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abstract

Understanding the mechanical behaviors of carbon dioxide/methane hydrate-bearing sediments is 
essential for assessing the feasibility of CO2 displacement recovery methods to produce methane from 
hydrate reservoirs. In this study, a series of drained triaxial compression tests were conducted on syn-
thetic carbon dioxide hydrate-bearing sediments under various conditions. A comparative analysis was 
also made between carbon dioxide and methane hydrate-bearing sediments. The stress-strain curves, 
shear strength, and the effects of hydrate saturation, effective confining stress, and temperature on 
the mechanical behaviors were investigated. Our experimental results indicate that the newly formed 
carbon dioxide hydrate would keep the reservoir mechanically stable when CH4-CO2 gas exchange 
took place in a relatively short period of time and spatially well distributed in the pore space. Experi-
ments of CO2 injection in methane hydrate-bearing sediments are necessary to confirm this hypothesis.
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introduction

There is a large amount of natural gas that exists in continental 
margins and permafrost regions in the form of methane hydrate 
around the world (Kvenvolden 1988; Kvenvolden et al. 1993). 
This amount far exceeds all conventional fossil fuels on Earth and 
could provide for the energy demands of human beings well into 
the next century (Boswell and Collett 2011). Methane in hydrates 
is very dispersed in the earth upper crust and that hydrate-bearing 
sands are the most economically viable reservoirs for gas produc-
tion from hydrate-bearing sediments. Japan Oil, Gas and Metals 
National Corporation (JOGMEC) successfully extracted natural 
gas from hydrate layers in a first of its kind offshore production 
test on March 12, 2013; representing a step forward in the re-
search and development of methane hydrate as a potential energy 
resource. However, it is still an enormous challenge for current 
technology (Boswell 2009; Glasby 2003; Lee and Holder 2001; 
Ning et al. 2012).

Conventional methods for the production of natural gas hy-
drate include thermal stimulation, depressurization, and chemi-
cal injection (Kamath et al. 1991; Sung et al. 2002; Tang et al. 
2005). Ohgaki et al. (1994, 1996) first introduced the concept of 
exchanging CO2 with CH4 in natural gas hydrate reservoirs. This 
concept has attracted more and more attention due to two second-
ary benefits: mechanical stability and mitigating global warming. 
Nakazono et al. (2008) proposed a new method of generating 
carbon dioxide hydrate in the sediments on top of methane hydrate 
layers to build artificial roofs for the prevention of landslides and 
to inhibit the methane dissociated in production from diffusing to 

the sea. However, there are many uncertainties in this production 
process, especially related to ground deformation. The evaluation 
of mechanical behavior in methane and carbon dioxide hydrate-
bearing sediments will affect the stability of production wellbores 
and hydrate reservoirs (Espinoza and Santamarina 2011). Thus, 
to assess the feasibility of the CO2 displacement recovery method 
and the long-term stability of the hydrate reservoir, the mechani-
cal behavior of carbon dioxide and the methane hydrate-bearing 
sediments should be clearly investigated.

The thermodynamic feasibility of a CH4-CO2 replacement 
reaction is well studied, and the results indicate that the gas ex-
change technology is plausible (Hirohama et al. 1996; Kvamme 
et al. 2007; Lee et al. 2003; McGrail et al. 2007). However, the 
mechanical behavior of carbon dioxide hydrate-bearing sediments 
and the difference with that of methane hydrate-bearing sediments 
are rarely investigated. Uchida and Kawabata (1997) studied the 
mechanical properties of the liquid CO2-water-CO2-hydrate system 
for the assessment of the applicability of deep sea sequestering of 
CO2. Both the interfacial tensions in these phases and the strength 
of the carbon dioxide hydrate film were measured. Espinoza 
and Santamarina (2011) monitored P-wave velocity in hydrate-
bearing sand during CH4-CO2 replacement. The results showed 
that CH4-CO2 replacement occurs without a loss of stiffness in 
the granular medium, implying that CH4-CO2 replacement can 
remain mechanically stable during and after CH4 gas production. 
Wu and Grozic (2008) studied the isotropic undrained dissocia-
tion behavior of carbon dioxide hydrate-bearing sands. The study 
demonstrated that the dissociation of even a small amount of gas 
hydrates could lead to soil failure. Ordonez and Grozic (2011) 
investigated the effects of carbon dioxide hydrates on P-wave 
velocity and shear strength in Ottawa sand. The shear strength 
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