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Deformation and shear strength characteristics of methane hydrate
LR CREE |bearing sediments in Nankai Trough during gas production

K £ KAJIYAMA Shintaro

This study aims to evaluate the deformation and shear strength characteristics of methane hydrate bearing
sediments prepared with the similar grading curves to the deposits in the methane hydrate concentrated layers
in Nankai Trough during shearing and gas production processes.

Currently, the percentage of fossil fuel in the domestic energy provision is very high and almost all the
domestic energy resources are imported. The atomic energy almost covered 10. 4% of the primary energy provision
in 2008. However, this percent continually decreased after the 2011Tokoku earthquake for the safe reason.
To sclve the problem of energy insufficiency, the concentration of the renewable energy resources such as
methane hydrate becomes higher. Methane hydrate is expected to become a future energy source and widely
distributed in seabed near Japan. Especially, the research on the methane hydrate in the Nankai Trough attaches
lots of attentions. _ _

The geology of the sea bed of the Nankai Trough, called turbidite, constitutes multiple stratified layers
of sand and clay. MH mostly exists in the void spaces of the sand layers. The production wel!| is constructed
on the methane hydrate bearing layers for gas exploitation. The gas dissociation is implemented by
depressurizing the pore pressure in jthe methane hydrate concent_rated layers to convert the methane hydrate
into the gas and water. Well understanding of the mechanical behaviour of marine ground with methane hydrate
is significantly important for the efficient and safe gas exploitation.

To achieve the goal of commercial exploitation of methane gas, themechanical properties of the pressure-core
sample retrieved from offshore trial test had been investigated. However, the experimental study on the
mechanical properties of the methane hydrate bearing sediments with various grading curves is |imited.
Besides, the discrete element analysis using the spherical ball is also implemented. Thus, the glass beads
with smooth surface and rounded shape is also employed to form the methane hydrate bearing granular materials
and its mechanical behaviour and deformation are also examined as the benchmark.

The dissociation tests have also been performed on the above methane hydrate bearing sediments using
the innovative high-pressure low-temperature plane strain testing apparatus equipped with an observation
window. The discrete element analysis is performed to evaluate the deformation of methane hydrate bearing
sediments with deteriorating cementation force under the assumption .of methane hydrate production.

Chapter One: Introduction

The past relevant study on the characteristics of methane hydrate and the history of the methane hydrate
exploitation development had been reviewed. Additionally. the unsolved problem concerned with the commercial
exploration of the methane hydrate had been summarized.

Chapter Two: The deformation and shear strength of methane hydrate bearing sediment in Nankai Trough

A series of plane strain compression shear ing tests at high pressures were performed on methane hydrate bearing
sediments with the similar grading curves to the deposits in Nankai Trough to investigate the effect of fines
content of the host sands on the shear behaviour of methane hydrate bearing sediments. The particle image
velocimetry analysis was conducted on pictures taken during the experiments and the local deformation of




specimens was evaluated. The test results demonstrated that the shear strength of methane hvdrate bearing
sediments was higher thén that of the corresponding host sand. It is in consisterice with the previous study.
The strength enhancement due to the bonding effect in methane hydrate bearing sediments increased with the
level of fines content. The rise in confining pressure also increased the volume contraction of host sand
and this tendency was attributed to the particle crushing of sand at high pressures. The volume contraction
of host was reduced once the methane hydrate was formed. It is noted that the local deformation of methane
hydrate bearing sediments with less fines content was larger.

Chapter Three: The mechanical and dissociation of sand during methane hydrate dissociation

The dissociation tests have also been performed on the above methane hydrate bearing sediments employed in
Chapter Two using the innovative high-pressure low-temperature plane strain testing apparatus. This study
attempts to investigate the dissociation deformation of methane hydrate bearing sediments under the most
critical condition subjected to an initial shear stress which is higher than the shear strength of host sand
but higher than that of methane hydrate bearing sediments. The temperature in the specimens with and without
methane hydrate reduced due to the abortion of heat during methane hydrate dissociation. The axial strain
progressed with the constant stress ratio during the methane hydrate dissociation. The shear strength of
methane hydrate bearing samples went back the shear strength of hest sand and finally attained the failurg
state after the complete dissociation of hydrate and pore water recovery. The distribution of globai
deformation of specimens in advance of the appearance of shear band became remarkable as the fines content
of specimens increased. Besides, the angle of the shear band of methane hydrate bearing sediments at the
same confining pressures also in¢reased with the rise in fines content.

Chapter Four: Mechanical simulation of granular material under the assumption of methane hydrate production

The discrete element analysis was performed using the mechanical parameters determined from the measured
results in Chapters Two and Three. In the simulation, the numerical analysis on the specimens assembled of
sand grain particles without small hydrate mass particles and the specimens assembled of sand grain particle
and smaller hydrate mass particles with cementation stress in the void space to examine the influence of
the presence of methane hydrate on their shear response. The numerical results showed that the shear strength
of methane hydrate bearing sediments was higher than that of corresponding host sand. When the removal of
cemented particles was simulated, the axial strain of specimens under initial shear stress progressed in
advance of the removal of cemented particles as the confining pressures went back to the initial value. No
axial strain of specimens under Ko 6ondition was seen.

Chapter Five: Conclusion

The findings in each chapter were summarized
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