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ABSTRACT

Spars and semisubmersibles are two floating platforms commonly used in offshore deepwater
exploration and production. However, currently lack of studies are available to comparatively
evaluate the two platforms under similar cost range. This study compares the hydrodynamic
motions of a truss spar and a semisubmersible under similar cost and wave environment. The
platforms were numerically modelled using the radiation/diffraction software HydroSTAR. The
response amplitude operators (RAO) were obtained for surge, heave and pitch respectively. The
findings indicate the responses for the truss spar are generally lower than the semisubmersible,
with the exception for the peak heave and pitch RAO. At 1000 m, the percentage difference of
the peak surge RAO for spar and semisubmersible is 0.005%; heave RAO for semisubmersible is
34% of the spar’s value; and pitch RAO for semisubmersible is 79% of the spar’s value.
Additionally, the semisubmersible achieved its peak RAO at a higher frequency for the heave
and pitch. The findings proved that overall the spar’s dynamic responses are better for the

majority of wave frequencies.
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CHAPTER 1: INTRODUCTION

The demand for oil and gas is steadily rising. As reserves in onshore and shallow waters become
scarce, explorers can either opt to seek new fields, or move into deeper waters. In recent years,
the trend of major oil and gas companies gravitates to deep and ultra-deep water fields; as such
investment in this area continues to increase (Latham, 2002). Various structures were developed
in order to operate under the significantly more challenging deepwater environments. Structures
must be considered for their engineering performances as well as cost. Floating structures
become a more viable option as fixed platforms become increasingly expensive and difficult to
install in deeper waters. These structures often experience severe joint action from waves,
current and wind due to harsh weather. As such, it is important to consider the structures’ ability
to resist environmental loads to accommodate the volatile environment in deepwater regions.
This does not only affect the platform safety but also the total cost in manufacturing the platform.
Two floating platforms considered in deep and ultra-deepwater environments are spars and
semisubmersibles. Both platforms, each with their own distinct structural designs are considered

for their performance in deepwater environments.

In 1975, the first floating production system, a converted semi-submersible was installed on
Argyle field in the North Sea. Since then, other floating platforms were installed at various fields
around the world. In 2002, a total 383 floating systems were recorded (Abbas, 2011). By 2011,
more than 120 semisubmersibles and 17 spars are in operation (Li et al. 2011); the number is

expected to increase throughout the years.

A semi-submersible is a multi-column structure housing a large deck. These columns are
interconnected at the bottom with horizontal pontoons, which provide buoyancy for the structure.
Early semi-submersibles are designed with diagonal cross-bracing to withstand prying and
racking loads from the waves. The newer generation semi-submersibles generally adopt a shape
of a square with four columns interconnected by a box or cylinder shaped pontoons (Chakrabarti,
2005). The diagonal bracing previously present in the early generation semi-submersibles are

usually eliminated to simplify the construction process. A semi-submersible’s stability is mainly



dependent on the water plane area and metacentric height, as its centre of gravity (CG) is above
its centre of buoyancy (CB). This is accomplished by spreading the platform over a large water
plane area; doing so increases the natural period of the structure proportionally (Hammett, 1983).
Roll, pitch and heave motions are also reduced as a result. Semisubmersibles typically have their
natural periods outside of the maximum wave periods. They generally only support wet tree
drilling, although recent developments made it possible that allow a semisubmersible that
supports dry tree drilling as well. Semisubmersibles are towed to the site or may have their own
self-propulsion unit; the latter is also used for station keeping. The platforms are also relatively

low in cost compared to other deepwater platforms, especially for a converted unit.

An alternative to a semi-submersible, a spar consists of a deep draft vertical hull designed to
support drilling and production operations. There are three types of spars: the classic spar, truss
spar and cell spar. In 2009, a total of 17 spars are in operation: three classic spars, 13 truss spars
and one cell spar (Sablok & Barras, 2009). All spars are operating in the Gulf of Mexico except
the Kikeh truss spar which is deployed in Sabah, Malaysia. The classic spar composes of a single
large circular cylinder with a deep draft. The truss spar substitutes the large cylindrical
midsection with a truss-type section. The cell spar utilizes of a number of relatively small
diameter cylinders (cells) attached symmetrically, compared to a single large diameter of a
classic spar (Sablok & Barras, 2009). A spar’s the upper section consists of a hard tank which
provides the buoyancy, while the lower section houses the soft tank which functions as a fixed
ballast. The platforms achieve a high stability due to their CG being lower than their CB. This is
made possible by the heavy ballast at the keel. This characteristic enables spars to display low
motion response characteristics in response to environmental loads. Spars support dry or wet tree

drilling, and are towed to site via barges and tugboats.



Figure 1.2:
Semisubmersible platform

Figure 1.1: Truss
spar platform

1.1 Problem Statement

Pursuit is continuously ongoing to develop new innovative designs in order to minimize offshore
dynamic motions, and therefore the cost of producing the platforms. Much can be discovered by
comparing the various types of floating platforms available, and exploring the characteristics of
each of these platforms. This is significant in order to achieve optimum design under a given
environment with minimum investment cost. While much research has been carried out
concerning the dynamic characteristics of the two platforms, less study was attempted to
compare their characteristics under similar environment and cost. Hence, it is difficult to fairly
assess the platforms’ behaviors, in order to integrate their characteristics to produce a new

innovative design that minimizes the dynamic motions at sea.

1.2 Objective of Study

The primary objective of this research is to compare the dynamic motions (i.e. the response
amplitude operators, RAO) of the spar and semi-submersible platforms under similar cost and
operating environments, with cost being equated to the weight of steel used in fabricating the
platform. Additionally, the responses of the platforms under varying water depth are analysed as
a secondary objective. The analysis is carried out using the radiation/diffraction software

HydroSTAR.



1.3

Scope of Study

This study is carried out under the following constraints:

A S

Only a truss spar and semi-submersible platform is considered.

The hydrodynamic motions analysed considers only the wave parameter.
Waves are taken as regular and unidirectional.

Responses are analysed in three degrees of freedom: surge, heave and pitch.

Mooring line stiffness is configured the same for both platforms.



CHAPTER 2: LITERATURE REVIEW

2.1 Behaviour of Spars

In 2012, Kurian et al. studied the dynamic motions of a truss spar under wave, wind and current
forces. It was found that, while waves were the main contributors to the motion amplitude,
current and wind forces, while having negligible impact on the amplitude, significantly increased

the surge mean offset of the structure.

Another research was conducted by Chen in 2002, concerning the damping effects on mooring
lines on low frequency drift motions of a JIP spar. He discovered that the dynamic coupling
effects between the spar and mooring system were significant, especially moving into deeper
waters. The mooring line significantly lowered the slow drift surge, and this reduction increased
with increasing water depth. The dynamic forces of the mooring lines were also found to have
minimal impact on the wave frequency motion of the spar, as the mass of the mooring lines is
small compared to the mass of the spar and wave loads. However, oscillation in the mooring

lines resulted in large tensions of the wave frequency range.

Liu et al. (2010) analysed the parameters of number, spacing and thickness of heave plates, and
its effect on the motion responses of truss spars. By increasing the number of heave plates, they
discovered that the heave excitation force significantly decreased while the added mass increased;
however too many heave plates resulted in inefficient reduction in the motion response. In
addition, optimum heave response is obtained when the vertical spacing between the heave plates
is equal to the side length of the square heave plate; this configuration achieves maximum added
mass as well. It was also observed that, by increasing the thickness of the heave plate, this will
result in the decrease of the metacentric height. However, it was noted that the thickness of the
heave plates does not significantly affect the heave and pitch response amplitude operators

(RAO).



2.2 Behaviour of Semisubmersibles

Abbas (2011) conducted a comprehensive study on the non-linear interactions of a moored
semisubmersible. He found that the heave response was influenced by water depth at low
frequency. Furthermore at a given frequency, the drift force coefficient reduced as the wave

amplitude increased; this reduction percentage increased with increasing amplitude.

In his analysis between the mooring and seabed interactions, the dynamic tensions in the
mooring line was directly proportional to the wave motion frequency. When the mooring line
was attached to the spring buoy, the rate at which the dynamic tension increases with respect to
the wave motion was generally lower, especially at higher frequencies. In addition, the tension
decreased as the soil stiffness increases. Furthermore, the writer’s investigations showed that the
higher the soil damping, the lower the mooring line tensions. For very stiff soils, low frequency
wave motions allowed for reduced mooring line tension; this effect reverses at high frequencies
due to large impact. The soil damping dissipated the impact due to dynamic forces of the
mooring system, resulting in reduced mooring line tensions especially at high frequency wave
motions. Because of the direction nature of soil reactive forces, tensions in the vertical

component are more influenced by soil damping compared to the horizontal components.

On the design parameters of moored semisubmersibles, Abbas found that, for multicomponent
mooring lines, the horizontal restoring force is directly proportional to the pretension and the unit
weight, while being inversely proportional to the pretension angle for positive excursions.
However, the restoring force becomes independent of the mooring length and clump weight after
attaining a certain value of tension. For negative excursions, the pretension angle and axial
stiffness have insignificant effect on the restoring forces. Prior to lifting off the clump weight,
the vertical restoring force is proportional to the pretension and pretension angle; the restoring
force is proportional to the clump unit weight after lifting it off. The force-excursion relationship
is also proportional for low range excursions prior to lifting off the clump weight. Additionally
the hull cross-sectional height was observed as the dominant effect on the platform’s sea-keeping

performance. For a small increase in draft, the hydrodynamic loads increases more than the



increase in added mass; while for a large increase in draft, the added mass increases more rapidly

than the increase in hydrodynamic load, resulting in the decrease in system response.

During a study to compare the effects of semisubmersible vessel motions using fully coupled
approach (considering the dynamic interactions of drag and inertia) and quasi-static approach
(which ignores the dynamic interactions), Ye et al. (2003) noted that the primary contributor to
the steel catenary riser’s (SCR) fatigue damage is the vessel motion of the semisubmersible. The
mooring line and riser dynamics have significant impact on the structure’s resonant low
frequency motions by contributing to the drag damping, thus supporting the findings of Abbas
concerning the relationship between the responses with the wave frequency. A separate study
carried out by Kurian et al. (2013) also revealed that the response amplitudes develop a similar
pattern of maximum amplitude at the low frequency range, gradually reducing as the wave
frequency increased. Ye et al. noted however, that the mooring line and riser dynamics do not
affect its non-resonant wave frequency motions. Furthermore, the semisubmersible’s low
frequency motions have moderate effects on the SCR’s fatigue damage at the touch down point
due to spreading of damage; however, significant increase in fatigue damage is experienced near

the hang-off.



2.3  Comparing Spars and Semisubmersibles

In 2011, Li et al. compared the hydrodynamic behaviours of a typical semisubmersible, TLP and
truss spar in the South China Sea environment, of which only the semisubmersible and spar will
be discussed here. Comparing the surge wave frequency responses, the trend of the two
platforms were almost identical to each other, with relatively low deviation in the values. On the
other hand, the heave RAO for the semisubmersible in the wave-frequency range is larger than
the spar’s; however, it was smaller in the low-frequency region. Furthermore, the heave RAO of
the spar is observed to vary smoothly with the frequency. This is due to the vertical motions
suppressed due to the deep draft and heave plate. Concerning the pitch, the spar response is
generally significantly higher than the semisubmersible due to the large rotational moments
generated from the wind and current, and the large moment arm which is induced by the low CG.
In addition, the natural period of the spar is higher than that of the semisubmersible. Moreover,
the heave and pitch RAO for both platforms have a well-defined peak, with the semisubmersible

achieving its peak RAO at a later frequency compared to the spar.

In another study, Ng in 2010 assessed the responses of a truss spar and semisubmersible during a
research to compare numerical analysis with actual physical model testing. The findings showed
somewhat similar patterns as with Li et al. for the responses of surge, heave and pitch; however,
the semisubmersible responses were found to have a less well defined peak in the heave and
pitch compared to the spar. Furthermore, it was observed that for the pitch, Ng recorded a
significantly higher RAO for the spar (up to five times) within the frequency range of 0.1 to 0.3
Hz. The semisubmersible RAO was observed to increase the lower the frequency, while the spar
which achieves its peak at a higher frequency than the semisubmersible, contrary to the findings
of Li et al. who observed that the semisubmersible achieved a high peak at a higher frequency
than its spar counterpart, with the variance in RAO at a smaller degree. These differences could
be due to the different geometrical shape of the semisubmersible used in the two studies

respectively, in addition to the wind and current loads not considered in Ng’s research.



2.4 Conclusion

From the various studies it can be seen that much research has been carried out to determine the
hydrodynamic behaviours of spar and semisubmersible platforms. The studies, while distinct and
unique in the parameters analysed complemented each other, building on fundamental concepts
and theoretical knowledge, aided by numerical computation software. It can be seen that the

structures are governed by similar parameters such as the draft, weight and metacentric height.

However, the current studies do not provide sufficient comparison of the performance between
the two offshore platforms. While the study conducted by Li et al. attempted to adequately
compare between the platforms, it assessed or scaled the structures under typical design
configurations; and did not evaluate the platforms under similar costing and mooring
configurations. Furthermore, in Li et al. the researchers focused in the environment of the South
China Sea, which may not be applicable elsewhere. On the other hand, Ng’s research focused on
assessing the Morison and diffraction theories against physical model tests, and does not

explicitly compare the two platforms.



CHAPTER 3: METHODOLOGY

3.1  Concept/Theory

Various theories may be employed for describing a wave. Some common wave theories include
the first order Linear Airy Wave theory, and other higher order wave theories such as Stokes
Wave theory for finite amplitude waves, and Cnoidal Wave theory for regular long waves of
finite amplitude in shallow water. The Linear Airy Wave theory is widely used due to its
simplicity, and is used in the HydroSTAR computation. This theory, also identified as a small
amplitude wave theory, assumes that the wave height is small compared to its wave length and
water depth. Additionally, the theory assumes a sinusoidal wave pattern, with the crest and
through being of equal amplitude. The Airy Wave Theory is proven to provide a good estimate

for deep water wave calculation (d/L > 0.5).
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Figure 3.1: Schematic diagram of a progressive wave train

The basic equations are given in the following. The wave number (k) and wave frequency ()
are given in Equation (1) and (2) respectively, T being the wave period. Multiplying k with the

distance x and ® with time t will result in the phase angle 6 shown in Equation (3).



k=2n/L (1)
®=2m/T )

0=kx - ot 3)

For the Airy Wave Theory, the velocity potential is given as in Equation (4). Differentiating [] in
in terms of x and y will yield the horizontal particle velocity (u) and vertical particle velocity (V)
respectively (Equation 5 and 6). Further differentiating Equation (5) and (6) will result in the
horizontal acceleration u (Equation 7) and vertical acceleration v (Equation 8) respectively. On
the other hand, integrating Equation (5) and (6) will obtain their displacements for the horizontal
(&) and vertical (1) direction respectively.

__ mH coshks

" KT sinhkd sin 6 (4)

0 __ mH coshks

u= dx T sinhkd cos 6 (5)
V= 5 = T ka0 Q
LY (7
p=2 = RIS g (8)
£ = Sk S ©)
o

In computing the dynamic responses, three theories may be used. The first is the Morison’s

theory, which considers the wave force to be composed of two components, inertia and drag,
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linearly added together. This theory is applicable for platforms experiencing significant drag

force, as is commonly the case for small structures relative to the water wave length.

The second theory is the Froude-Krylov theory. Unlike the Morison’s equation, this theory is
suitable for small structures whose drag force is insignificant compared to its inertia force. The
force is determined by the pressure area method generated by undisturbed waves acting on the

surface of the structure.

The final theory that can be used to predict the dynamic responses is the diffraction theory. This
theory is used when the presence of the structure will significantly affect the surrounding wave
field; hence, the wave diffraction effects from the surface of the structure should be considered.

This theory is applicable for large structures comparable to the water wave length.

Of the three theories, Morison’s theory is generally favoured due to its simplicity in calculation,
while the diffraction theory is complex and require costly commercial software. According to
Kurian et al. (2012), this practice is justifiable when the ratio of size to wave length falls in the
Morison regime for waves of large frequency (D/L < 0.2). However, when the value falls
outside the regime, Morison’s equation can no longer be applicable, and the diffraction theory is

used.

In order to verify the suitability of Morison’s theory, Ng conducted a study in 2010 to compare
the Morison and diffraction theories against a physical model testing. It was revealed that, for a
spar and semisubmersible, the results for the diffraction theory was significantly closer to the
actual model test compared to the Morison equation. Hence, the use of the HydroSTAR software,

which computes the responses using the diffraction/radiation theory, is justified in this study.

In the analysis, the spar and semisubmersible can be approximated as under three degrees-of-

freedom (DOF) of surge, pitch and heave. This is because the spar can be considered as a rigid

12



cylindrical body; as such the wave forces act equally in all directions. Similarly, a

semisubmersible is approximated using the 3 DOF, as due to the chosen symmetrical design.

3.2 Platform Configuration

The first stage requires the establishment of the spar and semisubmersible dimensions. The
Tahiti spar, referenced in D’Souza et al. (2014) was preliminarily used as the rough guide in
setting the dimensions and weight of the to-be modelled spar. For the semisubmersible, the

Atlantis platform from the same reference was used.

The dimensions and weight was then scaled to balance the two platforms. The platforms had to
be balanced in order for their weights to be comparatively equal. The weight of the platforms
were designed such that the volume — and thus mass — of steel used are relatively equal. In
addition, the draft of the structures should be designed within acceptable range as during a

platform operation.

A spreadsheet was developed in order to achieve the above sub-objective. It also included
calculation for the CG as well as the radius of gyration, which are part of the required input for
HydroSTAR. As previously noted, the CG for a spar is below its CB, and vice versa for a

semisubmersible. The draft/CG value was manipulated by

1. Modifying the hull diameter of the spar
Adjusting the height of the hard tank and soft tank
Modifying the size and height of the semisubmersible column

Modifying the total square area covered by the semisubmersible

A S

Adjusting the volume/weight distribution of the platforms

As the CB is calculated by HydroSTAR, only the CG was computed during configuration.

The equation for CG is given as

13
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Where m, = mass of steel at section n, and x,, = distance of CG of section n from reference point.

For the radius of gyration (K), the equation is expressed as

k= |- (12)

Where | = total moment of inertia, and M = total mass.

A platform is composed of different geometries. Consequently, the moment of inertia differs for
each shape, as well as the location of the body’s centroid in respect to the rotary axis. The mass

moment of inertia, in kgm® is calculated using the following equations:

1. Rectangular blocks

1

I, = Em(y2 + z2) + me? (13)
1

I, = Em(x2 + z2) + me? (14)
1

I, = Em(x2 + y2) + me? (15)

Where m = mass of the plate, and X, y and z are the length of the plate in the respective direction,

and e = eccentricity.

2. Cylinder
1
I, = Em(rz2 + 12) + me? (16)
1
L =1, =Em[3+(r22+r12)+h2] + me? (17)

Where 1 = inner radius, 7 = outer radius, and h = height of cylinder.
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During configuration, a model was also generated using AUTOCAD software for the spar and
semisubmersible respectively, applying the established dimensions. The models serve as the
initial visual reference, as HydroSTAR’s model mesh can only be made through text input. Used
in conjunction with the aforementioned spreadsheet, The AUTOCAD models greatly assisted in
the design in various ways, as listed below:

1. Models and its segments can be easily generated, modified or hidden as necessary
. Models are displayed real-time and can be rotated
. World coordinates can be provided at each point or line of the model

2
3
4. Nodes and panels can be labeled for ease of reference
5

. Properties/dimensions for a line/object can be easily displayed

Figure 3.2: AUTOCAD model of semisubmersible Figure 3.3: AUTOCAD model of

spar

Additionally, the stiffness of the platforms needed to be considered, and were represented in
matrix form for surge, heave and pitch. The total stiffness is composed of the mooring and

hydrostatic stiffness.

15



For the spar, the total stiffness is expressed as

k, 0 )
K=| 0 pgA; 0 (18)
—k,6 0 —k, 6% + pAsD (Ve — Yer)

Where k,= mooring line stiffness, § = distance from CG to fairleads, p = water density, A =

water plane area and D = spar diameter.

For the semisubmersible, the total stiffness is expressed as

k, 0 —k,8
K=| 0 pgAs pgAGM (19)
k5 0 k62

Where A = water displacement by volume, GM = metacentric height.

3.3 HydroSTAR Numerical Modelling

Once the platforms configurations were established, the data was used as input for the

HydroSTAR analysis. The steps taken to numerically model the platforms are described below.

First, the mesh was generated for the HydroSTAR. The software required the input of text strings
and characters, created using the default Notepad program. HydroSTAR houses a built-in
automatic mesh generator for simple geometrical shapes; however, a truss spar and
semisubmersible is a complex structure composing of different geometries, hence the need to

provide a custom input.

In HydroSTAR, the platforms are made out of multiple bodies or patches. A patch is formed by
connecting four nodes. Each node and its coordinates was defined. For a circle, the centre point,

radius, and first and last angles was input. Input for a cylinder include the centre point and radius

16



for both for both ends, and the first and last angles. In addition, the number of elements that
made up each patch was defined. Higher number of elements allows for a more detailed and
accurate analysis but also increases computation time. To generate a body, various patches and

segments were combined in order to build the mesh.

In the Notepad file, a custom/non-symmetrical body was established. Next, the nodes that were
to be used were created. Nodes were grouped according to the portion of the platform in which
they would be composing. The patches were then generated with the designated nodes, and the
input is saved as .MSH file. Under HydroSTAR, the MSH file was executed. HydroSTAR would

then generate a .HST file, as shown in Figure 3.4.

5 e votepos I 5|

I File Edit Format View Help

PROJECT: PRO -
USER - user

NBEODY 1

SYMMETRY 1 0

NUMPANEL 1 1 3280

ZFSURFACEL1000. 000

COORDINATES TYPE O

1 -19.50000 -19. 50000 0. 00000
2 -15.60000 -19. 50000 0. 00000
3 -11.70000 -19. 50000 0. 00000

ENDCOORDINATES

PANEL TYPE 0

12 13 2 1}
13 14 3 2
14 15 4 3

ENDPANEL

ENDFILE

e m . »

Figure 3.4: Sample .HST file
HydroSTAR required the .HST file to be read, which will calculate and establish several

properties, such as the CB of the platform. Later, the mesh was checked through the software, to

verify the consistency, panel properties, and reveal potential errors of the mesh.
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Once the platform mesh was confirmed free from error, the sea parameters was established. This
included the wave range, incident wave angle and water depth. The file is saved as a .RDF file.

Computation for radiation and diffraction was then started.

The next process was to input the mechanical properties of the platforms. The mass, CG, radius
of gyration and stiffness matrix established during configuration was saved as a .MEC file, and

executed to compute the platform motions.

Once the mechanical computations were performed, the second order mean drift loads were
calculated. Input was defined for near-flied, middle-field and far-field formulations. For the
middle-field formulation, a control surface had to be defined for the area surrounding the vicinity

of the platform. The input was saved as a .DFT file for execution.

The final step is to generate the results. The input file containing required transfer functions, i.e.
the RAO was prepared as a .RAO file. The results were then generated in tabular form and
represented graphically.

Figure 3.5 summarises the methodology process for the HydroSTAR undertaken in this project.

Establish Adjust
platform platform G?rr:gsrﬁte lnaprl;:n\évtaevri
dimensions properties P
Generate Input results Compute drift Input platform
results to be analysed loads properties

Figure 3.5: Methodology process
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CHAPTER 4: RESULTS AND DISCUSSION

The general data for the spar and semisubmersible are presented in Table 4.1 and 4.2. The CG is
taken with bottom surface of the pontoon/soft tank as 0, while the radius of gyration is obtained
using the CG as the reference point. Only the CG in the vertical z-axis is given, as both structures

are symmetrical and thus have the CG in the x and y-axis in the centre of the platform.

Item Unit Value
Column dimension (L x W x H) mxmxm 18 x18x 29
Column spacing m 62
Pontoon dimension (W x H) mxm 18x9
Total mass tonne 60600
Draft m 23.6
Centre of gravity: m 18.9
Radius of gyration: RXX 31.3
Ryy m 31.3
Rzz 36.9
Mooring line stiffness kN 532

Table 4.1: Semisubmersible configuration

Figure 4.1: Semisubmersible model

[tem Unit Value
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Hard tank diameter m 30
Hard tank height m 80
No. of heave plates - 2
Heave plate dimension (LXxW xH) | mxmxm 30x30x0.5
Soft tank (L x W x H) mxmxm 30x30x8
Vertical truss diameter m 1.5
Diagonal truss diameter m 0.8
Hull height m 166
Total mass tonne 60600
Draft m 156.7
Centre of gravity: m 99.4
Radius of gyration: Rxx 70.4
Ryy m 70.4
Rzz 13.7
Mooring line stiffness KN 532

Table 4.2: Spar configuration

Figure 4.2: Spar model

The responses of the spar and semisubmersible platforms at a depth of 1000 m are obtained and

compared as shown in Figures 4.3 to 4.5.

RAO (m/m)
© =P NN
(6] o o1 o a1

o
o

0.00 0.20

0.40

Wave frequency (rad/s)

0.80

—@—Spar —@— Semisub

1.00 1.20 1.40

Figure 4.3: Comparison of surge RAO

It is observed that the surge RAO for both platforms are relatively similar, with the spar having

slightly lower RAO for the majority of the frequency range. The reason for this is because the
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response in the surge direction is for the most part dependent on the mooring stiffness, which had
been set the same for both platforms. The maximum surge RAO for spar and semisubmersible is
2.05 m/m and 2.06 m/m respectively — a negligible percentage difference of 0.005% — and are

located at lowest observed frequency of 0.05 rad/s.

It was also noted that as the frequency increases, the surge response of the semisubmersible
generally dipped until 0.7 rad/s, afterwards experiencing a slight increase up to the 0.9 rad/s
frequency before decreasing back. This “valley value” at 0.7 rad/s corresponds to the
cancellation period of the platform, which is influenced by the shape of the hull (Li et al., 2011).
The trend showed good agreement with the findings by both Ng and Li et al.

RAO (m/m)
w
o

1.0 L
0.0 ; —0-0-0-0-¢

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
Wave frequemcy (rad/s)

—@&— Spar Semisub

Figure 4.4: Comparison of heave RAO

For the heave response, it 1s found that the peak RAO for the spar is significantly higher than the
semisubmersible, with the semisubmersible RAO at 1.90 m/m, 34% the value of the spar RAO
which is at 5.52 m/m. This is because, although the spar has the benefit of a deep draft and heave
plates, the water plane area and the heave added mass of the semisubmersible is ultimately larger
than the spar. However, notwithstanding the peak, majority of the responses were lower for the

spar. Its trend also varies smoother compared to the semisubmersible.
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Additionally, it is observed that the spar reaches its peak heave RAO at a slightly lower wave
frequency than the semisubmersible. This shows that the natural frequency for the spar is lower
than that of the semisubmersible, which can be proven through the natural frequency formula, f
=/ k/m, where K is the stiffness m is the total mass. The equation is applied in conjunction with
the stiffness matrix previously developed in the methodology. From this, it is calculated that the
natural frequencies are within the peak point locations of the RAO. Again, the findings are
observed to be similar to the graphical plot obtained Li et al.; however the trend significantly
varied from Ng, whose results indicate that the semisubmersible achieves its peak at a lower
frequency than the spar. This could be due to the geometric shape of the semisubmersible, in
which Ng adopted a two pontoon eight column design, in contrast to the symmetrical four

pontoon four column used in this study.

45
4.0
35
E 3.0
S5
=20
< 15
1.0
0.5
0.0 p .—.—.—“—"‘W‘H—.-Q—O—Qwv 0-0-0-0-0-0-¢

a4

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
Wave frequency (rad/s)

—&— Spar Semisub

Figure 4.5: Comparison of pitch RAO

Similar to the heave, the peak pitch RAO for the spar is higher than the semisubmersible,
achieving 4.24 deg/m while the semisubmersible reaches its peak at 3.35 deg/m — 79% the value
of the spar. Here the findings deviate from that of Li et al., whose peak value is higher for the
semisubmersible than the spar; however, the obtained values seem to show higher correlation

with the results by Ng. This can be due to the semisubmersible covering a large area from one
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pontoon to the other, therefore increasing its stability against pitch. After 0.35 rad/s however, it
was observed that the semisubmersible RAO increases and maintains above the spar.
Additionally, the spar reaches its peak at a lower frequency compared to the semisubmersible,

similar to trend observed in the heave direction.

An analysis was also conducted to study the effects of water depth against the dynamic responses.
The surge, heave and pitch for the spar is represented in Figures 4.6 to 4.8 respectively; while the
surge, heave and pitch for the semisubmersible is shown in Figures 4.9 to 4.11 respectively.

Three depths were analysed: at 1000 m, 1500 m and 2000 m.

From the plots, it was observed that for the spar, the surge and pitch showed a slight increase in
RAO with decreasing water depth at the low frequency range. Likewise for the semisubmersible,
the response increases as the depth decreases, but in the surge direction only. The remaining
responses were considered insignificant in affecting the performance of the platforms. In

addition, the trends for the plots retrained their respective patterns.

The increase in response is due to the platform interaction with the waves and bottom surface of
the seabed. At low frequency, the wavelength is significantly large and the effect becomes more

pronounced, subsequently affecting the dynamic responses of a platform.
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Figure 4.6: Spar surge RAO
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Figure 4.7: Spar heave RAO
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Figure 4.8: Spar pitch RAO
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Figure 4.9: Semisubmersible surge RAO
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Figure 4.10: Semisubmersible heave RAO
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CHAPTER 5: CONCLUSION AND RECOMMENDATION

This study compared the dynamic responses of the spar and semisubmersible platforms under
similar environment and cost-by-weight configuration. The primary element of wave is
considered in the analysis. Several studies have been conducted to assess the hydrodynamic
forces on the two platforms, but research is lacking to adequately compare the platforms under a
similar cost factor. The spar and semisubmersible platform was modeled using HydroSTAR,
which utilises the radiation/diffraction theory. Based on the findings, with the exception of the
peak values, the spar’s dynamic responses for the surge, heave and pitch are generally lower
compared to the semisubmersible. At the water depth of 1000 m, the peak surge RAO for spar
and semisubmersible has a negligible percentage difference of 0.005%; peak heave RAO for
semisubmersible is 34% the value of the spar; and peak pitch RAO for semisubmersible is 79%
the value of the spar. The surge response for the two platforms are relatively similar, having high
RAO at low frequency, which generally decreases as the frequency increases. For the heave and
pitch, the semisubmersible is found to achieve its peak RAO at a higher frequency compared to
the spar. It was also noted that, after the sudden drop from peak, the semisubmersible’s
frequency increases slightly until a certain frequency before decreasing again. Concerning the
spar however, after the peak points the responses for the majority gradually decreased with
increasing frequency. Under increasing water depth, the surge response for the spar and
semisubmersible decreases slightly at the low wave frequency. In addition, the peak pitch RAO
for spar decreases slightly with increasing depth. The findings thus showed that overall, the spar

performs better for the majority of the wave frequencies.

For further improvement, future studies should take into consideration the current and wind
effect on the two platforms. In addition, research should be carried out to compare between
alternative deepwater platforms such as the TLP and FPSO. These should be simulated under the
same cost and environment as is currently carried out with the spar and semisubmersible, so that

the platforms may be fairly assessed for their hydrodynamic performance.
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APPENDICES

Diffraction Theory

Referring to Chakrabarti (2001), the application of the diffraction theory assumes the flow is to
be oscillatory, incompressible, and irrotational. The hydrodynamic force was quoted as being the
sum of the radiation, wave exciting, wave damping and hydrostatic restoring forces (Ng, 2010).

The total velocity potential (@) under the potential theory satisfying the Laplace equation is:

_ — — (A1)
where @ = O(X, Y, z, t) and X, Y, z represent the coordinates of a point in the fluid field at which
the potential is calculated at the time (t).

an

,@: y
X

n=4"cosd

FFXED+BODY ngo
d
I 9%
oy 0
]

Figure I: Diagram on the boundary conditions for the linear diffraction problem
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There are several boundary conditions, which are expressed as:

1. Dynamic boundary condition

— - — — — (A2)

Where g = gravitational acceleration; and = free surface elevation
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2. Kinematic boundary condition

on , 0®on , 0P In . 0P

at | ox ox | 0z oz E_O' ony=n (A3)
Where:
D D D

u—a, U—E, W_Z (A4)
3. Bottom boundary condition

-0 =—d A5

>=0, ony= (AS)
4. Body surface boundary condition

0D

P —-d<y<ng (A6)

The velocity potential (@) is the sum of the incident wave (®,) and scattered velocity (D)

potentials, expressed as
d = o, + b, (A7)
For @, the Sommerfeld radiation condition states that
limp.co VR (5 % i1) & = 0 (A8)

Where R = radial distance, i =v—1, and A = eigenvalues.

® can assumed as a power series with respect to a perturbation parameter, &

b = z gn D, (A9)
n=1
In which € is commonly chosen as
e=4 (A10)



The free surface elevation 7 can also be written in series

[ee)

n = z e, (A1l
n=1

Where 1,, = profile of the n™ order waves.

For the first and second order dynamic fluid pressures, p; and p; respectively are

D D, | 1
P1= Pa_tli b2 =pa—t2+5p(VCI>1)2 (Al2)
The force in a direction can then be represented as
Fpj=¢&" ff pnn; dS (A13
S

Where F,; = the n'™ order force in the direction, J, S = submerged profile and n; = direction

normal in the J direction of interest.
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Raw data

SPAR
Wave SURGE HEAVE PITCH
frequency Water depth Water depth Water depth

(rad/s) ]1000m [1500m [2000m J1000m |1500m [2000m |1000m [1500m |2000m
0.05 2.05E+00[ 1.71E+00| 1.52E+00] 1.00E+00| 1.00E+00| 1.00E+00| 4.49E-02| 3.76E-02| 3.33E-02
0.10 6.41E-01| 5.65E-01| 5.35E-01] 1.02E+00| 1.02E+00| 1.01E+00| 4.24E+00| 3.86E+00]| 3.70E+00
0.15 8.93E-01| 8.78E-01| 8.76E-01| 1.08E+00| 1.08E+00| 1.08E+00] 1.85E-01]| 1.82E-01| 1.82E-01
0.20 8.13E-01| 8.12E-01| 8.12E-01| 1.38E+00| 1.38E+00| 1.38E+00] 1.69E-01]| 1.69E-01| 1.69E-01
0.25 7.38E-01| 7.38E-01| 7.38E-01] 5.52E+00| 5.52E+00| 5.52E+00] 1.78E-01f 1.78E-01]| 1.78E-01
0.30 6.60E-01| 6.60E-01| 6.60E-01) 8.82E-01| 8.82E-01| 8.82E-01| 1.87E-01f 1.87E-01] 1.87E-01
0.35 5.85E-01| 5.85E-01| 5.85E-01| 2.44E-01| 2.44E-01| 2.44E-01] 1.91E-01] 1.91E-01| 1.91E-01
0.40 5.15E-01| 5.15E-01| 5.15E-01] 9.63E-02| 9.63E-02| 9.63E-02| 1.90E-01] 1.90E-01| 1.90E-01
0.45 4.51E-01| 4.51E-01| 4.51E-01} 4.31E-02| 4.31E-02| 4.31E-02| 1.85E-01] 1.85E-01] 1.85E-01
0.50 3.92E-01| 3.92E-01| 3.92E-01] 2.06E-02| 2.06E-02| 2.06E-02| 1.76E-01] 1.76E-01] 1.76E-01
0.55 3.40E-01| 3.40E-01| 3.40E-01] 1.02E-02| 1.02E-02| 1.02E-02| 1.66E-01] 1.66E-01| 1.66E-01
0.60 2.93E-01| 2.93E-01| 2.93E-01) 5.12E-03| 5.12E-03| 5.12E-03] 1.53E-01f 1.53E-01] 1.53E-01
0.65 2.50E-01| 2.50E-01| 2.50E-01) 2.57E-03| 2.57E-03| 2.57E-03] 1.39E-01f 1.39E-01] 1.39E-01
0.70 2.11E-01| 2.11E-01] 2.11E-01) 1.28E-03| 1.27E-03| 1.27E-03] 1.24E-01f 1.24E-01] 1.24E-01
0.75 1.76E-01| 1.76E-01f 1.76E-01| 6.24E-04| 6.24E-04| 6.24E-04] 1.09E-01| 1.09E-01f 1.09E-01
0.80 1.44E-01| 1.44E-01f 1.44E-01| 3.04E-04| 3.03E-04| 3.04E-04] 9.35E-02| 9.35E-02 9.35E-02
0.85 1.17E-01| 1.17E-01f 1.17E-01 1.52E-04| 1.52E-04| 1.52E-04] 7.87E-02| 7.87E-02| 7.87E-02
0.90 9.36E-02 9.36E-02| 9.36E-02] 8.49E-05| 8.49E-05| 8.49E-05| 6.53E-02| 6.53E-02| 6.53E-02
0.95 7.45E-02| 7.45E-02| 7.45E-02] 5.68E-05| 5.68E-05| 5.68E-05] 5.36E-02[ 5.36E-02| 5.36E-02
1.00 5.91E-02| 5.91E-02| 5.91E-02] 4.47E-05| 4.47E-05| 4.46E-05| 4.36E-02| 4.36E-02| 4.36E-02
1.05 4.69E-02| 4.69E-02| 4.69E-02| 3.81E-05] 3.81E-05| 3.84E-05| 3.54E-02| 3.54E-02| 3.54E-02
1.10 3.73E-02| 3.73E-02| 3.73E-02] 3.39E-05| 3.39E-05| 3.44E-05| 2.87E-02| 2.87E-02| 2.87E-02
1.15 2.98E-02| 2.98E-02| 2.98E-02] 3.03E-05| 3.01E-05| 3.07E-05] 2.33E-02 2.33E-02| 2.33E-02
1.20 2.39E-02| 2.39E-02| 2.39E-02] 2.70E-05| 2.74E-05| 2.72E-05] 1.90E-02 1.90E-02| 1.90E-02
1.25 1.93E-02| 1.93E-02 1.93E-02| 2.40E-05| 2.45E-05 2.40E-O5| 1.55E-02| 1.55E-02| 1.55E-02
1.30 1.57E-02| 1.57E-02 1.57E-02| 2.05E-05| 2.09E-05| 2.03E-05| 1.28E-02| 1.28E-02| 1.28E-02
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SEMISUBMERSIBLE

Wave
frequency
(rad/s)

Surge RAO (m/m)

Heave RAO (m/m)

Pitch RAO (m/m)

Water depth

Water depth

Water depth

1000m  [1500m  [2000m

1000m  [{1500m

2000m

1000m  {1500m  [2000m

0.05

2.06E+00| 1.72E+00| 1.52E+00

1.00E+00] 1.00E+00

1.00E+00

3.05E-02] 2.55E-02| 2.26E-02

0.10

1.17E+00] 1.06E+00] 1.01E+00

1.00E+00] 1.00E+00

1.00E+00

7.33E-02] 6.62E-02| 6.33E-02

0.15

9.76E-01| 9.60E-01| 9.58E-01

1.01E+00] 1.01E+00

1.01E+00

1.56E-01] 1.53E-01] 1.53E-01

0.20

9.21E-01] 9.21E-01| 9.21E-01

1.04E+00] 1.04E+00

1.04E+00

3.71E-01) 3.71E-01] 3.71E-01

0.25

9.81E-01f 9.81E-01f 9.81E-01

1.20E+00[ 1.20E+00

1.20E+00

3.35E+00[ 3.35E+00f 3.35E+00

0.30

8.35E-01| 8.35E-01f 8.35E-01

1.90E+00[ 1.90E+00

1.90E+00

6.77E-02| 6.77E-02| 6.77E-02

0.35

7.60E-01) 7.60E-01| 7.60E-01

4.68E-01| 4.68E-01

4.68E-01

1.31E-01) 1.31E-01] 1.31E-01

0.40

6.75E-01) 6.75E-01| 6.75E-01

5.59E-01] 5.59E-01

5.59E-01

2.40E-01] 2.40E-01] 2.40E-01

0.45

5.79E-01f 5.79E-01f 5.79E-01

5.62E-01] 5.62E-01

5.62E-01

3.17E-01] 3.17E-01] 3.17E-01

0.50

4.74E-01| 4.74E-01] 4.74E-01

5.33E-01] 5.33E-01

5.33E-01

3.70E-01] 3.70E-01] 3.70E-01

0.55

3.64E-01| 3.64E-01f 3.64E-01

4.66E-01| 4.66E-01

4.66E-01

4.04E-01f 4.04E-01] 4.04E-01

0.60

2.52E-01) 2.52E-01| 2.52E-01

3.46E-01] 3.46E-01

3.46E-01

4.22E-01f 4.22E-01] 4.22E-01

0.65

1.37E-01] 1.37E-01] 1.37E-01

2.12E-01] 2.12E-01

2.12E-01

4.30E-01f 4.30E-01] 4.30E-01

0.70

1.63E-02] 1.63E-02| 1.63E-02

1.12E-01] 1.12E-01

1.12E-01

4.14E-01f 4.14E-01] 4.14E-01

0.75

9.77E-02| 9.77E-02 9.77E-02

5.27E-02] 5.27E-02

5.27E-02

3.47E-01] 3.47E-01] 3.47E-01

0.80

1.86E-01] 1.86E-01| 1.86E-01

2.10E-02] 2.10E-02

2.10E-02

2.53E-01] 2.53E-01] 2.53E-01

0.85

2.44E-01) 2.44E-01| 2.44E-01

5.27E-03] 5.27E-03

5.27E-03

1.65E-01] 1.65E-01] 1.65E-01

0.90

2.69E-01) 2.69E-01| 2.69E-01

7.89E-03] 7.89E-03

7.89E-03

8.87E-02| 8.87E-02| 8.87E-02

0.95

2.60E-01) 2.60E-01| 2.60E-01

2.31E-02] 2.31E-02

2.31E-02

3.18E-02| 3.18E-02| 3.18E-02

1.00

2.21E-01) 2.21E-01| 2.21E-01

3.46E-02] 3.46E-02

3.46E-02

4.93E-03| 4.93E-03] 4.93E-03

1.05

1.52E-01| 1.52E-01] 1.52E-01

3.51E-02| 3.51E-02

3.51E-02

1.53E-02| 1.53E-02] 1.53E-02

1.10

7.06E-02] 7.06E-02] 7.06E-02

2.58E-02| 2.58E-02

2.58E-02

1.69E-02| 1.69E-02] 1.69E-02

1.15

2.18E-02] 2.18E-02] 2.18E-02

1.29E-02] 1.29E-02

1.29E-02

3.83E-02] 3.83E-02| 3.83E-02

1.20

1.72E-02| 1.72E-02| 1.72E-02

1.56E-03] 1.56E-03

1.56E-03

4.71E-02| 4.71E-02| 4.71E-02

1.25

4.25E-02| 4.25E-02( 4.25E-02

4.35E-03] 4.35E-03

4.35E-03

3.05E-02] 3.05E-02| 3.05E-02

1.30

4.61E-02| 4.61E-02( 4.61E-02

2.44E-03] 2.44E-03

2.44E-03

1.16E-02| 1.16E-02] 1.16E-02
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