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Impacts of the second on-shore methane hydrate production test results
on the Japanese resource development

Research Consortium for Methane Hydrate Resources in Japan

www.mh21japan.gr.jp

Methane hydrate (hereinafter “MH”) is an ice-like solid substance that consists of cages
formed with water molecules and methane (the main component of utility gas) molecules
trapped in each cage. The vast majority of the volume of the substance has been found in
marine sediments below the seabed in deep waters around Japan and other countries, and
below permafrost layers in arctic regions like northern Canada and Alaska, as a mixture with
sand grains. This material is an unconventional energy resource and is anticipated as a
future form of alternative energy to conventional oil and natural gas. Due to its solid form,
gas production from MH requires techniques to dissociate the substance to methane gas and
water in a geological formation, and extract the gas through a borehole.

Since MH is stable under a high pressure and low temperature condition, the dissociation
can be achieved by temperature increase (thermal stimulation) or pressure decrease
(depressurization).

In 2002, seven organizations from five countries® joined a collaborative investigation
program of methane hydrate in the same site as used again this year and conducted the first
gas production test. In this original test, thermal stimulation by hot water circulation was
tried and lead to the world's first intentional gas production from MH deposits. During the
123.7 hour operation term, 470m3 gas was extracted from the formation. Although the
success of the test proved that MH can be a gas reserve, the difficulty of the heat transport
from a well to the formation limited the productivity of the thermal stimulation technique.
Also the continuous injection of heat to the formation decreases the energy efficiency. More
specifically, there can be many technical challenges of heat generation and transportation in
deep water conditions.

On the other hand, the depressurization technique has advantages of operation and energy
efficiency. The pressure decrease can be achieved by a simple operation of dropping the fluid
level in wellbore by pumping water. However, the formation response to the high degree of
depressurization was unknown in 2002 and many scientists were skeptical of the
applicability of the technique. Nevertheless, in 2002 scientists attempted small scale
pressure drawdown tests using wireline pressure logging tools in MH formations. The results
of the test suggested the applicability of the simple depressurization technique for gas
production. The subsequent series of laboratory and numerical works done by the National
Institute of Advanced Industrial Science and Technology (AIST) as a part of the MH21
(Research Consortium for Methane Hydrate Resources in Japan) study proved the
applicability quantitatively.

As a result of the accumulated knowledge and experience, and with the expectation of the
future application to the Japanese domestic resources, Japan Oil, Gas and Metals National
Corporation (JOGMEC) and Natural Resources Canada (NRCan) signed an agreement to
carry out a second production test at the site for the field scale verification of the
depressurization technique.

Operation overview
The test site is located 130 km’'s north of Inuvik, in the Mackenzie Delta, and accessible

! Japan National Oil Corporation (JNOC, former JOGMEC), Japan, Geological Survey of Canada (GSC),
Canada, GeoForschungsZentrum Potsdam (GFZ), the Department of Energy (DOE) and United State Geological
Survey (USGS), US, the India Ministry of Petroleum and Natural Gas (MOPNG)-Gas Authority of India
(GAIL), India, and the BP-Chevron Texaco Mackenzie Delta Joint Venture.



only in the winter season after ice road (a road on frozen river or ocean) construction is
completed. All of the field activities should be terminated before the close of the ice roads.
Due to the narrow seasonal operation window, the field work was divided into two winters
(January-April 2007 and January-April 2008).

JOGMEC and NRCan funded the program and lead the research and development studies.
Aurora College/Aurora Research Institute acted as the operator for the field program with
support from Inuvialuit Oilfield Services who were the project managers.

Because the site is located in the very sensitive and weak northern environment, and
various precious natural species live around the site, the project was required to maximize
environment protection measures to assure that there was no impact on the wildlife and
delicate arctic ecosystem. The test was conducted under the strict environmental regulations
of Canadian authorities and with the consent local communities.

WINTER 2007: OPERATIONS

A well drilled for the 1998 research program (Mallik 2L-38) was reused for the production test for
reducing drilling waste volumes. In the first winter, the well was modified for the production test, after
geophysical data acquisition by state-of-the-art logging tools and deployment of downhole monitoring
devices.

Severe cold (temperatures often reaches -40 degree C) lead to delay of the operation, but the test
operation could start on the 2nd of April (local time) after the perforation (operation to make holes in the
steel casing by gun powder) in a 12m interval at 1100m in depth was done and a set of a downhole pump
systems to decrease the water level were installed.

Sand production (flow-in of formation sand to the borehole with fluid) prevented the continuous
pumping, and the operation was terminated 60 hours after the start of the pumping. However, during the
most successful 12.5 hours duration, at least 830m® of the gas was produced and accumulated in the
borehole. This attempt was the world’s first %as production by the depressurization of natural MH in
geological formation, and the volume of 830 m® exceeded the production volume of five-day-operation of
2002. We evaluated that the test result verified the effectiveness of the depressurization method even for
such a short duration, but left technical challenges.

WINTER 2008: OPERATIONS

The goal of the winter 2008 field activities was to undertake longer term gas hydrate
production testing with countermeasures to the problems of 2007.

After the ice road and site construction, and preparatory operations on the well, a modified
pumping system was run into the hole with sand control devices. The pump operation started
in the afternoon of March 10 and continued until the preset termination time of the test, noon
of March 16.

Preliminary results

We can confirm that sustained gas flows ranging from 2000-4000 m3 /day were maintained
throughout the course of the 6 day (139 hours) test. Cumulative gas production volume was
approximately 13,000m3. Detailed analysis will be made later, but we are sure that the result
proves our hypothesis that the depressurization method is the correct approach.

During the test, a lot of data and samples, such as produced gas and water, their rate and
volume, and downhole and surface pressure and temperatures were obtained. The analyses of
the data and samples will help understanding MH dissociation behavior in formations, and
contribute to the development of more sophisticated production techniques.

Within the MH21 research program, AIST is developing a reservoir simulation model
called MH21-HYDRES. The predicted gas rate by the MH21-HYDRES is fairly matched with
the observed value for the stable production terms. By analyzing the data of the production
test, we expect improvement in the modeling.

Impacts on the Japanese MH research program
Japanese and Canadian research teams will analyze the data and publish scientific and
technical papers internationally.
According to the previous exploration results, original gas in place in the Eastern Nankai



Trough area off the Pacific coast of Shizuoka through to Wakayama prefectures in the gas
hydrate form is approximately 1.1 billion cubic meters (equivalent to 14 years of Japanese
natural gas demand), and half of these areas form highly concentrated zones that are
potentially high prospects of resources for development.

Development of effective production techniques is the key to change the naturally occurring
gas hydrate to a valuable energy resource. The success of the production test in northern
Canada is a great step forward.

A simulation result of MH21HYDRES applied to one concentrated zone of the Eastern
Nankai Trough reveals that the potential gas production rate from a single wellbore by the
depressurization method can exceed 50,000m3/day. The difference from the on shore
production test result is caused by the extent of production interval, temperature and
pressure conditions, geological and petro-physical conditions.

However, many technical issues remain for the application of depressurization techniques
in marine sediments beneath deep water. Such technical challenges should be solved and
verified through future production tests.

The future MH development should be environmentally friendly. Our experience in the
delicate northern environment left many lessons. In the MH21 program, the Engineering
Advancement Association (ENAA) takes part in the basic research on environmental
protection and assessment.

Integrated studies of the exploration of the Eastern Nankai Trough and other areas,
procuring techniques, and environmental impact studies are important for the future
resource development.

The MH21will provide the economics study on the concentrated zones of the Eastern
Nankai Trough area with modeling studies later this year.
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