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In situ measurement of the amount of free gas of deep sea sediments by TimeDomain Reflectometry (TDR) method

The amount of free gas in deep sea sediments is a critical factor for the stability of gas hydrate, however, it is not easy to obtai
reliable free gas amount by conventional core sampling methods. In this study, we try to measure the in situ free gas amour
of gas hydrate bearing Japan Sea sediments by introducing the Time Domain Reflectometry (TDR) method with an intention t
estimate the behavior of methane in deep sea sediments. TDR method has been widely used to estimate the water content of si
in the field of agriculture science.

The TDR sensor is set at the bottom of piston corer and data-logger and battery are stored in a pressure vessel within the weig
at the top of the system. The volume of gas has been estimated from observed change in the dielectric constant. The dielecti
constant is different in each material, about water is 80 and the soil are 3-9, and air is 1. Moreover, ice is 4.2. The sediment cor
of a constant amount was taken from bottom of the sea by piston core samplings, and the dry density and the particle densil
of the soil are measured in a laboratory. Then the amount of solid phase ratios is estimated. Thus the liquid phase rate can |
estimated according to the value of the dielectric constant by the TDR method measured at the bottom of the sea. The volume
the gas can be requested from these measurements by the calculation.

The dielectric constant (e) of the sediments was different according to the measurement point. The dielectric constant measu
by the TDR method was applied to proofreading type Vw=3.714€663.60E-04e2+1.86E-02e-5.61E-02 provided by the
laboratory experiment, and liquid phase ratio (m3 m-3) was obtained. On the other hand the solid phase ratio (m3 m-3) of the
sediments was directly obtained from the core samples. These results were brought together by each measurement point, &
gas phase ratio (m3 m-3) was obtained from calculating formula. It is remarkable that the gas phase ratio of gas hydrate bearir
sediments showed significant changed by approximately 5 % from sea bottom to sea surface during the experiment, suggesti
dissociation of gas hydrate and degassing of dissolved methane due to depressurization during core recovery.

O0000:TDR,00000,000,00000000,000000
Keywords: TDR, measurement of free gas amount, Japan Sea, gas hydrate, method of marine survey

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgiem

Union

MIS23-03 0 0:101B 00:50 210 14:15-14:30

Jdoodoooogoogogdo _
Thermal structure in the western Joetsu Basin, offshore Sado Island, Japan
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Crystallographic properties of gas hydrates off Sakhalin Island (Sea of Okhotsk) using

Raman spectroscopy & calorimetry
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Natural gas hydrates have been studied in the gas seep sites off Sakhalin Island, the Sea of Okhotsk. More than ten gas s
sites in the north area of the Lavrentyev seabed Fault (LVF) form gas hydrates in the sea-bottom sediments. In the framewor
of SSGH (Sakhalin Slope Gas Hydrate) project, hydrate-bearing sediments are also discovered in the south area of LVF, whel
more than 400 acoustic anomaries exist but the size of seepage structures are relatively small. We obtained samples of natu
gas hydrate in the CHAOS project (2003-2006) and the SSGH project (2007-2011) and analyzed their crystallographic propertie
using a calorimeter and a Raman spectrometer. Their gas composition were mainly methane, suggested the cubic structure |
these crystals. The hydration number, cage occupancies of both large and small cages, and dissociation heat of the sample w
almost same as those of pure methane hydrate. Raman spectra showed that hydrogen sulfide were encaged in both large and s
cages. The peak ratio of large to small cages were about 2.4 and 3.5 for hydrogen sulfide and methane, respectively.
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Sampling method and chemical analyses of gas hydrate waters retrieved from Kukuy K-

mud volcano in Lake Baikal
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Lake Baikal, Russia, is one of the most attractive gas hydrate study areas, since the first gas hydrate (GH) in a freshwater lal
was retrieved from the sub-bottom depths of 121 and 161 m and later from the subsurface of the lake floor. Many studies t
determine the origin of the gases incorporated in and/or bound to GHs have been carried out on samples from this lake [se
e.g., Hachikubo et al [Hachikubo, 2010]]. On the other hand, chemical analyses of water samples from lake- and pore- water
have been carried out to clarify the geochemical characteristics of the GH-bearing sediment cores [see, e.g., Pogodaeva et
[Pogodaeva, 2007]]. The chemical analyses of such samples are important to identify the origin of water molecules contributin
to the formation of GHs and to distinguish whether seepage structures and/or mud volcanoes observed at the lake floor are relat
to the discharge of gases with or without gas-saturated water.

In September of 2010, subsurface GHs were retrieved using steel gravity corers at Kukuy K-9 mud volcano in the central
basin of Lake Baikal. GH water samples were obtained, on board, by the sequential and continuous dissociation of a piece ¢
agglomerated/massive GH, in a closed vessel with inert gas, after its retrieval from the bottom of the lake floor, to acquire trace
of the original gas hydrate-forming fluid in the GHs.

The purposes of this presentation are (i) to describe the sampling method used to obtain GH water samples without the use
lake or pore waters, (ii) to report the scientific results of the chemical (such as Cl-) and isotopic (delta 180 and delta D) analyse
of samples from lake- and pore- waters, and (iii) to find traces of the original water involved in the accumulation of subsurface
GHs at Kukuy K-9 mud volcano in Lake Baikal.
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Dissociation processes of methane hydrate synthesized with glass beads were investigated using powder X-ray diffraction tec
nigue. Although understanding of methane hydrate dissociation within natural settings, not so many studies were performed o
methane hydrate dissociation within pore spaces from microscopic point of view. Recently, it was revealed that methane hydrat
formed with hydrophilic glass beads less than a few microns in size show very high stability up to just below the melting point
of ice, even though this temperature is well outside the zone of thermodynamic stability of the hydrate.[1] In contrast, methane
hydrate formed with hydrophilic coarse glass beadslQ micron) dissociate quickly at 150-200 K; in this temperature range
methane hydrate dissociates at the atmospheric pressure.

In this study, we performed observations of methane hydrate dissociation process using hydrophobic glass beads with subrr
cron and several microns in size. In this case, kinetic high-stability of methane hydrate was not observed. Thus the experiment
results obtained suggest that the dissociation rate of methane hydrate strongly depended on the surface property of glass be
used.

Reference
[1] Hachikubo et al., Phys. Chem. Chem. Phys., 13 (2011) 17449?17452.
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