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ABSTRACT

Wave and wind climate information can serve assfasidesign,
research and policy making regarding ship safetyaperability,
potential renewable energy exploitation, design off-shore
installation etc. The objective of this paper isdtermine mean
annual significant wave heights and wind speed$fiénMalacca
Strait. Mean annual wave height and wind speedegahave been
statically analyzed based on ERA-Interim reanalysiata

produced by ECMWF (European Center for Medium-Range

Weather Forecasts) during 34 years period. Thia tas been
processed resulting in monthly and annual obsesigdificant

wave heights and corresponding wind speed values.obtained
results show that wave speed and the significantesvdneight
have an increasing trend at the location studi¢dbth trends are
statistically insignificant.

KEY WORDS: wind, wave, ERA-Interim, variability

1.0INTRODUCTION

Malacca Strait sea lane is an important trade réartéhe main
world countries of Southeast Asia. Due to the SwéiMalacca
linking the Indian Ocean with the South China Sed provide

sea lanes for most of world trade. Over the yemmskers and
bulk carriers move large quantities of oil, coabni ore, and
minerals to the production centers in Southeast Asid East
Asia, while tens of thousands of container flowshe opposite
direction to meet the needs of consumers worldwitkrket,
Every year, more than 71,000 ships pass throughSthet of
Malacca to carry a variety of commodities, randimgn crude oil
to finished products from various regions of theld/§l].

Therefore, it is no exaggeration when waterwayoissedered
as one of the busiest sea lanes simultaneouslytidascas an
artery of the world economy. The Malacca Straitvesras a
shipping route for surrounding countries and anartgnt role
waterway to increase the economic and industriatld@ment in
the Asian region.

Thorough knowledge about possible sea states ipriaiic
area is essential for all activities related to tharitime sector
(e.g. offshore installations, ship design for sateid sea keeping,
shipping routes planning, vessel management et€ryincrease
in knowledge in this field for the Malacca stratimportant as it
serves as a busy shipping route with an increasamgl. Sea state
analyses are available from in-situ measuremers, catmerical
modeling, and various forecast models derived opiécal or
mathematical models giving relations between wind waves.

The aim of present study is to contribute to theldfiby
further developing the statistical analysis of teta available
from forecast models derived on empirical or mathical
models throughout the Malacca strait. It aims prily&o identify
mean annual wave heights, and to look in more Idi@izone of
maximum wave heights, researching its relationhe® dominant
winds. Such an analysis can serve as basis fogrdgsirameters
of vessels, research and policy making regardinyy shfety and
operability, or for data source for possible waveergy
evaluation projects in the region.
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Figure 1: Strait of Malacca (red dot is data sangplocation)

Strait of Malacca is one of the world's trade lamesst strategic
as shown in Figure 1. Not only for the countrigeatly adjacent
to the waterway, but also other countries that hatrategic

interests, such as China, India, Japan, and theed)Bitates. Strait
of Malacca and Singapore has a length of about ri@ical

miles and is the longest strait used for intermatiovaters. The
entrance located on the west coast of IndonesiaMaldysia

approximately 200-mile wide strait sea. This is weheahe

sovereign territory of Indonesia and Malaysia bertapping.

Narrowest part is in the south western tip of thaldy Peninsula
has a width of only 8.4 nautical miles [2]. Thenoarest distance
around the Straits of Singapore is 3.2 km alongnilgs with a

depth of less than 75 feet. The type of ships thassed the
straits is container ships, tankers, bulk vesselsgo vessels, ro-
ro ship, passenger ships, ship Navy and fishingelssIn late
2010, passing ship had reached 71.359 vesseld @néxpected
to increase reach 320.000 vessels in 2024 andredith 1.3

million in the year 2083 [3].

3.0 ERA-Interim REANALYSISDATA

The present study is based on the ERA-Interim dloba
atmospheric reanalysis data that are produced &yEtiropean
Center for Medium-Range Weather Forecasts (ECMWHB].
ERA-Interim is the first re-analysis using adaptiged fully
automated bias corrections of satellite radiancgenktions [5]
and contains improvements to ERA-40 such as theptzie use
of four-dimensional variation data assimilation nfrovarious
kinds of sources such as scatterometers, altimetéss wind
profiler data, etc. The ERA-Interim reanalysis rsquced with a
sequential data assimilation scheme, advancingafi@hin time
using 12- hourly analysis cycles [5].

In this study, wind speed and significant wave hdSWH)
downloaded for the period 34 years from 1984 to42@1 6-
hourly intervals. Monthly and annual mean of wingeed and
SWH were calculated from 6-hourly data to descrie
variability of the wave climate over 34 years pdridhe annual
mean of wind speed{,) and significant wave heighH() were

derived from the mean of the 12 concsecutive mgntian of
the data.

YT Hs,
p— 15 j— 15
U10 - n Hs -

n

wheren is sample data.

40RESULTS
Variation in wind speed from 1980-2014

Temporal variation in monthly maximum and mean wind
speed is plotted in Figure 2 and 3 for 34 years.ntily
maximum wind speed shows a decreasing trend froml £p
May as shown in Table 1. Other months show an ugtand in
monthly maximum wind speed. The highest upward drém
maximum wind speed is observed during December with
increasing of 5.93 cm s-1 year-1. Meanwhile, theatimy mean
wind speed shows an increasing trend in all monlits, higher
values during January (2.23 cmilsyear-1) andower values
observed during November with increasing trend8.05 cm s1
year—1.

Table 6 and 7 show the result from temporal vanmatof
annual maximum and mean wind speed from 1980-2014,
respectively. An upward trend of 1.41 cm s-1 yeas-Gbserved
for annual maximum wind speed in Figure 6 and ameasing
trend of 2.1 cm sl year-1 is observed for annual mean wind
speed as shown in Figure 7. The statistical tremalyais of
annual maximum wind speed and mean of wind speesvsh
statistically insignificant as shown in Table 2.

Table 1. Trend in wind speed and significant waeiglt (SWH)
from 1980 to 2014

Wind speed SWH
Month (cm/s/year) (cm/year)

Mean Max Mean Max
Januar 2.2¢ 5.3 0.2C 2.31
February 1.73 0.76 0.20 -0.03
March 1.16 5.83 0.20 1.97
April 0.52 -4.16 -0.18 -0.81
May 0.80 -0.90 -0.19 -0.09
Junge 0.5¢ 2.5¢ -0.37 -1.2%
July 1.43 2.67 -0.29 -1.63
Augus 0.8¢ 4.71 -0.27 -1.38
Septembe 1.2C 0.0t -0.2C -0.88
October 0.81 5.89 -0.84 -0.95
November 0.05 3.01 0.07 0.40
December 1.10 5.93 -0.45 3.06

Variation in wave height from 1980 to 2014

The monthly maximum and mean values of significaave
height (SWH) for 34 years are presented in Figurand 5,
respectively. The monthly mean SWH shows decreasemgls
from April to October and during December, whereasing
other months an upward trend is observed as iratidatTable 1.
A maximum decreasing trend is observed during Gmtofith
trend of 0.84 cm yeafl. Thewest monsoon period (November
to April) showed an upward trend in mean SWH, wéh
exception during December, and the upward trerabgerved in
the range 0.07-0.2 cm year-1.
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Similar to monthly mean SWH, the monthly maximum IBW Table 8 and 9 show the result from temporal vanmatof
shows a downward trend for most of the months exdepng annual maximum and mean SWH for period 34 years,
November, December, January and March as showralieT1. respectively. The annual mean SWH shows a sligivaug trend,
The monthly maximum SWH showed a higher downwagddr with an increase of 0.11 cm yedr, whereas an increasing trend
with a maximum during July (1.63 cm year—1). Ther@asing of 0.58 cm year-1 is observed for annual maximumHS{iig.

trend during November, December, January and Magch 8), but both trends are found to be statisticafigignificant as
observed in the range 0.4-3.06 cm ydar presented in Table 2.
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Figure 2: Temporal variation in the monthly maximwind speed at Malacca strait
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Figure 3: Temporal variation in the monthly averaged speed at Malacca strait
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Figure 4: Temporal variation in the monthly maximaignificant wave height (SWH) at Malacca strait
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Figure 9: Temporal variation of annual mean sigatiit wave
height from 1980-2014

Table 2. Mann-Kendall test for trend analysis

: Standard Mann-Kendall test
Parameter Variance Mean - —
Deviation Sen slope p value Significance
Annual max wind speed 2.393 12.777 1.547 0.00767 0.3827 Not Significant
Annual mean wind speed 0.479 3.431 0.692 0.01133 0.2009 Not Significant
Annual max SWH 0.136 3.062 0.369 0.00392 0.2257 Not Significant
Annual mean SWH 0.072 0.896 0.269 0.00105 0.3558 Not Significant

5.0 CONCLUSION

In this study, a long-term trend in wind speed amhificant
wave height in the Malacca strait is analyzed ugimg ERA-
Interim data set. This study is based on the dataring 34 years
from 1980 to 2014. The study shows that during&drs period,
the annual maximum wind speed was characterized blight
increasing trend (1.4 cm-$ year-1), whereas the annumakan
wind speed displays a small upward trend of 2.1sefnyear—1.
For the annual maximum and mean significant waeéght from

1980 to 2014 has an increasing trend of 0.58 ahtlémn year -1,
respectively. Overall, the results show that wapeed and the
significant waves height have an increasing trenthe location
studied but both trends of wind speed and sigmifieeave height
are statistically insignificant.
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ABSTRACT

Subsea pipeline is a transport medium of oil and ffTam
offshore to onshore, and offshore to another platfoSubsea
pipeline is subjected to extreme internal and @eslepressures.
The differences of internal and external presscaesed by water
depth are a critical issue in selection of waltkiniess of subsea
pipeline to be safe during installation and operatiCurrent
standard practice codes to select the acceptedthveliness are
based on tabulation of design factors. In this pagpé&ubsea Pro
Simulation is applied on selection of the acceptedl thickness
of subsea pipeline based on safety zone. In thewvadd, the
safety zone is determined based on internal anerreadt loads
acting on subsea pipeline. The Subsea Pro Simnl&iapplied
for different water depths such as shallow watem(@ 400 m),
deep water (400 m to 1500 m) and ultra-deep waterd than
1500 m) using data on the Medgaz subsea pipeliogqgir
Results of simulation agree with current operatiradl thickness.

KEY WORDS: Safety Zone; Wall Thickness; Subsea Pipeline;

Water Depth

NOMENCLATURE

on Tensile Hoop Stress
P, Burst Pressure

P, Collapse Pressure
P, External Pressure

1.0INTRODUCTION

In the subsea oil and gas development continuede&p water
and remote region, meanwhile offshore oil and gespanies are
now being planned in water depths 2000 m and greatehese
depths the technical challenges of the subseamsybtcome
increasingly severe and the need for optimizingpafduction
operations become more important in the industry.

The deep water is a severe condition that leadsctwallenge to
the subsea pipeline during installation and opematiln the
installation, the subsea pipeline is subjectedxteraal pressure
that may cause to collapse the pipeline structivben the
pipeline is operated at high pressure and high ¢eatpre
(HP/HT), the pipeline generate stresses axiallylanditudinally,
which comes from internal pressure that may leadetdourst in
the pipeline. The difference of internal pressurel @xternal
pressure could have influenced the stresses al@thghve subsea
pipeline that impact on the wall thickness of thibsea pipeline.
Therefore, an evaluation of the pipeline behavibousd be
performed in order to ensure the pipeline struttintegrity are
safe during installation and operation and complighwthe
lifetime period of operation.

On the other side, buckling is inevitable for subggpeline
because of the pipeline will attempt to expand eordtract during
extreme pressure and temperature of internal pipelinoreover
the line is not free to move due to friction effeetween pipe and
soil consequently compressive forces are axiaBritiuted along
the pipe. Buckling is considered as instabilitypgdeline leading
to potential hazards for severe operation of thgelpie. A
number of failures have experienced in pipelinehsas upheaval
buckling on buried pipeline, lateral buckling oretheabed and
the like. It is important to study and predict fhassible buckling
of subsea pipeline at designated location. Mangaehers have
investigated the catastrophes of pipeline and thsodated
literatures

Offshore pipelines are installed and operated ia Harsh
environments which have to withstand to
environmental load coming from hydrostatic presssea current
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and sea water temperature and soil friction atshabed. The
level of water depth is unequal in the seabed Votig the seabed
contour. In this circumstance, subsea pipeline uljexted to
internal and external pressure in the differenwafer depth, such
as shallow water, deep water and ultra-deep waldre
differences of internal and external pressurese#us selections
of wall thicknesses are to be critical during iflateon and
operation. In addition, the internal pressure catise pipelines to
be buckled, as well as the external pressure caoseslapse the
pipeline structure.

2.0 DESIGN AND CHALLENGE CONSIDERATION
OF SUBSEA PIPELINE

M.Babs Oyeneyin (2012) reported that the IntermaicEnergy
Foundation forecasts the increasing demand of amisemption
will be a shortfall of the petroleum industry, whas the oil field
of exploration will continue from deep water ttra-deep water.
The subsea production system will operate at semézenal and
environmental condition have a need of advancentgdoly to
flow the crude oil. The major challenges for thenpanies are
how to optimize production, minimize operationalstcand
guarantee multiphase flow in order to enhance tbdyztion and
safety construction. Transportation of crude oil ase of
challenge for subsea production system, there @mee sritical
issue, especially in subsea pipelines which ared niee be
reviewed to guarantee flow assurance.

Maryam Maddahi et al (2011) stated that the prontitask in
order to sustain the oil and gas production areSbkection of
offshore facilities and flow assurance type. Thistudre concepts
offer the feature and advantage of offshore pradncfacilities
and introduces common component of the subsea etiopl
system. The remoteness of production area with hhesh
environment becomes a great challenge in the desigil and
gas production. The feasibility study will necestst the
development and implementation of technologicalutsoh to
achieve the oil production. Different Area of oiloguction will
cause different way to build the offshore produttiarthermore
the right selection of facilities and subsea congpdrare needed
to avoid failure and high expenditure.

Ragnar T et al (2000) reported a pilot study fdbBEPPIPE
project that the deep water has a great challemdeansport oil
and gas production. This challenge imposes to higist
construction and operation. In consequence, thelipg design
must meet the tight requirement. The objectivéhefdesign was
to provide more effective cost of installation amgeration with
regard to acceptance criteria for material selectieelded joint,
service and testing for pipelines. Tension andyéegitest were
carried out for the material to assure the mecle@mpooperties.
Allowable stress and strain refer to the DNV OS El®hereas
the global bending was considered as high straih stness
intensification occurred. For installation, The 8yLmethod is
effective cost to be applied where the pipelines pint at
welding station.

Hermann Moshagen (1998) said that the design obesub
pipeline must comply with the pipeline design codesh as
ANSI/ASME B31.4, APl RP 1111, DNV F 101 Design
Guidelines. The pipeline standard gives the steiqtirements for
design, materials, construction, operation and teaance to

assure that the pipelines are safe to be operaeadgda lifetime
period without any failures or structure instai@kt occurred,
such as buckling, fatigue, out of roundness anckessice free
spans and etc. The DNV OS F101 gives the designirezgent
for pressure containment which is called Load Raste Factor
Design (LRFD). The LRFD principle is the designdoia not
exceed the design resistance of the pipeline.

Andrew Palmer (1998) reported that the conventigip¢line
design in deep water must withstand to externalrdstdtic
pressure. The pipeline is laid with air-filled cugiinstallation to
resist collapse and buckle propagation. The watkttess of pipe
will be high and other difficulties with weldingopsible repair
and corresponding to high cost. The need of mediled to
pipeline will be a question for engineering, meaitevthe inside
pipeline will not be permitted to be empty to pneve collapse.
When the water is used to fill in the pipelinewill affect to
submerge weight of pipeline induce high tensionttmn topside.
Alternative lighter liquids might have advantages reduce
submerge weight such as pentane which it has atdeni$26.2
kg/m3 and boils at 36.1°C. The density of liquidlvinfluence
the top tension of pipeline with the result thag thickness of
pipeline is selected to withstand the load.

Indu K. Mahendran et al (1997) studied The APl #8ME
restrict the selection of pipe wall thickness foe application of
High Pressure and Temperature by mean of BursttL8tate
Design principles to design subsea pipeline. Thestbpressure
limit state is a model to predict the strength ipitine against the
internal load and to acquire the reliable structofesubsea
pipeline. The objective of limit state design is a@stimate the
strength of the pipeline structure respect to irgkloads

3.0BASIC THEORIES ON SUBSEA PIPELINE

This section provides the description of subse&lpip theory
related to the design of subsea pipeline by corisigenternal
and external pressure. The internal pressure isdaicexpansion
and lead to buckle during operation. The externesgure causes
the pipeline to be collapse during installation apération.

3.1 Hoop Stress

The primary requirement of the pipe wall-thicknsestection is to
sustain the stresses for pressure containment.tdiigle hoop
stress is due to the difference between internal external
pressure, and is not to exceed the permissibleevadugiven by
the following hoop stress criterion (DNV - 2000):

D-t ,
o, = (P — Pe)? SN(SMYS - fy.temp) (3.1)

Where: the usage factor for pressure containmeskpgessed as

, 2.ay
n= V3.ymyscyinc 3.2)
where: a,= Strength of material
¥m= Resistance factor of material
ysc= safety class factor
Yinc= incidental of design pressure ratio

The allowable hoopstred$, the criterion of ABS (2000) to be
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expressed by the following equation:

Fp, =1n.SMYS. k¢ (3.3)
The hoop stresB, in a pipe can be formulated as below:
op = (P; - Pe)? (3.4)

3.2 Burst Pressure Design

The pipeline is filled with pressurized liquid oag which is
called the internal pressure. The internal pressyeaerates
stresses in the pipeline. If the stresses exceedirttit strength,
then the pipeline will be burst. Burst pressure barformulated
as follows:

P < fafe-fe-Po (3.5)
P; <0.80P,

P, < 0.90P,

fa= burst design factor of internal pressure 0.90pipeline and
0.75 for riser

fo= joint factor of weld

f,= Temperature derating factor, 1.0 for temp leas th2£C
P,=Specified Minimum Burst Pressure

P,=Pipeline Design pressure

P.= Hydrostatic test pressure

Py = 0.90(SMYS + SMTS) (=) (3.6)
Where: D= outside diameter for D/t >15

Substituting the pressure test:
P; =< 0.80ff.f:Pp 3.7
Py =< 0.80f4£,£:0.90(SMYS + SMTS)(5=) (3.8)

3.3. Collapse Pressure Design
APl RP 1111 provides a formula to determine thelapsie
pressure as follows:

P. = _Byke (3.9)
Pi+PZ
Where
P, =2.5MYS (%) @)1
t
P, =25(5) (3.11)

Timoshenko and Gere (1961), propose the followiregigh
equation collapse pressure

25y

=

P = (3.12)

3.4 External Pressure
External pressure is an important factor which &hde taken

into consideration in the design of subsea pipelifibe External
pressure of subsea pipeline comes from hydrostatissure,
which varies to every water depth level. The hytitis pressure
is critical in the deep and ultra-deep water thatynhead to
collapse of pipeline structure. In order to deterena hydrostatic
pressure for a certain water depth could be cakedlas follows:

P,=p.g.h (3.13)

4.0FIELD DESCRIPTION

This research uses Medgaz Gas Transmission Prdjgct
completion of subsea pipeline linking Algeria anpa across
the Mediterranean Sea as shown in figure.l, to covee the
challenges of 2,155 meters water depth. The pipelare made
of X70 AP| Grade Steel. The Medgaz subsea pipetmge

traverses various contours of sea bottom as shawfigure.l.

The route starts from Algerian Coastline to Spamishtinental.

The route has some area with sandy sediments addyay

section between the shore approach and the ougtir Bckles

potentially occurred from KP-22 to KP-37. The pipelhas been
designed for 50 years life time period and usinffedint

thickness of concrete coating (45mm and 80 mm).

Route

=+** Spanish Onshore

I~ = Transversal Axis

«s++ Algerian Onshore

@ Reception Terminal

M\ Compressor Station

== *= MEDGAZ

Figure 1: Route Map of Medgaz Pipeline (OTC20770)

Offshore Pipeline Profile

ALGERIA SPAIN
o

f
NS

‘Water Depth (m)
8838838858838883888¢888
Ve

0 20 0 4 S 6 70 8 100 10 120 10 140 150 160 170 180 10 200

KP (km)

Figure 2: Seabed profile along the route (OTC20770)

4.1Design Parameters

This section presents the design parameters whiclude the
data related to pipeline geometry, mechanical ptogseof the
material and operation and environmental loads.

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



Jour nal of Subsea and Offshore
-Science and Engineering-, Vol.3

September 30, 2015

]
mm and 31.8 mm.
Table 1: Parameter Design
Par ameter Unit Value Burst and Collapse Pressure Analysis
Outside Diamet¢ mm 609.¢
Current Wall thickness mm 22.9,28.5,29.9 80 E‘:ii”:;i;if:“&f,,?‘”
Plpe Material Grade - X70 70 External Pressure in Shallow Water
Steel Density K/ 7850 e e
SMYS MPa 482 7 50 Operating Pressure Mpa
SMTS MPa 565 2 40
Poisson ratio) - 0.3 g :
Young's Modulus (E) GPa 207 &0 :
Thermal Expansion Coefif ct 1.17x10E-05 10 / /
Concrete Coating Thickne mm 45, 8( 0 :
Concrete Coating Density Kgfm 3040 0 o ‘:,2" Thici:ess(:’:) B0 ® %
Content density (Gas) Kgfm 0.668
Design Pressure OMPa 22 Figure 3: Safety Zone based on burst and collapssspres
Operating Temperature C 60 analysis.
Seawater Density Kgfn 1027
Water Depth of Shallow m 350 ! 2
Water
Water Depth of Deep Water m 1000
Water Depth of Ultra-Deep m 2155
Water ]
External Pressure MPa 35 Subsea Pro
Target Project Life Year 50 Simutati
Ambient Temperatu °C 15

5.0RESULT AND DISCUSSION

Subsea pipeline wall thickness is crucial parametéen it

interfaces with internal and external pressuredeep and ultra-
deep waters. Figure.3 demonstrates wall thickndssubsea
pipeline versus burst and collapse pressures. malt@ressure
was calculated using hydrostatic equation (lighgegr line for

shallow, yellow line for deep and red for ultra-pand collapse
and burst pressures were calculated using API agediscussed
in chapter 4.

Based on burst pressure results, the accepted mimimall
thickness of subsea pipeline is 14 mm for all wdepgths, which
is shown by the crossing line between operatingsue and
burst pressure as shown by a dash line in figude.&hallow
water, it is indicated that burst pressure becodwsinant to be
considered in the selection of wall thickness, whempared to
collapse pressure. For deep water and ultra-deégr waollapse
pressure becomes dominant, which is important todmsidered
in the selection of wall thickness. On the othendyabased on
collapse pressure analysis, the minimum wall theslendiffers for
various water depths, as shown in the figure.3xamgle: 12 mm
for shallow, 18 mm for deep and 24 mm for ultrafdeor deep
water and ultra-deep water, collapse pressure nsirdmt to be
considered to determine wall thickness of subspelipie.

Figures.4.a shows front page of Subsea Pro Simolati

Software. This software was developed under Joitgrhational
Research Centre which can be download website ewnsin

Figure.4.b. Figures.5 and 6 show predicted waltkiess of
subsea pipeline at shallow and ultra-deep wateng Bubsea Pro
Simulation Software. The predicted wall thickneksveed good
agreement with current operation wall thicknesscivhis 23.4

(@ (b)

Figure 4: Subsea Pro Simulation Software.

—oEN

Figure 5: Selected wall thickness at shallow watgng Subsea
Pro Simulation software.
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‘Figure 6: Selected wall thickness at ultra-deeemwasing Subsea
Pro Simulation software.

6.0 CONCLUSION

In conclusion, this research determines and ewedusdfety zone
of wall thickness in design of subsea pipeline gstubsea Pro
Simulation. As a case study, Medgaz project wadieghpln the
method, internal and external pressures are twanpeters which
are needed to be considered in selection of wadktiess. In
shallow, burst pressure becomes dominant insteadoléipse
pressure. Safety zone of wall thickness is detezthibased on
burst pressure. For deep and ultra-deep waterps#l pressure
becomes dominant instead of burst pressure, hexiesy zone of
wall thickness based on burst pressure. This cordtgpn
provides a safety zone of wall thickness for evemter depth
Predicted wall thickness using Results of simufatibows
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