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Rigs-to-Reefs (R2R) is an alternative for oil and gas industry for decommissioning 
purpose. The program will benefit marine life as an artificial reef for a sustainable 
solution to promote ecosystem growth. For any oil platform considered for reefing, an 
extensive study on the suitability and performance of the artificial reef is essential. 
These studies will evaluate the stability and relevance of the structure as an artificial 
reef when deployed on the seabed. This paper presents the research on dynamic 
response and flow characteristics of a conceptual proposed R2R platform. The 
Computational Fluid Dynamics (CFD) simulation is intended to study the dynamic 
responses and flow characteristics analysis of a jacket oil platform for optimal 
settlement and growth of corals. Artificial reef performances were evaluated by 
calculating the performance indices of the upwelling and back eddy profile. It was 
found that the upwelling efficiency index is higher at current direction normal to the 
platform due to the higher frontal area exposed to the incoming flow. Meanwhile, back 
eddy efficiency index shows a significant low value for all directions. The CFD results 
presented will be discussed in terms of the possibility of better performance of an 
artificial reef which considering engineering and biological aspects  
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1. Introduction 
 

In drastic and rampant global climate change, rise in marine environment pollution, and 
overexploited marine activities has impacted the marine ecosystem. In response to the urgent 
situation, many countries have taken the initiative in marine habitat restoration [1]. Since 2008, more 
than 50 countries participated in artificial coral reef construction [2]. Conventionally, offshore oil rig 
structures are decommissioned at the end of the platform production life. Decommissioning is a 
process of terminating the operations of the platform by means of dismantling and removal. There 
are several options for decommissioning depending on the legislation which is deep water disposal, 
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partial removal, complete removal, abandoning in place and for development of an artificial reef 
(AR). The environmental impact varies with the selection of the type of decommissioning. Studies 
show that “abandoning in place” has the least environmental impact in comparison to its 
counterparts [3]. Rig-to-Reef (R2R) which by means of reutilizing oil rig platforms as spatial ground 
provides not only biodiversity and habitat for biological communities but also a reduction in 
decommissioning cost [3–5]. 

The essence of converting oil rigs into artificial reefs is to increase habitats in the offshore 
environment; which subsequently lead to the increment in biomass for ocean productivity. In the 
case of rigs to reefs (R2R), settlement of scleractinian corals is among the critical indicators for the 
establishment of new habitats [6]. In general, larvae substratum selection is one of the crucial factors 
that regulate larvae settlement in the sea. In the offshore environment, when a new colony is 
established on newly introduced artificial reefs, substrate-borne vibration becomes one of the crucial 
parameters that determine successful community colonization [7]. In order for the structure (artificial 
reefs) to harbour a broad spectrum of marine organisms, the structure itself must provide a certain 
degree of stability for the biological community to thrive [8]. Numerous types of marine organism 
can be found on their submerged member after a certain period on any structure built offshore. Their 
distributions on the structural members differ by several factors including geographical location, 
water depth, water temperature and season, ocean current, platform design and operation.  

Marine propagules can be into two types based on its motility, motile and non-motile. Tay et al., 
[9] stated that the travelling or the propagation speed of coral larva is not significant in comparison 
to the tidal current since the net distance of coral larvae is low Studies carried out by Abelson & 
Denny [10] shows that marine larvae could be dissipated by laminar and turbulent flow regime. Four 
stages of the delivery method were defined for laminar which are direct interception, inertial 
impaction, gravitational deposition and the diffusional deposition. The characterization of turbulent 
flow in space and time is basically alternating of “ejections” and “sweeps” near the seabed [11].  

Pressure distribution around the AR must be low to secure the attachment of coral larvae and 
increase the settlement success rate due to the larvae exploration at the surface of the AR [12]. 
Logically high-pressure distribution at the AR surface can ‘sweep away’ all the exploring larvae. When 
the larvae encounter any AR surface, the next step is either direct attach or exploration. The ability 
of the propagule to control its movement is crucial in order to ensure they have ample time to search 
for a suitable site to settle. The adhesive strength of these bio-fouling organism indicates the ability 
of the organism to withstand the pressure on the structure up to some extent [13]. 

Any AR deployed will be exposed to the hydrodynamic forces (drag and lift) in which affect the 
propagule on the surface. The velocity gradient on the surface tends to remove the propagule from 
the surface due to torque or rotary force exerted [14]. Reef stability and performance normally 
affected by current flow. One way to measure the performance of the reef is through the wake region 
developed behind the AR. Recirculation flow develops behind the bluff body is defined as the wake 
region caused by surrounding current profile. It has been suggested by numerous previous studies 
on AR that the wake region provides the marine life home or shelter as well as a feeding area. Figure 
1 shows the wake region area, which can be divided into two regions, upwelling and back eddy. The 
formation of the upwelling and back eddy is subjected to the changes of the wake due to its shape, 
current profile, and seabed conditions. The turbulent flow over the AR promotes the upwelling 
region, which provides more nutrient into the water column. The enhanced nutrient subsequently 
promotes the production of marine life. It has been reported in the study by Wang et al., [15] on the 
influence of the AR shapes on the upwelling speed and profile.  

Wake region performance and AR effectiveness can be measured using different approaches. It 
was reported in a few works of literature on the method to present its efficiency by calculating wake 
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size, wake length, volume, current speed and drag coefficient. For example, Wang et al., [15], Kim et 
al., [16,17], Woo et al., [14] and Liu and Su [18], to name a few. A relationship normally established 
on the efficiency index and the ability of the marine species to settle and optimize the energy around 
the AR.  

To examine the wake region, Kim et al., [17] conducted CFD simulations for 24 different artificial 
reefs (AR) by comparing AR’s wake length, deformation and stresses. By using computational fluid 
dynamics (CFD) Ansys CFX, 3-dimensional (3D) approach was used to observe the distribution of the 
wake region. It was found that as the AR height increase, the wake length is increased. 

 

 
Fig. 1. Velocity magnitude profiles in the wake region [16] 

 
The circulation of the water column around the AR is crucial to ensure its effectiveness. Different 

approaches mentioned before to measure the performance of the AR. It can be presented using 
indices of the upwelling and back eddy as an indicator to measure the wake region the AR [15–17]. 
The number of openings and the size of the opening significantly affects the efficiency index of the 
artificial reef. This was due to higher permeability occurred when the number and the size of the 
opening are increase [15]. 

Potential of artificial reef particularly from the perspective of harbouring biological community 
within/ around the reefed structure, can be assessed from two key domains, i.e. (1) Present of fish 
community and (2) Settlement of new benthic communities including corals. The fundamental 
requirement for the presence of fish communities in the reefed structure is governed by wake 
characteristic (upwelling, back eddy & wake) which has been reported by Kim et al., [17], Huang et 
al., [19], Tang et al., [20] and Wang et al., [15], to name a few. Meaning, all criteria on upwelling, back 
eddy and wake shall be fulfilled to meet the condition for present of the fish community. 

While pressure and the frequency on the artificial reef are critical for the settlement of a new 
benthic community including corals [13,21–27]. In order to harbor new benthic community, reefed 
structure has to be satisfied both conditions in the adhesive strength (pressure) and frequency. 
Failing to meet either one of the conditions will result in low biological potential in the AR. Therefore, 
coral larvae settlement depends on various important factors such as flow characteristics, vorticity, 
surface pressure and vibration. These parameters can be considered as physical factors which dealing 
with the flow around the AR and forces exerted on the structure. To the authors’ knowledge, the 
information on the jacket platform as the RTR is still lacking, thus this paper takes into consideration 
for these physical parameters which, can significantly investigate the effects of the current flow 
around the AR of jacket platform using Computational Fluid Dynamics (CFD). 
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2. Methodology  
2.1 Geometry Configuration and Grid Discretization 
 

As manifested in Figure 2(a), the conceptual offshore rig structure is modelled in Solidworks 
composed of 84 numbers of circular cylinders members orientated to 45° angular configuration. 
Since the numerical investigation focuses on the application of AR via CFD analysis, design 
specification and parameters on the circular design structure is not taken into consideration. Hence, 
the design parameters of the rig structure are modelled at arbitrary to resemble an offshore rig 
structure. Since the finite volume method (FVM) is applied, cavity region of the body of study is 
created via Boolean subtract mathematical operation, as shown in Figure 2(b). 

 

    
(a)      (b) 

Fig. 2. (a) Platform configuration (b) Boolean subtract configuration 

 
Since the computational study is conducted under a stationary configuration. The virtual domain 

is discretized under static mesh configuration via tetrahedrons element type using conformal patch 
method as shown in Figure 3(a) and Figure 3(b). Due to the complexity of the presented geometry, 
the virtual topology is discretized using an unstructured grid. In order to save computational load and 
time of analysis, the platform is discretised without the influence of boundary layer mesh. 

 

 
           (a)         (b) 

Fig. 3. Discretized grid configuration: (a) Topside view; (b) isometric view 

 
However, to compensate for the absence of the boundary layer along the wall structure, a denser 

mesh is mapped along the platform region with growth transition by the ratio of 1.1. The element 
size is set to 3.2 m with linear mesh transition and relevance centre to medium. The presented 
domain is composed of 11665007 number of elements under the linear element order. Table 1 shows 
the discretized mesh parameters and Table 2 shows the mesh quality parameters. 

Geometry 
cavity on 
seabed  
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Table 1 
Discretization grid parameters 

Parameter Values 

Mesh scheme Cell-centred scheme (Fluent) 
Mesh size 3.2 m 
Number of elements 11665007 
Growth transition 1.1 
Element type Tetrahedron 
Discretization Method Patch conforming method 
Grid type discretization Conformal mesh 
Element order Linear element 

 
Table 2 
Mesh metric quality 

Parameter Min Max Average Standard deviation, σ 

Orthogonal Quality 0.11719 0.99639 0.76926 0.11848 
Skewness  1.0438x10-4 0.88281 0.22953 0.1201 
Jacobian ratio 1 1 1 0 
Aspect ratio  1.1612 18.028 1.842 0.46581 

 
2.2 Computational Configuration 

 
In this computational numerical study, the flow field properties of the presented structure were 

analyzed via FVM approach. Finite volume method or commonly called as box method is widely 
recommended by researcher due to its robust computational methodology and economical 
computational load in comparison to other numerical methodologies such as a discrete vortex 
method (DVM) [28]. In other words, FVM is a procedure of investigating a body under the influence 
of external flow by means of spatial domain discretization, where the governing partial differential 
equations are converted to algebraic equations. In order to compute the fluxes of the governing 
equations across the discretized grid domain, an appropriate numerical model is required to 
enumerate the flow variables without jeopardizing the reliability of the flow field and without 
incurring large computational load.  

 
2.2.1 Boundary conditions 
 

The platform is simulated at transient mode via pressure-based solver, assuming the density of 
the flow remain constant throughout the simulation framework using AMD Ryzen 2990wx 3.4 GHz 
(32 processors); 64GB ram. A shown in Figure 4, the domain is initiated with the liquid medium of 
density 1025.8 kg/m3 to resemble seawater at the inlet from left to right of the domain with free 
stream velocity of 1.1m/s. Table 3 shows the fluid properties while Table 4 shows boundary 
conditions setting used in the simulations. The outlet is set as a pressure outlet at 0-gauge pressure. 
The bounding top and bottom of the domain are set to symmetry at free slip condition type in order 
to reduce computational power and solid blockage effect [29,30].  
 
Continuity equation 
 

                        (1) 
 



CFD Letters 

Volume 12, Issue 7 (2020) 110-125 

115 
 

 
Fig. 4. Boundary conditions setting for the simulation domain 

 
Table 3 
Fluid properties 
Parameter  Symbol Values 

Density ρ 1025.8 kg/m3 
Dynamic viscosity µ 0.001375 kg/m-s 

 
Table 4 
Boundary condition 
Boundary conditions  Parameters  Values 

Inlet U∞ 1.1 m/s 
Outlet pressure Gauge pressure  0-pascal 
Walls Symmetry - 
Platform walls No-slip condition - 
Turbulent intensity I 5% 
Turbulent viscosity μt/μ 10 

 
2.2.2 Solver configuration  

 
Unsteady Reynolds-averaged Navier-Stokes (URANS) numerical model is utilized to compute the 

Reynolds stresses of the flow. URANS model operates on the basis of summing the fluctuating and 
mean components of the flow variables computed by Navier-Stokes equation (NSE) as shown in Eq. 
(2) [29]. URANS is further classified into three groups of numerical methodology which is linear eddy 
viscosity, non-linear eddy viscosity, and Reynolds stress model. The most widely used URANS model 
for an economical approach relative to the two-equation turbulent transport model is linear eddy 
viscosity. In terms of turbulent transport models, the most common model and computationally 
economical is k-ω, which is a two-equation turbulent transport model which is k-ω and k-ε. 
Meanwhile, SST k-ω model is widely used because of its ability to accurately compute the adverse 
pressure regions and flow separation of flow over a body due to its blending functions of the standard 
k-ω and k-ε [30,31]. 
 
Reynolds decomposition (URANS) 
 

          (2) 
 

Turbulent kinetic energy, -equation 
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                      (3) 

Specific rate of dissipation of kinetic energy, - equation 
 

      (4) 
 
Hence, SST k-ω is chosen to compute the flow field properties because of its computational 

economic behaviour. As aforementioned, the objective of this study is to analyze the hydrodynamic 
parameters relative to the geometry and flow fields, namely, drag and lift coefficient. Hence, the 
frontal area of the projected area of the platform relative to the configuration is calculated via 
“projection area module in Fluent”. Since the direction of the freestream flow is in the x-direction, 
the projected area is computed relative to the x-direction by means of frontal area. The frontal area 
of the presented geometry to given angular coordination is 435.4825m2. In order to save 
computational load, the flow parameter such as Courant number is set to 60 and COUPLE pressure-
velocity scheme is utilized under second-order upwind scheme. The timestep size is set to 0.06 with 
1000 iterations of 20 iterations per timestep. Table 5 shows the parameters of solver configuration. 
 

Table 5 
Solver configuration 
Solver configuration Parameters Values 

Turbulent transport model SST k-ω Production limiter  
Reference value Reference area for lift and drag 435.4825 m2 
Pressure-velocity coupling scheme COUPLE - 
turbulent discretization Second-order upwind - 
Convergence criteria Residual monitor 10-5 
Simulation time Time 60 sec 
Timestep  Size  0.06 
Iteration Size 10000 
Courant Number C 60 

 
Hydrodynamics force components acting on the structure due to vortex shedding are drag and 

lift forces defined as 
 

                         (5) 

                         (6) 

 
where CD and CL are the drag and lift coefficients; D is the diameter of the cylinder; U is the flow 
velocity and where A is usually the frontal area (the area projected on a plane normal to the direction 
of flow) of the body. The volume rendering needs to be numerated in terms of efficiency index in 
order to further understand the flow characteristic of upwelling, back eddy and wake velocity. Hence, 
Eq. (7), Eq. (8) and Eq. (9) were used to numerated the efficiency index which is represented as 𝐼𝑢 
and  𝐼𝑏𝑎𝑐𝑘𝑒𝑑𝑑𝑦 [16]. 

 
Volume-weighted averaged velocity 
 

�̅� =
∫ 𝑣 𝑑𝑉

�̇�
=

1

�̇�
∑ 𝑣𝑖|𝑉�̇�|

𝑛
𝑖=1              (7) 
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Efficiency index, Upwelling 
 

𝐼𝑢𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔 =
𝑉𝑢𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔

𝑉𝐴𝑅
              (8) 

 
Efficiency index, Back eddy 
 

𝐼𝑏𝑎𝑐𝑘𝑒𝑑𝑑𝑦 =
𝑉𝑏𝑎𝑐𝑘𝑒𝑑𝑑𝑦

𝑉𝐴𝑅
              (9) 

 
2.3 Grid Sensitivity Study  

   
In CFD analysis, the discretized spatial configuration is an important criterion in obtaining a stable 

and reliable numerical result. Since the FVM method is utilized in this study under the unstructured 
collocated grid domain with the first-order element or linear element tetrahedron elements. The grid 
has to be analyzed under a different number of elements in order to obtain the suitable grid 
configuration of which does not cost high computational cost. Hence the grid sensitivity approach is 
utilized. As manifested in Figure 5, the drag coefficient values decrease as the number of elements 
rises, which shows the governing relationship of the number of elements to computational time and 
parameter result.  

 

 
Fig. 5. Drag coefficient on a different number of elements 
for the mesh sensitivity study 

 
The drag coefficient value reaches a steady state as the number of elements increases. The 

number of elements in the range of 10 – 15 million is taken into consideration due to its stable 
residual mass imbalance oscillation in comparison to its counterpart. Table 6 shows the value for the 
parameters extracted from the sensitivity study. 
 

Table 6 
Numerical parameters 

Parameter Symbol Values Unit 

Drag Force FD 36417.67 N 
Drag Coefficient (mean) CD 0.134  
Lift Force FL 36417.67 N 
Lift Coefficient (mean) CL 0.029  
Shedding Frequency fvs 0.06  Hz 
Strouhal number St 3.8  
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2.4 Directionality 
 

In order to study the influences of the current directions between the flow and the artificial reef, 
three (3) dominant direction which are normal, parallel and 45o from the normal axis were 
considered. The selection of the dominant flow direction was due to the consideration of 
streamlining effect and higher frontal area (the area subjected to the flow) for normal and 45o flow 
directions, which induced the highest hydrodynamic forces on the structure [5]. Meanwhile, the 
parallel flow direction was intended to study the wake characteristics for back eddies and upwelling 
phenomenon. Frontal area, A is an area where one can see the body from the fluid direction. 

The notation of the flow directions will be unique for each platform. In a similar note, widely 
researcher conducts CFD simulation study of external flow relative to 0o, 45° and 90° based on the 
projection of the frontal area. Regardless of the study in aerodynamic or hydrodynamic, the flow 
pattern relative to the incident angle is critical and significant at preliminary at three directions, as 
shown in Figure 6. However, in specialized case studies specified incident angle is required to study 
the flow field characteristic such as the angle of attack of airfoil blade, turbomachinery blade in which 
the angle is studied at an incremental angle. Similar studies on incident angle study on external flow 
regime can be found in the study by Yoon et al., [32]. 
 

 
Fig. 6. Direction of current flow for CFD analysis 

 
3. Results  
3.1 Pressure Distribution 

 
Figure 7 shows the static pressure contour regime of the platform. As manifested in the figure, 

the peak static pressure region of the platform indicated in red contour. It is notable that, the 
structure the widely enveloped by orange and yellow contour regions, which falls within the regions 
of the low-pressure region. Table 7 shows the maximum pressure value on the structure for different 
current flow directions, respectively. The pressure was higher in the normal direction to the flow 
(0o/180o) as the frontal area is higher compared to other direction. However, since the jacket legs are 
circular cylindrical structure, the separation of the flow is better compared to other shapes. 
 

Table 7 
Comparison of maximum pressure for different directions 
Direction Max Pressure (Pa) 

0o/180o 6.58 x 102 
225o/315o 6.32 x 102 
45o/135o 6.331 x 102 
270o 7.15 x 102 
90o 6.763 x 102 
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Fig. 7. Static pressure contours at different current directions. (a) 0°/180° (b) 225°/315° 
(c) 270° 

 
3.2 Drag and Lift Forces 

 
The fluctuation of drag and lift coefficients were calculated from the forces acting on the platform 

boundaries. Table 8 shows the global drag and lift forces/coefficients for the offshore platform 
subjected to the current flow on the seabed. Results of hydrodynamic coefficients and pressure from 
the simulations of each directions were used to draw a relationship on the effect of these parameters 
on the settlement and growth of scleractinian coral. What can be clearly seen in this table is the 
highest drag force occurred at 0o/180o current direction, normal to the flow. This was obvious since 
the drag coefficient was expected to be higher as the frontal area is high for the current AR sitting 
[33]. Meanwhile, lift coefficients show a significant low value which can be neglected. 
 

Table 8 
Hydrodynamics forces on the platform 

Direction/ Parameter Drag Force, FD 
(N) 

Mean Drag Coefficient 
CD(mean) 

Lift Force, FD 
(N) 

Mean Lift Coefficient 
CL (mean) 

0o/180o 57810.25039 0.314212 -1199.216757 -0.00652 
225o/315o 36417.67 0.134 7881.436 0.029 
45o/135o 36505.77 0.134 -9413.46 -0.03172 
270o 30237.84 0.310 -1253.19 -0.01284 
90o 29850.9 0.304 118.3866 0.01206 
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3.3 Vortex Shedding 
 
Figure 8 illustrates the local vorticity and the wake flow behaviour on the x-y plane with an offset 

of (-61 m) from the datum plane. As shown in the figure, the flow over the platform body indicated 
dense flow separation and wide wake region. Due to the orientation of the jacket platform, the flow 
pattern indicated wake region in which is comparatively different at a various angle of incident. 
Figuratively speaking, if the platform stays at original configuration and orientation, such flow pattern 
behaviour can be accepted. However, under the actual circumstance, there is a tendency for the 
Artificial Reef (AR) to change its orientation due to the ocean current flow and seabed condition, in 
which comprehensive elaboration can be proved by conducting a scouring analysis. Table 9 shows 
the frequency and Strouhal number for the AR at different current direction. 
 

 
Fig. 8. Vorticity and wake region on the plane at -61m from the datum. (a) 0°/180° (b) 225°/315° (c) 
270° 

 
Table 9 
Frequency and Strouhal number 

Direction/ Parameter Shedding Frequency, fvs Strouhal Number, St 

0o/180o 0.055 Hz 3.784 
225o/315o 0.060 Hz 3.800 
45o/135o 0.060 Hz 3.800 
270o 0.231 Hz 3.762 
90o 0.231 Hz 3.762 
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3.4 Back Eddies and Upwelling 
 
In order to examine the back eddies and upwelling flow regime with regards to the discretized 

scheme, Iso-volume domain was separately created in a CFD post under velocity parameter at a range 
of different values. Based on the volume integral module in Fluent, the volume-weighted average 
velocity was calculated. Hence, in order to calculate the efficiency index for the artificial reef, the 
volume of back eddy velocity and upwelling, iso-volume were rendered and calculated in a different 
range of velocity. Figure 9 shows the views of back eddy velocity volume rendering. Meanwhile, 
Figure 10 shows the upwelling volume rendering. The efficiency index of the platform was tabulated 
in Table 10 in order to understand further the flow characteristic of the upwelling and back eddy 
velocity. The efficiency index was defined as the ratio of the upwelling/back-eddy volumes to the 
jacket platform volume. It is apparent in the table that the highest upwelling efficiency index is at 
0o/180o current direction. There was an important positive correlation between the drag force and 
the upwelling volume. 
 

 
Fig. 9. Back eddies volume profile at different incidence angle. (a) 0°/180° (b) 
225°/315° (c) 270°. Right: top view, left: side view 
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Fig. 10. Upwelling volume profile at different incidence angle. (a) 0°/180° (b) 
225°/315° (c) 270°. Right: top view, left :side view 

 
Table 10 
Efficiency index 

Direction Upwelling 
velocity range 
(m/s) 

Back eddy 
velocity range 
(m/s) 

Upwelling 
volume 
(m3) 

Back eddy 
volume (m3) 

Upwelling 
efficiency index, 
Iupwelling 

Back eddy 
efficiency index, 
Ibackeddy 

0o/180o 1.155-2.642 0.00 - 0.605 1288.81 17.160 9.756 0.130 
225o/315o 1.155-2.335 0.00 - 0.605 421.344 6.6874 3.189 0.051 
45o/135o 1.155-2.398 0.00 - 0.605 386.29 6.386 2.924 0.0483 
270o 1.155-2.384 0.00 - 0.605 24.5475 7.3460 0.186 0.056 
90o 1.155-2.411 0.00 - 0.605 22.1204 7.062 0.167 0.05346 

   
This was probably due to a higher frontal area which subsequently generates more vortices and 

wakes behind the platform. As for the back-eddy efficiency index, a similar direction (0o/180o) is 
observed for the highest value of 0.130. Generated values of platform volume and average velocity 
were tabulated in Table 11. 
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Table 11 
Platform and simulation generated value 

Parameters  Value 

Jacket Platform volume (m3) 132.105  
Volume weighted average velocity (m/s) 1.101508 

 
4. Conclusions 
 

The numerical simulation of an artificial reef was presented. Based on the CFD simulation, the 
result can be concluded as follows 

 
i. Maximum pressure generated on the platform is 7.15 x 102 Pa at 270° current direction, which 

can be considered low compared to the range of pressure from the literature which is around 
10 x 104 Pa for biofouling detachment. Dominant pressure on the platform falls in the low 
range of pressure which is -1.75x103 to -5.48x102 Pa, which indicates the potential of coral to 
settle and grow on this particular platform in the current sea condition.  

ii. The highest frequency generated from vortex shedding is 0.231 Hz at 270° current direction. 
It shows a lower range of frequency. Low vortex shedding frequency indicates the good sign 
of the weak chaotic effect, which would be ideal for coral larvae attachment and growth. 

iii. The highest upwelling efficiency index is at 0°/180° current direction, which shows the 
potential of this platform as an artificial reef at the respective sitting position on the seabed. 
The upwelling flow field increases fish's biological productivity by increasing the nutrient 
content. In the meantime, a shaded geometric region spread around and inside the reef can 
help algae and plankton thrive. So, the reefs can provide shelter from predators and also an 
abundant source of food. 

iv. The highest back-eddy efficiency index was generated at 0°/180° current direction. The back-
eddy region usually provides shelter, spawning grounds, rest areas, and a temporary stopover 
for marine species. However, due to the simple geometry of the jacket platform in this study, 
less area was provided for marine species to stay and take shelter around the platform.  

 
Finally, both fish community and settlement of new benthic organisms on the artificial reefs are 

independent of each other. Fish community can be developed surrounding the structure, even 
without the presence of corals. Likewise, the establishment of new benthic community including 
corals is independent from the fish community; although coral reefs are habitats of reef fishes. These 
results suggest that as for present conditions studied, the coral larva can attach and grow on the 
jacket platform. The jacket platform is proposed to be at normal to the flow (180o direction) as this 
would generate higher upwelling and back eddies around the jacket platform. This would eventually 
increase the jacket platform performance as an artificial reef. 
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