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Natural gas hydrates exist in geological formations and constitute a potentially large natural gas resource for the future.
To recover natural gas from hydrates, these must be dissociated in situ. At the present stage, the depressurization method
is expected to be a main dissociation procedure. In this study, the inhibitor injection method or steam injection method
combined with depressurization, and inhibitor injection with a higher methanol concentration, have been examined using
laboratory-made methane hydrate-bearing sediment. Comparison with other methods made it clear that the combined
method contributed the fastest gas production rate. The advantages of the combined method become remarkable at a higher
pressure condition (smaller depressurization from initial pressure). The production rate of the combined method becomes
faster as the pressure is lower. In the case of a high concentration injection, it becomes clear that the higher inhibitor
concentration effectively contributes to the faster gas production rate, and a significant dilution of methanol by pure water
from hydrate dissociation was observed, compared to the lower concentration case.

INTRODUCTION

Natural gas hydrates are crystalline compounds that can con-
tain a large amount of natural gas (Sloan, 1998). Owing to recent
seismic exploration and geological research, it is widely known
that the natural gas hydrate that exists in the sediment consti-
tutes a large natural gas resource and is expected to be an energy
source in the future (Makogon, 1981; Brooks et al., 1986; Kven-
volden, 1988; Kvenvolden et al., 1993; Okuda, 1993; Gornitz and
Fung, 1994; Sassen, 2001). To recover natural gas from commer-
cially viable hydrates, hydrates must be dissociated in situ. At
the present stage, the depressurization method is expected to be a
main dissociation procedure because of its high energy profit ratio
and so on; however, there is a concern that some interruptions
for gas production will occur, i.e. plugging by hydrate formation.
Also, there is a demand to enhance the recovery ratio of natural
gas. The authors had investigated the inhibitor injection method
and steam injection method for accelerated methane hydrate disso-
ciation (Kawamura et al., 2006a, b, 2007, 2008 a, b). The inhibitor
used in the previous studies was mainly methanol (MeOH) aque-
ous solution with a concentration of 10 wt%. MeOH is a widely
known thermodynamic inhibitor of clathrate hydrate, and substan-
tial phase equilibrium data exist (Davidson et al., 1981; Ng and
Robinson, 1985; Robinson and Ng, 1986). MeOH can change the
thermodynamic stability of MH and decrease dissociation tem-
perature at a given pressure. The inhibitor injection method has
a possibility to cover the depressurization phenomenon that is of
concern. Also, the steam injection method is practically used in
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oil sands to recover heavy oil (Butler, 1991; Polikar et al., 1995;
Sasaki et al, 2001a, b; Chalaturnyk et al., 2004), and it has a pos-
sibility to cover that. Additionally, as regards the actual gas pro-
duction field, MeOH is projected to be used in high concentration.

In this study, the inhibitor injection method or steam injection
method combined with depressurization, and inhibitor injection
with a higher MeOH concentration have been examined using
laboratory-made methane hydrate-bearing sediment. From these
approaches, the characteristic behaviors of the combined methods
and high-concentration inhibitor injection method have been dis-
cussed on an experimental basis.

EXPERIMENTAL

Apparatus

Experimental apparatuses used in this work are 2 kinds of
MH core dissociation reactors. One is equipped with a rubber
sleeve core-holder to simulate earth pressure; it is used for the
experiments of inhibitor injection combined with depressuriza-
tion and high-concentration inhibitor injection. The second kind
is equipped with a steam generator and used for the experiments
of steam injection combined with depressurization.

Fig. 1 shows a schematic of the experimental setup equipped
with core-holder. An artificial MH core sample was wrapped with
a flexible rubber sleeve, which is pressurized by high-pressure
fluid to simulate in situ formation pressures up to 30 MPa. A ther-
mal jacket enables temperature control from −50�C to 100�C.
The jacket was divided into 7 sections, with each section employ-
ing a 3-way valve to select the cooling or heating medium. This
system ensured that the thermal gradient of fluid adjacent to the
core was very close to that of the core sample itself. In other
words, the heat flow through the core sample can be considered
to be essentially 1D, neglecting radial heat loss. The diameter of
the core sample was 50 mm and the length was 500 mm. Gas and




