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Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Gas hydrates are considered as a viable alternative source of energy, and have a possible role in climate change and continental slope stability. Accurate estimation of the amount and distribution of sub-seafloor gas hydrates is essential to asses this role. However, accurate quantification of in situ methane hydrates is hampered by our limited understanding of the effects of hydrate content and distribution on the geophysical properties of the host sediments, along with sediment type, porosity, permeability, and pore fluid salinity. Natural hydrates exist in several morphologies (spatial distribution of the hydrate grains within the host sediment) i.e cementing, non-cementing, pore-floating, pore-bridging and inter-pore hydrate framework (Sahoo et al., 2018a). Understanding the effect of these morphologies on elastic wave velocity and attenuation is essential for accurate hydrate quantification. At lower hydrate saturations, measuring attenuation can be particularly useful as the seismic velocity of hydrate bearing sediments is relatively insensitive to hydrate content. Here, we present results from successive cycles of laboratory hydrate formation and dissociation experiments in Berea sandstone. We measured ultrasonic P- and S-wave velocity and attenuation, and electrical resistivity, variations with hydrate saturation.
Methodology
Using an ultrasonic (frequency 448 to 782 kHz) pulse-echo system (Winkler & Plona, 1982), we measured P- and S-wave velocity (Vp and Vs) and attenuation (Qp-1 and Qs-1) during repeated cycles of methane hydrate formation and dissociation in a Berea sandstone sample (4.97 cm diameter, 2.06 cm height, porosity 0.22 and permeability of 448 mD). We followed the hydrate formation method of Waite et al. (2004) with an initial brine saturation of 83.5% which allowed an excess water condition. We left the sample for three days and then injected methane gas. Four cycles of hydrate formation and dissociation were performed by cooling and heating the system in and out of the hydrate stability conditions. The confining pressure was always adjusted to maintain a constant differential pressure in a given cycle. Hydrate, gas and brine saturation were calculated from the measured pore fluid pressure and temperature changes of the system using a thermodynamic method (Sahoo et al., 2018b). 
Results and Discussion
[bookmark: _GoBack]While P-wave velocities match the modelled velocity for pore-bridging hydrate, S-wave velocities are higher than the pore-floating model and lower than the pore-bridging model, likely due to presence of water films between hydrate and the rock frame. The attenuation of both P and S wave showed systematic changes with hydrate saturation (Figure 1). However, the response of S-wave attenuation is different from that of the P-wave (Figure 1). For hydrate saturation up to 14%, there is no significant increase in Qs-1 while Qp-1 increases with frequency. Qs-1 is both much higher in magnitude, and increases with frequency, at hydrate saturations above 20%, compared to Qs-1 below Sh = 20%. While Qp-1 also increases significantly in magnitude above Sh = 20, it decreases with frequency. Using the rock physics model of Marín-Moreno et al. (2017) , we were able to explain the measured Qp-1 and Vp variation with a combination of the effects of hydrate formation, including reduction of gas bubble size, increase in concentration of different aspect ratio pores with hydrate formation for cementing, pore-floating and pore-bridging hydrate morphologies. We conclude that S-wave attenuation is controlled by different loss mechanisms, currently under investigation.
[image: ]
Figure 1: (a) P wave (b) S wave attenuation with frequency for various hydrate and gas saturations (Sh, Sg) during hydrate formation at a differential pressure of 55 MPa in Berea sandstone.
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