Nosong WHP to Sumandak SUPG-B Pipeline Route
Soil Properties

DC-1.0
DC-2.0
DC-3.0
DC-4.0
DC-5.0
DC-6.0
DC-7.0
DC-8.0
DC-9.0
DC-10.0
DC-11.0
DC-12.0
DC-13.0
DC-14.0
DC-15.0
DC-16.0
DC-17.0
DC-18.0
DC-19.0
DC-20.0
DC-21.0
DC-22.0

(m)
0.8
0.8
0.8
0.8
0.72
0.72
0.77
0.8
0.3
0.3
0.3
0.3
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.2
0.4

(%)
40
40
40
39
39
39
37
40
33
33
35
35
40
41
32
30
36
35
34
42
21
34

(Mg/m®)
1.95
1.92
1.92
1.95
1.95
1.95
1.95
1.92
1.83
1.83
1.83
1.83
2.29
1.94
2.03
2.06
2.01

1.91
1.84
2.05

(Mg/m®)
1.39
1.37
1.37
1.4
1.4
1.4
1.42
1.37
1.38
1.38
1.36
1.36
1.64
1.38
1.54
1.58
1.48
1.48
1.49
1.35
1.52
1.53
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46 1.91 131
34 1.99 1.49
35 1.99 147
38 1.89 1.37
38 1.7 1.23
42 1.93 1.36
45 1.8 1.24
38 1.7 1.23
38 17 1.23
40 1.87 1.34
39 1.87 1.35

3.0 SUBSEA PIPELINE ANALYSIS

3.1 Pipeline Design Parameter

The pipeline design and calculation is the mostiafipart in any
subsea field development process. The parametdrbevtaken
into consideration in this work are: structure gbgy weight of
pipe, design pressure and pipeline stress.

The pipeline design and operational data is basgoh u
Pipeline Steady State Hydraulic Analysis Report &uwdrosion
Design Basis Memorandum is presented in Table.1Be T
hydrostatic test pressure shall be 1.5 times maxirallowable
operating pressure / design pressure of the pmelystem or the
pressure that produces hoop stress in the weakespanent
equal to 90% of SMYS, whichever is smaller. In #évent of pig
stuck during pigging operation, it is anticipatbattthe riser and
spool at NDP-A side may be exposed to a build-ugopkide
pressure. Therefore, all flanges at NDP topsidserrand spool
has been rated to NDP-A topside pressure and thie-ADBiser
and spool has been designed to withstand NDP-Aideps
pressure.

Table.15: Pipeline Design and Operating Data

16-inch NAG LP
Pipeline from
NDP-A to SUPG-
B

10-inch FWSHP
Pipeline from NDP-A
to SUPG-B

Flow Medium
Min. Product Density (kg/m°)

Max. Product Density

(kg/m?)

Internal Corrosion Allowance
(mm)

Corrosion Allowance for Riser
Splash zone (including
external) (mm)

Outside Diameter (mm)

Design Pressurefor NDP-A
Topside, Riser and Spool (bar)

®
Design Pressure for Subsea 137.9 82.74
Pipeline, SUPG-B Topside,
Riser, Spool (bar)
Hydr otest Pressure for 206.85 124.11
Pipeline System (bar)
Max. Design Temperature 80 80
(°C)
Min. Design Temperature 0 0
(°C)
M aximum Operating 68 64
Temperature (°C)
Pipeline and Riser Design Life 25 25
(vears)
Linepipe Type IRIFBY
Material Grade for Linepipe API 5L
NDP-A Topside Rating £500 1500
Subsea Flange Rating 1500 1500
(Note 2)
SUPG-B Topside and Pipeline 900 600

System Rating

Above Splashzone  1mm thk. Glass 1mm thk. Glass Flake

Flake Filled Filled Polyester
Polyester
Riser Splashzone 12.7mm thk. 12.7mm thk. Neoprene

Neoprene over over 0.5mm thk. FBE

Proposed 0.5mm thk. FBE

External
Anti-
Corrosion
Coating

Submerged Risers  0.5mm thk. FBE 0.5mm thk. FBE

and Bends

5.5mm thk. AE with 5.5mm thk. AE with
Concrete Weight Concrete Weight
Coating Coating

Subsea Pipeline

3.2 Pipeline Material and Steel Properties
The material thermal properties and densities efiipelines and
risers are shown in Table.16.

Table.16: Material Thermal Properties and Densities

Thermal
Conductivity

(W/m.K)
0.69

Coating Type
(kg/m3)

Asphalt Enamel (AE) 1280

Fusion Bonded Epoxy 1400 0.3
(FBE)

3 Layer Polyethylene 925 0.6
(3LPE)

3 Layer Polypropylene 900 0.22
(3LPP)

Concrete Coating 3044 2.1
Carbon Steel Pipe 7850 45.35
Neoprene Coating 1450 0.265

- Published by International Society of Ocean,
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Dimension | Subsea Well | Ope P pannings | Expansion Drawing | Manifold | LCCost

The design will be based on the following steel eriat
properties shown in Table.17.

Table17: Steel Properties

MPa 207000
- 0.3
°c 11.7 x 10-6

4.0 SUBSEA STRENGTH ANALYSIS Figure2: Wall thickness and stress analysis using Subsea Pr

o . Simulation.
3.1 Pipeline Design Parameter

Two types of analysis were carried out, the fisststatic
analysis and the second is buckling analysis. Hidetbelow
shows the characteristics of the pipeline.

The pipeline analysis is carried out using SubgeaSPmulation
to determine wall thickness and ANSYS to determiontal
deformation during operation. The pipeline is sotgd to

internal pressure and hydrostatic pressure. i
Table 18 and Figure.2 show wall thickness and staeslysis 12":—//\
using Subsea Pro Simulation. The simulation resiuttws very i -
close to the actual wall thickness. o, L_,
Table.18: Actual and simulation result wall thicknesses. o s e
9 .50 .10 Figure.3: Maximum Deformation (100m free span)
o S oEm The analysis shows that the maximum deformation is

P parnogs | Eamicn Drave | Merkon | 1GCom 7.1688m at the middle of the pipeline. This analysicarried out

. - for 100m free span. As we can see the maximum dhefibon is
quite high. Therefor a shorter free span is comsitiéo decrease
the maximum deformation.

Figure.4: Maximum Deformation (50m free span)

The figure above shows maximum deformation for 50
span. As can be seen, the value is now 0.4486m whigh is
considerably lower than for 100m free span. Theelpip will
require support on the middle of free span to offse buckling
load.

77313 Max
000068722

000060132

o]

ol

Q00025771

ao071g!
85903e-5
OMin O

0000 1500 3000(m)

Figure5: Maximum Deformation (10m free span)

The figure above shows maximum deformation for Xtee
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span. The maximum value is 0.0008 m which is alrest. This
proves that the shorter the free span, the smdltier static
deformation. However, selecting the optimum frearspnust
include other factor such as cost and efficiency.

5.0 CONCLUSION

In conclusion, this paper discussed subsea pipelindosong-
Bongawan field development, Malaysia. Wall thicksaad stress
of the subsea pipeline were analyzed using SubgeSimulation
and ANSYS. The simulation result shows the simatatiesult
was very close to the actual wall thickness.
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ABSTRACT

In employing blade element momentum (BEM) method to

compute the performance of a turbine propeller lithand drag
coefficients of propeller element/airfoil are neddeThe
coefficients are usually obtained from model experit.

Unfortunately, the model experiment can only bedumted for
small angle of attack until stall mode. BeyondIstadde, Viterna
extrapolation method is commonly used. The metisodsied to
predict the lift and drag coefficients from staligle to 96.

Beyond that range, besides Viterna method, origftzl plate
theory assumption can also be adopted. The presemly
compares the lift and drag coefficients extrapohatiusing
Viterna method and flat plat theory. NACA2415 aiirshape is
used for computation. The computation formulas pratedures
are presented and important parameter effect tacdeficients
are shown and explained.

KEY WORDS:. Blade Element Momentum, Experimental Data

Extrapolation, Flat Plate Theory, Lift and Drag teients,
NACA2415, Viterna Method

NOMENCLATURE
AR aspect ratio
AoA  angle of Attack
Co drag coefficient
C. lift coefficient

a angle of attack
1.0INTRODUCTION

One of popular methods to predict the power prodimea wind
turbine is blade element momentum (BEM) method. Tieen
advantages of the method are simple formulationst fa
computation, and good accuracy results especiallgteady state
condition. Examples of BEM method application canfund in
references (Ceyhan, 2008; Dgssing, Madsen, & B&K 12
Godreau, Caldeira, & Campos, n.d.; Liu & Janaj&€H,2).

In this method, the propeller blade is divided irseveral
elements/airfoil. Each element is assumed to adtpandently
and has no interaction between them. The forcesrardents are
computed on each element/airfoil. The total foraed moments
are obtained by integrating the forces and momentseach
element/airfoil.

Therefore, in order to use the BEM method, each
element/airfoil performance in terms of lift ancagrcoefficients
is necessary. The performance is usually obtairyedobducting
a model experiment. However, the model experimeats only
be conducted for small angle of attad&lof) until stall mode. For
post stall mode performance, it necessary to eatatg the data
obtained from the model experiment in order to wbtae full
360 data.

For obtaining the full polar data, several extragioh
methods can be used such as Bean and Jakubowséiation,
Kirke Correlation, Montgomerie model, Viterna maodeitc.
(Bianchini et al., 2016). Of the methods, Viternadal is the
most common one to be used because it can be iraptecthmore
straightforwardly with reliable results.

The Viterna method is used specifically to be impated to
predict the lift and drag coefficients from stalode to 96 of
AOA For AoA higher than 99 formulation based on the original
flat plate theory can also be implemented.

The present study compares the data extrapolatsolts
computed using Viterna method and original flatt@léheory.
The computation formulas and procedures of both
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implementation methods are presented and impopargmeter
effect to coefficients are shown and explained. d@nonstrating
the calculation procedures, an airfoil based on RA€L5 shape
is used.

20SOLUTION METHOD

In the present study, the Viterna method is usezktmapolate the
lift and drag coefficients beyond the stall anghtill00o. Beyond
that range, original flat plate theory assumpti@n also be
adopted.

2.1 ViternaMethod
The Viterna method, also known as Viterna-Corrigathod, is a
data extrapolation method f@&oA (o) greater than stall angle
(astan) but less than or equal to 90rhe method was formulated
by utilizing flat plate theory (Matthew, 2009).rééquires an initial
angle with its associated drag and lift coeffictemthich should
satisfy flat plate theory.

The Viterna method is formulated to extrapolate Itfieand
drag coefficients using the following equation @.. Viterna &

2.2 Flat Plate Theory

It is known from flat plate theory that for deeplsbr high angle
of attack region (greater than¢0the upper surface of the airfoil
receives no direct impact from the flow due to fleeparation.
The condition is consistent with what so-called K@vian Flow
condition. Consequently, the thickness of the dirfan be
neglected. In this deep stall region, lift and dcagfficients are
largely independent of airfoil geometry but maidpends on the
blade geometry and aspect ratio (J. L. Tangler4200

Moreover, the flow of lower surface is completeiyminar,
and its contribution to the overall drag force isrw small.
Therefore, when the foil in high angle of attaclsition, the foil
will behave like a thin of flat plate.

When assuming that the airfoil behave like a flite for
deep stall angle, the flow separation effect wilise Therefore,
in order to resolve the flat plate flow behaviotive stagnation
point on the rear side of the airfoil is moved bgswaming
potential flow theory like behaviour. Based on thrinciple, the
curve of lift and drag coefficients can be desatihesing the
following equations (Duquette, 2007; J. Tangler &ckirek,
2005; Timmer, 2010).

Janetzke, 1982; L. Viterna & Corrigan, 1982): C, =2sina cosa (8)
C,=2sifa 9)
C, = Asin2a+A, %254 @) °
sna It can be implied from Eqg. (8) and (9) that lift cardrag
C, = Blsin2 a+ B, coxr 2 coefficients ato = 0 will be zero. This is idealization of the curve
where and not realistic. Even though not realistic, theory assumption
was found to be a good first-order approximatiorifoand drag
o coefficients (Hoburg & Tedrake, 2009).
A. = max (3)
2 2.2 4 (four) Digits NACA Airfoil
In é i% NACA (National Advisory Committee for Aerautics)
= = - i n of NASA (National Aeronautics aSgace
B=G, @A (CLS'A" Cor, SNt Comﬂd'ﬁdmﬁsﬁ@ﬁon) s conducted airfoil experiments ngsirational
and systematic shapes. Based on the shapes, NA@BIissed
C, -C, sin? fo the shape nomenclature which is now a well-knowanddard
B, :S‘a”# (6) (Tobergte & Curtis, 2013).

stall

Comaxis found using aspect ratio (AR) as follows

CDmax [01.11+ 0.01AR )

The AR in Eq. (7) can be obtained from BEM method
application where finite blade length will affedise flat plate
assumption. The chosen value AR will not affect the results
significantly. AR equals to 9-10 can be used for most
computations.

For data extrapolation from > 9C° to a < a,,,, the calculated
values are reflected. The Viterna method does rmotsider
pressure or skin friction distributions; howevey, haking a few
simple assumptions and correction, it is possilbleobtain a
reasonable estimate from the Viterna method. Whiiemethod
is not an accurate representation of the true phy#iprovides a
reasonable estimate and accuracy in early desareps.

Original NACA airfoil series consists the 4-didi;digit, and
modified 4-/5-digit which can be drawn using anialgt
equations that involve the camber (curvature) & mhean-line
(geometric centreline) of the airfoil section adlwas the section's
thickness distribution along the airfoil length.téa series has
included the 6-digit series which are more compéidashapes
constructed using theoretical rather than geonatmethods.

The 4-digit series are first family of NACA seriasfoil. The
first digit specifies the maximum camben)(in percentage of the
chord €), the second indicates the position of the maximum
camber ) in tenths of chord, and the last two digits pdevihe
maximum thicknesst) of the airfoil in percentage of chord. For
example, the NACA2415 airfoil, which is the one diga the
present study, means the airfoil has a maximunkiiess of 15%
(0.15) with a camber of 2% (0.@2 located 40% (0&) back
from the airfoil leading edge. By knowing the vaus m, p, and
t, the coordinates and shape of an airfoil can bapcted and
drawn.
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3.0AIRFOIL DATA

The computed airfoil shape in the present studfASCA2415.
Using the definition of 4 (four) digits NACA airfodescribed in
the previous section, the shape of the airfoilresach and shown
in the following figure

NACA Parameters

m= 0.02c t=0.15c
c‘)¥0:.2 07 “_ojﬁ__./—o?a 1

Figure 1: NACA2415 airfoil shape

The lift and drag coefficients of the airfoil wille the input data
for the program code. The coefficients of the dirfeill be
mostly taken from experiment data which can be ¢oun
reference (Abbott & Doenhoff, 1949). The experina¢mesults
are shown in the following graphs.
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(b) NACA2415 Drag coefficient

Figure 22 NACA2415 Lift and Drag Coefficients (Abbott &
Doenhoff, 1949)

However, it can be seen from Fig. 2 that akeA of 15.95,
theCp cannot be determined from experimental graph. &bee,
in order to resolve the issue, a polynomial fitlviie used to
predict the value of; for this range. The same procedure has
also been demonstrated in reference (McCosker,)2012

For the present case' drder polynomial is used to predict
the Cp for unknownCp, range. By using the available data, the
equation of the polynomial can be determined ammdvahas

807 x*+ 40°x*+ 6110° x+ 0.0063 (10)

The summary ofC, andCy data obtained from experiment
curve and predicted by Eqg. (10) are shown in tHeving table

Table 1: NACA2415 Lift and drag coefficients

A0A (degree) C. Cp
-10.3¢ -0.8€ 0.0090¢
-8.27 -0.64 0.00786
-6.2 -0.42 0.0071¢
-4.34 -0.24 0.0067¢
-2.27 -0.02 0.00647
-0.2 0.2 0.0064¢
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1.87 0.41 0.00651
3.94 0.61 0.00699
5.5¢ 0.84 0.0079¢
7.66 1.06 0.00935
9.7t 1.27 0.0111¢
11.8 1.43 0.01368
13.66 1.57 0.01613
15.95 1.65 0.019722
18.0¢ 1.5¢ 0.02399:
20.12 1.34 0.029008
22.2 1.2¢5 0.03476!
24.27 1.34 0.041298

In order to observe more clearly the input dat® thata
shown in the above table is shown in graph below.

T T T g 005
* cL *, = 0.045
151 ] CD Experiment PS ® @]
[ ] CD Prediction * o004
* ¢ —~
- * e -o0.035 8
Ot E =
- 2 3 4 -
% ° E 0.03 8
© * ] ks]
= 0.5 - 0.025 &=
5 . R
o} 7 =
8 . ° do0.02 O
= 0 * u 3 %
3 - —0.015 <
* - ] [a)
05 . 0 " Ho0.01
e ""mmun"n ]
— 0.005
. E
_:E 5 -10 -5 0 5 10 15 20 25 0

AOA (degree)
Figure 3: Experimental and predictégh, andC,

As shown in the above graph, stall angle is ardlBidf AoA
Unfortunately, as described before, (Bg data are not available
for post-stall angle. Therefore, they are predictading
polynomial equation shown in Eq. (10). The predid@g data are
shown as green circle symbol in Fig. 3.

4.0 RESULTSAND DISCUSSION

Based on the airfoiCp and C, coefficients shown in Table. 1,
computations are performed using the methods destiin the
preceding section. The first computation is perfednio analyse
the effect of Coefficient lift adjustmenCy{,g) to lift coefficient.
The C_,qj is an important parameter needs to be determirnashw
using the Viterna method to predict the lift andglcoefficients
beyond the range from stall angle t6.90, ,q; will determine the
maximum value of computed, .

3 (three) values o€, are used which ar€ g = 0.7, 0.9,
and 1.2. The computation results are shown in til®viing
figure
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Figure 4: Effect oCL,q to lift coefficient

From figure, it can be seen that.q = 0.9 has the best fit to
the line compared to other values @f,g. Therefore, the next
computation will useC,,q; = 0.9.

The next computation is performed to analyse the
extrapolation ofC_ using Viterna method only and flat plate
theory assumption. The computation results are shiowthe
following figure

15—

T T

o
a1

T
>/

-

Qo 1

*%‘ / \ | \ ]

S ]

g 10 120 -60 60 '\ 120 )
S | i AoAQegree) /

O B

=05

E

1 1 V]
Viterna Method Only ]

Viterna & Flat Plate Theory
Experimental Data

[\\\\

-1.5 *

Figure 5: Lift coefficients comparison

It can be observed from the figure that there @erdpancies
of results around the peak which are around %1atd 176.
Higher peak can be resolved by implementing flateltheory
assumption as shown as red line. As a result, tlfigure, it
can also be noted the shape is much more sinuseitieh
applying the original flat plate theory assumptioihe
assumption is used in computing lift and drag doiefiits from
90 to 180 and in its reflection in negative side of the aurv

The results for drag coefficients are shown in fibleowing
figure
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Figure 6: Drag coefficients comparison

From figure above, it can be observed a good agreem
between Viterna method and flat plate theory assiempn in
terms of shape and magnitude of the curve. Thdtseslnow that
the effect of Viterna method folCp extrapolation is not
significant. Significantly higherCpnha in the curve can be
adjusted using the value AR as shown in Eq. (7).

5.0 CONCLUSION

In the present study, implementation of lift andglicoefficients

experimental data extrapolation using Viterna metlamd flat

plate and theory assumption are performed. It isndo that

discrepancies can be noticed for lift coefficiemtsile a good

agreement can be found in terms of shape and noalgnfior drag

coefficient. The computation results shown in thmespnt study
will be important for determining the Viterna metho
implementation procedure when using blade elemarmhemtum

(BEM) method.
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Paper History Campos Basin is located on offshore Rio de Jargtmee, which

is on the Southeast region of Brazil. The Campasnbeovers
Received: 5-June-2016 area of 100 square km ranging from 20 m to 3,400ater depth.
Received in revised form: 27-June-2016 After Petrobras discovered 2 giant fields in Campmssin,
Accepted: 30-June-2016 Albacora, 1984 and Marlim, 1985 in water depth 2060 2000
m, they faced 11 years later (1996) to the disgpeémRoncador
Field in water depth ranging from 1,500 m to 1,990Roncador
Field is a giant field located in the northern apé&£ampos Basin

ABSTRACT as shown in Figure.1.

The production of oil and gas in Brazil is keepijgjng as long
as there is demand worldwide, same for the deveitopnof
subsea system technology. The Roncador Field hers leading 4 g
the technological challenges of Petrobras in wap water - : Foncador
1500 to 1900 meters- which covers an area of ajpeirly 110 i
square kilometers. This paper discussed pressumgstress of
subsea pipelines on Roncador Field using Subse&iRmolation

to analyze the wall thickness and ANSYS to analyee stress
distribution along the pipe.

KEY WORDS: Roncador Field, Wall Thickness, Subsea
Pipeline, Stress

NOMENCLATURE —_
BBLD Billion Barrels per Day Figure.1: Maps of Campos Basin and Roncador Field [Offshore
oD Outside Diameter Energy].

ID Inside Diameter

wT Wall Thickness The Roncador Field has been leading the technabgic
MMSCMD Million Metric Standard Cubic Meter Per Day challenges of Petrobras in ultra-deep water sinisediscovery. It
FPU Floating Production Unit has the world's first drill pipe riser, subsea treed Early
EPR Early Production Riser Production Riser (EPR) rated 2,000m. The first welRoncador

is RJS-436A connected to the FPSO Seillean fron® 162001
using EPR at water depth 1,853m with GLL TLD 200®sea
tree. This field has 3 billion barrels of provercaoeerable oil
1.0 RONCADOR FIELD reserves. Due to its large reservoir size, thel fieds divided into
four modules, Module 1 has oil well 28-31 API, Mé&l@ oil
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wells 18 API, Module 3 has oil well 22 APl and Mdeld has oil
well 18 API. Module 1 has two phases, Phase 1 drabé® 1A.
There are total 94 wells in Roncador Field, whiet60 wells are
production well and 34 wells are water injectionlsieTwo types
of subsea technologies were used; vertical andztatal. Both
tree technologies are guide-lineless with vertidlw-line
connection with individual vertical modules. SeVeddfshore
floating structures have been chosen to opera®oircador Field
for production activity such as floating productistorage and
offloading vessels and semi-submersibles.

2.0 RONCADOR FIELD PROJECT DEVELOPMENT
Petrobras developed Roncador field in four modblesause of
its large size and different oil gravity in eaclearModule 1 has

several phases. Figure.2 shows the project developmodules
in Roncador Field.

L

) j \ “API: 28 1
# Wells: 18P + 11129
Water depth: 1.800 m
N\ - Production Start: 2007
* 8 Phase 2

SS P52

Frade Field

°API: 28
# Wells: 7P + 21 =9
‘Water depth: 1.290 m

; e
Production Start: 2012 ‘7,/” ; Roncador Field
— %" Avea: 109 kn®
P:";S'(; oy MODULE 4 End of Cancession: 2025
Nh. " [
S MODULE4 5.
y { 7

MODULE 1A

1. Frsopa2
°API: 18 |
# Wells: 11P +61=17 | SSP&5

Water depth: 1.400 m
Production Start: 2007 |~

. - "API;,IBS 7
# Wells: 12P +51=1 *
——— Weser depai: 1500 a8 e ———— .
Production Start: 2014

Figure.2: Project Development Modules in Roncador Field
[Henrique.at.al, 2013].

The Early Production Phase started producing ir91f88m
the first well, RJS-436. This well located at wadepth 1,853 m
and connected to FPSO Seillean. This phase wa® ggbduce
early in order to create revenue for the projeatdeer the huge
costs for development the whole field. During tpisase, the
production was 20,000 BBLD.

Phase one of Module 1 consisted of several welected
to semi-submersible production facility P-36. Istart producing
in 2000 and later in March 15, 2001, this semi-setsible has
sunk due to explosions due to human error. Dutirag time, P-
36 is considered the biggest submersible whichywed 84,000
BBLD of oil and 1.3MMscmd of processing gas. Aftee P-36
incident, Petrobras has started with Module 1A:sehane. They
want the field to producing as soon as possibl&@Brasil has
been installed on water depth 1,290 m and eighdymraon wells
have been connected to the vessel. On 2002, tldehfés started
production again.

In Module 1A Phase Two, new build semi-submersig2
has been fabricated and installed in 2007. Thigfqula is
connected to 18 subsea production wells and 11rvigjection
wells. The submersible produce 20,000 BBLD peakiog

180,000 in second-part of 2008. The peak gas peatifrom this
phase was 3.2 MMSCMD. For this project, we will decon
Module 1A only. A module 2 development consistsl@flong
horizontal wells which 11 of them are productiorileveand 6 are
water injection wells. FPSO P-54 has been assigfaed
production in this module and started operatio2@®7. This
phase has helped to boost the overall productmm the field to
460,000 BBLD. Development of module 3 consists bfatid-on
production wells and 7 water injection wells. Fbaistmodule,
semi-submersible P-55 has been assigned for pioducthe
production capacity for this platform is 180,000 IBBand gas
compression capacity is 6 MMSCMD. The platform tet@rits
production in 2013. Module 4 development consi$td®wells,
which is 12 wells are production well and anothew@lls are
water injection well. An FPSO P-62 has been assidgoe this
module. This FPSO is a cloned to the P-54 FPSO pfdduction
capacity is 180,000 BBLD and gas compression capasi6
MMSCMD. This platform started its production in 201

3.0 RONCADOR TRANSPORTATION SYSTEM

The module 1A of the Roncador field, offshore Bkazas been
developed employing a large production semi-subitvlersinit.

The integrated gathering system of phase-2 as gur&i3
involved subseas wellheads and manifold in watetidearying
from 1550 to 1900 meters. The production and ipediowlines

systems connect the FPU directly to each well, mbda the

well gas lift flowlines are attached to three swubseanifolds
linked to P-52 through a Gas Lift “Ring” pipelinall flowlines

and risers for integrated gathering system areeatlyr both rigid
and flexible pipes. Subsea connection flowlinesvetiheads and
manifolds also were provided by flexible pipe orolm as
Vertical Connection Module.

-~ A__ —— —— = T
< AN = —— k N ‘:_\ i.\. . _3\

Figure.3: Overview of Roncador subsea system [Claudio, 2014]

These flowlines networks to connect to 18 produrctiells,
11 water injection wells, 4 spare wells and thremifiolds (Jose
et al., 2006) consists of 335 km of flexible flomdis for gas and
production pipelines and 60 km of rigid pipelines production
and gas lift pipelines. The details for productiand gas lift
flowline for the respected system as in Table.1.
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Table.1: Production and gas lift flowlines details [Morags al,
2001].

Particular

Length Pipe Diameter

(m) (Inch)
Production pipeline

Insulated flexible jumper

from wellhead

Insulated steel flowline

with

PLET's in both ends

Insulated flexible flowline

Flexible riser to platform

Gas lift Pipeline

Flexible jumper from

wellhead

Steel flowlines with

PLETS in both end

Flexible flowline

Flexible riser to platform

In addition, Figure.4 discussed the typical compasiof the
flowlines which connecting the wellhead to the FjAdevedo et
al., 2001] consists of:

1. Pullin head
2. Flange

3. Riser

4. Extension Flowline
5. Isolation Valve
6. vCM

7. PLET

8. Steel Pipeline
9
1

. Flexible Jumper
0.VCM on Wellhead

Figure.4: Composition of Flowline [Azevedo et al., 2001].

The production flowlines based on API 5LX60 werateol
with fusion-bonded epoxy (FBE) and thermal insolatcoating
wrapped-solid polypropylene. Gas-lift pipelines dsson API
5LX60 were coated FBE-polyethylene for corrosiondan
mechanical damage protection (single pipeline atsuh coating)
as in the Table.2: The properties of insulation tiooa for
production pipeline can be described in the Table.3

Table.2: Roncador Rigid Pipeline Data [Marcos et al., 2001

of Steel
Steel oD WT ID
(mm)  (mm)  (mm)
X60 177.8 14.3 149.3
X60 141.3 12.7 115.9

Coating
OD/WT FBE Adhesive Insulation Shiedl
(mm) (mm) (mm) (mm) (mm)
125 0.1 04 60 0
11.1 0.1 0.3 0 5

Table.3: Roncador Production Pipeline Insulation Data [Marc

et al., 2001].
No. Product

Thermal
Conductivity

W/nmeK

Solid 0.22
Polypropylene

Nominal
Thickness (mm)

3.0 SUBSEA PIPELINE SIMULATION

3.1 Subsea Production Pipeline

Rocandor field use type single pipe with coating ffeoduction
pipelines. The pipe consists inside pipe, coatind msulation.
Below is the calculation for production pipelinehel pipelines
data used in the calculation are shown in Table8.4

Published by International Society of Ocean, Meat&lrand Aerospace Scientists and Engineers



Journal of Subsea and Offshore

. . . June 30, 2016
-Science and Engineering-Vol.6

o
0.5
Table.4: Rigid Pipeline Data LB 03
BE 0.5
mm 1778 us 0.7
mm 14.3 2mm-4mm
- X60 The limit state of hydrostatic test pressure cariopeulated
. as follows:
Kg/m 7850
Mpa 413 Pe < fa fe-fe- Py (1)

Where; f;is burst design factor of internal pressure 0.90 fo
MPa 517 pipeline and 0.75 for risef,is joint factor of weld and; is
Temperature derating factor.
Figure.5 shows subsea pipeline stress analysig [&ihsea

. 03 Pro Simulation. The Subsea Pro indicated that theinmm
acceptable wall thickness is 14.30 mm for 50 tasgetrs. The
Gpa 207 internal pressure is more dominant at this watptide

ct 1.17x10°

Table.5: Insulation and Coating Data

. - Subsea Pro
m 00001 . Simulation and Installation

Kg/m® 1300
m 0.060

Kg/m® 912.2

Table.6: Operating Data

Kg/m® 897
Mpa 30
°C 67

Table.7: Environmental data

Kg/m® 1027
m 1870
Mpa 18
°C 5
- 0.58

Table.8: Soil data
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o
T Table.10: Insulation and coating Data
. m 0.0001
Kg/m® 1300
m 0.005

Kg/m® 3040

Table.11: Operating Data

, : i Kg/m® 0.668
. ! Subsea Pro Simulation - olEd Mpa 30.00

Subsea gas lift pipeline stress analysis was deimg (Bubsea
Pro Simulation as show in Figure.6. The Subseaiftizated
that the minimum acceptable wall thickness is 128 for 50
target years. The internal pressure is more domiaiathis water
depth.

Subsea Pro Simulation - olEN

Figure.5: Subsea Production Pipeline Stress analysis using
Subsea Pro Simulation.

3.2 Subsea Gas Lift Pipeline

Rocandor field use type single pipe with coating feoduction
gas lift pipelines. The pipe consists inside pipeating and
insulation. Below is the calculation for gas liffppline. The
pipelines data are shown in Tables 9 - 11.

Table.9: Rigid Pipeline Data

Subsea Pro Simulation - oEd

Dimension | SubseaWel | |Op , Expansion | Pipeine nsialaton | Drawing | Manild | LCCost

mm 141.3
mm 12.7
- X60
Kg/m® 7850 —
O
Mpa 413 C—
1
- |
R
MPa 517
X eoutt volue 0.1 mmyear
|
- 0.3 _
Gpa 207

ct 1.17x10°
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Drawing | Mandold | LCCost

Figure.6: Subsea Gas Lift Pipeline Stress analysis using&ub
Pro Simulation

4.0 FINITE ELEMENT ANALYSIS

Finite element method is a numerical procedure btain
verification and engineering solutions. The aimtfus analysis
is to access the structural behaviour of the pipéeu loading
condition. For this analysis, ANSYS Workbench St&tructural
Analysis has been used based on available opeddiag

4.1 Load and boundary conditions

In this study, the pipe model is built by ANSYS 4dcording to
the scale to define stress and strain during nowpatation in
different water depth level of 1800 meters. Theepims total
length of 120 m and the material properties areespond to API
5L. The internal pressure of 22 MPa and externasgure of 18
MPa are applied and the wall thickness and outendter of pipe
for production line are 14.3 mm and 177.8 mm retpely,
meanwhile the wall thickness and outer diametegs line are
12.7 mm and 141.3 mm respectively (details of tperating
condition can be refer at previous section). Thinlemds of the
pipeline are fixed as restraint condition and tlmutation is
running without pipeline coating.

4.2 Equivalent stress, strain and buckling for prodiction
pipeline

Figure.5 illustrates the equivalent stress in &asiodel without
concrete coating by using static structure analyEi&NSYS for
production pipe. The maximum stress is 190 MPa evtiile
minimum stress is 79 MPa. The equivalent straitiustrated by
Figure.6 which the maximum 9.6313e-4 and the mimmstrain
will be 4.7654e-4. Figure.7 show the pipeline birakl for
production line which is the maximum deformatior1i8326 m.

7901767 Min

000 0100 0200(m)
0050 0150

Figure.5: Equivalent stress for production pipeline

A

Figure.6: Equivalent strain for production pipeline

7901767 Min
000 0100 0200(m)
0050 0150

ype
Load Multiplier: 14923e-002

S/2/2016 1049PM
10326 Max
091789
o815

068841
057368
045834

034421 /

02247 /

011474 4
OMin
0000 10000
I — )
5.000 15.000

20,000 (m)
Figure.7: Production Pipeline Buckling In ANSYS Configuratio

4.3 Equivalent stress, strain and buckling for gapipeline

Figure.8 illustrates the equivalent stress in &asibdel without
concrete coating by using static structure analgSiBNSYS for
gas pipeline. The maximum stress is 170 MPa while t
minimum stress is 80 MPa. The equivalent straitiustrated by
Figure.9 which the maximum 9.093e-4 and the mininmstrain
will be 5.244e-4. Figure.10 show the pipeline bumakl for
production line which is the maximum deformatior1i8024 m.

8.0237¢7 Min

0o 0100 0200(m)
0050 0150

Figure.8: Equivalent stress for gas pipeline
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A

Figure.9: Equivalent strain for production pipeline

000 0100 0200(m)
000 0150

20,000 (m)

OMin
0000 10000
— m— )
5.000 15.000

Figure.10: Gas Pipeline Buckling In ANSYS Configuration

5.0 CONCLUSION

In conclusion, this paper discussed on wall thiskrend stress of
subsea production and gas lift pipelines in Roncé&ikeld, Brasil.
Wall thicknesses of the pipelines were investigatsithg Subsea
Pro Simulation and equivalent stress, strain ancklmg were
analyzed using ANSYS software.
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