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Toward the methane hydrate production; What we have realized? What we do not knov
yet?
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The practicality of gas hydrate as an alternative energy resource of the conventional natural gas requires technologies to surfa
solid gas hydrate in marine sediments. The most realistic method for this purpose is to dissociate the gas hydrate to the vap
phase in underground formation with heat stimulation or depressurization using techniques for oil and gas industry, and produc
the gas through a wellbore.

The processes to dissociate the gas hydrate and bring gas to the surface need the following knowledge and techniques:

1) Construction technology of infrastructures such as well and production facility constructions,

2) Surface and bottom hole devices for heat stimulation and/or depressurization

3) Flow assurance in the well with knowledge of multiphase flow with the thermodynamics of gas hydrate-water-vapor system,

4) Localized multiphase fluid and heat flow near the wellbore with thermodynamics of gas hydrate, and effects of gas hydrate
dissociation on the formation properties and structures,

5) Reservoir scale multiphase fluid and heat flow with thermodynamics of gas hydrate, and effects of gas hydrate dissociatio
on the formation properties and structures,

6) Environmental impacts of large scale gas hydrate such as sea bottom stability.

Those are quite complex processes including many components such as multiphase fluid flow and coupling with structure
mechanics of the formation in various scales. The real formations contain anisotropy, heterogeneity, and discontinuity such &
faults and fractures. In the Eastern Nankai Trough region, the gas hydrate deposit exists in pore spaces of sand layer in turbidi
sediments. In such formation, the effects of the heterogeneity and anisotropy are important.

To know the feasibility of the gas hydrate production technologies, understanding of 1) to 6) processes are necessary along wi
the techniques to assure the economically feasible gas production in each process. During the METI Tokai-oki to Kumano-nad
programs, physical and mechanical properties of the formation were taken to collect necessary data to understand the behav
of the formations in the Eastern Nankai Trough region to the production methods. Two onshore production tests carried out ir
Mackenzie Delta, NWT, Canada were field scale simulations of the gas production to understand what is really happen in th
dissociation process.

Table 1 summarizes the knowledge we obtained in the two offshore drilling campaigns and two production tests, as well a
the remained questions. When all of the processes are clearly understood, we will realize whether the gas hydrate is really tt
resource or not. However, pressure and temperature conditions and physical characters are varied in each field, and long-te
behaviors of the field cannot be made clear by a short-term production tests and numerical modellings. On the other hand, son
problems might be solved by improvements of technology.

In the future development plan should be designed to solve the remained problems, and to clarify the technical and economic
feasibility of the field development. Marine production test in the target field is the most valuable operation to know the real
response of the specific field, but cost and risk of the failure are high. Onshore production tests were believed to give highe
chance of monitoring, but even onshore, the complete control of the condition and phenomena is impossible. Laboratory expe
iments are strong tool to know the response of a component of the hydrate field, but the real situation may be different from the
simplified laboratory condition. The numerical modelling should be verified by field and laboratory data. The fact is that we
need to combine each way.

(The authors acknowledge MH21 Methane Hydrate research consortium funded by the Ministry of Economy, Trade and In-
dustry)
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