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Abstract : Marine gas hydrates around Japanese islands are regarded as one of the prospective unconven-
tional hydrocarbon resources in Japan. The Geological Survey of Japan (GSJ) is vigorously conducting
the basic research on exploration techniques and feasibility studies for the development of gas hydrate.
In relation to the GSJ research, the Ministry of International Trade and Industry (MITI) and the Japan
National Oil Corporation (JNOC) have a plan for the first offshore drilling for hydrate exploration on the

continental slope inside the Nankai Trough in 1999.

1. Introduction

Natural gas hydrates are a kind of clathrates, which
contain natural gas such as methane in a framework
of water molecules. 1 cubic meter of pure methane
hydrates theoretically can contain up to 172 cubic
meters of methane gas at standard condition. How-
ever, in natural gas hydrates, methane gas volume can
be expected approximately 40 to 165 times greater.
Therefore, natural gas hydrates are regarded as one of
the unconventional potential resources in future, dis-
tributed in the permafrost regions of Arctic and Ant-
arctic and deep-sea areas of continental margins in-
cluding those around the Japanese Islands.

The phase equilibrium indicates that the maximum
temperature for the occurrences of gas hydrates is
higher than water freezing point under high pres-
sures. The pressure higher than 26 atmospheres at
0°C and 76 atmospheres at 10°C are necessary for the
methane hydrate formation (Fig. 1).

If 1 atmosphere is assumed for 10 meters of the
water depth, the pressure of 26 atmosphere at 0°C and
that of 76 atmospheres at 10°C correspond to the water
depths of 260 and 760 meters in the ocean respectively,
for the occurrences of methane hydrates. Therefore,
it is considered that the occurrences of methane hy-
drates in nature are controlled by the factors such as
temperature, pressure (depth) and compositions of gas
and water. It is generally considered that explora-
tion targets of marine methane hydrates in the middle
latitudes are confined in the areas deeper than 500
meters.

Strong negative phase of anomalous reflections are
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often observed on seismic reflection profiles (Fig. 2) at
the depth of more than 500 meters around the conti-
nental margins of the world, which is corresponding
to the base of hydrate stability zone estimated by the
geothermal gradient and the depth. These reflectors
are called Bottom Simulating Reflectors (BSRs), which
can be regarded as a significant indicator at the initial
stage of natural exploration.

The Geological Survey of Japan (GSJ]) has identified
the potential of natural gas hydrates in the offshore
area around Japan based on the studies of the BSRs on
the seismic profiles and the geothermal gradient cor-
responding to the results of methane hydrate synthe-
sis experiments. The BSRs are correlated to the met-
hane hydrate phase equilibrium obtained from the
experiments in our laboratory, which revealed inter-
relationship among the factors such as temperature,
pressure (depth) and compositions of gas and water.

This paper gives an outline of the methane hydrate
research in GSJ as an introduction to this special issue
on hydrates, and special emphasis is given on some
experimental results of the hydrate formation and
dissociation using a unique equipment for methane
hydrate synthesis. The distribution of methane hy-
drates around Japan obtained by correlation of the
BSRs and geothermal gradient distributions to the
methane hydrate phase diagram are also presented.
In addition, a five year program of MITI for the explo-
ration of natural gas hydrate including a drilling in
1999, which was induced by the results of above men-
tioned explorations and experiments, are also intro-
duced.
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Japan

— 494 —



Introduction to exploration research on gas hydrates in Japan (Okuda)

Temperature (0C)

-10 -5 O 5
0

S N
B 100 o Bt Qg
o %, e
3 L g
BT | s S SO
o 5 L Q
o ; ®_o | -3
a s je 9
BOQ g G0
250 e

@ Methane hydrate formation
O Methane hydrate dissociation
Data from ltoh (1993)

Fig. 1 Phase diagram of methane and pure water
(modified from Itoh, 1993).
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Fig.2 An example of BSRs in the Tosa basin at the
north of the Nankai Trough (Okuda, 1993).

2. Basic Concept of Experiment on Methane
Hydrate Phase Diagram

2.1 Equipment and method of methane hydrate

synthesis

The first synthesis equipment for gas hydrates in
GS]J (Fig. 3) was originally designed by Itoh (1993)
which consists of a high-pressure hydrate chamber
immersed in an anti-freezing water bath, a gas com-
pressor, a temperature control unit, and optical dev-
ices to detect methane hydrate formation and dissoci-
ation,

To form methane hydrates, the chamber containing
highly pressurized methane supplied from a gas com-
pressor and required amount of water is immersed in
a temperature controlled bath filled with cold anti-
freezing water for sufficient time. Thermocouples
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Fig.3 System configuration of the methane hydrate
synthesis equipment (modified from Itoh, 1993).

: Chamber B : Monitor fiber scope

: Thermocouple D : Optical sensor

: Temparture controlled water bath

: Temparture controller G : Cooler

: Hagnetic stirrer 1: Halogen lamp

: Optical power metter K : Digital pressure gauge

: Recorder M : Gas compressor N : Gas cylinder
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are set just beneath the water level inside the cham-
ber in order to measure the water temperature. The
detection device of methane hydrate formation and
dissociation consists of a light source from a high
intensity halogen lamp, an optical sensor and an opti-
cal power meter. Thus, changes of temperature, pre-
ssure and intensity of light penetrating through water
in the hydrate cell are monitored and recorded during
the synthesis experiment.

As this equipment in GSJ] has been greatly im-
proved until now, the similar concept is employed
principally for the latest equipment (Maekawa et al.,
1995).

2.2 Results of methane hydrate synthesis from

pure water and pure methane

The formation of methane hydrate was clearly det-
ected from the sharp reduction in intensity of light
through water recorded on the charts, whereas the
hydrate dissociation was detected from the sharp in-
crease in intensity of light penetrating through meth-
ane hydrates (Itoh, 1993; Fig. 4). Phase equilibrium of
methane-water can precisely be given by plotting the
temperature and pressure at the starting point of
change in the intensity of light on the chart.

The results of methane hydrate synthesis from pure
water and methane (Fig. 1) show that the lower tem-
perature and higher pressure are necessary for meth-
ane hydrate formation compared to methane hydrate
dissociation. It suggests that water in the intermedi-
ate zone between the boundaries of formation and
dissociation can be regarded as meta-stable zone.
The water and the methane are converted to methane
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Fig.4 An example of the recording chart during the
experiment of the methane hydrate synthesis (Itoh, 1993).

hydrate crystals at lower temperature and higher pre-
ssure relative to the conditions of phase equilibrium
curve of methane hydrate formation. The phase equ-
ilibrium curve of formation is normally varies depen-
ding on the experimental conditions, such as stirring
and cooling speed. The formation curve of natural
gas hydrates is useful for the exploration, which is
presumably close to the dissociation curve due to long
time of the hydrate formation in the natural condi-
tion.

2.3 Results of methane hydrate synthesis from

brine water and pure methane

Since the natural formation water beneath the sea
bottom generally contains some amount of sodium
chloride, the conditions for methane hydrate dissocia-
tion in brine water were also determined by experi-
ments in the laboratory, and the phase equilibrium is
plotted in Fig. 5. The results show that the pressure
of methane hydrate dissociation is raised up and the
temperature is depressed when the concentrations of
sodium chloride in water are increased in the solu-
tions (Maekawa et al., 1995).

For example, in 3.5wt.% sodium chloride water,
which is nearly equivalent to the sea water, approxi-
mately 1°C. less temperature is necessary for hy-
drate formation at any given pressure compared to
the methane hydrate dissociation for the pure water-
pure methane system. Then, more than five degrees
in centigrade are necessary for hydrate dissociation in
10wt.% sodium chloride solution, and more than
twelve degree in centigrade in case of 20 wt. %.

The additional pressure between 0.5 and 2Ma are
necessary for hydrate formation at temperature
below 15°C in 5-wt.% Sodium Chloride solution com-
pared to pure water. Similarly additional pressure
between 2 and 3 Ma is essential for hydrate formation
in 10-wt.% Sodium Chloride solution and more than 7
Ma in case of 20-wt.% Sodium chloride solution.

Temperature(K)
260 270 280 290 300
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Fig. 5 Phase diagram of methane and brine water
(Maekawa et al., 1995).

O 0wt% NaCl

[135wt% NaCl

A 10wt% NaCl

YV 20 wt% NaCl

—— 0wt% NaCl (calc.)

—— 35wt% NaCl (calc.)

—— 10 wt% NacCl (calc.)

—— 20 wt% NacCl (calc.)

gk Methane hydrate (Sloan, 1991)

X 10wt% NaCl (Kobayashi et al., 1951)
+ 20 wt% NaCl (Kobayashi et al., 1951)

2.4 Implication of phase diagram obtained from

the methane hydrate synthesis

The experimental results indicate that the hydrates
theoretically occur in nature at the water depth of
more than 280 meters where the sea water tempera-
ture is 0°C. But, more than 500 meters depth may be
necessary for economical development of the hydrate
in the offshore area where the normal thermal gradi-
ent is measured in the middle latitudes.

If free gas reserve exists just beneath the hydrate
layers, exploitation of the free gas causes the pressure
reduction in the gas reservoir and consequent hydrate
dissociation may result in the production of dis-
sociated gases. But, in the case of absence of free gas
beneath the hydrate layers, some kinds of solvent
may be necessary to exploit gases from methane hy-
drates to control the gas dissociation rate. In this
situation, the seawater can be used which might be
easily condensed as a good solvent for hydrates as
indicated by the phase equilibrium curve for the brine
water and the methane hydrate.

These facts suggest that injecting condensed sea
water into the underground hydrated strata for ex-
ploitation of gas from gas hydrates may be a possible
method to produce gases from the hydrated layers in
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Fig.6 A model of offshore gas production from a gas
hydrate layer.

future. In other words, the seawater is possible to be
a fairly good solvent at the bottom of the hydrate
stability zone, which corresponds to the phase bound-
ary. Further, as the seawater dissolves methane hy-
drates slowly, this can be used with control in hydrate
exploitation (Fig. 6).

Otherwise, economical chemical solvents should be
developed for the hydrate gas production. For this,
the Tokyo Gas Co. in co-operation with the GS]J re-
search program has tested various types of chemical
solvents for gas hydrates.

3. Distribution of Natural Gas Hydrate
around Japan

3.1 Outline of natural gas hydrate data and dis-
tribution around Japan

Since 1974, the Geological Survey of Japan has been
carrying out marine geological and geophysical sur-
veys around Japan using the R/V Hakurei-maru to
produce marine geological maps. Meanwhile, the
Ministry of International Trade and Industry has
been conducting reconnaissance geophysical investi-
gations for oil and gas exploration in the offshore area
mainly shallower than 2000 meters in depth around
Japan. These seismic reflection data indicate that
BSRs are distributed mainly in the area of inner slope
of Nankai Trough and offshore areas around Hokka-
ido (Fig. 7).

3.2 Geologic setting and BSRs in Nankai Trough
area

The Nankai Trough is regarded as a kind of young
trench, where the Philippine Sea plate has subducted
beneath the Eurasian Plate since Pliocene. In the
inner continental slope, several deep sea sedimentary
basins filled with Neogene sediments are distributed
as forearc basins approximately between 800 and 2000
meter depths, and accretionary prisms are well devel-
oped in the deeper slope outside of the forearc basins
(Okuda, 1977; Okuda 1984).

Generally, the BSRs are distributed in the forearc
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Fig. 7 Distribution of BSRs around the Japanese Islands.

basins north of Nankai Trough. Units of the BSRs
often form closures independently, which correspond
to several topographic highs and are presumably con-
formed by geological tectonic structures of lower sed-
imentary strata and their basements (Fig. 8).

BSRs are regionally distributed in the lower conti-
nental slope of the Nankai trough, where accretionary
prisms are well developed. They are often faulted by
thrusts and disturbed by slumps, so that the distribu-
tion patterns of the BSRs are fairly complicated.

Seismic reflectivity in the deep sea sedimentary
basins in the Nankai Trough region is generally the
strongest in the shallowest part within a BSRs unit,
which indicates high probable existence of free gas
beneath the methane hydrate layer.

3.3 Geologic settings and BSRs around Hokkaido

Cretaceous to Quaternary sedimentary basins are
developed both sides of collision belt oriented almost
in NS direction in the central part of the Hokkaido
Island. In the western offshore area of Hokkaido, a
plate boundary between North American and Japan
Sea plates presumably runs, where compressive fea-
ture is indicated by several historical big earthquakes
in the past. Chishima trench, where the Pacific Plate
subducts beneath the North American Plate, exists in
the offshore areas of south-east Hokkaido in the offs-
hore area. The Okhotsk Sea, a marginal sea, is stret-
ched at the northwestern extension of Tertiary sedi-
mentary basin in the northwestern Hokkaido.

As the seawater temperature around Hokkaido is
relatively lower than other offshore areas around
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Fig. 9 Distribution of confirmed BSRs north of Abashiri, Hokkaido.
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Japan, the BSRs are reasonably recognized at many
places around the Hokkaido. Especially, several
layers of strong BSRs are regionally distributed in the
Okhotsk Sea at the depths of more than 500 meters
(Fig. 9).

3.4 BSRs Distribution Patterns

There are two types of BSRs distribution observed
around Japan. One is a closure type distribution,
which roughly coincides with a topographic high re-
lated to the geological structure of lower strata. The
other is tentatively named a plain type distribution,
which shows homogeneously distribution of the BSRs
and coincides with the distribution of sedimentary
plains.

The former one is typically recognized in the east-
ern end of the deep-sea terraces of the Nankai Trough.
A cost well was drilled in 1983 near the deep-sea
terraces at a water depth of 469 meters though the
depth is slightly shallower than that of BSRs distribu-
tion. The drilling data in the deeper part show fair
hydrocarbon source potential and maturity in the
lower Miocene strata, accompanied by gas showings
detected by the drill stem test during our old drilling
exploration. Therefore, thermogenic gas supply
from the deeper part to the hydrate stability zone may
be considered in this area.

The latter one is typically recognized in the Okh-
otsk Sea region, where thick sediments possibly you-
nger than lower Miocene are distributed.

4. Japanese Research Programs on Gas
Hydrates

Based on the above case studies in 1993, the Geolog-
ical Survey of Japan estimated the resources of the
methane hydrates in place around Japan as approxi-
mately 6 trillion cubic meters (Okuda, 1993), which is
about 100 times of the total domestic consumption of
natural gas in Japan in 1992.

Following the above estimation, the GSJ has been
doing the basic research program on gas hydrates for
four years in cooperation with Tokyo Gas Co., Osaka
Gas Co. and Japan Petroleum Exploration Co. since
1994. Some of the results are presented in this special
issue of the GSJ Bulletin on gas hydrates.

The above estimation made an impact to the Petro-
leum Council in Japan, and they presented an adviso-
ry report to the Minister of the MITI in 1994 related to
gas hydrates. The report recommended geophysical
and drilling explorations for five years between 1995
and 1999, and a drilling exploration in 1999 for gas
hydrates during the 8th phase of a national program
was planned. Consequent to the advisory report, the
MITI constituted “Methane Hydrate Promotion Com-
mittee” in the Japan National Oil Corporation in 1995.
For a successful deep-sea drilling in the Nankai

Trough in 1999, the committee conducted a compre-
hensive study on technical issues mainly for drilling
and geophysical survey in 1996 as a part of five years
project. Therefore, most of the scientists and techni-
cians related to the hydrate exploration in Japan were
concentrated on the drilling program. The program
partly includes the preliminary studies of the drilling
at the Leg 164 of the Ocean Drilling Program (ODP) in
1995 and permafrost drilling programs under interna-
tional research cooperation with Canada, USA and
Russia.

Recently, GS] and other 7 domestic research organ-
izations started feasibility study for gas hydrate ex-
ploration and development in the 21st century to plan
a new realistic technical research program after 1999.
Some of the interim results are also presented in this
special issue.

5. Summary

The potential of natural gas hydrates in the offs-
hore area around Japan was investigated using meth-
ane hydrate synthesis experiment to understand the
interrelations among factors such as temperature, pre-
ssure (depth) and compositions of gas and water. In
addition, the BSRs on seismic reflection profiles are
correlated to the methane hydrate phase diagram res-
ulted from the experiments.

The seismic reflection data around Japan show that
BSRs are regionally distributed mainly in the area on
the inner slope of Nankai Trough and offshore areas
around Hokkaido.

There are two types of BSRs distribution around
Japan. One is the closure type which roughly coin-
cides with topographic high and the geological struc-
ture of lower strata. The other is tentatively named
as a plain type, which coincides with sedimentary
plain and homogeneously distributed.

The pressure rise and temperature lowering of met-
hane hydrate dissociation due to the concentrations
of sodium chloride in the solution indicate that the
method of injecting seawater as a solvent into under-
ground for exploitation of gases with control from gas
hydrates will be the methods in future.

Based on the above findings, the MITI has a plan to
carry out a drilling in the Nankai Trough area in 1999.
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