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Long-Term Goals

To better understand composition and decomposition of natural marine gas hydrate. The internal in situ structure may prove to be an indicator of the source of gas while understanding decomposition processes will contribute to risk assessment of continental slope instabilities.

Objectives

(1) Emphasise collaboration and scientific exchange between US (NRL and USGS) and German (IfM-GEOMAR and RCOM-Bremen) gas hydrate experts

(2) Evaluate the capabilities of the new NRL-owned micro-CT scanner HD 500 to investigate internal gas hydrate structure non-destructively 

(3) Discuss all topics related to gas hydrate experiments as shipping, sample handling, preservation and storage

(4) Meet other gas hydrate specialists and push plans to improve gas hydrate scanning using pressurised sample holders

Approach

Investigating gas hydrate, a substance where gas molecules are encapsulated in a cage of water molecules, is a difficult task. Gas hydrate, especially methane hydrate, is only stable at low temperatures and high pressures as found at the seafloor with appox. 500m water depth and more or in permafrost regions.

Within a German research program methods to sub-sample shallow marine gas hydrates preserving the in situ conditions have been developed. Until now medical-CT investigation of those cores is the only non-destructive way to gain information of gas hydrate distribution and structure in a scale down to millimetre. For this purpose several medical CT scanner have been used, also on board of the R/V SONNE. The major advantage of this combination is the non-destructiveness, the high resolution compared to gamma ray-logs and the ability to gain ‘insight’ into gas hydrates combined with the capability of displaying materials of different densities [Abegg et al. 2003]. Medical CT-systems so provide information in a range of meter (core length) down to a sub millimetre scale when looking at voxel sizes. Nevertheless the investigation of gas hydrate structure has a gap between the here mentioned scale and REM-investigations in a micron to sub-micron scale [Suess et al. 2002]. The HD 500 Micro CT scanner at NRL is supposed to overcome this gap and reveal for instance small scale bubble structures within natural marine gas hydrate.

One prerequisite of investigating in situ gas hydrate structures is a sampling technique which can preserve the environmental conditions of the sample. The MultiAutoclaveCorer (MAC), developed by the Technische Universität Berlin, is similar in size and operation as a multiple corer and has successfully been used on Hydrate Ridge of Oregon and within the Gulf of Mexico [Pfannkuche et al. 2002]. Nevertheless it is unsatisfactory that investigation of the samples under in situ conditions is limited to medical CT-scanning.

With a new German proposal, submitted to the German Federal Ministry of Education and Research, the Univ. of Bremen proposes to develop a sub sampling method of the MAC cores. Transfer will happen in several steps but the main point will be dropping the temperature so that the hydrate will be stable at atmospheric pressure. This will provide the ability to transfer small amounts of gas hydrate in suitable container, which on one hand will be pressure resistant and on the other hand be transparent enough for the X-ray beams of the HD 500. An additional device will allow changes of the internal pressure and also a way to modify temperatures will be figured out.

This subsampling and P/T variation system will provide the ability to investigate small scale gas hydrate structures of at least ‘near in situ’ samples. We will be able to look at bubble sizes as small as approximately 10 μm and we will also investigate whether these small gas bubbles are connected in a network that serves as pathway for free gas advection and diffusion. A second and third set of experiments will be possible entailing changes of pressure or temperature, or both, and document the response of the gas hydrate structure. It is expected that micro CT is evaluating, quantifying and modelling density changes in near real time. This will also facilitate a display of the location of small bubbles, which are generated by gas release and enable an evaluation of bubble production and migration. Combined with the same set of investigations using the medical CT, which provides information on a larger scale, it can be expected that a major advance in understanding continental slope instabilities can be made.

For this reason, an evaluation of the capabilities of the NRL owned HD 500 micro CT scanner was very important. It has been demonstrated by the NRL scientists that the HD 500 is capable of investigating gas hydrate structures at <25 μm image resolution. Even a system, called the gas hydrate environmental chamber (GHEC), to keep the samples in deep frozen conditions has worked perfectly. In the future, minor problems that have been detected, will probably be eliminated prior to the next set of experiments.

The USGS is also interested in small-scale investigation of gas hydrates; therefore joint efforts to develop x-ray transparent pressurized sample holders have been discussed. One major obstacle is to develop an x-ray transparent pressure chamber that can sustain the high pressures required to keep the gas hydrate stable. There are two major advantages of such a vessel. On one hand it does not need the cooling capabilities like the non-pressurized gas hydrate samples. On the other hand it will be easier to distinguish between gas hydrate and water. Free water is frozen in the GHEC due to the very low temperatures used. Water ice, which has only slightly higher density as gas hydrate, is difficult to distinguish from gas hydrate.  The pressure canister would enable the sample to be maintained at temperatures and pressures at which gas hydrate is stable but water ice is not.

Travel Completed

	Person

Visitted
	Position
	Institution /

Conference
	Location
	Scientific/

Technical 

Purpose
	Dates

(mm/dd/yy)

	Michael Richardson
	Section Head
	NRL
	Stennis SC
	Project planning
	04/21-23/04

	Allen Reed
	Scientist
	NRL
	Stennis SC
	Application of HD 500
	04/21-23/04

	Warren Wood
	Scientist
	NRL
	Stennis SC
	Scientific Exchange
	04/21-23/04

	Dawn Lavoie
	Section Head
	USGS
	Stennis SC
	Scientific Exchange
	04/22/04

	William Winter
	Scientist
	USGS
	Stennis SC
	Scientific Exchange
	04/22-23/04


Results

Physical properties, and especially the acoustical properties, of gas hydrate are believed to be primarily dominated by the size and distribution of free gas bubbles. The Micro CT system as used at NRL is able to quantify different seafloor constituents as free gas, gas hydrate, mud and carbonate. The digital storage of the images allows subsequent data processing, allows for displaying bubbles, and quantification of bubble sizes and distributions. The workshop has shown that NRL and GEOMAR have developed an environmental chamber that keeps the gas hydrate sample deep-frozen long enough that image volumes of the sample can be collected without sample decomposition. 

Second major result is that the HD 500 is able to penetrate the Styrofoam of the cooling system, the aluminium tube and provides high-resolution images from the sample interior based on density differences. In general it could be stated that the HD 500 is an important tool for such investigations of gas hydrate

Impact/Applications

Using Micro CT to investigate marine gas hydrate will facilitate answers to several questions that pertain to physical and acoustical properties. The image data that is gathered will serve as a data base for future modelling work.

Seafloor stability, especially at continental margins, in regions where gas hydrate is deposited, is closely tied to the gas hydrate stability limits; in these areas seafloor stability and gas hydrate stability may be a threat to mankind. Therefore the relationship between seafloor and gas hydrate stability needs to be investigated in respect to its maintenance, formation or decomposition.

TRANSITIONS

Shared experiences in gas hydrate sampling techniques and combine investigation methods of different scales. 

Techniques developed from these meetings and transactions will contribute to collaborative investigations gas hydrate deposits in sub marine and permafrost regions.

Development of gas hydrate scanning techniques and pressure vessels in close collaborative and cooperative efforts will save money on both sides and facilitate understanding of gashydrate.

Related Projects

OMEGA - Shallow Marine Gas Hydrates: Dynamics of a Sensitive Methane Reservoir. Project funded by the Ministry of Education and Research of the Federal Rep. Of Germany from 02/01/2001 – 12/31/2003

METRO – Methane Hydrates within the Black Sea: Structural analyses, quantification and impact of a dynamic methane reservoir. Proposal submitted to the Ministry of Education and Research of the Federal Rep. Of Germany, planned period 10/01/2004 – 12/31/2007

ODP Leg 204 and many more within the US
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