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ABSTRACT

This paper presents the structural sensitivity analysis of an offshore margina field structure towards seismic loading,
benchmarked against sorm metocean conditions. The Tarpon monopod, also known as a cable guyed monotower is a type of
marginal field structure used in minimizing cost of installation for small offshore field development. Related materials in the open
literature on Tarpon platform are limited. This study intends to bridge such gaps. A single platform located in the East Coast of
Peninsular Maaysia is modelled in indudtrially recognized Finite Element software, SACS v5.3. A three-dimensional finite
element model is created subjected to three sets of metocean criteria and a set of ground acceleration values suggested by notable
seismic models for Maaysian basin. Throughout the analysis, the results suggest that the non-coupled wave or seismic ground
acceleration is incapable of causing any structural failure. The overall platform design is found to be governed by the dominant
wave forces as originating from the maximum metocean criteria. The stand-alone Peak Ground Acceleration of 0.114g does not
induce a structural response that exceeds that of the worst metocean criteria. A coupled co-linear wave-earthquake loading
anaysis would be a definitive extension to this study. The results are anticipated to aid in better informed decision making for

custodians of Tarpon Monopods in smilar water depth as the model.

K eywor ds — Ground Acceleration, Marginal Field, Metocean, Seismic Loading, Tarpon Monopod.

1. INTRODUCTION standardization and short fabrication time, little is known in

The Tarpon Monopod platform is an offshore structure which
prioritizes marginal field economics in its design. It purports
in minimizing cost of ingalation for margina field
development. Commonly installed in a small field with low
reservoir capacity, the Tarpon platform has a relatively short
design life as compared to the conventional fixed jacket
platform, depending on the respective estimated marginal field
life. It isalso known as a cable guyed monotower.

The structure comprises of a structural central caisson which
safeguards the conductor encased inside it and held by 3 pairs
of guyed wire cables attached to the anchor pile on the seabed,

as reviewed from [1]. Despite its benefits, like that of
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the literature or academia alike about a Tarpon’s structural
behaviour. Related materials on the Tarpon platform are
limited, if any. Platform X which is located offshore East
Coast of Peninsular Malaysia is selected to be assessed in this
study due to its completeness in available data.

By intensve analysis of margina field developments
employing Tarpon Monopods, it can be said that the structural
design concept of Tarpon platforms shows very dight
variation from one project to another due to their inherent
standardization. This justifies the use of a single platform to
represent the fleet of Tarpon monopods in similar water depth,
particularly applicable to the South China Sea. Hence,
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Platform X will act as the sample representing group of | Year Installed 2006 No. of Legs 1
Tarpon monopod platforms operated by PETRONAS in | ShoreDistance 200 km Max Leg 1981.20 mm
Malaysian waters. Diameter

2. STUDY BACKGROUND
Even though margina oil and gas fields can be hardly

economic or rather unattractive for conventional devel opment
[2], they are apparently serving huge contingency for our
current oil and gas industry [3]. The Tarpon Monopod
modelled for this assessment is highly industrially relevant,
predominantly due to its limited coverage by existing
literature. The latest input in seismic potentialities within

Malaysian Watersis used for earthquake analysis.

2.1. Generic Platfor m Details

Fig-1: Topside of a Tarpon Monopod Platform.

In reference to [4], the topside of platform X consists of a
wireline deck, a main deck, a wellhead platform and a sump
deck. It has been designed as a single lift structure stabbed
over the caisson substructure. The main deck support consists
of a central column (caisson) with four knee braces splay
outward to the bottom of the main deck. The diameters of
caisson members are increasing over the depth; 180.48 cm at
the surface to 198.12 cm near the mudline. They are supported
by 3 pairs of guy wires with effective cross-sectional area of
4894 mm? each. Extended details are depicted in Table 1.

Table-1; Platform generic details

2.2. Earthquake and Seismicity in Peninsular

Malaysia

Seismic waves are generated by an impulse such as sudden
breaking of rock in response to tectonic stress within the earth
as aresult of earthquake [5]. It may travel either along or near
the earth’s surface or through the earth’s interior. Generally,
Malaysia is situated close to two seismically active plate
boundaries which are:

The inter-plate boundary between the Eurasian and
Philippines Sea Plates in the East of Malaysia.

The inter-plate boundary between the Indo-Australian and
Eurasian Plates situated in the West of Malaysia.
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Fig-2: Map view of tectonic plates surrounded Malaysia

region. [Source: Google Image]

The Seismic Hazard Sudy for Offshore Sabah, Sarawak and
West Malaysia carried out by the Italian Consultancy
D’Appolonia [6] set forth that Maaysia is located in a
seismically stable zone where only a few weak earthquakes
have been recorded in the past. Nevertheless, this statistical
coverage does not include certain portions particularly in
Malacca Straits and West Malaysia from being affected by
ground motion from strong earthquakes generated by the
Sumatra Fault system and the Sumatra subduction zone

Platform Type Monopod Water Depth 76.30 m

Platform situated about 300-600 km from the aforementioned regions.
Manned / Unmanned Topside 196.10 T These subduction plate boundaries have been responsible for
Unmanned Weight several earthquake eventsin the past, the best known being the
Operator PETRONAS | Substructure 800.00 T earthquake of December 26, 2004 measuring a magnitude of
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9.3. The earthquake impact varies from one place to another
within the disturbed region depending on the location of the
observer with respect to the earthquake epicenter. This in fact
explains the effects from earthquake occurrences in
neighboring Indonesia with magnitudes ranging between 6.0
and 8.0 which were responsible for the subsequent ground
motions that are felt subsequently in buildings in Singapore
and Kuala Lumpur.

3. MODELLING METHODOLOGY
The research requires preliminary assessment of the platform
dynamicity for better interpretation. Both metocean criteria
and seismic ground acceleration loading effects towards
platform overall response are individually appraised.

Platform data and literature consolidation

11

Finite Element Modelling (SACS Precede)

1l
Structural Response Evaluation by using SACS Modal
Analysis: Platform dynamicity

I

Structural Response Evaluation by using SACS Static
Analvsis: Platform response when subjected to

environmental loads

Il

Structural Response Evaluation by using SACS Dynamic

Analvsis: Platform response when subjected to seismic
ground acceleration

Il

Structural Response Evaluation by using SACS Static

Analysis: Identification of platform ultimate resisting
strength

Fig-3: Modelling methodol ogy.

Figure 3 summarizes the top line modelling methodol ogy
employing the finite element offshore structures analysis
software, SACS v5.3. The extent of seismicity in Malaysian
regions is gauged. A Tarpon Monopod situated offshore East
Peninsular Malaysia is singled out to represent the fleet of
Tarpon Monopods owned by PETRONAS in Maaysian
waters. Owning to the Tarpon’s inherent design
standardization, this representation is justifiable for other
Tarpon Monopods in similar water depths.

The seismic magnitude input suited for Malaysian waters were

compiled and prepared to be used as input for SACS ground
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motion analysis. The singled Tarpon platform, chosen
primarily due to full and readily available design data, was
modelled in SACS v5.3 Precede. SACS Dynpac was used to
obtain the platform dynamicity identified by computing the
mode shape and natural frequency as a function of stiffness of
the structure, damping ratio and inertia force which is taken
into account by the software algorithm. A damping ratio of 3
% was assumed for this study. A static hydrodynamic
parametric study is then conducted by exerting three sets of
metocean criteria (wave and current only) on the structure in
order to gauge the corresponding Unity Check (UC) results.
Table 2 summarizes the metocean criteria employed in the

sensitivity study.
OECU PTS (100 A
S
Parameters Joint Year Storm .
. Designed
Density Event)
Max Height 570 m 577m 11.30 m
Wave
Period 8.00s 8.06s 9.30s
Surface 0.15m/s 1.67m/s 1.30m/s
Mid Depth
@ - 1.33m/s -
Current | (0.5D)
Near Seabed
0.69 m/s 0.36 m/s 0.70 m/s
(0.01D)

Table-2: General environmental loads for three different

metocean criteria

A pardld earthquake sendtivity study in calm water to
supplement the metocean counterpart was executed by
exerting incremental ground acceleration valuesin referenceto
various seismic models. Displacements of caisson members
are appraised by computing the deflection of the platform’s
main structural monotower. Additionally, a single horizontal
node load is applied to the caisson in order to identify
maximum load at which platform can withstand before failure.
Node load at failure (member UC > 1.0) is used as an
indication platform ultimate resisting strength. This method of
determining elagtic failure is an alternative to performing
computationally costly non-linear pushover analyses. The
results obtained are interpreted by determining the particular
seismic load where the design seismic threshold unit controls
the overall structural response over the dominant wave |oads.
It is prudent to note that the seismic — wave loads are applied
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as standal one cases, rather than in tandem. The resulting force
that acted upon the platform when subjected to maximum
ground acceleration and platform ultimate resisting strength is
compared which is then defines the platform integrity in the
event of an earthquake.

. Return Period
Reference Site Class PGA (g)
(Years)
Mc Cue (1999) Rock 475 <0.08
Petersen et. d 475 <0.03
Rock
(2004) 2475 <0.08
Adnan et. d 475 <0.01
Rock
(2005) 2475 <0.015
475 0.04
D’Appolonia
Rock 1000 0.065
PSHA (2008)
2475 0.114

Table-3: Summary of Malaysian Peak Ground Acceleration

(PGA) values from several seismic models. ©©

4. FINITE ELEMENT MODELLING
ANALYSISRESULTS

The Finite Element analysis aims to gauge the Tarpon
Monopod’s response towards external forces and loads. In this
study the external forces would comprise respectively of
loads ground
acceleration. The threshold of controlling forces is evaluated

environmental  metocean and seismic
by considering parametric increment of seismic ground
acceleration and metocean environmental loads in terms of
thelr respective response induced by static joint displacement.
The platform dynamic characterigtics obtained through modal
andysis via SACS Dynpac ae presented herein to
complement joint displacement results. Only the first three
modes are displayed. The finite eement mode is as
showcased in Figures 4 and 5.

Topside

Guy Wires

Caisson

Fia-4: 3D Modd of Platform X.
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Fig-5: Plan view of Platform X.

4.1. Platfor m Eigenvalue and Eigenvector

For this assessment, the dynamic mass is chosen as
‘consistent/continuous mass’ in contrast to the lumped mass
model. These options are made available to the user within the
SACS suite of programs, specifically via the Dynpac module.
Within the dynamic - extract mode shape analysis, the
damping ratio value is taken as 3%. This value reflects the fact
that hydrodynamic damping is far less in a single monotower
as compared to a four legged multi braced fixed jacket
platform. The Postvue database yields the natural frequencies
and mode shapes as detailed in Table 4 and Figure 6 through
8. These eigenvalues are performed with the assumption of a

fixed condition at the anchor piles and caisson-mudline

interface.
M ode Tn () Qn (H2)
1 1.907 0.524
1.898 0.527
3 1.639 0.610

Table-4: Corresponding natural period and frequency of the
platform.
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Fig-6: Mode 1: Displacement @ y-axis.

Fig-7: Mode 2: Displacement @ y-axis.

Fig-8: Mode 3: Displacement @ y-axis.

4.2. Platform Response when Subjected to
Environmental L oads

Fig-9: Caisson Unity Check subjected to As-Designed, PTS &
Joint Density Metocean Criteria.

Unity Check portrays the most critical member by its strength
and capacity as safety factors. Quasi-static loads on three
designated metocean criteria; PETRONAS Technica
Standard, As-Designed and Joint Density, are used as inputs
into SACS seastate module. In accordance to Figure 9, two
significant peaks can be observed at elevation (-) 76.3m and (-
) 2.95m , which refers to the mudline portion of the caisson
and the point of attachment (cable terminators) of the guy

cables at the caisson respectively. These two joints are
heretofore referred to as the critical joints as labelled in Figure
10.

(-) 76.30m 0.00 0.070 0.240 0.349
() 29%m 74.16 0.020 | 0.040 0.069
*AD +AsDesgned Metocean, PTS +Petronas Sandards
Metocean, JD +Joint Density Metocean
Table-5: Unity check results at critical joints.
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