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ABSTRACT

As Malaysia has start deep water oil exploratioarnefshore
Sabah, more floating structures have been instattmvever,

less study has been conducted on FPSO with turceiring

system in Malaysia seawater especially in offsiBweneo. Even
though offshore Borneo is part of South China St

environmental condition is milder and its exhilitosg current
from depth 50m to 150m. Hence, the present studjyyaed the
influence of turret location to surge, sway, heaitgh, roll and
yaw motions effect on the FPSO Kikeh operating ikek Field.

A simulation on FPSO Kikeh with five different tetrlocations
in regular wave and collinear sea states have deeea. From the
analysis on the simulations, it is found that yaations become
critical as turret distance from bow increases.idesthat, roll
motion increases as yaw motion increases and thidue to
coupling effect. Turret at bow is the best desigm FPSO
operating in Kikeh because it has the lowest stinecexcursion
and lowest mooring lines tension. In addition, ém¥ironmental
force exerted on the structure also low.

KEY WORDS: Turret Mooring System, Location, FPSO,
Malaysia.

NOMENCLATURE

API American Petroleum Institute

AT Temperature Difference in and out
Fr Thermal Expansion

L, Anchor Length

AL Expansion

Fp Pressure Force

Fr Friction Force

&sd Design Compressive Strain

£ Critical Strain

1.0INTRODUCTION

All floating structures must have mooring systemodving
system is important because it function as stateeping.
Mooring system consist of hanging lines connecthrg offshore
platform to anchors at the seabed. Mooring designest ensure
the mooring system could avoid excessive forcetherplatform
and making it stiff enough to prevent excessiveaef

Most of the FPSOs used turret mooring as their mgor
system compared to spread mooring system [1]. Atdggn of
turret mooring system is vessel can weathervanelyfrand
helped to reduce the environmental loads causesebywaves,
current and wind. Besides that, turret mooring éisereconomical
and reliable than single point mooring [2]. There &vo types of
turret mooring system; internal turret and extetoalet. Internal
turret system is a turret system that is integrated the hull
structure at the bow of the vessel. It can be usedharsher
environments and allow for the inclusion of a geeamount of
risers. However, the installation cost is highecawse of the
complex hull integration. Besides that, it redutieel cargo space
and volume. External turret mooring system is eetisystem that
is located at the extreme end of an outrigger &iracattached to
the bow of the vessel. It is suitable for mild toedium
environments. The cost for installation is lowermpared to
internal turret and it is easy to integrate inte tessel. However,
the disadvantages of external turret are it requireantilever to
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avoid risk of anchor legs/hull interference anditéd number of
risers can be installed on the turret. Besides, thdtas higher
motions owing to the distance between the turrés axd the
vessel mid-ship.

A lot of studies have been conducted on singletpaoioring
system. Wichers (1988) [3] has initiated a numérstaulation
for horizontal motion of turret moored FPSO in guéar waves.
O'Donoghue and Linfoot (1991) [4] has conductesgperiment
on a turret moored vessel in irregular waves ampbrted that
turret location has influence to vessel motions amabring line
tensions. E. W. Huang et al. (1993) [5] has corgtliet study on

turret moored FPSO in South China Sea. The analytic

calculation of green water effects, vessel anceturrotions, and
turret and mooring lines load are compared withrtiozlel test.
Jiang et al. (1995) [6] has numerically conducteel horizontal
motions and mooring line loads of single point neasbtanker.
Liu et al. (1999) [7] has conducted a model testiig moored
monohull with varying turret locations to examindue yaw
motion of the monohull in regular wave. Thiagaragd Finch
(1999) [8] has conducted an experimental investigabf the

influence of turret locations on the FPSO to theseé vertical
motions and accelerations. K. Huang (2000) [9] hketified

critical issue related to mooring system designtforet moored
FPSO. Soares et al. (2005) [10] has conducted periexent to
study the dynamic of the mooring system in vertioations and
green water effect. Tahar and Kim (2003) [11], K@004) [12]

and Kim et al. (2005) [13] has developed a progi@a@mnalyse the
global motions and mooring line tension of a tumetored FPSO
in non-parallel environment. Kannah and Natara2006) [14]

has conducted an experiment on influence of intetneet

locations to FPSO motions and mooring line forcedew regular
sea waves. Cho et al. (2013) [15] has performeexaeriment to
analyse the horizontal motions and stability arialys regular
waves for turret moored vessel. Ismail and Kotdl@) [16] and
Ismail and Koto (2014b) [17] has conducted an expental

investigation and computational analysis on tumetored twin

hull FPSO to compare the dynamics behavior to 8@ and it
mooring lines. Xie et al. (2015) [18] has conduciestudy on the
effects of turret locations in irregular waves tee thorizontal
stability of the turret moored FLNG. The coupledalgsis has
including the vessel motions and mooring dynamiee $tudy is
designed to be in South China Sea.

From the literature review, it is found that leisdy has been
conducted on FPSO with turret mooring system in ayisia
seawater especially in offshore Borneo. Even thoaffehore
Borneo is part of South China Sea, the environnheotadition is
milder and its exhibit strong current from depthnb@ 150m.
Hence, the present study analyzed the influendaroét location
to surge, sway, heave, pitch, roll and yaw motieffect on the
FPSO Kikeh operating in Kikeh Field

20METHODOLOGY

To investigate the influence of turret locations BRSO
response, a numerical simulation by using ANSYS AQWII
be performed. From the literature review conducteolpled
dynamic analysis will give better and more accurallts for
FPSO operating in deepwater because it capturedditest
environment loads and damping forces due to theimptines.

FPSO Kikeh has been selected for this project. FPSO

particulars are shown in Table 1. This FPSO isafpey in Kikeh

Field and has external bow turret with catenary rnimgopsystem.
The design environment for this project is offshdderneo

because Kikeh Field is located at Sabah and Soash Asia sea
conditions are difference from the South China Seditions.

The analysis will be conducted in regular waves &asy

comparison and to get the maximum value of motid.[

Tablel: FPSO Kikeh Particulars

54.56 m
27.00 n
1351 m
273,000 tonnes
87.62 m
18.53 n
84.25 m

Five turret locations has been chosen for thisystuternal
turret and external turret mooring system will ksed for this
study. All vessel conditions during this study eréull laden.

x 00
5,00

0

Figure 1: Turret at Bow

(0] JSOse | Received: 20-April-2017 | Accepted: 30-June-2P[LZ0) 1: 9-20]
Published by International Society of Ocean, Meat&lrand Aerospace Scientists and Engineevsy.isomase.org ISSN: 2442-6415



Journal of Subsea and Offshore
-Science and Engineering-, V0I.10

June 30, 2017

ﬂw Sﬁ $0.00¢m) -

20 759

Figure2: Turret 25% from bow
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Figure 3: Turret 50% from bow
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Figure 4: Turret 75% from bow
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Figure5: Turret at Midship

In this study, 100-year return sea-state lastimg3dchours
(10,000 seconds) has been chosen to investigate the
hydrodynamic performance of the FPSO vessel duiisg
operation. Regular wave and collinear sea state® Hmeen
adopted. Details about the environment parametersteown in
Table 2.

Table 2: Environmental Load Parameters
Water depth

Significant wave height, Hs

Wave Period, Tp

Wind Speed, Vw
Current Speed, Vc
Wave, wind and current attack

FPSO Kikeh used permanent mooring line with 10 anch
legs with 4-3-3 configuration. The material for miog line in
this project is combination of chain-wire-chain lwidiameter 127
mm for chain and 98mm for wire. Turret weight i8@) tonnes
[20].
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3.0RESULTSAND DISCUSSION

Figure 7 shows the RAO of FPSO in each motion. RA© of
the FPSO with five different turret locations weretted in the
same graph for easier comparison of the RAO tendehtained
at five different turret locations.

From the graphs, it can be observed the patternsalfo
motions are similar even though the turret locatiare different.
For pitch RAO, turret at bow has the highest RA@isTis due to
VCG of external turret is higher compare to intérharet.
Besides that, the radius of pitch gyration,jKs also big.

Structure excursion is the position of the vesfter &xpose to
environment load. A good mooring system is the eysthat
results on minimum excursion to the FPSO.

Figure 8 until Figure 10 show the structures exoarsn
surge, sway and yaw motion for five different turkecations.
FPSO with turret at bow has the smallest excursidmorizontal
plane motion. Whereas, FPSO with turret at midstsip highest
excursion in transient state, small excursion @ady state, except
for yaw motion. This is due to the system is unigtah the
original position of equilibrium, the FPSO reached new
condition of equilibrium with a vessel ship headiofgabout 90
degrees. In this new position, it is exposed @nbevind, waves
and current. This has caused the sway and surgmnaoare
lower than FPSO with 50% and 75% turret from bowirdu
steady state.

In Figure 10, it can be observed also FPSO exauiisigyaw
motion increases as the turret location from bosvdases. This is
because of wave spreading effect. Hence, when igtande of
turret location from bow increases, the yaw vessagnitude
increases. Therefore this gives effect to vesdefration.

Table 3 shows maximum cable forces for each canditi
Cable force is force occurrence by the cable tchsténd the
environmental load and to keep the FPSO statioardystay on
the same coordinate.

It can be observed the maximum cable forces ineseas the
turret distance from bow increases, thus the safatyor for
mooring line decreases. From Figure 11 to Figureitl®an be
observed also the tension for windward cables &beh than
leeward cables. This is because the direction afesawind and
current is 188, head seas. All the critical mooring lines are
windward cables.

Table 3: Maximum Cable Force

Motion Cable # Catz:le):orce EZL?S;

Turret At Bow #4 2710.3 4.01
Turret 25% From Bow #3 2972.5 3.66
Turret 50% From Bow #3 2838.6 3.83
Turret 75% From Bow #4 7642.1 142
Turret At Midship #6 8609.7 1.26

5.0 CONCLUSIONS

FPSO responses on influence of turret locationegular wave
have been considered. Results show that FPSO writst tat the
bow is the best design for FPSO operating in Kiked. FPSO
excursion when turret located at the bow is thellesta Besides
that, the mooring lines force to counter the envinental load
also less. Hence, objective of the study to analyeenfluence of
turret location to the FPSO response has been ssfatly
conducted.
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Figure 12: Cable forces for Turret 25% from Bow
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Figure 13: Cable forces for Turret 50% from Bow

Figure 14: Cable forces for Turret 75% from Bow
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Figure 15: Cable forces for Turret at Midship
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