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The depressurization-induced production behavior of 10-meter-scale methane-hydrate-bearing sediments was experimen-
tally investigated in order to explore the field application of depressurization control. The design factors were the depressur-
ization rate and its size (i.e., the depressurization degree). An unconsolidated sedimentary sample in 10-meter-scale appara-
tus followed grain-size distribution similar to that of a sandy layer in a real hydrate field. Unlike small-scale experiments, the
dissociation propagation with depressurization was markedly observed. The depressurization degree significantly influenced
hydrate dissociation, while the depressurization rate dominated the dissociated gas flow and strongly affected the recovery.
The experimental results realistically described depressurization-induced gas production occurring in the actual field.

INTRODUCTION

Natural gas hydrates deposited in permafrost regions or in deep
marine sediments worldwide have been expected to become an
alternative energy resource because of their enormous abundance
(Sloan and Koh, 2008). Recovery schemes for natural gas caged
in the solid state have not been commercialized; however, three
conceptual methods (i.e., thermal stimulation, depressurization,
and inhibitor injection) have been investigated in experiments and
numerical simulations. Depressurization has been regarded as the
most promising method because of its economic and technical
feasibility. This method can enhance gas production and prevent
hydrate reformation when used in conjunction with other meth-
ods (Li et al., 2008; Moridis et al., 2009; Ahn et al., 2010; Song
et al., 2015; Wan et al., 2018). Field production tests (e.g., in the
Nankai Trough of Japan and the Shenhu area in the South China
Sea) implemented a depressurization scheme to recover methane
from hydrate-bearing sediments (Yamamoto et al., 2017, 2019;
Yoneda et al., 2019; Ye et al., 2020). They estimated a drainage
radius made by depressurization at a single production well as
several tens of meters and placed an observation well. Many
experimental and numerical studies have been conducted to under-
stand the characteristics of depressurization-induced gas produc-
tion (Moridis et al., 2007; Liang et al., 2010; Seol and Myshakin,
2011; Minagawa et al., 2014; White et al., 2020). When expand-
ing these lab-scale results to practically feasible techniques, diffi-
culties arise, such as scale-up problem, the influence of operation
design, the kinetics of hydrate dissociation, and safety issues.

A reliable estimation of dissociation phenomenon and fluid flow
behavior required a large-scale experiment for scaling up the lab-
oratory data. A small-size sample (e.g., centimeters up to 1 meter)
limits analysis of the transport of dissociated gas and pressure and
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temperature changes during production operation (Kneafsey and
Moridis, 2011; Xiong et al., 2012). The various factors that would
govern depressurization-induced gas production behavior include
the kinetics of hydrate dissociation, the heat transfer from the
surroundings, and the fluid flow through a reservoir (Tang et al.,
2007; Oyama et al., 2009; Haligva et al., 2010; Konno et al.,
2010). Tang et al. (2007) showed that gas hydrate production
is kinetically controlled for a laboratory-scale small core while
it is flow-controlled for a field-scale hydrate reservoir, through
sensitivity analyses based on numerical simulation with labora-
tory hydrate depressurization experiments. Konno et al. (2010)
revealed that the dominant factor of gas production behavior tran-
sits from the fluid flow to the heat transfer in a low permeability
core (15 cm long), and they suggested that it is necessary to scale
up an experimental apparatus to more than 0.5 m long to simulate
gas production behaviors. Haligva et al. (2010) used three differ-
ent sized beds of silica sand particles in methane hydrate decom-
position experiments and showed that the initial rate of recovery
during depressurization was found to be strongly dependent on
the silica sand bed size. Some studies concentrated on the heat
transfer to account for gas production behaviors (Sakamoto et al.,
2009; Li et al., 2012). Sakamoto et al. (2009) conducted an exper-
imental study on the dissociation of methane hydrate and gas pro-
duction behavior by depressurization using disc-shaped samples
(diameter, 0.15 m; height, 0.1 m) of methane hydrate in sedi-
ments to reproduce actual flow conditions under a variety of verti-
cal loads. They found that gas production consisted of two stages
as a result of the latent heat of sediments and thermal conduc-
tion, and they indicated that the heat supply from the outside in
addition to latent heat was necessary to sustain hydrate dissocia-
tion during depressurization. Li et al. (2012) synthesized methane
hydrate in a 3-D pressure vessel (diameter, 0.5 m; height, 0.6 m)
called a pilot-scale hydrate simulator (PHS) to investigate the gas
production behavior in a 3-D reservoir during the depressurizing
process. Their results demonstrated that the pressure at any point
in the PHS could be taken as the system pressure and the heat
transfer from the surroundings was predominant in their experi-
ments. However, flow-controlled gas behavior was not observed
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