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Marine Environment and Deep-Sea Platforms

LiJiachun Zhang Huiqin Wang Lizhen
(Institute of Mechanics, CAS, Beijing, 100190)

Abstract:

Marine environment and dynamic response are two major factors in deep-sea platforms design. Based on
the database of more than 60 years tropical cyclones, we find that very probably the frequency and intensity are
gradually growing in terms of PDI due to climate change. As a result, the effects of non-stationary variation in
atmospheric general circulation can no longer be neglected and should be considered in the standard or criterion
revision. Furthermore, we have also provided time intervals and locations for internal wave occurrence along
with corresponding parameters for internal wave velocity field, revealing that the interaction of tides and undulant
topography is responsible for internal soliton trains genesis in the north of the South China Sea. In regard to
dynamic features and conceptual design of platforms, we have proposed a theoretical approach to estimate the
effects of mass allocation on dynamic responses (RAO) in heave, which is in good agreement with the
computational results by WAMIT.

Keywords:
Fluid Mechanics; Tropical cyclone; Internal waves; Deep-sea platform; Semi-submersible; Climate change;

Non-stationary variation

1 Introduction

With ever-growing needs for oil and gas resources, the ocean engineering has been paid much attention to
by world engineering community. In the South China Sea (hereafter “SCS”) known as the second Persia Bay,
there deposit a large amount of oil and natural gas. China has started to stride forward from coastal regions with
depth under 300 meters to off-shore regions as deep as 3000 meters, aiming at deep-sea platform design by
independent innovation. Whether the deep-sea platforms are safe or not depends on the insight into the marine
environment parameter. Tropical cyclones and internal waves are two factors in the SCS we should lay special
emphasis on in addition to conventional wind, wave and current. At the same time, conceptual design and
optimization lie on our understanding in dynamic features of various styles of deep-sea platforms. Therefore, we
mainly discuss the typical marine environment in SCS and dynamic responses of platforms in the current paper.

The annual report [1] released by IPCC in 2007 confirmed the global warming and the degree of influence.
In the previous platform design, we ignored the non-stationary variation induced by climate change in the
evaluation of extreme parameters. So we need to analyze the trend of typhoon’ s intensity and frequency. Based
on the database of more than 60 years typhoons, we have found that very probably the frequency of typhoon
and strong typhoon is gradually growing and the intensity of tropical cyclone is growing slowly in terms of PDI
due to climate change which results in the increasing wind and wave loads. As a result, the effects of non-
stationary variation in the evaluation of extreme winds velocity parameters can no longer be neglected and should
be considered in the standard or criterion revision. Internal waves, which may cause serious threat to offshore
structures [2,3,4], are ubiquitous in the SCS. In this paper, the generation and propagation mechanism of
internal solitary wave trains and corresponding velocity field as a basis of internal wave load calculation have

been analyzed. In designing deep-sea floating platforms, i.e. semi-submersible and FPSO, software is usually
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applied to analyze dynamic response of platforms in the past. Nevertheless, we have proposed a theoretical
approach to estimate the effects of mass allocations between columns and pontoons on dynamic responses
(RAO) in heave. The result shows that the natural period increases and the maximum RAOQ in heave decreases
with non-dimensional mass allocation coefficient ¢, which agrees well with calculation by WAMIT. The progress
in this regard has laid foundation for conceptual design and structure optimization.

2 Typical marine environments in SCS—Tropical cyclones and internal waves

2.1 The variation of frequency and intensity of tropical cyclone

Tropical cyclone is a kind of intense weather system occurring in tropical marine region. When the maximal
velocity is larger than 32.7 m/s and 41.3m/s, meteorologically we call it typhoon and strong typhoon respectively.
Based on the analysis of the databases of tropical cyclones in the northwest Pacific Ocean (hereafter “NWPO™)
from 1945-2007, we have obtained the law of frequency and intensity variation of typhoon and strong typhoon
in the NWPO and SCS.

According to the statistics, there are 13.6 typhoons and 9 strong typhoons occurring in the NWPO every
year and the frequency of typhoon and strong typhoon increase significantly. If dividing the 63 years data into
two interval groups: 1945-1977 and 1978-2007, we can see that the average number of typhoon occurs in one
year from 11.5 to 16 and strong typhoon from 7 to 11. As a result, the number of typhoon and strong typhoon
in the past 30 years increases by 39% and 57% respectively. Regarding to the region of the SCS, there are 4.3
typhoons and 2.4 strong typhoons on average. The variation of frequency shows slow increase with strong
fluctuation due to the small amount of samples in the SCS as compared with vast area of the NWPO. If we
divide data in the same way as did in the NWPO, the average number of typhoon occurring in one year from 4
to 5 and strong typhoon from 2.4 to 3 with a growth rate of 25%.

In regard to tropical cyclone, Kerry Emanuel [5] thought that the maximal velocity or lifetime is not always
suitable for an appropriate measure of tropical cyclone intensity, so he defined the power dissipation index (PDI)

PD] — JVriudt (1)
0

where V__is the maximal wind speed, is the life time of the tropical cyclone. The PDI is calculated by
summing up cubes of the maximal wind speed reported every 6 hours over the lifetime . We integrated over an
entire year as the characterization of the tropical cyclone’ s intensity in one year in the NWPO (Fig.1) and SCS
(Fig.2) region respectively. As shown in Fig.1, the growth of the PDJ in NWPO is increasing significantly since
1970s and by the end of the twentieth century the PDI even reached 2 times of that in 1970s. The PDI in the SCS
shows strong fluctuation with slow increase, which reached 1.3 times by the end of the twentieth century from
1970s.

2.2 Internal waves properties in SCS

Tidal current distributions and undulant topography in SCS are two major decisive factors which almost
account for the behaviors of internal waves there. Long internal solitary waves are presumably generated by
tides, which may also be expressed as that when the internal tides propagate over undulant topography, they will
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change in shape and finally split into internal solitons trains. According to the topography in SCS, in the north of
Fillipine and the south of Taiwan, there are Bashi, Balintang and Babuyan straits and a sea ridge stands here.
Numerical results show that soliton wave trains generated there propagate to the north of the SCS when the tides
to-and-fro pass through the ridge. The main parameters we have obtained agree with observations 1.

Internal wave velocity field is significant for examining interactions between internal waves and floating
structures, but few researches are available, so it is necessary to study the flow field induced by internal waves.
Observational data and some numerical results show that [6,7,8] the internal waves in SCS have the following
properties:

(1) The north of the SCS is one of the most active areas for internal wave occurrence, and the origins of
internal waves come from Batan, Fujia and Babuyan islands near Lusong strait; Internal waves often appear in
the form of internal solitary wave trains which mainly propagate to the west and occur frequently in Dongsha
islands; The internal waves reach to a high peak in April to September due to strong stratified ocean in summer,
while keep at lower level in other seasons. Because of the strong tide currents, internal waves reach to a high
peak on 16-19th every month.

(2) The amplitude of internal solitary waves as large as tens of meters, or even up to 100 meters often
appear, and waves of 170m-amplitude at speed of 2.5m/s have already been observed in SCS[9]. Numerical
simulation shows that [6] amplitude of internal waves can reach to 100m or more in the east of Dongsha island
while they attenuate to 70m in the west, and good agreements have been reached to observations.

(3) The horizontal flow field induced by internal waves is almost uniform, but has a strong shear between
pycnocline of the upper and lower layer. Therefore, the strong shear current caused by long nonlinear internal

waves may lead to displacement and torsion of the platforms.

3 The effects of mass allocation on dynamic response of semi-submersible

The semi-submersibles, which operate in extra deep sea, have already been developed to the sixth generation.
Their pattern tends to simpler compared to past with four, six or eight columns and single or double pontoons.
Different types of deepwater semi-submersible have different performance in waves. Dynamic response (RAO)
in heave is crucial to evaluate hydrodynamic performance and mainly depend on operation environment, prototype
and main dimensions of the platforms. Assuming total displacement is given, the semi-submersibles have been
designed according to the type of the columns and pontoons, especially according to the mass allocation in order
to optimize structure design and dynamic response.
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Fig.3 Schematic of semi-submersible Fig.4 Discretization of the wetted surface
and its coordinate system of semi-submersible
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3.1 Problem description and governing equations
In this paper, a general semi-submersible with two rectangular pontoons which ends are semi-circular and
two equally-spaced circular columns on each pontoon is analyzed. The simplified model and its coordinate

system are shown in Figs.3-4.
The semi-submersible interacting with linear progressive waves in 3000m water depth is discussed. A six-

DOF dynamic equation of motion is expressed as follows

x,  oxg,
or U e @

(M+M,)

where, t is time; xG denotes unknown motion vector (6x1) in the sequence of surge, sway, heave, roll,
pitch and yaw, respectively; is wave load which is obtained from direct integration of hydrodynamic pressure on
the wet surfaces; M and K are mass matrix (6x6) and stiffness matrix (6x6); Ma and B are added mass matrix
and damping matrix (6x6), respectively.

To demonstrate the dynamic response of the semi-submersible, three case studies have been followed and

the semi-submersible parameter is given in Table 1.

Table 1 Semi-submersible main parameters

Length of pontoon(m) 114.07

Beam of pontoon(m) 20.12

Beam outside pontoon(m) 78.68

Column space(m) 70.0

Draught(m) 19.0

Displacement(m?) 46128.3

Water depth(m) 3000

Radius of column(m)/Height of Pontoon(m) Case 19.0/7.88
Case 18.0/8.54
Case 17.5/8.81

3.2 Dynamic response in Heave

As shown in Table 1, we have calculated natural period and maximum RAO in heave by changing the height
of pontoon and the radius of column in order to adjust mass allocation when the total displacement of the semi-
submersible is given.

Fig.5 illustrates three mass allocations, as shown in Table 1 of cases 1-3, which affects on RAO in heave.
If the height of pontoon is 7.88m, the maximum RAOQ exceeds 3.5 in incident wave period 23s; if the height of
pontoon increases to 8.54m, the maximum RAOQ is less than 2.5 in incident wave period 26s; while if the height
of pontoon increases to 8.81m, the maximum RAO is much smaller than previous cases in incident wave period
28s.

This shows that the higher the height of pontoon is, the smaller maximum RAO in heave is, and meanwhile
the natural period keep off surface wave period. This further shows that mass allocation between columns and
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pontoons can not only influence the maximum RAO to a large extent, but also change the natural period of the
semi-submersible. Therefore, we should increase the height of pontoon at the same time decrease the radius of
the column provided other conditions in engineering are satisfied. Thus we are able to improve the dynamic
performance of the platforms.

On the other hand, when considering mass allocation between pontoons and columns, a formula has been
obtained as follows:

oo |81

Hisen-2- (3)
1-¢
where, | denotes the draught of the column, « stands for the added mass coefficient, g represents the

acceleration of gravity and @ is defined as follows:

V (4)

here Vp and V are the displacement of the pontoons and total displacements of the whole semi-submersible,
respectively. We can easily conclude 0<dp<1 from (4).

According to (3), the general diagram is reproduced as Fig.6 (solid line). It has been found that the natural
period will increase monotonously with ¢. As compared with numerical results (& is 0.75 0.82 and 0.84) in
Fig.5, it has been noticed that theoretical formula are in good agreement with the corresponding numerical
results. This shows that formula (3) is reasonable to figure out the mass allocation influence on the natural period
of platforms.

4 Conclusions

This paper introduces two typical marine environments in SCS: typhoons and internal waves and the
conceptual design of deep-sea floating platforms.

Based on the database of more than 60 years tropical cyclones, we have found an evident intensification of
typhoon activity, which mainly manifested as the frequency increase of typhoon and strong typhoon and evident
increase of PDI. Because of small amount of sample in SCS relative to the NWPOQ, the activity of tropical
cyclone in the SCS shows slow increase with strong fluctuation. Internal solitary waves are ubiquitous and
active in SCS. The internal solitons mainly propagate to the west and reach to a high peak in summer. The
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Fig.1 The variation of PDI in the NWPO Fig.2 The variation of PDI in the SCS
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horizontal flow field induced by internal waves is almost uniform with the velocity shear between upper and
lower layers and this may lead to displacement and torsion of the platforms.

It has been found that the natural period increases monotonously with the mass allocation factor @,
meanwhile the maximum RAO decreases with it. Theoretical results are in good agreement with the corresponding
numerical results. The progress in this regard may be applied in deep-sea floating platform conceptual design,
which will be highlighted in future works.
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