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Introduction

Marine biodiversity is weakened due to climate change leading to an increase in extreme events. Between the years 1982 and 2016, heat waves doubled in frequency and became more intense and widespread [START_REF] Abram | Special Report of GIEC on the Ocean and Cryosphere in a Changing Climate[END_REF]. This type of event causes degradation and loss of habitat such as coral reefs (Ainsworth et al., 2020). Coastal areas are particularly affected by this fragilization due to human overexploitation, ocean acidification, increased salinity, and rising sea levels [START_REF] Abram | Special Report of GIEC on the Ocean and Cryosphere in a Changing Climate[END_REF]. Marine Protected Areas (MPAs) and artificial reefs have shown their usefulness in marine ecosystem recovery [START_REF] Rees | Emerging themes to support ambitious UK marine biodiversity conservation[END_REF]. In the last 3 decades, a large number of artificial reefs have been immersed in coastal areas around the world, including Japan, America and Europe (Santos and Monteiro., 1997;[START_REF] Kim | Artificial Reefs in Korea[END_REF][START_REF] Jorgensen | An oasis in a watery desert? Discourses on an industrial ecosystem in the Gulf of Mexico Rigs-to-Reefs program[END_REF].

On another side, marine scour is an erosion phenomenon created by the formation of turbulence during fluid-structure interaction. These turbulences cause the displacement of sediments above the structure [START_REF] Sumer | Scour around coastal structures: a summary of recent research[END_REF]. Several studies have identified different mechanisms and characteristics of scouring around wrecks, large rocks or artificial structures [START_REF] Werner | Field observations and flume experiments on the nature of comet marks[END_REF][START_REF] Mcninch | The fate of artifacts in an energetic, shallow-water environment: Scour and burial at the wreck site of Queen Anne's Revenge[END_REF][START_REF] Quinn | The role of scour in shipwreck site formation processes and the preservation of wreck-associated scour signatures in the sedimentary recordevidence from seabed and subsurface data[END_REF]. Important factors influencing scour processes include object structure and orientation, bathymetry, and seabed geomorphology [START_REF] Quinn | The role of scour in shipwreck site formation processes and the preservation of wreck-associated scour signatures in the sedimentary recordevidence from seabed and subsurface data[END_REF]. However, these reefs get buried in the sand over time. Very few works were conducted on the characterization of artificial reef burial. However, many numerical models of pipeline burial have been studied, using different approaches such as the impermeable wall method [START_REF] Fuhrman | Numerical simulation of wave-induced scour and backfilling processes beneath submarine pipelines[END_REF] as well as the study of soil liquefaction [START_REF] Ye | A 3-D semi-coupled numerical model for fluid-structuresseabed-interaction (FSSI-CAS 3D): Model and verification[END_REF][START_REF] Li | Numerical analysis of wave-induced poro-elastic seabed response around a hexagonal gravity-based offshore foundation[END_REF]. The purpose of this study is to determine if the main cause of the burial of artificial reefs is scouring and if it is possible to estimate artificial reefs lifetime with numerical modelling. For this purpose, two types of Fluid Structure Seabed Interaction modelling (FSSI) have been performed: a modelling of FSSI of the seabed geomorphology modeled in 3D for the years 2019, 2020 and 2021 to determine the reasons of the changing geomorphology through computational fluid dynamics (CFD) and a second modelling to validate the prediction tool for FSSI modelling considering the behavior of the surface part of the saturated sand as a pseudo viscous fluid [START_REF] Ouda | Development of a new multiphase sediment transport model for free surface flows[END_REF][START_REF] Chávez-Modena | Simulations of Aerodynamic Separated Flows using the Lattice Boltzmann Solver XFlow[END_REF][START_REF] Abram | Special Report of GIEC on the Ocean and Cryosphere in a Changing Climate[END_REF].

Environment

Atlantic Land Reef is an association based in the South-West of France. This association is installed since 1999. Three different types of artificial reefs are implanted on the Landes coast. During the years 2019, 2020 and 2021, depth data around these reefs were collected by divers. With these data, a 3D model of 20x20 meters of the geomorphology around the reef was made (Figure 1). The burial modelling was done on two types of these reefs with different structures, named Babel and Typi. The modified geomorphology has a bowl shape that grows from 2019 to 2021 and had not the same shape for the 2 artificial reefs studied. All six bowls were modelled in 3D: one 3D modelling was done for each year and for each reef studied. In this paper the results are focus on the Babel reef illustrated in Figure 1.

Simulation of the interaction fluid structure on the bow

The software Xflow®2020 was used for this study. It resolves the Lattice-Boltzmann Method (LBM) inspired from the Kinetic theory. The turbulence near wall was calculated by the wall function called Wall-Modeled Large Eddy Simulation (WMLES). The dynamics of sediments in turbulent environments were studied by [START_REF] Mazzuoli | Interfaceresolved direct numerical simulations of sediment transport in a turbulent oscillatory boundary layer[END_REF]. The results obtained from this study could not be analytically compared with the study of [START_REF] Mazzuoli | Interfaceresolved direct numerical simulations of sediment transport in a turbulent oscillatory boundary layer[END_REF] because the sands studied had not exactly the same composition but the physical characteristics of these sands were similar enough to compare the transport process. The threshold of sediment transport in the ocean environment was evaluated by the shield parameter [START_REF] Li | CFD investigations of scour beneath a submarine pipeline with the effect of upward seepage[END_REF], and this parameter was compared with the turbulence intensity by [START_REF] Mazzuoli | Interfaceresolved direct numerical simulations of sediment transport in a turbulent oscillatory boundary layer[END_REF]. The turbulence intensity at ground was displayed in percentage and was calculated using the equation (1):

𝐼 = √ 2 3 𝐾 𝑈 (1)
Where U is the mean velocity and k is the turbulence kinetic energy. Numerical simulations performed on the bowls have shown strong turbulence intensity above reefs. The proportion of ground surface with a turbulence intensity of 40 % increased with time as the bowl gets larger (Figure 1 (a),(b),(c)). The maximum turbulence intensity also increased over time, representing 42 % in 2019 and 54 % in 2021. The turbulence intensity could be correlated with the water mean velocity at ground level. All the proportion of ground surface with a turbulence intensity higher than 40 % corresponded to a current speed of 0.03 m.s -1 . The equation of the turbulent intensity has shown that the maximum turbulence intensity, in correlation with the mean velocity, indicated an increase of turbulent kinetic energy as the bowl was increasing. K went from 2.1 J for the 40 % intensity zones to 11 J for the maximum turbulence intensity. [START_REF] Mazzuoli | Interfaceresolved direct numerical simulations of sediment transport in a turbulent oscillatory boundary layer[END_REF] has shown that a high turbulent kinetic energy correlated with a very low velocity (< 0.05 m. s -1 ) creates a low sediment transport. Thus, sand grains roll and slide on the ground.

The 20 % turbulent intensity zones near the reef (Figure 1, green zone) were concerned by a 1 m.s -1 velocity. The turbulent kinetic energy for these areas was therefore 6 J, which represented a non negligeable energy [START_REF] Mazzuoli | Interfaceresolved direct numerical simulations of sediment transport in a turbulent oscillatory boundary layer[END_REF]. The bowl was deepening over the years, resulting in an increasing slope in these areas. The increasing velocity for a turbulent kinetic energy of 6 J resulted in more sediment transport for 2019 but as the bowl increased, the scour reduced for the region.

The regions away from the reef were concerned by a turbulence fluctuation considering space and time. For 2021 the turbulence intensity of regions away from the reef was constant and the geomorphology of these areas was deeper than 2020 which was deeper than 2019 as well

(c) (f)
Xflow modelling for investigation of fluid structure interacton of artificial reef application to burial effect 3 as represented in Figure 1 (a),(b),(c). The mean velocity was 0.07 m.s -1 for a turbulent kinetic energy of 9 J. This data was higher for regions away from the reef than near the reef which suggested a growing sediment transport in these areas. The transport process could explain a slow scouring above reefs which was occurring over several years. This modelling confirmed our hypothesis that turbulence is possibly responsible for the increase of the bowls and therefore probably plays a key role in for burial of artificial reefs.

Multiphase modelling

A multiphase modelling was conducted to determine if the turbulence energy is responsible for burial of artificial reefs. Two types of multiphase modelling were done to validate the transport process observed in experimental measures.

1 Rheology of saturated sand defined as a viscous fluid

The rheology data was obtained from literature [START_REF] Abram | Special Report of GIEC on the Ocean and Cryosphere in a Changing Climate[END_REF] and defined the behavior of a saturated sand as a viscous fluid. This fluid follows the viscosity model of a power law. The rheological data was determined following a triaxial test which possessed a soil consolidation pressure of 100 kPa. These consolidation pressures values were chosen as the weight of the Babel reef is 11094 kg. Thus, the pressure applied by the reef on the sand corresponded to a force of 109 kPa. The rheological data could be calculated with equations ( 2) and (3).

𝜏 = 2 𝜖 = 𝜎 𝐸 (2) (3)
Where τ is the shear stress, σ is the stress with σ = 42 kPa. ε is the strain which can be defined as modulus of elasticity better known as Young's modulus for granular models according to the equation ( 4) [START_REF] Massarsch | Determination of Shear Modulus of Soil from Static and Seismic Penetration Testing[END_REF].

𝐸 = (1 -ν) (1 -2ν)(1 + ν)17.11 (4)
Where ν is Poisson ratio which is equal to 0.49 [START_REF] Massarsch | Determination of Shear Modulus of Soil from Static and Seismic Penetration Testing[END_REF][START_REF] Abram | Special Report of GIEC on the Ocean and Cryosphere in a Changing Climate[END_REF], These data helpedto calculate the shear strain and the dynamic viscosity, defined by equations ( 5) and ( 6)

𝛾 = (1 + ν )𝜀 𝜇 = 𝜏 𝛾 (5) (6)
Where γ is the shear strain and μ is the fluid viscosity. The shear rate velocity is obtained as defined by equation ( 7). 𝛾̇ is the shear rate velocity, n is the non-dimensional flow index and k is the consistency coefficient. For a consolidation pressure of 100 kPa, n is equal to -0.1 and k is equal to 10.3 according to [START_REF] Abram | Special Report of GIEC on the Ocean and Cryosphere in a Changing Climate[END_REF]. These parameters obtained by equations ( 2) to (7) were injected in a viscosity law. The viscosity model chosen was Herschel-Buckley, which is an extension of the power law (Kang and King., 2016), because this viscosity model defines the behavior of a non-Newtonian fluid at threshold. The model is defined by adding the threshold shear stress (𝜏 0 ) and the threshold viscosity (𝜇 0 ), as defined in the equations ( 8) and ( 9).

𝜏 0 = 𝜏 -𝑘𝛾̇𝑛 𝜇 0 = 𝑘𝛾̇𝑛 -1 + 𝜏 0 𝛾̇-1 (8) (9)
These parameters were used in the following multiphase modelling

Multiphase simulations

The modelling has shown similar results to the bowl Figure 1 (a). A zone of 40 % turbulence intensity was hightlighted near the reef. The water mean velocity near sand was 0.07 m.s -1 but the turbulence energy generated by the fluid-structure interaction leds to a velocity reduction of 0.02 m.s -1 . The turbulence kinetic energy is therefore 6 J, corresponding to the same transport process as observed in the bowl. The artificial reef was buried of 0.05 m during the first second of simulation and then stabilized. The saturated sand kept the same morphology indicating that no sediment transport occurred over such a short period. The burial corresponded to the stabilization of the structure in the sand. The immobile saturated sand results corresponded to the sediment transport results of the bowls modelling.

Simulation with strong turbulences

The Figure 1 (e) illustrates the sediment displacement and the eddy caused by turbulence energy. The mean velocity of the sand at 0.54s was of 0.11 m.s -1 for a turbulence intensity of 49%, which corresponds to a turbulent kinetic energy of 44J. This high turbulent energy is explained by the maximum speed of the vorticity of 2.9 m.s -1 . This very high velocity correlates with the turbulent kinetic energy, inducing sediments transport. A bowl is created from a depth of 0.12m at 0.54s. The transport of sediments with strong turbulence energy seemed to correspond withthe conclusions of [START_REF] Mazzuoli | Interfaceresolved direct numerical simulations of sediment transport in a turbulent oscillatory boundary layer[END_REF]. The reef shape induced a different eddy formation in space, creating a different scouring process according to the studied zone. The reef's behavior was the same during multiphase modelling at normal conditions as with multiphase modelling with strong turbulence energy.

Conclusions

The modelling of the fluid-structure interaction on the bowls allowed to highlight an evolution of the scouring according to the geomorphology. The interactions between water and reef led to an increase in the turbulent kinetic energy and a reduction of the mean velocity above the structure. These turbulence characteristics resulted in a slow sediment transport and caused bowls expansion encouraging the burial of artificial reefs. Multiphase modelling can predict the burial of artificial structure but the WMLES modelling requires too much calculation time with current technologies. In order to achieve the objective of simulating over several years a Reynolds-Averaged Navier-Stockes equations (RANS) modelling should be experienced at first. Machine learning is being developed in this area and could be implemented in this RANS simulation in order to drastically reduce the amount of computation while keeping a good accuracy on the turbulence modelling.

Figure

  Figure 1: (a-c) Evolution of the turbulence intensity during the year 2019 to 2021, (d) Turbulence intensity at the ground, (e) Interaction turbulence with seabed