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ABSTRACT

The objective of this paper is to assessdbllision strength of the riser protection frame (RRRY
protection net (PN) supports of CPF (Central Processing Facility) of-Sebmersible types. The PRF

and PN supports are assed for their cdision strength when they are being collided dgupply
vessel. Thevesselcolliding from northside is assumed to be 18,0@Msandthe one colliding from
east/west sidis assumed to B®00 tons. The focus of this paper is placed on general methgdwidg
designof accident scenarios for CPF using more sophisticated tools such as dimeaof-EMwhich
predicts thestructural responses during and after a collision more precisely. There are two different
designs for the RP&EndPN supports and thus there are four structures i.e-(RPRPF02, PNO1 and
PN-02. The expected kinetic energy for the collision from the north side is 20MJ. The collision energy
from east/west side is 14MJ for side collisiamd 11MJ for bow/sten collision. With collision energy
andplastic strain criteria, the collision capacities of {R&FandPN supports are estimated along the
span of the structures for the given collision energies.

Keywords: Collision, Accident scenariodNon-linear FEM, RiserProtection Frame (RPF), Protection
Net (PN)

1. Introduction

There are some limited reports on stogplatform collision and the consequential risks to the
damaged structure€xperts recognize that ship collisions are not likely to cause thegqwmesh
failure of collided platforms that lose some individual structural members, especially in a benign
environment. However, minimum structures may see rapid deterioration of thealbve
structural integrity if impaicdamages are lefinrepaired [2]

Vessel collision during normal operations is one of the accidental loading possibilities. Such a
scenario for platforms in the Gulf of Mexicop®sssiblewhen 1,00€ton supply vessetollides,

either heaebn or broadside, with the platform at a speed of 0.5 m/s. The vessel is chosen to
represent typical OSVs in the U.S. Gulf of Mexido 5]. This API RP[1] requires that the
platform survive the initial collision, and meet the pospact criteria. During the described
collision, the offshore structure absorbs energy primarily from localized plastic deformation of
the tubular wall, elastic/plastic bending, and elongation of the member. In addition, if the
fendering device is fittedthen there is global platform deformation, in addition to ship
deformation and/or rotation. After collision, the damaged platform should retain sufficient
residual strength to withstand environmental storm Idadsoneyearin addition to normal
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operaion loads. In the North Sea (see, e.g., ISO 2005a), the collision is described as one from a
vessel of 5,000 tons with a drifting speed of 2.0 m/s. The collision energy is 14 MJ fora broad
side collision and 11 MJ fortaeadon collision [3, 7].

In ananalysisof a collision between a supply vessel and an FPS@est Africa, Oh et al [10]
assumed that a collision could occur in three places: on the riser, the protector, and the deflector.
They selected to look into collisions that induce large dedtions on the framed structure at a
colliding speed of 1 m/s. They estimated that the speed was a result of marine equipment
failure, or human error.

Lin et al [ showed how FEM is used to simulate the collision process of two semi
submersibles. Stresmd strain distributions, collision forces, and plastic energy absorption are
obtained. The motion lag of the struck submersible in the collision process is discussed and it is
found that it is sensitive to impact velocity which increases with the inogeasocity.

The objective of this analysis is to assess the collision strength of the riser protection frame
(RPF)andprotection net (PN) supports of Ichthys Inpex CPF. The riser protection fnathe
protection net supports are assessed for thédlisioa strength when they are being collided

by a supply vessel. The colliding vessel from nesttie is assumed to be of 18,0@dsand

from east/west side it is 70@0ns.

The finite element model is developed using MSC/PATRAN and analysis is pedforh&-

DYNA. The element size used in the FE model is-lomgitudinal spacing away from the
concerned location. In the concerned location it is 2100mmx 100mm. In the concerned location
only shell elements are used. There are two different designs flePth@ndPN supports and

thus there are four structures i.e. RPE RPF02, PNO1 and PN-02. The expected kinetic
energy for the collision from the north side is 20MJ. The collision energy from east/west side
is 14MJ for side collisiomnd11MJ for bow/sten collision.

The material assumed is EW420 which hasinimum yield strength of 380MPa and a tensile
strength of 530MPa. Initially the collision analysis is performed with an objective of
achieving zero plastic strain on the CPF column structure tlsaipjgorting the RPEBnd PN
supportsbut later it is realized that practically it is not possible to achieve no plastic strain for
the given collision energy. Hence a plastic strain of 5% on the outer shell of the CPF column
structure is assumed to be gatable. Since the final objective is to check any kind of leakage
into the CPF column due to the collision, it is important to control the plastic strain on the
outer shell of the column. Since the plastic strain of the internal members of the column, RPF
and PN structures, doesn't cause any leakage inside the column, it is proposed to have no
criterion for the plastic stin of these structural members [8, 9].

Thus with the above collision energpdplastic strain criteria, the collision capacities oA

RPFand PN supports are estimated along the span of the structures for the given collision
energies.

2. Project Description

In 1998, INPEX Exploratiorand Production acquired the petroleum exploration permit-WA
285P, located in the Browse Basin, off the nentbst coast of Western Australia and
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approximately 820 kilometers soutvest of Darwin. During 2000 to 2001, three exploratory

wells resulted in the dcovery of an extremely promising gas and condensate field now known

as the Il chthys Field. The field was named afte
resource estimates are 12.8 trillion cubic feet of gas and 527 million barrels of cdaderisa

produced over an operational life of more than 40 years.

Northern

WA-37-R Territory
ICHTHYS FIELD

Fi_gure 1. Project field bcation

Gas from the Ichthys Field will undergo preliminary processing at the offshore central
processing facility (CPF) to remove water and raw liquids, inetud large proportion of the
condensate. This condensate will be pumped to a floating production, storage and offloading
(FPSO) facility anchored nearby, from which it will be transferred to tankers for delivery to
markets. These FPSO facilities includeeroury removal from condensate, flash gas
compression, MEG regeneration / reclamation and produced water treatment facilities.

OFFTAKE

SUBSURFACE \ : TANKER
CONDENSATE —
PIPELINE

FLOATING PRODUCTION,
STORAGE AND OFFTAKE
VESSEL (FPS0)

Figure 2. Offshore fcilities layout
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3. CPF Design

The CPF is a columstabilized offshore semsubmersible productiorunit supporting
hydrocarbon processing systems and utilities, as well as living quarters for about 200 people.

| NPEX6s CPF will b e -subrheesiblevmatfarmd b is beingacongtaucted ins e mi
South Korea at the Samsung Heavy Industries stdpya

Once constructed, the facility will be towed about 6,&00@metersto the Ichthys Field in the
Browse Basin, offshore Western Australia. It will be permanently moored near the Field for the
life of the Project by 28 mooring lines, representing more than 25080f anchor chain.

The main dimensions on the hull areeagi from Table 1 tdable 3 as follows.

Table 1 Main Dimensions General

Operation draught (from keel) 26.00 m

Height keel to underside Topsides BOS 4800 m
Height, keel to main deck, TOS 62.00 m

Hull outer dimension excluding Guide Tube Box 11030 m

Hull outer dimension incl. Guide Tube Box 118675 m
Column spacingadgnterto centey, 83.65 x 8365 m
(longitudinal and transverse)

Table 2 Main Dimensions Pontoon (rectangular ring)

Breadth 26.65m
Height 11.875m
Bilge radius 125 m
Breadth, Guide Tube Box 8.375m
Height, Guide Tube Box 5.22/625 m
Length, Guide Tube Box 10300 m
Table 3. Main Dimension§ Columns (rectangular types)
Number of columns 4

Width 26.65 m
Corner radius 6.20 m
Height from keel to top of column 4800 m

A computerized hull structural and finite element (FE) models are demonstrated on Figure 3 and
Figure4.
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Figure 3. Hull Main Dimensions Figure 4. Computer FE model

3.1Layout Details

Layout details and relevant drawings of Ri#EIPN structures of CPFeishown from Figure
5 toFigure9.
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Figure 6. Drawing ofRPF01 of CPF
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Figure 7. Drawing of RPF02 of CHF
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Figure 8. Drawing of PNO1 of CPF Figure 9. Drawing of PNO2 of CPF

4. FE Model

Figures 10~ 13 showthe FE models of the RP&dPN supports of CPF. The finite element
model is developed using MSC/PATRAN and analysis is performed-DYISA. The element
size used in the FE model is doegitudinal spacing away from the concerned location.
In the concerned location is 100mmx 100mm. In the concerned location ol 2hell
elements are used where as in the other locations Hothal elemets and2-D shell elements
are use [11]
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Figure 10.FE modelof RPF-01 of CPF

Figure 11. FE modelof RPF-02 of CPF

Figure 12. FE Model of PN-01 of CPF

Figure 13. FE Model of PN-02 of CPF

4.1.Material Properties and Allowable Criteria

The materia properties assumed in the present aralysis is EW420andits properties are given

inTade 3.1.
Table 4. Materia propertiesof EW420
Young& moduus, Poisson& Dersity, Yield strength Tersile strergth
E, MPa ratio, v Kg/m® MPa MPa
2,05x10° 0,3 7850 380 530

Material nonlinearity i.e. PIECEWISE LINEAR PLASTIC property as defined in the
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